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En die li) years tinte ihe puhlkatMn oF lhefir±.l edition nf Teki- 
It&uk Hif CrtørroinfcstMrif ftir/i<«/o£)v mucb h.is changed in uur 
discipline. Technolai'k ad vantes have diamatioljy j ni proved 
the C4pabilmcs ureotnpnted i^mograpfiy (CT) h wugtietk re¬ 
nonce Lnuging rMRI) P idirjvajvigrjphy. IlliOroscopy, angidgra- 
phy and intervention^! radh>K^y Fm ahdmninal and pelvic 
irtVAgjjtg and iherapy- I he eKlmmdin.iry anatumk rtsolulion 
achieved with imod em smalne lethniques has heen comple- 
rutitfed by Ihe mrrocjuaiun må mafunrtloiKjf metabofic, fuuv- 
lian.il.iind moleoiLu imaghig,whkhpmvide netø opportun! tie s 
for stjgihg and Folio w-up and mon il or hig lu nnar respons lo 
thernpy in the uncuJogy palienL 

Ta tcep pace ivilh ihese amaong ledmobgk, imLiging, nnd 
Therapeutk adv-iiLees,. mry thapler af the ftiurtb edition bas 
beed ilpdåtcd and rev Kod, Svvcrol new ehfipliTi an maluCuUr 
and fiirKtioDiil tnugmg have aiso hern induded. Moreover, new 
aulhors have bevn rvemitød for frearly ont third uf 1 he c:h;.ipluri. 
to pro vide tbese chapler^ inåth fresh insighl and perspective. 

In this nevv edition* wie have laken great rare lo mainlatn ti se 
oh|Cdtivc of tlii. 1 fijrs! three editions—mim a iy< to piwitfc eom- 
plete and Up to-dale eo.verage on ihe State af ihe art of gastio- 
inr^tiiiaj radiulogy in a practical and utibl* form. 

A.s in tbc First three edilums, our bask oiganizing prinapte 
te Ihe integration uf fjpidh- thanging i eiicm mation, commun 
Mcriiie^aiid gu«d imlgmcnt fr*r iHedevdnprm a m of ;t raiiotwl and 
□se hi I Lipproach tor radiologk diagnoses and treatmenl. To this 
end, tbc- tesi iinnrafns set li o ru un general radiologit prindplen 


for evaluatfng rlie liobov viscera and si^lid argons and for pef- 
1 omring and applyidg spt'dfic imaging. and thernpi’iilk k'th- 
niques. O ther seirtions preseni ihe dinical. ntdialogjc, and 
ptithulngic it-spetts uf tu xhe vsrions gaMminieMiMal 

organs. The dupters in thesc settiems ane design ed to ilJusliale 
and integral* fhr ipecimm cif abnoriiiaHiies %een with al] 
dtagnoxtk mod-tlki^ »railHhlc <o sise radiologis melodi ng 
conventiontil radiography barium sluds es* choLmgiography, 
multid^tecinr C\ fMlKTI ) ¥ ultinHniagi jphv MIU, posilTon 
emijiSLan tortLOgrapby/compiiled toniLigiaphy (PET/CT), posi- 
tran emi^iem (ar^o^raphy.ma^neliL resonariÆ (PET/MR), 
angiagmphy, diffusion-weighled MRI. and ' "1 and MK pur!ri 
sion i mti gin g. 

OtiLt aguin, we have bem ahk to assembk ais oqtsunding 
group til Lnlcmatiunjlly rvatgnuetid aolhors lor fbe laurtb 
edition. Thelr lime, elTart, and eipertirf are lm!y appredaled. 
Ab vdilarh, wv have i ried lo Mrikf -i babnev hriw^cn uniFurmity 
of srj.de and autbor tndividudlity so I hat ea^h oøniribuLnr is nfcble 
Lo speak in bis or h et own unique voicc. 

Wc trusi tf]Jt thd l olléclivv riforis of ihe aitlhui^ of the 127 
eb ap ters in ihis texi, as well os our own, have enahled us la 
accompli!ili our yjal of pivo jJinj; studenu and pr^i ilioners of 
gajstroinLesEinni! radfeolDgy a valuablc educaliona] resouree thai 
te dt-jr- intercHting? atid enfuyubte lu read. 

fifrhtrrdÅl Gore 
Afart S- Ltvine 
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Only a basic introduction and overview about contrast agent 
use in medical imaging are presented in this introductory 
chapter. These agents can be subdivided into intravascular 
contrast agents for computed tomography (CT) and angiogra- 
phy, intraluminal gastrointestinal (GI) tract agents, cholangio¬ 
graphic agents and a unique group of agents useful in magnetic 
resonance imaging (MRI). The currently active research held of 
contrast agent-assisted, image-guided therapy will be discussed 
briefly. In addition, there is a section on pharmacologic agents 
useful in GI radiology. 

Intravascular Contrast Agents 

IODINATED WATER-SOLUBLE AGENTS 

Basic Properties 

With the exception of MRI, all current intravascular contrast 
agents use iodine for x-ray absorption. Theoretically, sodium 
iodide is ideal, but its toxicity and iodism preclude its use. The 
complex delivery molecules developed over the years represent 


an attempt to deliver the greatest iodine concentration with the 
least toxicity. From a simplistic viewpoint, the intravascular 
contrast agents can be viewed merely as vehicles for delivering 
iodine to a biood vessel or structure. These water-soluble intra¬ 
vascular contrast agents can be subdivided into the following 
categories: (1) ionic, high osmolality, roughly five times the 
osmolality of biood; (2) nonionic, low osmolality, roughly twice 
or slightly more than the osmolality of biood; and (3) isotonic 
agents—nonionic dimers. The basic structures and physico- 
chemical characteristics of available contrast agents are not 
covered here; these topics are discussed in appropriate special- 
ized publications. 1 

At the x-ray energies used in CT, the mass attenuation coef- 
ficient for iodine is considerably greater than that of surround- 
ing soft tissues and biood. After the intravascular injection of 
iodinated contrast, initial CT images reveal aortic and major 
arterial enhancement, followed by a capillary or parenchymal 
“blush” and eventual venous opacification. The rate of contrast 
injection and timing of subsequent CT scans determine the 
structures enhanced on any one image. Compared with earlier 
scanners, multidetector CT (MDCT) scanners require shorter 
injection rates because of the short scanning times; as a result, 
faster injection rates of more concentrated contrast agents are 
necessary, and a contrast’s viscosity has a dominant role. Various 
techniques of intravascular contrast agent administration are 
discussed elsewhere in this text. 

A number of drugs, especially more acidic ones, are incom- 
patible to mixing with contrast agents, an incompatibility less 
evident with nonionic agents. Nevertheless, as a general safety 
precaution, a drug probably should not be mixed with a con¬ 
trast agent, and a catheter should be flushed if used for both 
drug and contrast injection. 

Ionic Agents 

Acetylation of aminotriiodobenzoic acid and further structural 
changes led to the development of ionic contrast agents. These 
agents are formulated as salts and consist of a cation and anion. 
Two commonly used cations are sodium and meglumine. The 
anion portion of the molecule consists of a benzene ring con- 
taining iodine substituted at positions 2,4, and 6, plus a number 
of other side chains. These side chains determine water solubil- 
ity and indirectly affect resultant toxicity. The benzene ring can 
be viewed as a scaffold for attaching iodine and side chains. 
When the molecule dissociates, three iodine atoms are available 
for every two particles in solution, or a ratio of 1.5:1. 

Further refinements of ionic contrast media consist of the 
attachment of two monomer triiodinated benzene rings at 
one of the side groups. Such a dimer, containing two benzene 
rings, with each having three iodine atoms and only one cation 
particle, has six iodine atoms per two particles, or a ratio of 
3:1. 
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Ionic contrast agents are hypertonic at the concentrations 
used for vascular opacification; considerable effort has been 
spent in an attempt to decrease their osmolality. In general, the 
viscosity of a sodium salt is less than that of a corresponding 
meglumine salt, but the sodium salt tends to be more toxic. 
Toxicity and viscosity limitations during intra-arterial injec- 
tions are not as relevant for the intravenous (IV) injections used 
with CT. 

Nonionic Agents 

If the carboxyl group in position 1 on the benzene ring is 
replaced with a stable side group, the molecule no longer dis- 
sociates when in solution, and each particle in solution has three 
iodine atoms, or a ratio of 3:1. A dimer structure can also be 
achieved by linking two triiodobenzoic acid molecules (ioxaglic 
acid), formulated as a meglumine sodium salt, another contrast 
agent with a ratio of 3:1. A contrast agent with a ratio of 6:1 
has also been developed (iodixanol) and is often referred to as 
being iso-osmolar. 

Various manufacturers have taken different approaches to 
the type of side chains used with ionic and nonionic contrast 
agents. As a result, these compounds differ in their viscosities 
and other properties. The interaction with other molecules also 
differs between ionic and nonionic agents and is affected by the 
type of side branches present. Within limits, however, for each 
group of contrast agents, viscosity varies directly with iodine 
concentration. 

Commercial contrast agents also contain chelating agents, 
usually calcium edetate disodium, to chelate impurities and 
buffering agents to achieve an acceptable pH. Their action is 
more important during contrast agent manufacture than during 
clinical use. 

The American College of Radiology (ACR) has published 
criteria for situations in which nonionic agents are preferred, 2 
although in many practices this is a nonissue because non¬ 
ionic agents are used almost exclusively. The nonionic agents 
are associated with less patient discomfort and thus result 
in less motion artifacts; this is an evident advantage, especially 
with complex examinations such as three-dimensional (3D) 
reconstruction. 

Pharmacokinetics 

After a bolus intravascular injection, the initial plasma iodine 
concentration is determined by contrast agent iodine concen¬ 
tration and injected volume. Ionic and nonionic contrast agents 
are eventually distributed throughout the extravascular, extra- 
cellular space, with intravascular and extravascular equilibrium 
achieved within 10 minutes after intravascular injection. They 
are excreted mostly by renal glomerular filtration. 

After injection, the relative plasma iodine concentration 
in a particular vessel depends on dilution by biood, extra¬ 
vascular diffusion, and renal excretion; the first factor is most 
important during arterial and venous phase imaging, with 
extravascular diffusion playing a larger role during the paren- 
chymal phase. In theory, a contrast agent can be designed to 
have fast or slow extravascular diffusion and rapid or slow 
renal clearance; an ideal biood pool agent should have slow 
extravascular diffusion. In practice, with an equivalent iodine 
dose, nonionic agents achieve greater initial peak vascular 
enhancement than ionic agents, but subsequent biood iodine 
concentrations and parenchymal opacification are similar for 
the two types of agents (except renal visualization). Ionic and 


nonionic agents have similar extravascular diffusion rates. 
Extensive literature is available on relative time-dependent 
biood iodine concentrations and renal excretion of various 
contrast agents. 

Dynamic CT scanning after a single bolus injection relies 
on the enhancement of vascular structures above baseline. 
Correct arterial phase timing is obtained by injecting an initial 
test dose or using automatic bolus tracking. One mg iodine 
per gram of tissue corresponds roughly to an increase of 30 
Hounsfield units (HU), which is about the limit for detection. 
In general, it is desirable to have sufficient iodine concentra¬ 
tion in the vascular structures of interest to elevate them 
above baseline by up to 100 HU. With this degree of enhance¬ 
ment, major vessel thrombi are detected and vascular fistulas 
and related conditions evaluated. Whether early dynamic scan¬ 
ning (arterial phase) is superior to portal venous phase or 
even delayed scanning after contrast equilibration depends 
on the organ in question and information sought. For the 
liver, these arterial and portal phase time window are roughly 
20 to 30 seconds. These short time intervals are readily achieved 
with MDCT. 

A typical CT examination consists of a precontrast scan, 
followed by scanning after the initial bolus reaches the structure 
of interest. A relatively large-caliber venous catheter and power 
injector provide reproducible injection rates, keeping in mind 
that prediction of bolus arrival is somewhat empiric because, 
among other factors, decreased cardiac output can prolong vas¬ 
cular flow times. 

Intravascular contrast agents cross the placenta, are excreted 
in breast milk, and affect fetal and infant thyroid function. If 
feasible, alternate studies should be considered during preg- 
nancy. Breast-feeding should be stopped for 1 to 2 days after 
contrast injection. 

Acute Adverse Reactions 

Only a brief summary of contrast reactions and their therapy 
are provided here. More detailed information is available from 
ACR and European Society of Urogenital Radiology (ESUR) 3 
publications. 

The nonionic contrast agents have a considerably lower 
osmolality than the ionic agents; adverse reactions caused by 
hyperosmolality are therefore reduced with the nonionic agents. 
Hyperosmolality is also related to vasodilation of the involved 
capillaries. Nonionic contrast agents induce less hypotension 
than ionic agents. 

Risk factors for acute renal failure include diabetes mellitus 
with decreased renal function, renal insufficiency, dehydration, 
and use of a high dose. Atopy confers an increased risk to con¬ 
trast reactions, but allergies to shellfish appear not to increase 
the risk of reaction. 4 Iodinated contrast agents are contraindi- 
cated in patients with obvious hyperthyroidism. Also, these 
agents should be avoided for 2 months prior to thyroid isotope 
imaging or radioactive thyroid therapy. 4 

Types of Reactions. Acute reactions vary from minor effects to 
severe and life-threatening. Sensations of warmth, nausea, and 
vomiting appear to be a direct side effect to contrast. Reactions 
such as mild changes in biood pressure or mild wheezing are 
often self-limiting or may progress to more severe reactions. An 
arbitrary but useful grading of contrast reactions is mild, mod¬ 
erate, severe, and fatal. Compilations of reactions to ionic con¬ 
trast agents in the 1970s and 1980s revealed a risk of severe 
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reaction to be 1 in 1000 to 4000 studies. Types of reactions are 
similar with ionic and nonionic agents. In general, the risk of 
adverse reactions varies with contrast osmolality, so fewer reac¬ 
tions occur with nonionic agents than with ionic agents. In 
particular, the risk of severe adverse reactions is lower with 
nonionic contrast agents. 5 Deaths have occurred with both 
ionic and nonionic agents. 

At times, urticaria and even more severe reactions do not 
represent a classic antigen-antibody reaction but are secondary 
to histamine or serotonin release induced directly by the 
contrast agent. However, histamine release is probably not 
the only factor involved in serious contrast reactions. Among 
other effects, contrast agents activate the complement system, 
which acts as a host defense, and is related to coagulation 
abnormalities and bradykinin release. Overall, only a minority 
of unpredictable reactions mimics immunoglobulin E (IgE) 
hypersensitivity, probably secondary to an antigen-antibody 
reaction. How to classify the rare bowel wall edema is not 
clear. 6 lodide mumps is a rare delayed reaction to iodine- 
containing contrast media. 

Some reactions are disease specific. IV contrast agents in the 
presence of a pheochromocytoma can lead to catecholamine 
release and acute hypertension. In this setting, the onset of such 
hypertension should suggest a pheochromocytoma. 

Over the years, many radiologists have avoided the use of 
intravascular contrast agents in patients with sickle cell disease, 
although the prevalence of adverse reactions has not been estab- 
lished. Over an extended period, bottled hyperosmolar contrast 
agents can leach allergens from rubber stoppers. As a rule, 
contrast-containing vials and bottles should be stored in an 
upright position. 

Premedication. The specific allergen responsible for iodinated 
contrast sensitization is unknown. It is difficult to prove that 
iodine is responsible for hypersensitive contrast reactions, a 
common assumption. A myosin protein rather than iodine is 
believed to be the allergen responsible in shellfish. Rather than 
ask a patient about iodine allergies, a more appropriate question 
appears to be whether drug allergies are present. On a practical 
level, the cause of an adverse reaction is often not sought, and 
the reaction is simply labeled as allergic, hypersensitive, or 
anaphylactic. 

No reliable biood test detects patients who are allergic to 
contrast media. Risk factors associated with a contrast reac¬ 
tion include asthma and a history of prior reaction to contrast. 
However, even these are unpredictable, and a patient mani¬ 
festing a severe reaction may have had prior intravascular 
contrast with no adverse reaction. Although patients with 
urticaria-like reactions have increased plasma levels of prekal- 
likrein and a 2 -macroglobulin and lower levels of Cl-esterase 
inhibitor, their predictive value is limited because of normal 
variation. Pretesting with a small dose of contrast was once 
popular but has been abandoned as having little or no value. 
Acute reactions have developed after less than 1 mL of admin- 
istered contrast. 

In a multi-institutional study involving ionic contrast agents, 
pretreatment with methylprednisolone, 32 mg, 12 hours and 
2 hours before contrast injection, significantly reduced the 
risk of reactions. 8 With this two-dose regimen, the number of 
reactions in patients receiving ionic contrast agents approxi- 
mated those seen with nonionic agents and no pretreatment. 
Premedication is often considered for patients who have had 


a previous reaction to a contrast agent. Regimens that have 
been proposed range from 3 days to immediately before a 
scan. At the University of Rochester, we recommend that 
patients who have had a significant prior reaction to IV con¬ 
trast agents be pretreated with 50 mg of prednisone orally 
every 12 hours, for a total of three doses, with the last dose 
given approximately 1 hour before the examination, and 25 
to 50 mg of diphenhydramine hydrochloride (Benadryl) orally, 
2 hours before the examination. 

The prevalence of seizures after IV contrast injection is 
increased in patients with brain metastases. Capillaries in 
brain metastases do not exhibit normal blood-brain barrier 
integrity and are permeable to a contrast agent. To decrease 
the risk of seizures, it has been suggested that these patients 
be premedicated with diazepam, 5 mg IV, before contrast 
administration. 9 

Treatment of Reactions. Any physician injecting a contrast 
agent intravascularly can expect to encounter a broad Spectrum 
of reactions, from mild to severe, and must be prepared to deal 
with them. In general, mild reactions such as flushing or mild 
urticaria require no treatment, and most reactions resolve 
spontaneously. Similarly, nausea and vomiting require general 
support and observation only. If symptoms occur before all the 
contrast agent has been administered, the rate of injection 
should be slowed or the injection postponed until symptoms 
clear. 

Early IV access should be established. The catheter used 
for contrast injection should be kept in place, ensuring intra¬ 
vascular access until the possibility of a reaction has passed. 
With progressive hypotension, it becomes increasingly difficult 
to cannulate a peripheral vein. 

Moderate urticaria developing in the absence of other sig¬ 
nificant symptoms can be treated with diphenhydramine, 25 to 
50 mg, orally or injected. With more severe urticaria, one 
should also consider an H2 blocking agent such as cimetidine 
(Tagamet), 300 mg injected slowly (diluted) IV. For severe urti¬ 
caria, epinephrine, 0.1 to 0.3 mL (1:1000) should be given sub- 
cutaneously unless contraindicated. If needed, the dose can be 
repeated in 15 minutes. Epinephrine should be used with 
caution in older patients who have underlying cardiovascular 
disease; electrocardiographic monitoring should be considered 
for these patients. 

Severe reactions, such as severe bronchospasm, convulsions, 
or significant cardiopulmonary reactions, require prompt and 
vigorous therapy. Bronchospasm and laryngeal edema gener¬ 
ally respond to subcutaneous epinephrine. If needed, the 
epinephrine dose can be repeated. Diphenhydramine and 
corticosteroids, such as hydrocortisone, 100 to 300 mg IV, 
are also often used. Oxygen should be administered by mask 
or nasal cannula. Beta agonist inhalers alone may be beneficial 
for mild bronchospasm or can be used in conjunction with 
aminophylline therapy. With refractory bronchospasm, ami- 
nophylline, 250 to 400 mg diluted in dextrose and water, 
can be administered IV over a 10- to 20-minute period. 
Aminophylline should be used with caution because it could 
exacerbate coexisting hypotension. Tracheal intubation should 
be considered early in the course of these symptoms; later, 
severe laryngeal edema may make intubation difficult if not 
impossible. 

Because the treatment of hypotension in the settings of 
tachycardia and bradycardia is different, the pulse rate should 
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be monitored. A pulse may not be palpable in a hypotensive 
patient; cardiac auscultation or electrocardiographic monitor- 
ing may be necessary. 

Hypotension in the absence of other major signs of an ana- 
phylactic reaction should initially be treated with oxygen, leg 
elevation, and rapid administration of IV fluids. Epinephrine 
should be considered, keeping in mind that fluid therapy alone 
may be sufficient therapy. Although subcutaneous epinephrine 
injections are adequate for a mild to moderate reaction, IV 
administration is needed for moderate to severe hypotension. 
For IV administration, epinephrine should be diluted to 
1:10,000 and 1.0 to 3.0 mL administered slowly. The dose can 
be repeated in 15 minutes, and the rate of injection can be 
titrated to achieve the desired result. A vasopressor agent such 
as dopamine, 2 to 5 pg/kg/min, can be added to sustain biood 
pressure. For unresponsive hypotension, other agents are avail- 
able for treatment of underlying shock. An H2 blocker such as 
cimetidine can be added, 300 mg in dextrose and water, infused 
slowly. Similarly, diphenhydramine, 25 to 50 mg, can be injected 
IV. Corticosteroids are also often used, with a typical dose of 
hydrocortisone being 500 mg IV. Steroids probably have no 
immediate effect on a reaction; their main use is to decrease 
delayed reactions. 

At times, hypotension can be corrected with vigorous hydra¬ 
tion alone, keeping in mind that overhydration of patients with 
possible underlying cardiovascular and/or renal disease also 
carries a risk. Thus, the initiation of therapy by adequate hydra¬ 
tion is reasonable, but appropriate pharmacologic therapy 
should be instituted without undue delay. 

Hypotension in the presence of bradycardia suggests a vaso- 
vagal reaction. Some patients respond to being placed in a Tren- 
delenburg position. Hypotension in these patients should be 
treated with rapid IV infusion of isotonic saline. Oxygen should 
be administered. Bradycardia can be treated with atropine (0.5 
to 1.0 mg IV), with the dose repeated every 5 minutes, to a 
maximal total dose of 3.0 mg. 

Some patients receive long-term therapy with a beta blocker 
such as propranolol. A contrast reaction in these patients can 
be confusing because, even in the setting of anaphylactic shock, 
a beta blocker-induced bradycardia can persist. IV glucagon, 
1.0 mg or more, may be useful for bradycardia. Dopamine is 
also effective. Doses of epinephrine that are usually adminis¬ 
tered may not be effective in reversing this hypotension. 

Emergency cardiopulmonary resuscitation is necessary for 
cardiovascular collapse. Refractory seizures are treated with IV 
diazepam (Valium) and/or phenobarbital. 

Contrast extravasation is treated by extremity elevation, 
warm or cold compresses and, if extensive, a plastic surgery 
consultation. Hyaluronidase, an enzyme that breaks down 
interstitial barriers, has been injected into the extravasation site 
by some investigators, but its impact on tissue healing is still 
not clear. 

This discussion is only meant to be a guide. The treatment 
of all reactions should be individualized. 

Contrast-InducedNephropathy. The pathogenesis of contrast- 
induced nephrotoxicity is incompletely understood, but it is 
believed that a number of intrinsic renal events lead to renal 
medullary ischemia, usually augmented by a reduced intravas- 
cular volume. 10 Direct cytotoxicity, oxidative tissue damage, 
and apoptosis are contributing factors. This nephrotoxicity is 
manifested by a significant rise in the serum creatinine level. 


Various authors use different definitions of significant, with 
the ESUR guidelines using a creatinine level increase of more 
than 25%, or 44 pmol/L (0.5 mg/dL), within 3 days. 3 A tran¬ 
sient nonoliguric decrease in renal function lasting up to 3 
weeks is more common than the more ominous oliguric mani¬ 
festation, which may require hemodialysis. 

Risk factors for nephrotoxicity appear to be multifactorial 
and include preexisting renal insufficiency, diabetes, dehydra- 
tion, cardiovascular disease, advanced age, myeloma, hyperten¬ 
sion, hyperuricemia, and possibly contrast osmolality and dose. 
Patients at the greatest risk for acute renal failure are diabetics 
with preexisting renal insufficiency. Precaution is also neces¬ 
sary with treatment by agents such as nonsteroidal anti- 
inflammatory drugs (NSAIDs), aminoglycosides, cyclosporin, 
or even sulfonamides; underlying nephrotoxicity is a common 
pathway. 

In diabetics with underlying cardiovascular or renal insuf¬ 
ficiency, metformin, a biguanide antihyperglycemic agent, is 
associated with lactic acidosis and resultant increased mortality. 
This association appears to be indirect and probably involves 
underlying renal insufficiency. However, enough patients taking 
metformin and receiving IV contrast have developed lactic aci¬ 
dosis to prompt the U. S. Food and Drug Administration (FDA) 
to issue a warning—metformin should be discontinued before 
or at the time of contrast use for 48 hours after the procedure 
and reinstated only if renal function remains normal. However, 
substantial inconsistencies exist in the guidelines. 11 Adequate 
hydration should be maintained. 

Because iodinated contrast agents are not protein-bound 
(except for cholangiographic agents), they can be dialyzed. In 
patients on hemodialysis, additional hemodialysis sessions are 
generally not necessary. 

The most important preventive measure is to ensure that the 
patient is well hydrated. If IV hydration is necessary, some evi- 
dence suggests that the IV use of sodium bicarbonate hydration 
is superior to sodium chloride. 121 Other guidelines include the 
use of low- osmolar contrast, discontinuing nephrotoxic drugs 
for at least 24 hours, and consideration of alternate imaging in 
high-risk patients. The osmotic diuretic mannitol does not 
provide any benefit; this loop diuretic furosemide exacerbates 
renal dysfunction. 2 Currently, it is probably safe to assume that 
diuretics do not offer any protective effect, and anecdotal evi- 
dence even suggests that diuretics should be stopped prior to a 
contrast study. 14 

N-acetylcysteine, an antioxidant, appears to diminish 
contrast-induced renal toxicity, 13,16 although some have ques- 
tioned its renal benefit. 7 Many of these studies have involved 
coronary angiography and differ in methodology from contrast 
CT. The role for theophylline is less well established. 

Hemodialysis after contrast use in preexisting renal failure 
patients is not thought to be warranted. Hemofiltration in 
chronic renal failure patients, on the other hånd, has caused less 
creatinine level increase than in Controls. 18 The complexity of 
this procedure and the cost of hemofiltration limit its use to 
select patients. 

IODINATED OIL 

Intra-arterial iodized poppy seed oil (Ethiodol or Lipiodol) is 
used for several indications: 

1. As a CT diagnostic agent for liver tumor detection, espe- 
cially hepatocellular carcinoma. 
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Often used as a gold standard, it detects more tumors 
than other imaging modalities. Nevertheless, a study of 
explanted livers revealed that pretransplantation iodized 
oil CT tumor sensitivity is still rather low. Also, one 
should keep in mind that iodized oil is retained by some 
benign tumors, even hemangiomas. 

2. Ethiodol is often included as a chemoembolization ingre- 
dient when injecting into a tumor feeding artery. 

This acts as a chemotherapeutic agent carrier and, 
because of its high viscosity, is a temporary embolizing 
material that prolongs chemotherapeutic agent contact 
with a tumor. Ethiodol remains within tumor neovascu- 
larity much longer than in normal liver parenchyma and 
thus acts as a marker. 

3. Occasionally, ethiodol is injected during percutaneous 
radiofrequency ablation of hepatocellular carcinomas. 19 

This aids in the CT delineation of extent of coagula- 
tion necrosis. 

For a number of reasons, intra-arterial iodized oil is consid- 
erably more popular in the Far East than in the West. 

OTHER AGENTS 

Several reports have described the use of gadolinium (Gd)- 
based contrast agents for CT imaging in patients with renal 
insufficiency or prior severe reaction to an iodinated agent. 
One should keep in mind, however, that the pharmacokinetic 
properties of gadopentetate dimeglumine (Gd-DTPA), with 
only one gadolinium ion, are similar to iodinated agents con- 
taining three to six iodine atoms. Also, the toxicity of gado¬ 
linium agents, at doses achieving equivalent x-ray stopping 
power, is greater than that of nonionic iodinated agents. This 
is in distinction to the use of approved lower gadolinium 
MRI doses, which are insufficient for useful x-ray contrast, 
but have negligible nephrotoxicity. 1 The ESUR position is that 
gadolinium-based contrast agents are more nephrotoxic than 
iodinated contrast agents in equivalent x-ray attenuation 
doses. 3 

Carbon dioxide is a viable angiographic contrast agent for 
certain digital vascular indications in the abdomen. It has been 
used as a guide for vascular interventional procedures. It dis- 
places biood, forms a gaseous column, and is cleared by the 
lungs. 

Apart from MR, viable abdominal reticuloendothelial con¬ 
trast agents have eluded clinical development. The first such 
agent, thorium dioxide (Thorotrast), used until the 1950s, has 
left a painful and sorry legacy. Iodinated oily emulsions accu- 
mulate in the liver, spleen, bone marrow and, to a lesser extent, 
in other organs, long enough to permit CT imaging, but high 
toxicity and low specificity led to their abandonment. Colloidal 
iodine or emulsified perfluorooctyl bromide particles are also 
incorporated in reticuloendothelial cells. Most studies of emul¬ 
sified perfluorooctyl bromide took place in the 1980s, and its 
use has lost favor since then. 

Liposomes are taken up by the reticuloendothelial system, 
and considerable effort has been expended to encapsulate 
water-soluble iodinated contrast agents inside liposomes. 
Research activity peaked during the 1990s but, in spite of occa- 
sional more recent papers, pronounced adverse reactions limit 
the use of liposomal CT contrast agents in humans. Most 
current reticuloendothelial contrast research revolves around 
MRI agents. 


Gastrointestinal Contrast Agents 

BARIUM SULFATE 

Barium sulfate is a white crystalline powder having a molecular 
weight of 233. Because of its specific gravity of 4.5, patients tend 
to comment that a cup of barium suspension is “heavy.” The 
terms thick and thin should only be used when referring to 
viscosity. They should not be used to signify radiodensity, which 
has many other causative factors. 

Although barium sulfate itself is inert and does not support 
bacterial growth, some additives in commercial preparations 
are organic. When a container is opened or reconstituted 
with tap water, the suspension should be refrigerated if it is 
to be kept overnight. Although many commercial formula- 
tions contain preservatives, bacterial contamination can and 
does occur. 

Certain commercial formulations are advertised as being 
applicable throughout the GI tract. Invariably, these represent 
a compromise. The GI tract varies in pH, in composition of 
mucus, and in type of mucosa, and optimal coating in one 
part does not mean that a similar coating can be expected 
in another. Coating the mucosa with barium or simply opaci- 
fying the lumen requires different barium formulations/ The 
large-particle, high-density barium suspensions designed for 
double-contrast use should not be simply diluted and used 
for single-contrast studies. Ingesting such a diluted suspension 
causes rapid barium particle sedimentation, with the nonde - 
pendent lumen containing little barium; lesions on the non- 
dependent wall can therefore be missed. Products designed 
primarily for single-contrast examinations, on the other hånd, 
can be diluted considerably before any settling occurs, mainly 
because they contain relatively small barium particles. 

Ingestion of a barium sulfate suspension tends to be consti- 
pating. Currently, commercial barium products have additives 
that minimize this effect, and the formation of a bariolith is 
rare. 

PHARYNGOGRAPHIC AGENTS 

Pharyngeal radiography was already established in the 1960s, 
when cineradiography became popular to evaluate dysphagia. 
Although conventional or digital radiography produces high 
anatomic resolution, dynamic swallowing is best evaluated with 
video fluoroscopy or cineradiography. This pharyngogram, 
commonly called a modified barium swallow, evaluates oro- 
pharynx anatomy and function using contrast agents of varying 
consistencies. 

After a stroke, appropriate patient feeding without inducing 
aspiration can be determined by using barium suspensions of 
different viscosities and barium-coated food. Contrast consis¬ 
tencies used range from barium-coated crackers to a viscosity 
approaching that of water. To improve patient acceptance, some 
investigators have developed their own contrast agents such as 
barium pudding or barium honey. Anatomic detail is best 
studied with high-density barium products such as the 250% 
w/v suspensions designed for gastric double-contrast examina¬ 
tions. Fistulas are also best studied with this type of contrast 
agent. A barium paste can also be used to study anatomy, but 
the high paste viscosity limits its application in fistula detection. 
The volume of barium used should be individualized. Thus, 
with suspected aspiration, a several-milliliter bolus is swallowed 
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initially; if no aspiration is detected, the bolus is gradually 
increased in volume. 

The oropharynx handles high- and low-viscosity liquids dif- 
ferently, so pharyngeal function should be studied with high- 
and low-viscosity barium suspensions. The low-viscosity 
suspension should have a viscosity approaching that of water, 
whereas the high-viscosity suspension should be similar to a 
thick milkshake. It should be emphasized that some high- 
density double-contrast barium products are relatively fluid 
and are not applicable as high-viscosity preparations. 

A tracheoesophageal fistula is easier to detect fluoroscopi- 
cally with the patient in the lateral position. With the patient 
in a frontal position, it may not be possible to determine 
whether barium in the trachea was aspirated or flowed through 
a fistula. 

UPPER GASTROINTESTINAL TRACT STUDIES 

Studies of the esophagus consist of single-contrast, double- 
contrast, and mucosal relief views, together with fluoroscopic 
evaluation of motility. Normal esophageal tonicity leads to 
lumen collapse when a primary peristaltic wave has passed. 
Therefore, regardless of which method is used, the study must 
be performed reasonably quickly. 

Some patient symptoms are reproduced by using a cold con- 
trast suspension or acidic contrast. Although some have found 
acidified contrast useful, it is not commonly used. 

Sufficient air is introduced into the esophagus for a double- 
contrast study in some patients with poor esophageal motility 
or those with gastroesophageal reflux. In most patients, however, 
an additional negative contrast agent is necessary to obtain 
double-contrast views. Solid gas-producing tablets, powder, or 
liquid effervescent agents are used. These contain sodium bicar- 
bonate and an acid, such as tartaric acid or citric acid, which, 
in the presence of a liquid, produce carbon dioxide. About 400 
to 500 mL of gas is necessary for adequate esophageal and 
gastric distention. One technique is to have the patient drink, 
in quick succession, first one and then another liquid efferves¬ 
cent solution, followed immediately by 60 to 120 mL of a 
barium suspension. The two effervescent agents distend the 
esophagus by releasing carbon dioxide, and barium then coats 
the esophageal mucosa. 

The high-density, low-viscosity barium products designed 
for the stomach and duodenum also coat the esophagus wall. 
Visualization of the esophagus is impaired if barium is ingested 
before effervescent agents. On the other hånd, the quality of the 
gastric mucosal coating is improved if the barium suspension 
is given first. The sequence of ingestion can be tailored to the 
patient’s symptoms—if esophageal disease is suspected, the 
effervescent agents are given first; if gastroduodenal disease is 
suggested, the barium suspension is given first. 

Esophageal varices tend to be more prominent and their 
detection easier if the esophageal lumen is collapsed. Although 
high-density, low-viscosity barium products detect larger 
esophageal varices, commercially available barium pastes are 
recommended. Some of these pastes are too viscous and tend 
to flow in a bolus; these should be diluted with water so the 
paste viscosity is similar to that of honey. 

In a patient with acute dysphagia, an esophagram can 
be therapeutic. With the patient upright, the weight of a 
barium column can dislodge a foreign body into the stomach. 
Liquid effervescent agents increase the intraluminal esophageal 


pressure and may also push a foreign body into the stomach. 
This technique should be performed with care to avoid perfora- 
tion. Glucagon has also been proposed to help relieve spasm, 
although it is not clear whether pharmacoradiology has a sig- 
nificant role in acute dysphagia. 

Commercial barium sulfate tablets with a diameter of 12 mm 
are available and are useful to evaluate subtle esophageal stric- 
tures. For results to be meaningful, the patient should be at least 
in a 45-degree upright position and at least 60 mL of water 
should be ingested with the tablet. Tablet transit time through 
the esophagus normally is less than 20 seconds. These tablets 
contain 650 mg of barium sulfate plus additives. The tablets 
dissolve in the esophagus or stomach (Fig. 1-1). Relatively fresh 
tablets should be used because older tablets take longer to 
dissolve. 

It has been proposed that barium tablets be administered 
routinely during chest radiography because tablet retention in 
the esophagus is associated with the presence of structural or 
functional esophageal abnormalities, but this technique is not 
widely used. 

In patients with suspected esophageal perforation, study of 
the esophagus with a water-soluble agent may not detect a 
subtle leak. Thus, administration of higher density barium 
sulfate enables detection of leaks that might otherwise be 
missed. 21 For this part of the examination, barium suspensions 
varying from 35% to 80% w/v are used. Residual barium in 
the mediastinum does not result in clinically detectable 



Figure 1-1 Barium sulfate tablet proximal to a stricture. A previous 
esophagram suggested narrowing at this site, and the tablet confirms 
this finding. (From Schabel SI, Skueas J: Esophageal obstruction 
fol I owing administration of "aged" barium sulfate tablets —a warning. 
Radiology 122:835-836, 1977.) 
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mediastinitis and does not interfere with subsequent radio- 
graphic evaluation. 

High-density, low-viscosity barium preparations specifically 
designed for the upper GI tract produce best double-contrast 
results. A volume of 60 to 120 mL of a 250% w/v suspension is 
generally sufficient. A good barium formulation should result 
in routine identification of the areae gastricae. Small cancers, 
ulcers, gastritis, and duodenitis are readily detected during a 
high-quality examination. 

When appropriate double-contrast gastric views have been 
obtained, a lower density barium suspension is ingested for 
subsequent single-contrast evaluation. For this part of the 
examination, barium suspensions varying from 35% to 80% 
w/v are used. Various external compression paddles are avail- 
able and are helpful in obtaining mucosal relief views. 

SMALL BOWEL STUDIES 

A number of techniques have been developed to study the small 
bowel, such as conventional antegrade study, enteroclysis, ret¬ 
rograde ileography, peroral pneumocolon, and CT and MR 
enterography. The type of examination performed varies with 
clinical indication. Specific contrast agents have been developed 
for each type of study. 

An antegrade examination is the simplest and most tradi¬ 
tional way of studying the small bowel. Serial small bowel radio- 
graphs are obtained after the patient ingests a barium suspension. 
The primary contrast agent requirement is that it does not floc- 
culate or precipitate during transit. The barium does not coat 
the mucosa; visualization is obtained primarily by filling the 
bowel lumen with the barium suspension. A 40% to 60% w/v 
suspension is typical. Many radiologists prefer a volume of 500 
to 800 mL. 

Contraindications to an antegrade barium study are sus- 
pected colonic obstruction or bowel perforation. A number of 
clinicians hesitate to request a barium study in the setting of 
small bowel obstruction and prefer to wait until the obstruction 
clears. Such an approach is analogous to obtaining a chest 
radiograph only after a pneumonia clears. Small bowel obstruc¬ 
tion is not a contraindication. Barium proximal to a small bowel 
obstruction continues to stay in suspension, and barium inspis- 
sation does not occur. With a small bowel obstruction, an ante¬ 
grade study with barium is safe and not only can detect the site 
of obstruction but also suggest a cause. 

In enteroclysis (small bowel enema), contrast is injected 
through a steerable catheter directly into the small bowel, so the 
flow-limiting function of the pylorus is bypassed. The barium 
suspension can be infused by gravity, hand-held syringes, or an 
infusion pump. Typical infusion rates are 75 to 100 mL/min, 
although the flow rate should be individualized. If the rate is 
too slow, excessive peristalsis results in a study similar to a con¬ 
ventional antegrade small bowel examination. With a flow rate 
that is too high, overdistention leads to bowel atonia and lack 
of progression. 

It is debatable whether single-contrast or double-contrast 
enteroclysis yields better results. For the double-contrast por¬ 
tion, many U.S. investigators use a solution of methylcellulose 
in water (>0.5%). Methylcellulose helps propel a barium sus¬ 
pension ahead of it. Water can be used as the second contrast 
agent, although water tends to wash off barium adhering to the 
mucosa. The total volume of the two contrast agents is tailored 
for each examination; in some patients, up to 2 L are required. 


The contrast agents are instilled until a lesion is detected or 
contrast reaches the right colon. If needed, glucagon is admin- 
istered to induce hypotonia. 

Air as a second enteroclysis contrast agent, used more com- 
monly in Japan and Europe, results in considerably more radio- 
graphic contrast than obtained with methylcellulose. Air does 
not propel the barium ahead of it as quickly as methylcellulose; 
it tends to percolate through barium-filled loops of bowel. Nev- 
ertheless, with overlapping bowel loops, as is common in the 
pelvis, infusion of air is often helpful. Air bubbles can be confus- 
ing, although some think that better diagnostic results can be 
achieved with air, even in patients with inflammatory bowel 
disease. 

Several tubeless enteroclysis techniques have been described. 
One simple method is to initially perform a conventional 
small bowel study, but when barium approaches the cecum, 
the patient swallows additional effervescent agents, turns 
prone, and the table is turned into a 20- to 40-degree Tren- 
delenburg position. Efflux of gas results in a double-contrast 
small bowel study. A tubeless double-contrast small bowel 
technique consists of effervescent granules coated with an 
acid-resistant lacquer. Gas is released directly into the small 
bowel lumen. 

Barium formulations specifically designed for enteroclysis 
provide the best results and are commercially available. For a 
single-contrast study, a barium suspension having a specific 
gravity of about 1.25 (equivalent to -35% w/v) is typical. For a 
double-contrast study, the barium suspension should be in the 
range of 50% to 95% w/v. 

Retrograde ileography consists initially of a single-contrast 
barium enema, but infusion of barium is then continued retro¬ 
grade into the ileum. Because flow is controlled by the exam- 
iner, the ileum can be readily studied without overlapping loops 
from the more proximal small bowel. Barium is instilled until 
the region in question is reached. Premedication with glucagon 
increases patient comfort and also relaxes the ileocecal valve. If 
a redundant sigmoid colon obscures part of the small bowel, 
the barium enema can be followed by a saline enema; such a 
solution pushes barium ahead of it and results in a see-through 
effect. A 20% to 25% w/v barium suspension is typical for such 
a study. 

It is not unusual to achieve a double-contrast study of 
the terminal ileum during a double-contrast barium enema, 
especially if glucagon is used. This type of study is useful 
in suspected ileal Crohn s disease or gynecologic malignancies 
involving the ileum. 

A peroral pneumocolon, consisting of antegrade and retro¬ 
grade components, is designed to evaluate the distal ileum or 
right colon. Initially, a conventional antegrade small bowel 
examination is performed. When barium outlines the terminal 
ileum, air is instilled through the rectum to obtain double- 
contrast views of the distal small bowel or proximal colon. This 
study can also be combined with enteroclysis. Routine use of a 
hypotonic agent is helpful. 

BARIUM ENEMA 

Single-contrast and double-contrast techniques are well estab- 
lished methods of evaluating the colon. Numerous studies have 
compared the relative accuracy of a single-contrast versus 
double-contrast barium enema. Some radiologists prefer a 
single-contrast study in older or debilitated patients. 
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Dry and liquid barium formulations are commercially avail- 
able. If dry barium-prefilled enema bags are used, the amount 
of water added and degree of subsequent shaking to achieve 
wettability should be standardized. The level marking on the 
enema bag should not be used to gauge the amount of water 
needed; resultant dilutions tend to be erratic. Liquid barium- 
filled enema bags should be kept on their sides because consid- 
erable settling can occur if bags are stored before use. 

A 12% to 25% w/v barium suspension is commonly used 
for single-contrast barium enemas. The main requirement 
of the barium suspension is that it neither flocculates nor 
setties during the examination. Because the sedimentation 
rate depends, in part, on the amount and type of additives 
present, some products that are well suspended at higher 
concentrations settie readily when diluted. If there is doubt 
about a commercial product’s sedimentation rate, a radiograph 
obtained with a horizontal x-ray beam should reveal any 
settling tendencies. 

Double-contrast barium enema suspensions should consist 
of relatively high barium concentrations but should still be suf¬ 
ficiently fluid to flow readily through enema tubing. Their vis- 
cosity is greater than that of the lower concentration barium 
formulations designed for single-contrast studies. The resultant 
mucosal coating should be uniform, without undue artifacts. 
The suspension should not dry out while an examination is in 
progress. These barium formulations are generally in the range 
of 60% to 120% w/v, with 85% being typical. 

Even when all conditions are standardized, the subsequent 
mucosal coating can vary among practices because of variations 
in local water hardness and type of water used (distilled water 
or cold or hot tap water). Premixed liquid formulations are 
available to avoid these variations. The barium suspension is 
simply poured into an enema bag without further dilution. 

Some radiologists perform colonic lavage before a barium 
enema. This lavage invariably results in water retention and 
subsequent dilution of the barium suspension. Barium manu- 
facturers recognize this difference and market two different 
preparations; the one designed to be used after colonic lavage 
has a barium suspension with a slightly greater specific gravity. 

Tumors can be difficult to detect in a segment involved by 
severe diverticulosis. This segment can be further studied if the 
double-contrast barium enema is followed by a methylcellulose 
enema. 

WATER-SOLUBLE CONTRAST AGENTS 

Indications 

Water-soluble organic iodine compounds designed for the GI 
tract were introduced in the 1950s. Ever since, controversy has 
surrounded the relative merit and role of these agents. These 
compounds do not coat the GI mucosa; rather, they provide 
bowel visualization simply by passive fllling of the intestinal 
lumen. 

For most bowel examinations, experienced radiologists 
prefer barium suspensions. Some surgeons, however, are still 
being taught about the purported dangers of barium and insist 
on the use of water-soluble agents. Stimulation of peristalsis in 
postoperative patients and lack of radio gr aphically visible 
sequelae of spill from the GI tract are reasons cited by some 
surgeons for their preference for water-soluble agents. 

Water-soluble agents are indicated if an acute perforation is 
suspected. The examination generally confirms or excludes a 


perforation, with the realization that small perforations can be 
missed. Similarly, walled-off perforations or a perforation in an 
area of spasm can be difficult to detect, and it may be necessary 
to complete the examination with barium. 

With a chronic or loculated perforation, the higher radio- 
graphic visibility of barium often yields more information than 
that obtained with water-soluble contrast agents. Thus, a 
chronic abscess or other cavity in continuity with the bowel 
lumen can be safely studied with barium. If there is a possible 
communication with the peritoneal cavity, however, water- 
soluble agents are preferred. 

Meconium ileus and meconium plug syndrome can be 
treated with an iodinated contrast enema. The patient should 
be well-hydrated. 

Some surgeons treat postoperative adynamic ileus with oral, 
full-strength, ionic contrast agents, but studies on these types 
of agents have been limited. Also, a hypertonic fluid proximal 
to a mechanical obstruction results in further distention. 

Contrast Agents 

In general, to achieve adequate radiographic opacification of 
most GI structures, at least a 60% solution of an ionic con¬ 
trast agent is needed. The resultant iodine concentration is 
282 to 292 mg/mL for the more commonly used commercial 
products, with a resultant osmolality of about 1500 mOsm/ 
kg, or approximately five times that of serum. Because of 
this hyperosmolarity, fluid is drawn into the bowel lumen, 
and diarrhea is common after their use. These agents stimulate 
intestinal peristalsis, so faster visualization of the distal small 
bowel can be achieved than with barium sulfate. The need 
for a faster examination should be balanced against decreased 
radiographic contrast obtained with these agents. In general, 
intraluminal dilution leads to poor visualization of the small 
bowel. 

Some commercial ionic contrast agents designed for oral 
use, such as the diatrizoate meglumine preparations Gastrogra- 
fin and oral Hypaque, contain flavoring agents. These are pre¬ 
ferred to the nonflavored products, which are designed primarily 
for IV use. 

Nonionic contrast agents with an iodine concentration 
of approximately 300 mg/mL have an osmolality of 600 to 
710 mOsm/kg, which is less than 50% of that of ionic agents. 
At this concentration, however, they are still hyperosmolar 
compared with serum. 

Ideally, one of the nonionic agents should be used whenever 
a water-soluble agent is indicated for evaluation of the GI tract; 
for certain examinations, some radiologists use nonionic agents. 
If a perforation into the pleural or peritoneal cavity is suspected 
in an adult and aspiration is not a consideration, nonionic 
agents probably do not offer any major advantage over their 
ionic counterparts. Nevertheless, some leaks are better defrned 
with barium than water-soluble agents. In studies of the GI tract 
in infants and children, in whom perforation is not an issue, 
barium rather than a water-soluble is the preferred contrast 
agent. 

NEGATIVE CONTRAST AGENTS 

When performing double-contrast GI studies, the cheapest 
second contrast agent is air. Excellent double-contrast esopha- 
geal views can be obtained if the patient swallows air together 
with the barium preparation. 
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One commercial preparation incorporated carbon dioxide 
directly in the barium suspension; when the patient drank this 
“bubbly barium ,” carbon dioxide was released into the esopha- 
gus and stomach. The effect was similar to that of drinking a 
bottle of club soda, and this product did not achieve ready 
acceptance. 

Effervescent tablets, granules, and powders are commercially 
available. They produce carbon dioxide on contact with water 
and most are satisfactory in achieving adequate gastric and 
duodenal distention. There is, however, considerable variation 
in their dissolution time. Most commercial effervescent powders 
and granules come in single-dose packages. In clinical use, the 
patient places the effervescent agent in the mouth and uses 
small amounts of water to wash it down. This is immediately 
followed by a barium suspension. The swallowed gas is used for 
do uble-contrast views of the stomach and duodenum. 

Liquid effervescent agents, consisting of separate acid and 
base solutions, can be prepared locally by a hospital pharmacy. 
The acid portion consists of citric and tartaric acids and the 
base portion is sodium bicarbonate. A dose of 12 to 15 mL is 
satisfactory for most patients. 

Carbon dioxide is used by some in place of air for double- 
contrast barium enemas and CT colonography. Carbon dioxide 
is absorbed faster than air. Whether a gas or air is used 
probably does not influence examination quality although, 
with all other factors remaining constant, colonic distention 
is less with carbon dioxide compared with air. 

Some double-contrast preparations result in excessive gas 
bubbles. An antifoam agent should be added empirically if these 
occur on a regular basis. Although many commercial barium 
preparations already include such an agent, in some areas the 
amount is not sufficient. A commonly used antifoam agent is 
dimethyl polysiloxane (simethicone); the addition of 1.5 mL of 
simethicone (equivalent to 100 mg) is often sufficient to elimi- 
nate bubbles. 

GASTROINTESTINAL COMPUTED 
TOMOGRAPHY AGENTS 

The term double-contrast abdominal CT is used by some to 
signify the use of IV and oral contrast. However, this is a misuse 
of the traditional connotation of double contrast and is best 
avoided to prevent confusion. 

Full-strength barium preparations should not be diluted to 
the low concentrations needed for CT. The barium particles 
settie out after ingestion of such a dilute solution, leading to 
inhomogeneous bowel lumen opacification. The uppermost 
part of a loop of bowel may not contain enough barium for 
visualization, and excess barium in the dependent portion 
results in streak artifacts. 

Stable but low-concentration barium formulations specifi- 
cally designed for CT are commercially available, with most of 
these brand names ending in -cat. Most CT barium products 
contain small particles that resist settling. Additives selected also 
prevent barium sedimentation. At the low barium concentra¬ 
tions used, barium particles do not coat the mucosa but simply 
provide lumen opacification. 

An esophagus marked with a contrast agent aids in evaluat- 
ing the mediastinum during chest CT. The low-concentration 
CT agents used in the rest of the GI tract do not opacify the 
esophagus long enough, although one option is to have the 
patient drink small sips of a conventional CT contrast agent 


before each scan. More convenient is a high-viscosity, low- 
concentration barium paste, which provides prolonged esopha- 
geal coating. 22 Mucosal adherence by such a paste is long enough 
to allow a typical CT examination to be completed. Ingested 
water is often a useful and satisfactory contrast agent for evalu- 
ation of the GI tract during helical CT. 

The traditional method of opacifying the stomach and small 
bowel is to have the patient drink approximately 500 mL of a 
dilute CT contrast agent several hours before the examination, 
with a similar amount ingested immediately before scanning. 
Ideally, such an agent should differentiate bowel from sur- 
rounding structures without introducing artifacts. Use of a 
dilute iodine solution or a barium suspension is generally a 
personal preference. A 1% to 3% w/v barium sulfate suspension 
or a 2% to 5% solution of Gastrografin or similar iodinated 
agent is typical. One refinement (granted, little practiced) is to 
use a 2.0% barium concentration for jejunal opacification and 
a slightly lower concentration for pelvic structures. With slower 
CT units, an iodine solution produces fewer streak artifacts than 
barium, a problem of little consequence with multislice CT. 
Commercial barium suspensions tend to taste better than 
iodine solutions, a factor when examining children and nausea- 
prone cancer patients. 

The iodine taste can be masked by adding sugar and various 
fruit extracts; although essentially sugar-free iodine contrast is 
available, barium products, in general, contain less sugar than 
corresponding iodine contrasts. At the dilutions used, the iodin¬ 
ated solutions are hypoosmolar, but some patients still develop 
diarrhea. The poor taste and hence poor acceptance of iodin¬ 
ated agents by patients can be partly overcome by the empiric 
addition of a flavored juice such as Kool-Aid. 23 At the dilutions 
used in CT, nonionic contrast agents do not have any real 
advantage over ionic agents. 

With suspected pelvic disease, a contrast agent can be 
ingested the evening before the examination. Even if full- 
strength Gastrografin is ingested, overnight dilution in the 
bowel is sufficient to eliminate most streak artifacts. Better 
rectosigmoid opacification is obtained after ingestion of such 
a full-strength contrast agent than dilute barium, probably 
because hyperperistalsis is induced by the iodinated agent. Nev- 
ertheless, identifying the large bowel is less of a problem than 
identifying fluid-filled loops of small bowel on abdominal CT. 

Both CT and MR enterography can detect Crohns disease 
with somewhat similar accuracy. 24 Adequate CT bowel opaci¬ 
fication can be achieved by using a 2% flavored barium 
suspension. 

CT enteroclysis consists of bowel intubation and instillation 
of an iodinated contrast agent, dilute barium suspension, 
or methylcellulose suspension. Whether a positive or water- 
density agent is superior is not clear; an IV contrast agent to 
opacify bowel mucosa aids in lesion detection. Negative oral 
contrast agents designed specifically for CT enteroclysis have 
also become available. Also, with MDCT and coronal recon- 
struction now more readily available, retained bowel fluid often 
provides a sufficient marker, especially in dilated bowel loops. 

If the imaging study is performed to evaluate a rectal lesion, 
a high-viscosity, low-volume barium paste may suffice; approxi¬ 
mately 100 mL of a 3.6% w/v carboxymethylcellulose and 2% 
w/v barium sulfate paste mixture has been proposed in this 
clinical setting. 2 " 

A basic question when protocoling an examination on 
multidetector CT is whether intraluminal water-density or 
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fat-density contrast, or even a gas, is superior to a positive con- 
trast agent. Positive bowel contrast creates artifacts, especially 
with maximal intensity projection images of vascular struc- 
tures. Also, bowel wall enhancement by IV contrast is useful for 
detecting bowel wall thickening, and a positive intraluminal 
contrast can obscure subtle lesions. As a result, MDCT studies 
can be performed with oral water-density or even negative con¬ 
trast agents. Although adequate for gastric and duodenal dis- 
tention because of its absorption from the bowel, ingested water 
does not readily distend the distal small bowel; use of a carboxy- 
methylcellulose or polyethylene glycol solution inhibits absorp¬ 
tion and improves distention (compared to water). Apreliminary 
study of simethicone-coated cellulose (SonoRx, Bracco Diag- 
nostics, Monroe Township, NJ), developed for oral use in upper 
abdominal ultrasonography, found no significant advantage 
over oral water in abdominal CT. 26 

In the past, a number of fat density products, such as mineral 
oil, corn oil, and milk, and even a paraffin emulsion, were pro¬ 
posed for CT use, but these have had limited application. Resid- 
ual bowel gas often serves as a marker, especially in the colon. 
If a nasogastric tube is in place, air can be injected into the 
stomach and small bowel. If excessive amounts of gas are 
present, imaging with window settings slightly wider than usual 
is helpful. 2D colonography and 3D virtual colonoscopy require 
colonic distention with a contrast agent; typically, air is used, 
and carbon dioxide is used less often. 

ADVERSE REACTIONS 

Barium Sulfate 

Barium sulfate is poorly soluble in water. The constipating ten- 
dency of barium products is well known to most radiologists. 
Through the judicious use of additives, this side effect is mini- 
mized in most current formulations, although barium impac- 
tion in the colon is still occasionally encountered. 

Aspiration of small amounts of commercial barium for¬ 
mulations is of little clinical significance. After barium aspira¬ 
tion, most is cleared from major bronchi and trachea within 
hours, although some is retained in the interstitium and in 
macrophages. This residue is generally not visualized on radio- 
graphs. Alveolarization of barium, however, can result in pro- 
longed retention. If aspiration is suspected clinically, nonionic, 
sterile, iso-osmolar iodinated contrast can be used rather than 
barium. 

Hypersensitivity reactions during GI examinations are rare, 
although they have been known to occur. Although barium 
sulfate is inert, commercial formulations contain numerous 
known proprietary additives C These include stabilizing, flavor- 
ing, coating, and viscosity-varying agents and range from 
natural flavors and gums, such as lemon, pectin, and guar, to 
synthetic products, such as various methylcelluloses. Some radi¬ 
ologists may still be familiar with chocolate-flavored barium 
products, which are no longer used because of common aller¬ 
gies to chocolate. Anaphylaxis can be caused by carboxymethyl. 
The role of effervescent agents in these reactions is speculative. 
Methylparaben and similar compounds, used as preservatives, 
can induce hypersensitivity reactions, but barium manufactur- 
ers have replaced them with more innocuous preservatives in 
most commercial barium products. 

Reactions appear to be more common during double - 
contrast than single-contrast studies. Most reactions are mild 
and consist of urticaria or pruritus, although erythema 


multiforme, respiratory complications, anaphylaxis, GI angio- 
edema, and even death have occurred. Patients with asthma and 
severe food allergies appear to be at a slightly increased risk for 
these reactions, but the average radiologist will probably not 
encounter a hypersensitivity reaction to a barium product in a 
lifetime of practice. 

The cause of hypersensitivity reactions during most barium 
studies is not known. In general, the incriminating agent is not 
sought and no testing performed in most patients who develop 
a reaction. 

Esophageal perforation and spillage of barium into the 
mediastinum result in an inflammatory reaction, with barium 
persisting in the mediastinum for a prolonged period. Such 
prior extravasation can often be recognized radiographically as 
dense linear radiopacities, but no strong evidence exists that 
these sequelae have any clinical significance for the patient. 

Most perforations associated with a barium enema occur in 
the rectum and are not immediately detected by fluoroscopy. 
Rectal perforations tend to result from injudicious insufflation 
of an enema balloon. A British survey over a 3-year period 
between 1992 and 1994 revealed a complication rate of 1 in 
9000 and a death rate of 1 in 57,000. 8 Although 10% of patients 
with a bowel perforation died (3 of 30), the mortality was 56% 
(9 of 16) in patients developing a cardiac arrhythmia. 

Spillage of barium into the peritoneal cavity can be second- 
ary to a preprocedure perforation, such as in patients with 
ulcers. Some perforations, however, are associated with a barium 
study and can occur during an upper GI examination or barium 
enema, and even during enteroclysis. Initially, leukocytes are 
drawn into the peritoneal cavity, together with an inpouring of 
fluid. Profound hypovolemia develops if massive inpouring of 
fluid into the peritoneal cavity is untreated. Bacterial contami- 
nation during a perforation can result in overwhelming sepsis 
and shock within hours. 

Immediate management of barium peritonitis includes infu¬ 
sion of large volumes of IV fluid. Antibiotics are administered 
because of associated bacterial contamination. Most patients 
undergo surgery, with an attempt made to evacuate barium 
from the peritoneal cavity. Invariably, barium crystals embed- 
ded on the peritoneal surface resist dislodgment. Attempts to 
remove barium particles with a wet sponge simply induces 
diffuse peritoneal bleeding. 

Barium crystals incite an inflammatory reaction; eventually, 
these crystals become coated by a fibrin membrane, and 
extensive flbrosis and granulomatous tissue develop. Dense 
flbrosis can involve adj acent structures and, depending on 
location, subsequent ureteral obstruction or bowel deformity 
and stenosis develop. Perirectal flbrosis can narrow the rec- 
tosigmoid lumen and even mimic a carcinoma. Residual 
barium is identified with conventional radiography or CT. 
No evidence suggests that barium in soft tissues is a carcino- 
gen (Fig. 1-2). 

The barium intravasation can involve systemic veins and the 
portal venous system. 29 30 Some patients have no predisposing 
factors to account for intravasation. Overall, barium intravasa¬ 
tion is associated with a mortality rate of more than 50%. 

Water-Soluble Agents 

The risk of sensitivity reactions to oral iodinated contrast agents 
is considerably less than with intravascular injection. In young 
children and adults with hypovolemia, however, the introduc- 
tion of large volumes of a hypertonic agent into the GI tract 
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Figure 1-2 Prior colonic perforation during a barium enema. 

Barium crystals are encased by dense adhesions that also involve 
bowel. (From Miller RE, Skueas J: Radiographic Contrast Agents. 
Balti more, University Park Press, 1977, p 137.) 


can result in hypovolemia, shock, and possibly death. In such a 
setting, adequate intravascular fluid replacement and the use of 
a nonionic contrast agent should be considered. 

If aspiration or a tracheoesophageal fistula is suspected, 
hyperosmolar ionic contrast agents are contraindicated because 
they can induce pneumonia, pulmonary edema, or death. The 
nonionic agents are reasonable substitutes. In most adults, 
however, barium sulfate is the preferred contrast of choice. 

Other Contrast Agents 

Some reactions occur even before a contrast agent is instilled. 
Latex, used in some enema balloons, has been implicated in 
some reactions. The offending antigen in latex is believed to be 
a water-soluble, heat-stable protein. It is found on the surface 
of cured latex and probably is a contaminant of natural latex 
when it is obtained from the Hevea brasiliensis tree. In sensitive 
individuals, contact with skin leads to ur ticar ia; contact with 
mueous membranes can result in more severe anaphylactic 
reactions. Currently, nonlatex and synthetic latex products are 
available. 

Cholangiographic Contrast Agents 

With normal renal funetion, only about 1% of an ionic or non¬ 
ionic contrast agent dose undergoes hepatic exeretion, which is 
insufficient for CT bile duet visualization. In the setting of renal 
failure, however, it is not unusual to detect gallbladder opacifi- 
cation, even with conventional radiography. 

Cholecystography using oral cholecystographic agents has 
been supplanted by other imaging modalities and currently 
is rarely performed. Several commercial cholecystographic 
agents are available. To ensure oral absorption, they have hydro- 
philic and lipophilic properties; in biood, they are bound to 
albumin and, theoretically, should have high toxicity, but in 


actual practice, adverse reactions are uncommon. They undergo 
enterohepatic circulation and occasionally delayed reactions 
are encountered. 

IV cholangiographic agents undergo hepatocyte uptake 
and biliary exeretion by active transport. They are exereted 
unchanged or after conjugation with glucuronic acid. These 
hepatocyte-specific liver contrast agents consist of triiodoben- 
zene compounds which, by means of benzene ring substitu¬ 
tions, have had their hydrophilicity decreased to the point that 
they can now pass through membranes. Iodipamide meglumine 
(Cholografm) is the only agent available in the United States. 
Most of the injected contrast is bound to albumin; biliary visu¬ 
alization is generally evident about 15 minutes after the start of 
IV injection. One might assume that because cholangiographic 
agents undergo hepatocyte uptake, they would make useful CT 
liver contrast agents; in actual practice, however, hepatocyte 
uptake is too slow and exeretion too fast for them to serve this 
funetion. 

Toxicity and allergic reactions are more severe with iodip¬ 
amide than with more typical intravascular contrast agents. 
Nephrotoxicity is dose dependent. In part because of this toxic¬ 
ity, cholangiography has been supplanted by other imaging, 
including MRI and direct cholangiopancreatography. The latter 
is achieved by percutaneous transhepatic cholangiography, an 
endoscopic retrograde approach, or injection through a surgi- 
cally placed tube. 

Direct cholangiography is generally performed with full- 
strength contrast concentrations (-300 mg iodine/mL). In 
particular, when searching for subtle leaks, a high iodine con- 
centration is advantageous. Also, when injecting proximal to 
an obstruction, a high iodine concentration allows for dilution 
by residual bile. When searching for stones, however, dilution 
of contrast with an equal volume of water appears useful; 
subtle stones can be missed in markedly opacified bile duets. 
Contrast over injection during direct cholangiography should 
be avoided. In the United States, syringe injection is common, 
but in Europe, a drip infusion technique is more popular. The 
study should be terminated if the pancreatic duet begins to 
opacify—acute panereatitis is a complication of this study. 
Earlier studies suggested that meglumine salts of ionic contrast 
agents resulted in less bile duet epithelial damage than cor- 
responding sodium salts; the use of nonionic contrast makes 
this point moot. 

Indications for CT cholangiography have been evolving. CT 
cholecystography is performed 10 to 12 hours after oral admin¬ 
istration of a cholecystographic contrast agent (iopanoic acid). 
Another approach is slow infusion of a cholangiographic con¬ 
trast agent, resulting in biliary images superior to those obtained 
with conventional IV cholangiography. Major intrahepatic 
duets are visualized in most individuals. Preliminary evidence 
has suggested that CT cholangiography is somewhat superior 
to MR cholangiopancreatography (MRCP) in visualizing small 
biliary stones. It is not useful in jaundiced patients because 
insufficient contrast is exereted into bile duets. 

MRCP is a noninvasive imaging technique for visualizing 
biliary and pancreatic duets. It has evolved as an alternative to 
diagnostic endoscopic retrograde cholangiopancreatography 
(ERCP) and diagnostic percutaneous cholangiography. Two 
approaches are feasible—an IV contrast-assisted technique and 
a technique without contrast using heavily T2-weighted images 
to make nonflowing fluid hyperintense. The former uses pri- 
marily hepatobiliary MR agents (see later); contrast-containing 
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bile is hyperintense on Tl-weighted sequences. A limitation of 
this procedure is that reasonable hepatocyte function is required 
to accumulate enough biliary contrast to be imaged. The 
contrast-less technique, often simply called MRCP, has none of 
these limitations and has become the primary imaging study 
for visualizing bile duets. 

Magnetic Resonance Imaging 
Contrast Agents 

INTRAVASCULAR AGENTS 

The term contrast agent has a different meaning in MRI than 
usually applied to barium sulfate or iodinated agents. MRI 
contrast agents are not visualized direetly; rather, their primary 
function is to alter water proton relaxation times. These agents 
have considerable variation in diffusion and renal clearance, 
thus leading to the use of a specific contrast agent for a 
specific application. Although MRI contrast agents are more 
complex and serve a more varied function than CT contrast 
agents, they are used for the same primary purpose—to 
improve lesion detection and characterization by inereasing 
contrast tissue signal intensity differences because of different 
effeets on tissue proton relaxation. These differences vary with 
time and depend on the degree of lesion vascularity. Much 
current MRI contrast agent research has focused on improving 
their specificity. 

MRI contrast agents are often classified by their metal com- 
ponent. A more useful classification is based on their distribu¬ 
tion, with the realization that many agents overlap between 
categories; many are initially biood pool agents but subsequent 
distribution depends on their molecular configuration: 

1. Conventional gadolinium chelates (extracellular agents) 

2. Macrophage-monocytic phagocytic (reticuloendothelial) 
agents 

3. Primarily hepatobiliary agents (intracellular agents) 

4. Primarily biood pool agents 

All currently available MRI contrast agents shorten tissue TI 
and T2 relaxation times. The paramagnetic gadolinium and 
manganese contrast agents primarily shorten TI and thus 
inerease signal intensity (enhancement) of normal parenchyma 
on Tl-weighted images. The superparamagnetic iron oxides 
primarily shorten T2, thus decreasing signal intensity on 
T2-weighted images and, depending on the sequence used, 
inerease the TI signal. These metal ions are chelated to other 
structures, such as DTPA, to reduce their toxicity. 

Gadolinium Chelates 

The most often used vascular MRI contrast agents are gado¬ 
linium chelates. These mostly hydrophilic compounds are che¬ 
lated to “mask” the toxic gadolinium ion. Their biodistribution 
and perfusion-related issues are similar to iodine-containing 
contrast agents. To take full advantage of these MRI contrast 
agents, dynamic imaging must be performed shortly after con¬ 
trast injection (arterial to portal venous phases); later, these 
agents equilibrate with the extracellular space, and lesions 
become isointense to parenchyma. Liver tumor detection with 
these agents relies on differences in biood flow between tumor 
and normal tissue. A more recent application of these agents is 
in MR angiography (MRA) as a substitute for abdominal digital 
subtraction angiography (DSA). Image processing allows for 
the separation of arteries and veins. 


At recommended doses, gadolinium chelates have a lower 
adverse reaction rate than iodinated contrast agents, but ana- 
phylactic reactions and even cardiopulmonary arrest, including 
fatal ones, do occur. Risk factors for reactions are not well 
defined but appear to be similar to those for iodine contrast. 
Unlike iodine-related reactions, gadolinium-related reactions 
tend to be delayed, at times occurring even 1 hour or more later. 
These agents are exereted by glomerular filtration and, in the 
usual doses, nephrotoxicity is uncommon, although nephro- 
genic systemic fibrosis has been reported in some patients with 
renal disease. 31 

In patients on hemodialysis, about 80% of gadolinium is 
dialyzed after the first and essentially all after the fourth dialysis. 
A normal dose has been used in hemodialysis patients. 

Gadolinium agents exhibit poor water relaxivity at higher 
magnetic helds (>4 T). Undoubtedly, new MRI agents will be 
developed for use with high held strength magnets. 

Reticuloendothelial Agents 

Larger superparamagnetic iron oxide (SPIO) particles are taken 
up by the reticuloendothelial system (RES) and, among other 
effeets, result in decreased liver and spleen parenchymal 
enhancement on T2-weighted images. Uptake is also present 
in lymph nodes and bone marrow. Ferumoxides (Endorem, 
Guerbet, Villepinte, France) is an SPIO agent consisting of a 
colloidal mixture of ferrous and ferric oxide. Tissues lacking 
reticuloendothelial (RES) cells, such as metastases, have little or 
no signal loss and thus appear hyperintense to the resultant 
hypointense, normal RES-containing liver or spleen paren¬ 
chyma. Not only are known tumors better identihed but, com- 
pared with unenhanced MRI sequences, more tumors are 
detected. This differentiation is not absolute, however, because 
some well-differentiated neoplasms contain RES cells and thus 
take up iron oxide particles. These SPIO-induced changes differ 
among various tumors, potentially providing tissue character¬ 
ization of different tumors. SPIO enhancement is impaired 
in diffuse liver disease. Nevertheless, imaging interpretations 
with these compounds is complex; some of the particles are 
ultrasmall, and Tl-weighted gradient-echo sequences result in 
imaging patterns similar to those with Gd chelates and ultrasmall 
SPIO particles. 

These agents have a longer intravascular half-life than gado¬ 
linium chelates. A prolonged scanning window is available once 
these particles are within the RES; eventually, free iron is used 
in normal iron metabolism. Their role in clinical imaging has 
not yet been clearly defined. Disadvantages include prolonged 
scanning times and an inereased false-positive rate. 

Hepatobiliary Agents (Intracellular Agents) 

Several hepatobiliary-specific paramagnetic contrast agents, 
such as Gd-EOB-DTPA (Eovist, Bayer Imaging, Whippany, 
NJ) and Gd-BOPTA (MultiHance, Bracco Diagnostics) are 
initially extracellular and then undergo hepatocyte uptake. 
Early dynamic perfusion imaging is similar to that with con¬ 
ventional gadolinium chelates, but this can be followed by 
delayed hepatic imaging; each phase yields different informa¬ 
tion. Image interpretation differs from conventional gadolin¬ 
ium scans; thus, with Gd-BOPTA, a hepatocellular carcinoma 
shows early peripheral enhancement, but parenchymal phase 
images reveal an isointense or even hypointense tumor. 32 

These agents are eliminated by biliary and renal pathways. 
Eovist achieves greater liver enhancement than MultiHance, has 
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a biliary excretion rate of about 50% of the injected dose, and 
a delayed biliary phase is evident. Gd-BOPTA exhibits a TI 
relaxivity roughly double that of conventional gadolinium 
agents, probably secondary to its binding to albumin, which 
decreases extravascular leakage. Although only a small percent- 
age is taken up by hepatocytes, this has a prolonged effect on 
liver signal intensity. 

Mn-DPDP (Teslascan, GE Healthcare AS, Buckinghamshire, 
England) dissociates partly in plasma, with free Mn 2+ taken up 
by hepatocytes and other tissues, including the pancreas. Non- 
dissociated Mn-DPDP is eventually eliminated by the kidneys. 
It is often considered to be a hepatobiliary-specific paramag- 
netic contrast agent, having an effect lasting for several hours, 
thus permitting delayed imaging. It is injected by slow IV 
infusion, so dynamic imaging is not feasible. On Tl-weighted 
images, this agent selectively enhances normal liver parenchyma 
and hepatocyte-containing tumors such as focal nodular hyper- 
plasia, regenerative nodules, and hepatocellular adenomas and 
carcinomas, but shows little or no enhancement of metastases, 
cysts, and hemangiomas. This agent differentiates hepatocellu¬ 
lar carcinomas from metastases, with metastases of nonhepato- 
cyte origin becoming more conspicuous because of an increased 
signal from surrounding normal liver parenchyma. An excep- 
tion is metastatic neuroendocrine tumors; occasionally, these 
tumors enhance with Mn-DPDP. A possible use is during MRI- 
guided thermal tumor ablation when prolonged tumor visual- 
ization is beneficial 33 ; Mn-DPDP identifies more focal tumors 
in cirrhotic and noncirrhotic livers than detected on precon- 
trast images. It appears useful in defming intrahepatic biliary 
anatomic variants, such as in pretransplantation liver lobe 
donors. Because it does not differentiate between benign 
and malignant primary liver neoplasms, its diagnostic impact 
is not clear. 

Manganese is excreted in bile, but excretion is inhibited in 
biliary stasis. It is contraindicated in severe liver failure. 
Mn-DPDP’s overall safety appears to be similar to that of the 
other hepatocyte gadolinium products. 

Biood Pool Agents 

Ultrasmall superparamagnetic iron oxide (USPIO) particles, 
unlike most MRI contrast agents, shorten TI and T2 relaxation 
times, with a few exceptions. Initially conceived as MRI lym- 
phographic agents, their current role has evolved mostly into 
biood pool agents. They have a biood half-life measured in 
hours. One disadvantage is the superimposition of arteries and 
veins, although image processing techniques such as subtrac- 
tion and phase contrast can differentiate these structures. These 
iron oxide contrast agents appear useful in differentiating highly 
vascular lesions, such as hemangiomas, from solid neoplasms. 
Also, their prolonged reduction of intravascular TI values 
makes them useful for MR angiographic interventional proce¬ 
dures without need for repeat contrast injection. Their relaxiv¬ 
ity increases at lower held strengths, and they are therefore 
suitable for use in open magnets. 

Iron oxide particles smaller than 10 nm pass through capil- 
laries and are eventually cleared by liver, spleen, bone marrow, 
and lymph node reticuloendothelial cells, resulting in homoge- 
neous signal loss in these structures. These agents therefore can 
potentially identify lymph node metastasis independently of 
node size; normal nodes lose signal intensity but nodes (or 
regions of nodes) containing metastases do not take up these 
particles. 34 


A potential use for iron oxide agents is to label them with a 
target-specific drug, such as cholecystokinin, with receptors in 
the pancreas. Development of such agents is still in its infancy. 

A separate group of biood pool contrast agents consists of 
gadolinium-based products bound to albumin, dextran, or 
another similarly large molecule (also called macromolecular 
MRI contrast agents); imaging using Gd-BOPTA has already 
been discussed (see earlier). Biodegradable polymeric MRI con¬ 
trast agents have been reported. 31 Tight albumin binding pro- 
longs biood pool time. The clinical role of these agents 
presumably will be similar to that of USPIO agents. 

Carbon dioxide is a biood pool MRI contrast agent. An intra¬ 
vascular column of carbon dioxide leads to signal loss and 
results in a black biood MR angiography technique. 

More complex applications of MRI contrast agents involve 
combining two agents (sometimes called double-contrast MR 
imaging). For example, more information is obtained about a 
focal tumor by combining perfusion data of a gadolinium 
chelate with its RES status obtained with a SPIO agent than is 
possible with a single agent alone. Such combined contrast 
agent use is mostly experimental. 

Another research approach involves excitation-based, 
frequency-labeled, exchange transfer imaging to separate tissue 
magnetization transfer contrast components by using a para- 
magnetic Chemical exchange saturation transfer agent. 36 MRA 
of hepatic vessels appears comparable to DSA and superior to 
portal vein images for evaluating liver arteries. 

GASTROINTESTINAL AGENTS 

An oral MRI bowel contrast agent identifies the bowel lumen 
and differentiates the normal bowel wall from an abnormal 
process. Bowel distention can be obtained by injecting contrast 
via a nasojejunal catheter (enteroclysis) or having the patient 
drink a large quantity of fluid (enterography). An oral contrast 
agent aids in identifying a soft tissue tumor in the bowel wall 
and in adjacent organs. 

Oral MRI contrast agents are subdivided into positive con¬ 
trast agents, which predominantly shorten TI and increase MRI 
signal intensity on Tl-weighted images, and negative contrast 
agents, which shorten T2 and decrease signal intensity or simply 
lack hydrogen protons and water-density contrast. Positive con¬ 
trast agents consist of various iron, manganese, and gadolinium 
paramagnetic compounds; they are useful in detecting sinus 
tracts. On the other hånd, they mask intraluminal content and 
make bowel wall visualization difficult. 

A distinction between positive and negative contrast agents 
is not absolute, and some agents change properties with dilution 
and the MRI sequence used. Gadolinium is a positive contrast 
agent that shortens TI in the small bowel but, when concen- 
trated in the colon, it acts as a negative contrast agent. Ferric 
ammonium citrate is hyperintense on TI- and T2-weighted 
images at concentrations lower than 45 mg/mL; at higher 
concentrations, and at 10 to 20 mg/mL, bowel loops become 
hypointense on T2-weighted images. A more relevant issue is 
whether such contrast improves lesion detection; current results 
are not clear. 

A dilute barium sulfate suspension is a useful negative agent. 
Perfluorocarbons lack hydrogen protons and do not produce an 
MRI signal on TI- or T2-weighted images, but their role as oral 
agents is not established. Methylcellulose, polyethylene glycol, 
and dilute magnesium sulfate 37 have been evaluated. Air and 
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water are also MR contrast agents. Nonabsorbable water- 
density agents are similar to those used for CT (see earlier). 

Positive contrast agents accentuate motion artifacts. However, 
contrast artifacts are more pronounced with negative agents, 
but bowel wall abnormalities are better evaluated with negative 
agents. Antiperistaltic pharmacologic agents have been used; 
they reduce motion artifacts, even with a high held strength 
unit. 

MR colonography is performed using water, a gadolinium 
solution, or a barium suspension as a luminal contrast agent. 
Evaluation can include surface-rendered, virtual endoscopic 
endoluminal views, orthogonal sections in three planes, and 
water-sensitive images. 38 A preliminary report has suggested 
that MR proctography is inferior to barium proctography for 
detecting pelvic floor abnormalities. 39 

Pharmacoradiology 

Pharmacologic agents useful in GI radiology will be discussed 
in this section. Included are those having an intravascular effect 
(vasoconstrictors and vasodilators), those modifying gut motil- 
ity, and those affecting bile flow. Excluded are experimental 
agents, agents designed for molecular imaging, and therapeutic 
materials. 

From a radiologist’s viewpoint, most gut motility agents can 
be divided into those that increase GI tonicity and motility and 
those that decrease these functions. Some agents have different 
effects on different parts of the GI tract; they are discussed 
separately in the section on mixed action agents. 

Bowel tonicity is not the same as peristalsis. In general, 
however, pharmacologic agents that increase bowel tonicity also 
result in increased peristalsis. For example, agents inducing 
gastric hypertonia tend to result in faster gastric emptying and 
hypertonic small bowel agents result in faster small bowel 
transit. Hypotonic agents have an opposite effect. 

One exception to this classification is famotidine, which 
suppresses gastric secretions. A preliminary report suggested 
that famotidine may be useful prior to an upper GI exami- 
nation; the decreased gastric secretion improved the quality 
of the examination. 40 

VASOCONSTRICTORS 

The primary use of vasoactive drugs in abdominal imaging is 
to alter biood flow in a way designed to increase diagnostic 
accuracy. Some drugs aid delivery of chemotherapeutic agents 
to neoplasms. All side effects must be acceptable. Vasoconstric¬ 
tors aid primarily in detecting and characterizing neoplasms; 
they constrict normal biood vessels but have little if any effect 
on malignant vessels. 

Epinephrine, an adrenergic hormone, stimulates oc and (3 
receptors and, depending on specific innervation, results in 
vasoconstriction or dilation. Initially used in renal arteriogra- 
phy, epinephrine decreases contrast opacification of normal 
renal parenchyma, thus accentuating renal cell carcinoma vas- 
culature. Limitations for the use of epinephrine include a vari¬ 
able dose response and the ability of some inflammatory tissue 
neovascularity to respond similarly to neoplastic neovascular- 
ity. Hepatic and splenic arterial injection results in spasm of 
these vessels but little constriction of normal hepatic, gastric, 
duodenal, and pancreatic small vessels. Also, normal mesenteric 
vessels do not respond appreciably to epinephrine. 


Propranolol blocks (3-adrenergic vasodilation and, when 
used in conjunction with epinephrine, results in mesenteric 
vessel vasoconstriction. 

Norepinephrine has a receptor stimulation similar to that of 
epinephrine but lacks (3 receptor stimulation. It has been less 
well studied for imaging use than epinephrine. 

Patients with a pheochromocytoma have increased epineph¬ 
rine or norepinephrine levels after contrast injection; it thus 
appears prudent to premedicate these patients with a- and 
(3-adrenoceptor antagonists to control symptoms and prevent 
an adrenergic crisis, although this may not be necessary when 
using some nonionic contrast agents. 

Angiotensin, a hormone family with vasoconstrictive activ- 
ity, is a potent vasoconstrictor acting on normal vessel smooth 
muscle. Similar to epinephrine, it tends to enhance visualization 
of malignant neoplasms by a selective increase in tumor biood 
flow. 

Vasopressin in pharmacologic doses has a pressor effect and 
constricts normal splanchnic small vessels (including capillar- 
ies), thus decreasing portal biood flow. It has little effect on 
hepatic artery flow. Transcatheter vasopressin infusion Controls 
some GI hemorrhage, keeping in mind that intra-arterial 
administration may cause mesenteric infarction or small bowel 
necrosis. 

Bombesin, a gut peptide, releases endogenous gastrin, which 
activates gastric mucosal sensory neurons, which in turn 
increase gastric mucosal biood flow and thus pro teet the mueosa 
against damage. Somatostatin negates this bombesin-induced 
gastroprotection. Although bombesin is not used in radiology, 
the somatostatin analogue, octreotide, has been used for therapy 
of esophageal and gastric variceal bleeding. Gut neuroendo- 
crine tumors also contain somatostatin receptors, and octreo¬ 
tide is useful for diagnosis and palliation of these tumors. 
It suppresses carcinoid tumor symptoms. 

VASODILATORS 

Vasodilators increase biood flow in a selective vascular bed. 
Their effects differ in normal and neoplastic vessels, but vaso¬ 
dilators are less suitable than vasoconstrictors for outlining 
small neoplasms; increased normal vascularity tends to obscure 
a small tumor. Occasionally helpful is a high-calorie meal, 
which accentuates superior mesenteric artery and portal vein 
biood flow. 

Tolazoline, an adrenergic alpha receptor blocking agent and 
synthetic vasodilator, aids in the angiographic visualization 
of small vessels. Direct mesenteric artery injection leads to 
improved venous visualization. Its effect on neoplasm visualiza¬ 
tion is mixed. Whether tolazoline has a role in intra-arterial 
provocative mesenteric angiography to identify GI bleeding is 
not clear. Infusion therapy with tolazoline and heparin has 
been used to treat nonocclusive mesenteric ischemia. 41 Intra- 
arterial verapamil and tolazoline appear to be comparable in 
their vasodilatory efficacy. 42 

Bradykinin is a nonapeptide, produced from decapeptide 
kallidin, normally present in biood in an inactive form. Brady¬ 
kinin is a plasma kinin, potent vasodilator, and one of the 
mediators of anaphylaxis released from cytotropic antibody- 
coated mast cells. Radio gr aphically, bradykinin injected into the 
superior mesenteric artery improves portal vein visualization. 

Acetylcholine, a parasympathetic hormone, is a vasodilator 
previously used mostly to evaluate renal artery stenosis. 
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Dopamine, a potent renal artery dilator, is similar to ace- 
tylcholine; it has also been studied mostly in renal vessels. 
Preliminary work has suggested that dopamine decreases 
contrast-induced nephrotoxicity, but further studies fo und that 
it may have a deleterious effect. 43 

Prostaglandins have variable vascular effects, depending on 
their Chemical composition and specific use. Prostaglandin 
therapy is used in neonates with cyanotic congenital heart 
disease. Prostaglandin El (PGE1) has a similar effect on splanch- 
nic vasculature as acetylcholine and tolazoline, resulting in 
increased portal vein biood flow. Thus, superior mesenteric 
artery injection of PGE1 during CT hepatic arteriography 
results in increased conspicuity between hepatocellular carci- 
noma nodules and surrounding parenchyma. 44 Also, the use of 
PGE1 during CT hepatic arteriography helps reduces the 
number of pseudolesions around the gallbladder bed. 45 Prelimi¬ 
nary work has suggested that it may reduce contrast-induced 
nephropathy, but this is associated with a number of side effects, 
and its role is not clear. PGF2a dilates normal colonic vessels 
but vasoconstricts inflammatory and neoplastic colon vessels. 

Persistent, usually asymptomatic, gastric distention, detected 
on radiographs, is a complication of prostaglandin therapy. 
Distention usually resolves after cessation of therapy. Superfi- 
cially, this condition resembles pyloric stenosis, although 
imaging shows gastric mucosal thickening and distal antral and 
pyloric elongation, but no muscular wall thickening. 

Papaverine is a vasodilator of large and small vessels. Similar 
to other vasodilators, it improves portal vein visualization 
during mesenteric angiography. It is not degraded in a single 
pass through the liver, and repeated injections can lead to sys- 
temic hypotension. 

Secretin increases pancreatic biood flow. At times, selective 
venous sampling after intra-arterial secretin injection aids in 
detecting gastrinomas. IV secretin, however, does not appear 
reliable enough for detecting chronic pancreatitis or a pancre¬ 
atic adenocarcinoma. 

GASTROINTESTINAL AGENTS THAT 
PRODUCE HYPOTONIA 

Bowel hypotonia is helpful in a number of settings. For example, 
a spasmolytic agent dilates a segment of spastic colon that oth- 
erwise might mimic a benign stricture or malignancy. Similarly, 
polyps and diverticula in the small bowel can be detected more 
readily if the bowel is dilated and atonic. Spasmolytic pharma- 
cologic agents can be divided into hormonal agents (e.g., glu- 
cagon) and anticholinergic agents. Agents evaluated for use in 
the GI tract include morphine, propantheline bromide (Pro- 
Banthine), atropine, and related compounds. With some agents, 
after initial enthusiasm, recognition of toxicity and undesirable 
side effects led to their abandonment. 

Glucagon 

Human glucagon is a single-chain polypeptide containing 29 
amino acid residues, with a molecular weight of 3483. It is 
generated by a cells in the islets of Langerhans. In some species, 
glucagon is also produced in the stomach; whether any gastric 
glucagon is produced in humans is controversial. The glucagon 
amino acid sequence in animals ranges from one similar to that 
in humans to completely different sequences. Identical amino 
acid sequences are found in humans, pigs, and cattle; this was 
once significant, when glucagon was obtained from animal 


pancreatic tissue, but became a moot issue when a synthetic 
product was developed. Injectable glucagon is produced by the 
expression of recombinant DNA. The Chemical structure of this 
synthetic glucagon is identical to that of human glucagon. 

Glucagon is a hormone that has significant metabolic influ- 
ence on a number of organs. It binds at specific receptor cell 
membranes in target organs. In the liver, it stimulates glucose 
output and hepatic ketogenesis. It lyses adipose tissue and leads 
to a reduction of circulating cholesterol and triglyceride levels. 
It stimulates insulin release and appears to be involved in liver 
regeneration, but its full role in the liver is not clear. Glucagon 
increases biood flow to the kidneys. Specific effects are also 
present in the adrenal giands and heart. It is metabolized in the 
liver and kidney. Glucagon is degraded by gastric secretions and 
therefore is ineffective when given orally. 

In smooth muscle, glucagon is a relatively potent spasmo¬ 
lytic agent, and it is this spasmolytic action that accounts for its 
use in radiology. Pharmacologic doses are used. Smooth muscle 
in different GI tract segments varies in sensitivity to glucagon 
(Table 1-1). For example, 0.1 mg IV is sufficient to induce gas- 
troduodenal hypotonia in most adults, but such a small dose is 
inadequate for colonic hypotonia, for which a dose several times 
greater is needed. 

Intravascular glucagon is also a vasodilator. It improves 
portal vein visualization during mesenteric arteriography, 
although it has been replaced by other vasodilators because 
of its propensity to induce nausea and vomiting at the doses 
required for vasodilation. 

Gastrointestinal Tract. Acute esophageal obstruction caused 
by food impaction is often related to an underlying stricture or 
spasm. Spasmolytic drugs have been recommended if spasm is 
suspected, but in a multicenter, double-blind study of glucagon 
and diazepam, no significant difference in disimpaction was 
evident between spasmolytic agents and placebo. 4 Effervescent 
agents have also been used to treat esophageal food impaction, 
with varying success. 

The main advantage of glucagon over anticholinergic agents 
in inducing upper GI tract hypotonicity is its lack of side effects. 
In the United States, glucagon is generally used to induce hypo¬ 
tonia; in some countries, the anticholinergic agent scopolamine 
butylbromide (Buscopan) is used more often. One reason for 
using an anticholinergic agent is the higher cost of glucagon, 
although the price ratio of glucagon to Buscopan fluctuates 
considerably worldwide. 

Glucagon decreases intragastric and intraduodenal mean 
pressures. Some studies suggest that barium mucosal coating in 


table Spasmolytic Effect of Intravenous Glucagon: 
1-1 Average Duration of Atonicity (min) 


GLUCAGON DOSE (mg) 


Location and Response 

0.25 

0.5 

1 

2 

Stomach 

4.9 

8.7 

10.1 

15.1 

Duodenal bulb 

7.5 

10.1 

12.5 

16.7 

Duodenum 

7.8 

10.1 

12.5 

16.1 

Proximal small bowel 

8.3 

9.4 

13.7 

19.7 

Distal small bowel 

8.6 

9.4 

14.0 

19.7 


From Miller RE, Chernish SM, Brunelle RL, et al: Double-blind 
radiographic study of dose response to intravenous glucagon for 
hypotonic duodenography. Radiology 127:55-59, 1978. 
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the stomach and duodenum is improved more with anticholin- 
ergic agents than with glucacon, the rationale being that anti- 
cholinergics also decrease gastric secretions, whereas glucagon 
has no such effect. In actual practice, Buscopan and glucagon 
produce essentially equal distention and barium coating of the 
stomach and duodenum. A more basic question is whether 
induced gastric and duodenal hypotonia improves the ability to 
detect lesions. The diagnostic quality with and without gluca¬ 
gon does not appear to differ significantly. Radiologists in the 
United States tend not use a hypotonic agent during upper GI 
studies. 

In enteroclysis, barium is instilled until a lesion or obstruc¬ 
tion is reached, or the terminal ileum is filled. Glucagon is 
helpful if it is deemed desirable to slow down barium progres¬ 
sion, such as when a suspicious region is identifled. In general, 
0.25 mg IV is sufficient to induce hypotonia, permitting a 
leisurely study of the region in question. 

During a barium enema, glucagon relaxes the ileocecal valve 
and allows easier barium reflux into the distal small bowel. 
Thus, if retrograde ileography is being performed for suspected 
distal ileal disease, it appears reasonable to administer glucagon. 
Anticholinergics have little effect on the ileocecal valve. 

In select patients, a peroral pneumocolon examination allows 
double-contrast study of the terminal ileum and right colon. 
Barium is introduced via a conventional oral examination or 
enteroclysis approach, and air is added through an enema tip. 
Because glucagon relaxes the ileocecal valve, it may increase the 
success rate of this examination. 

Colon hypotonia is achieved by injecting 2 mg of glucagon 
intramuscularly. Hypotonia begins within several minutes and 
lasts about 15 minutes. Hypotonia can also be achieved with 
0.25 to 0.5 mg of glucagon IV, although in some patients up to 
1.0 mg may be necessary; the onset of hypotonia with an IV 
injection is almost immediate and lasts approximately 10 
minutes. In general, the smaller IV dose is used because of cost 
considerations. In infants and children, an IV dose of 0.8 to 
1.25 jLig/kg has been recommended. 48 

Few studies have evaluated whether the use of glucagon 
results in a more accurate diagnosis, and whether glucagon is 
injected during a barium enema varies considerably among 
radiologists. It is more commonly used in hospitalized, older, 
and ill patients. In some practices, it is injected routinely for 
double-contrast barium enemas but individualized with single- 
contrast studies. In an outpatient setting, many radiologists use 
glucagon when a patient has painful spasm or spasm interfering 
with the examination, is unable to retain the enema, or has 
suspected colitis or diverticulitis. Glucagon decreases the extent 
and severity of colonic spasm during a barium enema and 
makes patients more comfortable. 

Occasionally, colonic spasm persists despite administration 
of glucagon. It has been my empiric observation that patients 
with long-standing diabetes have more glucagon-resistant 
colonic spasm than nondiabetic patients, but the reason for this 
decreased response in diabetics is not known. Many diabetics 
already have high biood glucagon levels, although these levels 
are in the physiologic rather than pharmacologic range. The 
presence of autonomic neuropathy in some diabetics may be a 
factor. At times, refilling the colon several minutes later results 
in a marked decrease of spasm. 

Reduction of Intussusception. Because of its spasmolytic 
effect and tendency to relax the ileocecal valve, it was thought 


that glucagon might have a role in ileocolic intussusception 
reduction. A number of reports described intussusception 
reduction after the administration of glucagon, but such empiric 
use does not imply that any eventual reduction can be attrib¬ 
uted to glucagon; even a second or third attempt at reduction 
improves the overall success rate. Controlled studies have found 
similar success rates for intussusception reduction with and 
without glucagon. 

Current controversy centers not on whether glucagon is 
useful in intussusception reduction, but whether the contrast 
agent should be barium, a saline solution, or air, and whether 
fluoroscopy or sonography is the preferred imaging modality. 

Preferred Imaging Modality with Glucagon 

In Computed Tomography. In spite of glucagons diverse effects 
in the liver, it does not appear to influence hepatic CT enhance- 
ment. With older scanners, glucagon and somatostatin were 
used to decrease motion artifacts. There is little need to induce 
bowel hypotonia with multidetector scanners, but the ability 
to maintain bowel distention with a hypotonic agent aids 
gastric and bowel wall evaluation. Although some studies 
suggest that glucagon prior to CT colonography does not 
improve colonic distention, 49 others find an antispasmodic 
agent useful in maintaining hypotonia during air insufflation 
and scanning. Spasm developing during the study can be 
decreased by the judicious use of glucagon. 

In Ultrasonography. Occasionally, bowel atonia is helpful 
in abdominal ultrasonography. An acoustic window to the 
biliary tract can sometimes be obtained by filling the stomach 
with fluid and inducing hypotonia of the surrounding GI 
structures. 

In Magnetic Resonance Imaging. Currently, glucagon is 
used infrequently in MRI, although it may have a role if oral 
MRI contrasts agents and bowel distention are used. When 
evaluating mural and serosal disease, IV glucagon allows better 
visualization of normal bowel loops and bowel wall thicken- 
ing. 50 Glucagon also helps eliminate ghost images of positive 
contrast-opacified bowel. 

Contraindications and Side Effects 

A myth persists that glucagon should not be given to diabetic 
patients. It should be pointed out that glucagon is used to 
treat hypoglycemic reactions in diabetics. On the other hånd, 
in the setting of hyperglycemia and ketoacidosis, temporary 
additional glucose level elevation induced by glucagon is of 
limited importance. The diabetic patient can safely receive 
glucagon whenever clinically indicated prior to an imaging 
study. 

Side effects of glucagon are less than those with atropine 
or propantheline. In one study, the side effects with glucagon 
were similar to those seen with a placebo. The prevalence 
of nausea and vomiting after injection of glucagon is 
dose dependent. 51 When given IV, glucagon slowly decreases 
these reactions. 

Because commercially available glucagon has an amino acid 
residue similar to human glucagon, allergic reactions should 
not occur, although rare ones have been reported. In these 
patients, an allergy to the preservative used, rather than to glu¬ 
cagon, should be considered. Glucagon is a naturally occurring 
polypeptide and, in pure form, should not result in hypersen- 
sitivity reactions. Previously, commercial glucagon contained 
bovine or porcine insulins, protoinsulins, other nonglucagon 
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protein contaminants, and preservatives, and any of these may 
be associated with a hypersensitivity reaction. A rash, perior- 
bital edema, erythema multiforme, respiratory distress, and 
hypotension have been reported. Currently used genetically 
engineered glucagon should be associated with few anaphylactic 
reactions. 

Contraindications to glucagon include prior sensitivity, sus- 
pected pheochromocytoma, or insulinoma. Glucagon can 
release catecholamines from a pheochromocytoma and result 
in the sudden onset of life-threatening hypertension. Such 
hypertension can be countered with the a-adrenergic blocking 
agent phentolamine mesylate (Regitine). In adults, a dose of 
5 mg IV appears useful, although considerable variability exists 
in treatment requirements. Glucagon can also stimulate insulin 
release from an insulinoma, resulting in severe hypoglycemia; 
this condition is treated with glucose. 

Anticholinergic Agents 

Anticholinergic agents as a group are effective in tissues with 
receptors supplied by cholinergic postganglionic autonomic 
nerves. They block the effect of acetylcholine liberated from 
nerve endings. They reduce GI tract motility, decrease tonicity 
in the urinary tract, and may also have a hypotonic effect on 
the bile duets. These agents also decrease salivary and bronchial 
secretions, dilate pupils, and inerease heart rate, with the dura¬ 
tion of action and specific effect on various target organs 
dependent on the specific compound and dose. Their action on 
tonicity and motility is similar to glucagon, but, unlike gluca¬ 
gon, they also reduce secretions. Current evidence suggests that 
the latter effect is insignificant in imaging studies. 

Some of these agents have been used in peptic uleer disease 
therapy in conjunction with antacids and H2 receptor antago¬ 
nists, although these applications have been inconclusive and 
controversial. They also play a role in the treatment of irritable 
bowel syndrome and have been used as supplemental therapy 
in treating biliary and ureteral colic to relax smooth muscle 
spasm; results here also are inconsistent. 

Useful Agents. The most widely known anticholinergic agent 
is atropine sulfate. It is available in tablets and as a parenteral 
injectable liquid. Radiologists in North America may still 
remember the anticholinergic agent propantheline bromide, in 
vogue in the 1960s and early 1970s as a GI hypotonic agent. 
Currently, atropine and propantheline have been supplanted by 
other agents. 

In many countries, the short-acting anticholinergic agent 
scopolamine butylbromide is used, but it is not available in the 
United States. It is administered IV; the usual dose is 20 mg 
before an upper GI examination. Its hypotonic effect lasts for 
15 to 20 minutes. It does not induce gastroesophageal reflux, 
nor does it have any significant effect on the visualization of a 
hiatal hernia. It may be useful with CT and MRI in evaluating 
suspected gastric cancers. 52 One study fo und that it imp roves 
colonic distention during CT colonography (compared with 
Controls), and the authors recommended its use. 53 

Pirenzepine, an antimuscarinic drug, shows promise as a 
hypotonic agent without the adverse effeets of scopolamine. 

Although other anticholinergic agents are available, their 
side effeets and longer duration of action limit their application 
in radiology. For example, scopolamine hydrobromide is avail¬ 
able but is not used in radiologic examinations because of its 
adverse side effeets. 


Oral hyoscyamine sulfate is a potential hypotonic agent, 
having actions and contraindications similar to those of atro¬ 
pine and other anticholinergic agents. It appears to pro vide no 
benefit when used as pain premedication during a barium 
enema, although it aids in achieving distention during CT 
colonography. 

Complications. In patients predisposed to glaueoma, inereased 
intraoeular pressure induced by anticholinergic drugs may pre- 
cipitate an acute attack. Although most patients with a history 
of glaueoma have chronic glaueoma, a patient may have acute 
angle-closure glaueoma and not be aware of it. Acute glaueoma 
should be suspected if eye pain or loss of vision develops after 
administration of an anticholinergic agent. Buscopan use can 
result in blurred vision. 

The effect on the autonomic nervous system can lead 
to urinary retention. This complication is exacerbated in 
patients with prostatic hypertrophy or other predisposition to 
urine retention. Allergic reactions to anticholinergic agents are 
uncommon. 

GASTROINTESTINAL AGENTS THAT INCREASE 
BOWEL MOTILITY 

In some patients, the rate of gastric emptying is inereased if the 
barium volume used is inereased. A cold suspension is not only 
better tolerated but also leads to faster gastric emptying. Faster 
small bowel transit can be achieved by adding a hyperosmolar 
product to a barium suspension; a small amount of diatrizoate 
meglumine (Gastrografin) can be added to an oral barium 
suspension. 

High-osmolality sorbitol added to oral CT contrast will 
accelerate bowel opacification. Some manufacturers add sorbi¬ 
tol to their barium sulfate products. 

Metoclopramide 

Metoclopramide is an antiemetic agent and is also useful in 
treating diabetic gastroparesis. Its primary effeets in the GI tract 
are an inerease in gastric peristalsis, pyloric relaxation, and 
inerease in small bowel peristalsis. It has no major effect on the 
colon. Metoclopramide appears to decrease gastric secretions 
but has little effect on mucosal barium coating. A typical dose 
is 10 to 20 mg parenterally or orally. It is a relatively safe drug, 
although extrapyramidal side effeets, such as acute dystonia and 
tardive dyskinesia, develop occasionally. 

Oral metoclopramide reduces small bowel transit time. It 
can be given shortly before a small bowel study or up to 90 
minutes before the procedure. Administered orally before a CT 
scan, metoclopramide improves opacification of the ileum, 
right colon, and transverse colon but not the more proximal 
bowel. Longitudinal contractions and foreshortening of ileal 
loops tend to elevate the ileum out of the pelvis. Metoclo¬ 
pramide also appears to improve visualization of the panereas 
in abdominal sonography, with its primary benefit being 
decreased gastric and duodenal gas artifacts. 

Domperidone 

Domperidone, a potent dopamine antagonist, inereases gastric 
emptying and accelerates small bowel transit. Although it 
decreases small bowel transit time, its effect on the small bowel 
appears to be less than that with metoclopramide. It has been 
used for the treatment of diabetic gastroparesis. Domperidone 
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may increase serum levels of prolactin in patients with a pitu- 
itary prolactin-releasing tumor. It has also been associated with 
sudden cardiac death. 55 

Cisapride 

Cisapride is a prokinetic substance that induces antral contrac- 
tility, enhances gastric emptying, and promotes small bowel 
peristalsis. It also enhances lower esophageal sphincter tone and 
is a relatively potent esophageal motor stimulator. It has been 
proposed for the treatment of diabetic patients with gastropa- 
resis and as an antigastroesophageal reflux agent. It has had 
limited application in radiology. Its use has been discontinued 
in the United States because of associated cardiac arrhythmias 
and deaths. 56 

Neostigmine 

Neostigmine methyl sulfate is a cholinesterase inhibitor that 
promotes gastric and small bowel peristalsis and leads to faster 
gastric emptying and shorter small bowel transit time. It pro¬ 
motes peristalsis when activity is depressed by cholinergic stim¬ 
ulation. It is useful in treating colonic pseudo-obstruction 
(Ogilvie’s syndrome), 57 but is contraindicated with mechanical 
bowel obstruction and in some settings of adynamic ileus. 58 It 
has led to colon perforation. 

Erythromycin 

Erythromycin, primarily an antibiotic, improves gastric motil- 
ity and promotes gastric emptying. It is used as an aid in post¬ 
operative gastroparesis and for the treatment of diabetic 
gastroparesis, but has had little application in radiology. 

MIXED ACTION AGENTS 

Morphine 

Some radiologists may undoubtedly remember using morphine 
sulfate for hypotonic duodenography, a procedure relegated to 
history. Currently, morphine has a role in nuclear medicine and 
a possible role in MRCP (see later). 

Cholecystokinin 

Cholecystokinin, a peptide hormone, has myriad functions; it 
induces gallbladder contraction and increases bowel peristalsis, 
resulting in faster small bowel transit. It also regulates panere - 
atic enzyme secretion, inhibits gastric acid secretion, affects 
satiety signaling, and acts as a neurotransmitter. It stimulates 
aldosterone secretion from human adrenocortical cells. From a 
radiologic viewpoint, cholecystokinin induces simultaneous 
contraction of the sphincter of Oddi and gallbladder; thus, most 
of the bile from the gallbladder refluxes into the intrahepatic 
bile duets and reenters the gallbladder after hormone infusion 
stops. 

Secretion of cholecystokinin is impaired in celiac disease and 
bulimia nervosa. Untreated celiacs have low postprandial cho¬ 
lecystokinin levels. It is overexpressed in certain neuroendo- 
crine tumors and in medullary thyroid carcinomas. 

Generally, only the COOH-terminal octapeptide of chole¬ 
cystokinin is used. This fragment is more potent than the entire 
molecule. 

Ceruletide 

Ceruletide is a synthetic compound similar to cholecystokinin 
in its pharmacologic effeets—namely, it delays gastric emptying 


and induces gallbladder contraction, duodenal hypoperistalsis, 
and hyperperistalsis of the jejunum, ileum, and colon. It reverses 
bowel aperistalsis induced by drugs acting on enteric neural or 
smooth muscle. 

In the early 1980s, ceruletide appeared to be a promising 
agent to increase small bowel peristalsis and thus shorten 
the duration of a small bowel examination, but radiologists 
lost interest in this agent; given IV, ceruletide induces nausea, 
vomiting, and abdominal cramps. For accelerating small 
bowel transit, a usual dose of 0.25 to 0.3 |LLg/kg is admin- 
istered. Whether the shorter small bowel transit time leads 
to a better small bowel study is debatable; pronounced con- 
tractions tend to obscure anatomic detail, particularly in the 
distal ileum. 

Because ceruletide induces gastric hypotonia, it should not 
be administered prior to significant amounts of barium reach- 
ing the jejunum. Such gastric stasis can be overcome by also 
administering metoclopramide. 

DRUGS AFFECTING THE BILIARY TRACT 
AND PANCREAS 

Bile flow into the duodenum is regulated by bile production in 
the liver and gallbladder tonicity. Agents affeeting only the latter 
are considered in this section. 

Inhibition of gallbladder contractions can be achieved by 
glueagon, atropine, and other cholinergic drugs, somatostatin, 
some calcium channel antagonists, and several other less studied 
drugs, keeping in mind that contractions are also inhibited 
in obesity, diabetes mellitus, celiac disease, and autonomic 
neuropathy. 

Gallbladder contraction is stimulated by cholecystokinin, 
ceruletide, motilin, prostigmine, erythromycin, and possibly by 
cisapride and cholestyramine. 

Glueagon relaxes the gallbladder. Glueagon also decreases 
papilla of Vater mean pressures. Currently, little clinical use has 
been made of these Åndings. Glueagon is of limited use in per- 
cutaneous transhepatic cholangiography or various biliary 
drainage procedures. In an occasional patient with persistent 
distal common bile duet narrowing, in the sphincter of Oddi 
region, glueagon aids in differentiating a tumor, impacted stone, 
and spasm. In most patients, however, judicious use of fluoros- 
copy is sufficient. 

Glueagon improves bile duet visualization during MRCP. 
Because incomplete duet visualization may lead to a repeat 
study or even an invasive procedure such as ERCP, glueagon 
is routinely used at some centers. Although earlier studies 
suggested that glueagon improves the quality of operative 
cholangiography, a double-blind prospective study found no 
improvement. 60 Use of fentanyl during surgery is associated 
with sphincter of Oddi spasm and, in these patients, glueagon 
may have a role. 

Hypotonic agents are commonly used during ERCP to 
induce duodenal hypotonia, inhibit contractions of the sphinc¬ 
ter of Oddi, and aid ampullary cannulation. In the United 
States, glueagon is used almost exelusively for this purpose; in 
other countries, an anticholinergic drug such as scopolamine 
is used more often. 

Neostigmine, together with morphine, has been proposed 
as a provocative test in hepatobiliary scintigraphy for evalua- 
tion of sphincter of Oddi dyskinesia in postcholecystectomy 
patients. 61 
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Morphine may have a role in MR cholangiography; IV mor- 
phine constricts the sphincter of Oddi, thus distending the 
biliary and pancreatic duets. 62 It may also improve duet visual- 
ization in primary sclerosing cholangitis. An interval of 10 to 
20 minutes between morphine injection and imaging appears 
useful. 

Cholecystokinin s effeet on the gallbladder has been used to 
inerease radiographic contrast during oral cholecystography; it 
also aids in evaluating gallbladder funetion. The gallbladder 
ejection fraction is typically determined with hepatobiliary 
scintigraphy but less often with ultrasonography; MR cholan¬ 
giography uses an infusion of cholecystokinin as an alternate 
method. 

A provocative test using a cholecystokinin derivative (Sin- 
calide) to identify acalculous cholecystitis patients likely to 
benefit from cholecystectomy has not achieved general clinical 
acceptance. Cholecystokinin relaxes the sphincter of Oddi and 
appears to assist in the passage of bile duet stones. On the other 
hånd, a cholecystokinin receptor antagonist provides pain relief 
in patients with biliary colic. 6 Interestingly, cholecystokinin 
does not induce its usual sphincter of Oddi inhibitory effeet 
after a cholecystectomy. Cholecystokinin is also useful as a diag- 
nostic test of pancreatic funetion. 


Ceruletide has an effeet on the gallbladder similar to that 
of cholecystokinin or a fatty meal. 64 In patients with recur- 
rent symptoms after cholecystectomy, an ultrasonographi- 
cally detected inerease in extrahepatic bile duet dilation 
following ceruletide injection suggests sphincter of Oddi 
dysfunetion. 

The cholecystokinin-secretin pancreatic exocrine funetion 
test is used to detect pancreatic exocrine insufficiency but does 
not differentiate between chronic panereatitis and pancreatic 
carcinoma. MRI can also evaluate pancreatic exocrine funetion 
by measuring duodenal filling after stimulation with secretin. 
Secretin improves pancreatic duet visualization and aids in 
detecting abnormalities during MR panereatography. 66 Pan- 
creas divisum and other abnormalities are more readily detected 
after secretin, potentially obviating the need for ERCP. MR pan¬ 
ereatography is hest performed within 5 minutes after secretin 
injection. 67 Secretin-augmented MR panereatography and MRI 
perfusion are useful for detecting graft dysfunetion after pan¬ 
creatic transplantation. 68 

Analysis of duodenal aspirations of pancreatic juice after 
cholecystokinin-octapeptide stimulation can detect pancreatic 
insufficiency in patients with chronic panereatitis. However, the 
analogous secretin test is more commonly used. 
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Since the 1980s, advances in cross-sectional imaging and endos- 
copy have led to a gradual but steady decline in the number of 
barium studies performed in the United States. 12 Although 
barium studies no longer reign supreme in the diagnosis of 
gastrointestinal (GI) disease, single- and double-contrast exam- 
inations continue to have a role in modern radiology practice. 
In general terms, barium studies can demonstrate GI abnor- 
malities in three ways: 

1. Mucosal relief views of the collapsed or partially collapsed 
lumen obtained with a small volume of barium. These 
views enable visualization of the folds in various portions 
of the GI tract (Fig. 2-1A). Because the folds contain a 
submucosal core, these views are particularly useful for 
showing abnormalities involving the submucosa, such as 
esophageal varices. 

2. Single-contrast views of the filled lumen obtained with a 
large volume of low-density barium (Fig. 2-IB). These 
views enable visualization of contour abnormalities, stric- 
tures, and large polypoid defects. 

3. Double-contrast views obtained after the mucosal surface 
has been coated with a thin layer of high-density barium 
and the lumen has been distended with gas (Fig. 2-IC). 
These views enable visualization of subtle mucosal lesions, 
such as the early changes of inflammatory bowel disease 
and early neoplastic lesions. 

Although these three types of views are incorporated to 
varying degrees in both single- and double-contrast examina- 
tions, single-contrast studies rely more heavily on diagnostic 
fluoroscopy, mucosal relief, and barium filling, 3 whereas 
double-contrast studies emphasize the interpretation of double- 
contrast images supplemented by barium filling and mucosal 
relief. 


In the past, there was considerable controversy about the 
relative virtues of single-contrast and double-contrast tech¬ 
niques. 4,5 Currently, however, most authors believe that double- 
contrast techniques provide superior mucosal detail and allow 
earlier detection of subtle lesions than single-contrast tech¬ 
niques. As a result, it is generally recommended that double- 
contrast studies be performed on patients who are young 
enough and healthy enough to undergo this type of examina- 
tion. In contrast, single-contrast barium studies are most 
appropriate in older or debilitated patients who are unable to 
cooperate for a double-contrast examination. 6,7 

This chapter discusses the principles for performing and 
interpreting single- and double-contrast barium studies. 8 These 
principles are illustrated with examples drawn from throughout 
the GI tract. 

Single-Contrast Studies 

DIAGNOSTIC PRINCIPLES 

Depending on the organ examined, single-contrast techniques 
may include observation of function (e.g., pharyngeal and 
esophageal motility), compression imaging, full-column disten- 
tion, mucosal relief views, and limited air-contrast images. 9 ' 11 
The use of compression during fluoroscopy is a critical compo- 
nent of the single-contrast examination. Small lesions (e.g., 
small ulcers, polypoid neoplasms) are often visible only when 
the barium pool is adequately thinned or displaced by manual 
compression. The barium suspension must also be adequately 
diluted if lesions (especially small lesions) are to be detected in 
the thinned-out barium pool. 

Full-column distention of the lumen is ideal for showing 
strictures, large neoplasms, and lesions projecting tangentially, 
such as ulcers or diverticula. Full-column views of barium-filled 
structures in various projections enable depiction of large ulcers 
and tumors. However, small lesions may be visible on full- 
column views only when viewed in profile. In such cases, 
mucosal techniques are required to supplement the barium- 
filled views. 

EQUIPMENT 

Fluoroscopic equipment has evolved dramatically with the 
transition from analogue cassette-based radiography to digital 
imaging and viewing on picture archiving and Communications 
system (PACS) workstations. 1 Regardless of the imaging 
technology, single-contrast examinations can be performed 
with conventional or remote control fluoroscopic units. 12 The 
ability to obtain optimal compression views is a major prereq- 
uisite of any well-designed fluoroscope. Compression can be 
performed manually or with a variety of hand-held devices on 
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Figure 2-1 Three types of 
views for visualizing the 
gastrointestinal tract # as 
illustrated in the esophagus. 

A. Mucosal relief view. With the 
esophagus collapsed and coated, 
the normal longitudinal folds are 
seen. B. Single-contrast view. 

With the patient continuously 
drinking barium in the prone 
position, the barium-filled 
esophagus is demonstrated. 

C. Double-contrast view. With the 
patient in the upright position, 
the smooth, featureless surface of 
the esophagus is seen. 



a conventional unit; alternatively, the plastic cone on the spot 
image device of the fluoroscope can be used for applying 
compression. 

On remote control equipment, compression is easily per- 
formed with a vertical movable device incorporated into the 
machine, facilitated by the ability to angle the x-ray tube. 
Remote control units often contain a compression device that 
allows graded compression and tube angulation with compres¬ 
sion. Nevertheless, many radiologists prefer standard fluoro- 
scopic units rather than remote control units because it is 
generally easier to move, turn, and compress the patient when 
the fluoroscopist performing the procedure is at the tableside. 

BARIUM SUSPENSIONS 

Numerous barium products are available commercially; a 
number are formulated for specific purposes, whereas others 
can be used for a variety of examinations. 16,17 Barium suspen¬ 
sions for single-contrast studies should be of moderate density 
(50%-100% w/v) when not diluted. The optimal barium 
suspension for a particular study depends on the structure 
being examined and the type of examination being performed. 
For example, an esophagogram requires a moderately dense 
barium suspension that provides full-column and mucosal 
relief imaging; a high-density barium suspension or paste 
may also be needed for optimal mucosal coating. A similar 
barium suspension can be used for an upper GI series, in 


which compression views, mucosal relief views, and limited 
double-contrast views are required. A standard peroral small 
bowel follow-through study can be performed with the same 
barium suspension used for the upper GI series. A single- 
contrast enteroclysis study requires a 15% to 20% w/v barium 
suspension, although somewhat denser solutions have been 
recommended. 18,19 Finally, a 15% to 20% w/v barium suspen¬ 
sion is used for a single-contrast barium enema, because this 
is the optimal suspension for obtaining compression views 
of the colon. 

QUALITY CONTROLS 

Quality control for single-contrast examinations requires bal- 
ancing the barium density, kilovoltage, and width of the barium 
column to achieve adequate translucency of the barium-filled 
bowel. This permits radiographic penetration of the barium 
suspension to visualize lesions that might otherwise be obscured 
by barium in the lumen. 6,10,11 The visibility of skeletal shadows 
through the barium column indicates that small filling defects 
are more likely to be seen, which is particularly important for 
the detection of colonic polyps. 

Another quality control consideration, especially during the 
barium enema and small bowel follow-through, is the ability to 
see through overlapping loops of bowel. 6,20 On barium enemas, 
a tortuous sigmoid colon may have overlapping loops, even 
with appropriate compression. Similarly, on small bowel 
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follow-throughs, overlapping small bowel loops in the pelvis 
may compromise the fluoroscopist’s ability to detect abnor- 
malities in the distal ileum. In such cases, pelvic loops can be 
better visualized by placing the patient in a prone position while 
he or she lies on a bolster or inflated balloon to lift these loops 
superiorly from the pelvis. 21 

ESOPHAGOGRAPHY 

Routine single-contrast esophagography includes fluoroscopic 
observation of the esophagus supplemented by motion 
recordings, fiill-column views, and mucosal relief views. 22,23 
Full-column (barium-filled views) and mucosal relief views 
constitute the single-contrast phase of the examination. Motion 
recordings can be used to document pharyngeal function and 
esophageal motility using analog or digital recordings or rapid 
sequence solid-State recordings built into modern digital 
fluoroscopes. 12-15 

Depending on the imaging options of the fluoroscopic 
equipment, full-column technique is performed by obtaining 
partial or full-length views of the esophagus distended with 
barium. These views allow detection of esophageal carcinoma 
(Fig. 2-2) and other abnormalities at the gastroesophageal junc- 
tion such as hiatal hernias, peptic strictures, and lower esopha¬ 
geal rings. 22 Lower esophageal rings are best visualized on prone 
views of the barium-filled lower esophagus, sometimes supple¬ 
mented with a solid bolus such as a marshmallow or barium 
tablet. 22-24 



Figure 2-2 Annular carcinoma of the midesophagus. The lesion is 
well shown on the full-column portion of the barium esophagogram. 


Full-column images of the esophagus are usually obtained 
with the patient on the fluoroscopic table in the prone, right 
anterior oblique position; a bolster may be used to increase 
intra-abdominal pressure. Esophageal peristalsis is inhibited 
by rapid swallowing of barium, allowing the esophagus to 
distend fully. Multiple images of the esophagus should be 
obtained at all levels; these images may be full-length views 
of the esophagus or coned-down views at different levels, 
depending on the imaging options of the fluoroscopic 
equipment. 

Maximal distention of the esophagogastric region is required 
for optimal detection of hiatal hernias and lower esophageal 
rings (Fig. 2 - 3). 22,24 Rapid ingestion of the barium suspension 
followed by deep inspiration (or a Valsalva maneuver) promotes 
distention of the gastroesophageal junction. Careful fluoro¬ 
scopic observation is required to visualize lesions only seen 
when this region is optimally distended. 

Full-column views are complemented by mucosal relief 
views of the collapsed esophagus, with coating of the longitu¬ 
dinal folds by the barium suspension. A high-density barium 
suspension (e.g., that used for a double-contrast upper GI 
series) is ideal for this purpose. The patient takes one or several 
swallows of high-density barium to coat the esophageal folds 
with barium. These mucosal relief views may reveal thickened, 
irregular folds, small esophageal neoplasms, and reflux or infec- 
tious esophagitis (Fig. 2-4). Nevertheless, double-contrast views 
are better for showing the plaques of Candida esophagitis, the 
small ulcers of herpes esophagitis, and the giant ulcers of cyto- 
megalovirus (CMV) or human immunodefkiency virus (HIV) 
esophagitis. 25 

Single-contrast mucosal relief views are also best for detect- 
ing esophageal varices. 23,26 The patient takes several swallows 
of the barium suspension, which coats the lower esophagus, 
and is then asked not to swallow to inhibit peristalsis. Inter- 
mittent fluoroscopic observation is performed for several 
minutes to visualize the varices optimally as they become more 
distended. 

Fluoroscopic observation is an integral part of the radio- 
graphic evaluation of the esophagus and is usually adequate to 
assess esophageal function. 9 23 Motion recording methods 
greatly aid in evaluating oropharyngeal swallowing disorders 
because of the rapid events that occur with deglutition, and may 
also be used to assess esophageal motility. Motion recordings 
should be obtained while the patient takes multiple discrete 
swallows of barium, because rapid swallowing causes reflex 
inhibition of esophageal peristalsis. With the use of single swal¬ 
lows, the single-contrast esophagogram is an excellent tech¬ 
nique for evaluating esophageal motility. 

UPPER GASTROINTESTINAL SERIES 

The single-contrast upper GI series is a complex examination 
requiring fluoroscopic observation, abdominal compression, 
and the use of multiple techniques for examining the esopha¬ 
gus, stomach, and duodenum. 11,27 The study can be performed 
quickly and is tolerated even by patients who are immobile or 
unable to cooperate fully. 

The examination starts with the table upright. After the 
patient ingests several swallows of barium, the stomach is com- 
pressed with a compression paddle or the cone on the fluoro- 
scope to demonstrate the rugal folds, assess the pliability of the 
gastric wall, and detect focal areas of rigidity secondary to 
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Figure 2-3 Hiatal hernia and 
lower esophageal ring seen 
only on prone single-contrast 
esophagogram. A. Upright 
double-contrast view of 
the esophagus shows no 
abnormalities. B. Prone 
full-column view of the 
esophagogastric region in the 
same patient shows a hiatal 
hernia (hh) and a widely patent 
lower esophageal mucosal ring 
( arrows ). 



tumor or scarring. If the stomach empties, the barium-filled 
duodenal bulb can also be examined by compression in the 
upright position. 

The table is then lowered to the horizontal position, and 
mucosal relief views of the stomach are obtained, first with the 
patient in a supine position and then after the patient turns 
into a prone position. These views supplement the upright 
compression views and can sometimes show small polyps, ero¬ 
sions, or ulcers that are later obscured in the barium-filled 
stomach (Fig. 2-5). 4,28,29 

With the patient in the prone, right anterior oblique posi¬ 
tion, the esophagus is then examined using the same techniques 
described previously (see earlier, “Esophagography”). The 
gastric antrum and duodenal bulb usually hil with barium in 
this position, so prone compression views of the antrum and 
duodenal bulb should be obtained using an inflatable balloon 
placed beneath the patient to thin out the barium pool, enabling 
detection of anterior wall lesions in the antrum and duodenal 
bulb (Fig. 2-6). 27 

With the patient in the supine, left posterior oblique posi¬ 
tion, air in the stomach rises into the gastric antrum and 
duodenal bulb, so limited double-contrast images of these areas 
can be obtained (Fig. 2-7). Compression can be used to dis- 
place the barium suspension, separate antroduodenal struc- 
tures, and improve distention with air. The fluoroscopic portion 
of the examination is completed at this time. Some radiolo- 
gists may then choose to obtain a standard set of overhead 
radiographs of the stomach and duodenum with the patient 
in prone, supine, right anterior oblique, and right lateral 
positions. 


SMALL BOWEL 

The small bowel can be examined by single-contrast technique 
with a small bowel follow-through, enteroclysis, or retrograde 
study via an ostomy or reflux from the colon. 18,19,21 A peroral 
small bowel follow-through may be performed after a single- 
contrast upper GI series or as a separate study. A large volume 
(>500 mL) of barium is recommended to promote gastric emp- 
tying, accelerate small bowel transit, and optimally distend 
small bowel loops. Fluoroscopic imaging and compression of 
all small bowel loops is a critical component of the examination 
because focal lesions are easily obscured by overlapping loops 
of small bowel unless compression is applied to separate these 
loops and ensure an adequate examination. 

A small bowel follow-through typically requires a minimum 
of 500 mL of orally ingested barium, which can be the same 
product used for a single-contrast upper GI series. Prone over¬ 
head or low-magnification digital images of the small intestine 
are taken at timed intervals (e.g., every 30 minutes) until 
barium hils the right side of the colon. Depending on the 
barium product used, transit time through the small bowel is 
typically 60 to 90 minutes. Fluoroscopic spot imaging with 
manual compression should be performed at regular intervals 
during the examination. Compression of all loops and appro- 
priate imaging of the entire small bowel is required to optimize 
detection of abnormalities (Fig. 2-8). When the barium sus¬ 
pension has reached the colon, compression views of the ter¬ 
minal ileum are obtained (typically with the patient in a supine 
or left posterior oblique position) for optimal visualization of 
this region. 
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Clear delineation of pelvic loops of small bowel, which 
often overlap, is not always possible, but several maneuvers 
may be performed to improve visualization of these loops. 1 
First, the patient should be told not to void during the exami- 
nation because a full biadder elevates pelvic small bowel loops, 
enabling them to be separated with manual compression. A 



Figure 2-4 Reflux esophagitis on mucosal relief view of the 
esophagus. Mucosal relief view from single-contrast esophagogram 
shows crenulated, irregular folds in the distal esophagus, suggesting 
esophagitis. Reflux esophagitis was confirmed at endoscopy. 


similar effect may be achieved by instilling air into the rectum. 
The patient can also be placed in a prone Trendelenburg posi¬ 
tion with an inflated balloon beneath the lower abdomen and 
pelvis to displace pelvic small bowel loops superiorly for better 
visualization of these loops. If a remote control unit is avail- 
able, the tube can be angulated to further separate these loops 
(Fig. 2-9). 

Enterodysis 

An intubation small bowel study (enterodysis) may be per¬ 
formed via a tube placed in the duodenum or jejunum. 19,21,30 
Several enterodysis catheters are available commercially. The 
patient can be intubated via the mouth or the nose, with 
each approach having advantages and drawbacks. When 
single-contrast enterodysis is performed, jejunal intubation 
is preferred to prevent duodenogastric reflux and emesis of 
barium. 

Approximately 800 mL of a 15% to 20% w/v barium suspen¬ 
sion is placed in an enema bag, which is hung on an adjustable 
vertical stand or IV pole. A water-soluble contrast agent may be 
added to stimulate intestinal peristalsis and shorten the length 
of the examination. 16,17,21 The barium suspension is allowed to 
flow through the tube by gravity, and the rate of flow is regu- 
lated by adjusting the height of the enema bag. If the barium 
suspension flows too slowly, adequate distention is not achieved. 
Conversely, rapid flow rates may cause reflex paralysis of the 
small intestine, with slow transit and excessive duodenogastric 
reflux. Initially, the enema bag is placed about 2 feet above the 
table; the bag can be raised or lowered during the examination 
to adjust the flow rate for optimal distention of small bowel 
loops (Fig. 2-10). 

The examination is performed under fluoroscopic guid- 
ance with the patient in a supine position. Careful compres¬ 
sion spot images of all loops of small intestine are obtained 
under fluoroscopic guidance as bowel segments become fully 
distended to depict even subtle abnormalities (Fig. 2-11). 
When the entire small intestine has been opacified, overhead 
radiographs or low-magnification digital images of the small 
bowel are obtained; the patient can then be placed in a 
prone position to aid in separating small bowel loops in the 
pelvis. 



Figure 2-5 Recumbent 
compression views for 
detecting lesions in the 
stomach. A. Compression view 
of the gastric antrum shows 
antral erosions as multiple tiny 
nodules containing punctate 
collections of barium. B. In 
another patient, compression 
view of the antrum shows several 
small polyps (P) as filling defects 
in the barium pool. The findings 
in A and B were not well shown 
on double-contrast views but 
were confirmed at endoscopy. 
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Figure 2-6 Prone compression 
view of the duodenal bulb 
showing an anterior wall ulcer. 

A. Prone view of the duodenal 
bulb (a balloon paddle 
compression device was used) 
shows an anterior wall ulcer (U) 
with surrounding edema. 

B. Supine oblique air-contrast 
view of the duodenal bulb in 
the same patient shows a ring 
shadow (R) because of barium 
coating the rim of the unfilled 
anterior wall ulcer crater. 




Figure 2-7 Posterior wall duodenal ulcer on air-contrast view of 
the bulb. Supine oblique air-contrast view of the duodenal bulb with 
compression shows a small posterior wall ulcer ( arrow ), emphasizing 
the importance of obtaining limited double-contrast views as part of 
a thorough single-contrast upper gastrointestinal examination. 



Figure 2-8 Compression spot image of the small bowel showing 
a Meckel # s diverticulum. A peroral small bowel follow-through study 
was performed in a patient with gastrointestinal bleeding. 
Compression spot image of the right lower quadrant shows a 
Meckel's diverticulum (M) as the cause of the patient's bleeding. 

The diverticulum was removed at surgery. 


BARIUM ENEMA 

Fluoroscopic observation, careful imaging with graded com¬ 
pression, and knowledge of appropriate technical factors 
enables detection of a variety of lesions in the barium- 
filled colon on single-contrast examinations. 20,31 Although 
single-contrast barium enemas are less sensitive than double- 
contrast examinations for detecting small polypoid lesions 


and for evaluation of inflammatory bowel disease, 6,20,32 the 
single-contrast barium enema can be performed quickly and 
is usually a better choice for patients who are immobile, older, 
or incontinent. 6,7 

Preparation of the large bowel is the most important prereq- 
uisite for an accurate single- or double-contrast barium 
enema. The diagnosis of neoplasms, including small polyps, 
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Figure 2-9 Peroral small bowel follow-through study in a 
posthysterectomy patient with pelvic small bowel loops lying 
deep within the pelvis. A prone image of the pelvis with a bolster 
placed beneath the patient and x-ray tube angulation clearly shows 
the cecum (C) and ileocecal junction. Note how pelvic loops of ileum 
are well separated and visualized. 



Figure 2-10 Single-contrast enteroclysis. Normal small bowel 
loops are well distended, with the folds in a parallel arrangement. The 
use of a dilute barium suspension permits a see-through effect for 
visualization of overlapping loops of small bowel. 


is easier and more reliable in a well-cleansed colon. Conversely, 
the presence of stool invariably limits the detection of polyps 
and is the most common cause of errors when interpreting the 

• 4,31 

images. ~ 

A variety of colon-cleansing protocols can be used to obtain 
a thoroughly clean colon in the vast majority of patients. 31,33 
One recommended bowel preparation regimen includes the 
following: 

1. A 24-hour clear liquid diet 

2. One glass of water hourly the day before the 
examination 

3. A saline cathartic such as magnesium citrate at 4:00 PM 
the day before the examination 

4. 60 mL of a flavored castor oil or other irritant cathartic 
at 8:00 PM the day before the examination 

5. An optional 1500-mL tap water cleansing enema the 
morning of the barium enema examination, although the 
need for a water enema is controversial 34 

If a tap water enema is administered, the patient needs to 
wait at least 30 minutes before the single-contrast barium 
enema is performed to avoid excess fluid in the colon, which 
might further dilute the barium suspension and degrade the 
quality of the study. 31,33,35 

A thorough examination protocol must be followed to 
ensure that an adequate single-contrast barium enema is 
obtained. 6, 20,31 All portions of the colon must be adequately 
visualized and imaged without overlapping segments to increase 
the fluoroscopist’s confidence that suspected lesions are real 



Figure 2-11 Nonobstructing adhesions on single-contrast 
enteroclysis with compression. Compression view of the mid small 
bowel shows focal nonobstructing adhesions ( arrows ) with angulation 
of the affected bowel and an inability to separate adjacent loops. 
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(Fig. 2-12). As in the small bowel follow-through, manual com- 
pression of the colon is a critical component of the examination 
because polyps and polypoid cancers protruding into the lumen 
may only be visualized with adequate thinning of the barium 
column (Fig. 2-13). 20,31 Overhead radiographs may be obtained 
at the end of the examination, followed by a postevacuation 
radiograph. 

The following technique can be used for performing a 
thorough single-contrast barium enema. 31 After insertion of 
the rectal tip, the patient is placed in the leff posterior oblique 
position, the flow of the barium suspension is started slowly, 
and a spot image of the rectosigmoid region is obtained 
while distention is minimal. Because the rectum cannot be 
compressed, this early image allows smaller lesions to be 
detected more easily. The rectosigmoid region is again imaged 
when fully distended. An appropriate number of views are 
obtained to demonstrate the sigmoid colon without overlap - 
ping loops. The entire colon is then opacified to the cecum, 
avoiding ileal reflux, if possible. Compression spot images 
of the remaining segments of colon are then obtained. After 
the fluoroscopic examination has been completed, overhead 
radiographs may be obtained. When using a remote control 
unit, the overheads may be taken during the fluoroscopic 
portion of the examination. A reasonable sequence of over¬ 
heads includes a left lateral view of the rectum, prone and 
supine views of the colon, supine left and right anterior 
oblique views of the colon, and a prone angled view of the 
rectosigmoid. 



Figure 2-12 Colonic carcinoma on single-contrast barium enema. 

This oblique compression spot image of the splenic flexure shows a 
polypoid, ulcerated carcinoma ( arrows ) of the distal transverse colon. 
Careful patient positioning and the use of compression are critical 
components of this examination. 


A postevacuation radiograph is generally obtained at the end 
of the study to document colonic emptying and rule out gross 
colonic dysmotility. The postevacuation radiograph may also 
show that a filling defect seen on earlier barium-filled views 
persists or disappears, thereby indicating whether this fmding 
was caused by a true polyp or residual stool (Fig. 2-14). 

Double-Contrast Studies 

PERFORMANCE 

The yield of diagnostic information from double-contrast 
studies can be maximized only with meticulous attention to 
the technical aspects of the examination. The major principles 
of performance include mucosal coating, distention, and 
projection. 

Mucosal Coating 

The diagnostic quality of double-contrast studies depends on 
the quality of mucosal coating. In the absence of good coating, 
lesions can be missed or patchy coating can be mistaken for 
a lesion. Good mucosal coating requires optimal interaction 
between the barium suspension and mucosal surface. An 
appropriate barium suspension must be chosen; it must be 
prepared properly, 36 and the mucosal surface must be clean 
enough to enable adequate coating. Even when the mucosal 
coating is only slightly impaired, major abnormalities can be 
missed (Fig. 2-15). 



Figure 2-13 Small colonic polyp on compression spot image 
from a single-contrast barium enema. Oblique compression spot 
image of the splenic flexure shows an 8-mm colonic polyp ( arrow ). 
This small polyp was not seen on other images of the same area 
when compression was not applied. 
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Figure 2-14 Value of 
postevacuation radiographs for 
detecting colonic polyps. 

A. Compression spot image 
shows a small (<1 cm) filling 
defect (arrow) in the descending 
colon on a single-contrast barium 
enema. Diverticula are also 
present in this region. The filling 
defect was not clearly present on 
other views. B. Postevacuation 
compression spot image of the 
descending colon (note the 
location of the previously seen 
diverticula) again shows this small 
filling defect (arrow), indicating 
that it is a true polyp. A small 
adenoma was removed at 
colonoscopy. 



Figure 2-15 Risk of 
suboptimal coating. A. On the 

initial radiograph, an ulcer crater 
is barely recognizable along the 
lesser curvature of the stomach. 
B. With additional rotation and 
improved coating, the large ulcer 
crater (arrow) is clearly seen. 


Distention 

Normal folds are soft and pliable and are therefore effaced with 
moderate distention. The optimal degree of distention is that 
which just effaces the normal folds. Inadequate distention may 
conceal lesions, but overdistention can also obscure lesions such 
as shallow ulcers. Varying degrees of distention may therefore 
be required for optimal visualization of complex or subtle 
lesions. Overdistention may accentuate areas of rigidity, whereas 
partial collapse may accentuate abnormalities of the folds. The 
final diagnosis represents a synthesis of the information 
obtained with these various views (Fig. 2-16). 

Projection 

An adequate number of views should be obtained, so each loop 
of bowel is projected free of overlapping loops. Ideally, each 
segment of bowel should also be demonstrated in profile. In 
practice, however, these goals cannot always be achieved. It is 


therefore important to assess overlapping loops of bowel and 
be able to recognize abnormalities that are viewed en face as 
well as in profile. This is particularly important for recognition 
of short, annular lesions in the colon because it may be difficult 
to demonstrate every colonic bend in profile (Fig. 2-17). 

INTERPRETATION 

After every effort is made to obtain excellent images, it is impor¬ 
tant to extract all of the diagnostic information available on 
these images. The interpretation of double-contrast studies also 
differs substantially from the interpretation of single-contrast 
studies. 

Dependent and Nondependent Surf aces 

The distinction between the dependent and nondependent sur- 
faces must be understood. The nondependent surface has a thin 
coating of barium because all the free barium fails onto the 
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Figure 2-16 Adenocarcinoma in Barrett # s 
esophagus. A. Double-contrast view shows 
ulceration and slight rigidity of the contour in the 
lower esophagus. B. Mucosal relief view shows 
the polypoid nature of the lesion. (From Laufer I, 
Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992.) 




Figure 2-17 Annular carcinoma seen en face 
and in profile. A. There is irregularity of the 
lumen seen end-on (arrow) caused by an annular 
carcinoma. B. The annular lesion is readily 
apparent when viewed in profile on an 
appropriate oblique projection. (From Laufer I, 
Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992.) 
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dependent surface. As a result, the dependent surface has a 
thicker coating of barium, and the barium pool accumulates in 
any depression or concavity. The usual double-contrast image 
obtained with a vertical beam results in superimposition of the 
dependent and nondependent surfaces and any barium pool 
that might be present. The distinction between these surfaces is 
more clearly demonstrated on horizontal beam radiographs 
(Fig. 2-18). 

Lesions in the GI tract can generally be classified as pro- 
truded or depressed, and their appearance depends on whether 
they are located on dependent or nondependent surfaces. Their 
appearance can also be affected or even masked by the barium 
pool. 

Protrusions 

Protrusions into the lumen of a hollow viscus can be normal 
structures such as folds or pathologic lesions such as polypoid 
tumors. The radiographic principles underlying the appearance 



Figure 2-18 Dependent and nondependent surfaces. The 

distinction between the dependent and nondependent surfaces is 
clearly shown on this horizontal beam radiograph of the colon. The 
nondependent surface has a thin coating of barium, whereas the 
dependent surface contains the barium pool. 


of protrusions are illustrated in Figure 2-19, which represents a 
cross-section through the stomach with rugal folds on its 
anterior and posterior walls. With the patient in the supine 
position, the posterior wall is dependent and the anterior wall 
is nondependent. 

A protrusion on the dependent surface displaces barium 
from the barium pool and is therefore seen as a radiolucent 
filling defect. A protrusion on the nondependent surface is 
coated with barium, and the x-ray beam catches the edges of 
the protrusion, which are then etched in white. Figure 2-20 
illustrates the different appearances of a lesion when it is located 
on the dependent surface and then on the nondependent 
surface. 

In general, the density of the etching depends on the thick- 
ness of the lesion, so the etching of a slightly protruded or 
plaquelike lesion may be extremely faint. Such lesions are best 
demonstrated on the dependent surface in the presence of a 
shallow barium pool. Flow technique is particularly valuable for 
detecting these lesions. 37 

Several other appearances are associated with protruded 
lesions. The stalactite phenomenon represents a droplet of 
barium hanging from a protrusion on the nondependent 
surface (Fig. 2-21). 38 These barium droplets can be differenti- 
ated from ulcers because they are almost always associated with 
protrusions on the nondependent surface and disappear as the 
droplet fails away. Nevertheless, it is important to recognize 
these stalactites because they may be the only clue to the pres¬ 
ence of a protruded lesion on the nondependent surface. 39 

The so-called bowler hat sign may be seen with a polypoid 
lesion or diverticulum. With a diverticulum, however, the dorne 
of the hat points outward from the long axis of the bowel (Fig. 
2-22A), whereas with a polyp, the dorne of the hat points toward 
the lumen (Fig. 2-22B). 40 The so-called Mexican hat sign rep¬ 
resents a pedunculated polyp hanging from the nondependent 
surface. The outer ring represents the head of the polyp, and 
the inner ring represents the stalk seen end-on through the head 
(Fig. 2-23). 

Depressed Lesions 

Depressed lesions are lesions such as ulcers or diverticula that 
extend beyond the normal contour of the bowel. When located 




Figure 2-19 Principles underlying the 
appearance of protrusions. A, B. Diagrammatic 
representations of the appearance of a rugal fold 
on the anterior and posterior walls of the 
stomach. (From Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 2nd ed. 
Philadelphia, WB Saunders, 1992.) 













Figure 2-20 Effect of position 
on the appearance of a rectal 
carcinoma. A. With the patient in 
the supine position, there is a 
lobulated filling defect in the 
distal rectum. The plaquelike 
carcinoma is therefore on the 
dependent (posterior) wall. 

B. With the patient turned into 
the prone position, the 
carcinoma is now etched in 
white because it is on the 
nondependent (anterior) surface. 



Figure 2-21 The stalactite phenomenon. Radiograph of the colon 
with the patient in the upright position shows a long droplet of barium 
(arrow ) hanging from a haustral fold. (From Laufer I, Levine MS [eds]: 
Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB 
Sa unders, 1992.) 



Figure 2-22 Bowler hat: polyp 
or diverticulum? A. When the 
dorne of the hat (arrow) points 
away from the long axis of the 
bowel, it is a diverticulum. 

B. When the dorne of the hat 
points toward the lumen of the 
bowel, it is a polyp. (From Laufer 
I, Levine MS [eds]: Double 
Contrast Gastrointestinal 
Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992.) 
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Figure 2-23 Mexican hat sign. Typical appearance of a 
pedunculated polyp seen end-on. The outer ring represents the head 
of the polyp, and the inner ring represents the stalk. 


on the dependent surface, they trap barium and are therefore 
seen as focal barium collections (Fig. 2-24A). Conversely, when 
located on the nondependent surface, they empty of barium. If 
there is adequate coating of the sides of a depressed lesion, 
however, it can be recognized as a ring shadow (Figs. 2-24B and 
C). In patients with colonic diverticulosis, the appearance of 
these lesions therefore depends on their location in the bowel; 
diverticula on the dependent surface tend to hil with barium, 
whereas diverticula on the nondependent surface usually appear 
as ring shadows (Fig. 2-25). 

This concept is particularly important for the recognition of 
anterior wall duodenal ulcers. With the patient in the supine or 
supine left posterior oblique position, the ulcer may be mani¬ 
fested by a ring shadow or crescent because of barium coating 
the rim of the unfilled, nondependent ulcer crater (see Fig. 
2-24B). When the patient is placed in the prone position, 
however, the ulcer hils with barium (see Fig. 2-24C). 

Barium Pool 

The barium pool is the “paint” of the radiologic artist. In 
essence, the double-contrast examination requires manipula¬ 
tion of the barium pool to paint or coat the entire mucosal 
surface. At the same time, the barium pool may compromise 
the study in various ways (Fig. 2-26). It can cover over and 
submerge a lesion on the dependent surface. Even a small 
barium pool on the dependent surface can also obscure the 
etching of a lesion on the nondependent surface (Fig. 2-27). 
Finally, the barium pool in an overlapping loop of bowel can 
obscure lesions in the loop of interest. 

In general terms, lesions on the dependent surface are hest 
demonstrated with an extremely shallow barium pool, whereas 
recognition of lesions on the nondependent surface requires 
that the barium pool on the dependent surface be entirely 
eliminated. These varying requirements can be met by use of 



Figure 2-24 Depressed lesions. A. Dependent wall ulcer. Radiograph of the stomach in the right posterior oblique projection shows a high 
ulcer on the lesser curvature. B. Anterior wall ulcer. This spot image in the supine left posterior oblique projection shows a ring shadow (arrow) 
representing the nondependent ulcer crater etched in white on the anterior wall of a deformed duodenal bulb. C. With the patient in the prone 
position, the ring shadow filis with barium (arrow), indicating an anterior wall duodenal ulcer. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 2-25 Depressed lesions on the dependent and 
nondependent surfaces. In a segment of colonic diverticulosis, 
diverticula on the dependent surface are filled with barium, whereas 
diverticula on the nondependent surface are etched in white. 


flow technique (Fig. 2-28). 37 As the patient is turned under 
fluoroscopic control, the flow of the barium pool across the 
dependent surface is observed. In this way, shallow lesions 
can be demonstrated on the dependent surface and, as the 
barium pool flows away, lesions can also be seen on the 
nondependent surface. The concept of flow technique is impor- 
tant for demonstrating subtle lesions and avoiding diagnostic 
error. 

ÅRTI FACTS 

Many of the artifactual appearances associated with double- 
contrast studies are obvious to the radiologist. 41 These artifacts 
include Åndings caused by barium precipitates (Fig. 2-29A), 
patchy mucosal coating, and extraneous debris. However, some 
artifacts may be confusing if they closely resemble pathologic 
States. 

In the colon, some barium suspensions may crack or flake, 
producing an appearance suggestive of inflammatory bowel 
disease (Fig. 2-29B). In other patients, there may not be enough 
distention of the lumen to separate the anterior and posterior 
walls. The area of apposition is manifested by a so-called 
kissing artifact, which can simulate a mass lesion (Fig. 2-30A). 
Kissing artifact can also result from extrinsic compression of 
the lumen, causing the anterior and posterior walls to become 
apposed (Fig. 2-30B). In such cases, the appropriate projection 
should be obtained to identify an extrinsic mass compressing 
the lumen. 

Because the air-biled bowel is translucent, structures in front 
of or behind the bowel may be projected over the lumen, so 
they simulate lesions arising from the bowel. It is particularly 
important to recognize the true nature of barium-hlled diver¬ 
ticula and calcified structures overlying the bowel and not to 
mistake them for polypoid or ulcerated lesions (Fig. 2-31). 
Other double-contrast artifacts are discussed elsewhere in this 
text in chapters dealing with specihc organs. 



Figure 2-26 Diagrammatic representation of the hazards of the barium pool. A. The barium pool obscures a lesion on the dependent 
surface. B. The barium pool obscures the fine white etching of a lesion on the nondependent surface. C. The barium pool in an overlapping loop 
of bowel can obscure a lesion on the dependent or nondependent surface. (A and B from Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 2-27 Barium pool obscuring a lesion on 
the nondependent surface. A. In the frontal 
projection, a polypoid carcinoma is seen along the 
right lateral wall of the rectum. B. In the left lateral 
projection, the rectal carcinoma is on the 
nondependent surface (right lateral wall) of the 
rectum, so the lesion is obscured by the barium 
pool on the dependent surface (left lateral wall). 



J* 




Figure 2-28 Flow technique. There is a 1-cm sessile polyp in the cecum. The appearance of this small protruded lesion varies as barium flows 
across the dependent surface of the cecum. 
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Figure 2-29 Double-contrast 
artifacts. A. Barium precipitates 
are recognized as sharp, dense 
barium collections on the 
mucosal surface. B. Flaking of 
the barium suspension simulates 
inflammatory bowel disease. 

(B from Lau fer I: Air contrast 

studies of the colon in 

inflammatory bowel disease. Crit 

Rev Diagn Imaging 9:421-447, fa 

1977.) 



Figure 2-30 Kissing artifacts. 

A. A kissing artifact is seen near 
the lesser curvature of the 
stomach, simulating a polypoid 
lesion (arrow). B. This kissing 
artifact results from compression 
of the stomach by the abdominal 
aorta ( straight arrows). The curved 
arrow indicates calcification in the 
wall of the aorta. 



Figure 2-31 Duodenal 
diverticulum simulating a 
gastric ulcer. A. Compression 
radiograph of the stomach shows 
a large barium collection (arrow) 
suggestive of a gastric ulcer. 

B. Supine double-contrast 
radiograph shows that the 
barium-filled structure is a large 
diverticulum arising from the 
fourth portion of the duodenum. 
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Surface Patterns 

Villous Pattern 

Reticular Pattern 

Granularity 

Nodularity 

Shaggy 

Cobblestoning 

Fold Patterns 

Striae 

Web 

Coil Spring Sign 
Radiating Folds 
Polypoid Folds 

Serpentine (Serpiginous) Folds 
Stack of Coins Appearance 
Tethering 
Pleating 

Protruding Lesions 

Filling Defect 
Contour Defect 
Polyp 


Careful use of descriptive terms aids in the radiologic analysis 
of perceived abnormalities. By describing the radiographic 
characteristics of a lesion, a radiologist can localize the lesion 
to the mucosa, bowel wall, or tissue extrinsic to bowel. This 
radiographic description, in conjunction with the site and size 
of the lesion, age of the patient, and clinical history, enables the 
radiologist to make a specific diagnosis or formulate a graded 
differential diagnosis of the most likely possibilities. In addition, 
precise use of descriptive terms enhances communication 
between the radiologist and clinician. A radiologist should be 
able to describe an abnormality so that the person reading or 
listening to the radiographic report can visualize the lesion 
without looking at the images. 

This chapter is a pictorial glossary that visually defines 
common descriptive terms in gastrointestinal radiology. The 
terms are divided according to whether they refer to mucosal 
lesions, wall lesions (i.e., submucosal, intramural, or extramuco- 
sal ), or extrinsic lesions. 

Surface Patterns 

VILLOUS PATTERN 

The villi of the small intestine are at the radiographic limits of 
resolution. Some villi may be seen if the mucosa is well coated 
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and slightly magnified. This villous pattern is manifested as 
barely perceptible radiolucencies surrounded by barium in the 
interstices between villi (Fig. 3-1). 

RETICULAR PATTERN 

The term reticular means netlike (Fig. 3-2). This net is 
formed by barium in the interstices of normal columnar 
mucosa, such as the areae gastricae of the stomach (see Fig. 
3-2A), or in the interstices of a mucosal lesion, such as a 
carpet lesion. The intervening radiolucent mucosa may be 
round, ovoid, or polygonal. A reticular pattern typically 
occurs in abnormalities arising in columnar mucosa. For 
example, a reticular pattern is seen in the columnar meta- 
plasia of Barrett s esophagus or in a colonic urticarial pattern 
(see Fig. 3-2B). 

GRANULARITY 

Granularity implies subtle elevation of the mucosal surface seen 
en face as small radiolucencies in the shallow barium pool or 
as punctate dots of barium between lucencies (Fig. 3-3). The 
“granules” are barely perceptible elevations, with indistinct 
horders, as if salt had been sprinkled on a plate. Granularity 
implies mucosa elevated by edema, inflammatory exudate, or 
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tumor. Barium flocculated on an inflamed mucosal surface can 
mimic a granular mucosa. 

NODULARITY 

Mucosal nodules are relatively well-circumscribed elevations 
seen en face as round to ovoid radiolucencies in the barium 
pool or as small rings etched in white (Fig. 3-4). In profile, 
nodules are seen as small hemispheric or sharp-edged eleva¬ 
tions of the contour. Nodules may arise in the mucosa itself, 
lamina propria, or adj acent submucosa. If a mucosal nodule 
involves a bowel fold, especially the rugae of the stomach or 
valvulae conniventes of the small bowel, the fold is eccentrically 
enlarged. Submucosal nodules involving a bowel fold, seen en 
face, symmetrically splay the parallel surfaces of the fold. 
Mucosal nodularity may be described as fine or coarse. The 
distinction between fine nodularity and mucosal granularity is 
somewhat arbitrary, although mucosal nodules are generally 
larger and more discrete than granules. 

SHAGGY 

Shaggy describes such severe mucosal disease that it is difficult 
to distinguish ulcerated mucosa from sloughed epithelium 
and inflammatory detritus (Fig. 3-5). In profile, the contour is 
jagged. En face, numerous lines reflect barium filling the inter- 
stices between ulcerated mucosa and debris. Shaggy is fre- 
quently used to describe the radiographic fmdings in severe 
Candida esophagitis (see Fig. 3-5) and ulcerative colitis. 



Figure 3-1 Villous pattern. This spot radiograph of the duodenal 
bulb shows multiple tiny radiolucencies surrounded by shallow, 
barium-filled grooves in a near-reticular pattern ( arrow). The lucencies 
are the villi seen en face. 



Figure 3-2 Reticular pattern. A. Areae gastricae. In general, columnar mucosa in the gastrointestinal tract is divided into islands of tissue 
surrounded by shallow grooves. This pattern is best exemplified in the areae gastricae of the stomach. The areae gastricae are seen as well- 
circumscribed, polygonal radiolucencies surrounded by barium-filled grooves. B. Urticarial pattern in the colon. When colonic mucosa is slightly 
elevated by edema and/or mild inflammation, the colonic surface may assume a reticular pattern. Barium etches sharply polygonal epithelial 
islands. This has been termed an urticarial pattern because it was first described in colonic urticaria. However, any disease that causes mild 
edema, inflammation, or ischemia of the mucosa may cause the columnar mucosa of the colon to assume an urticarial pattern, including ischemia 
caused by obstruction or adynamic ileus or inflammation caused by a viral infection. (B from Rubesin SE , Saul SH, Laufer I, et al: Carpet lesions of 
the colon. RadioGraphics 5:537-552, 1985.) 
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Figure 3-3 Granularity: ulcerative colitis. Numerous punctate dots 
of barium lie between radiolucent islands of mucosa (representative 
area identified by arrow). The splenic flexure has a tubular 
configuration, and the interhaustral folds are absent. 



Figure 3-4 Nodularity: squamous cell carcinoma of the epiglottis. 

The epiglottis is enlarged. The surface of the epiglottis is distorted by 
numerous small polygonal 1- to 2-mm radiolucent nodules outlined 
by barium in grooves between the nodules. 





Figure 3-5 Shaggy. Candida esophagitis. The mucosal contour is 
markedly irregular or shaggy. Barium appears to be beneath the 
mucosal surface ( arrows ). In reality, this barium is trapped between 
sloughed epithelial debris and the ulcerated mucosa. En face, there 
are numerous variable-sized plaques. 

COBBLESTONING 

Transverse and longitudinal fissuring of the mucosal surface 
with extension of knifelike clefts into the submucosa and mus- 
cularis propriaresults in cobblestoning, typically seen in Crohn’s 
disease (Fig. 3-6). The cobblestones appear as a carpet of 
nodules on the luminal surface. The cobblestones represent 
residual tissue between the transverse and longitudinal clefts. 

Fold Patterns 

The folds in the gastrointestinal (GI) tract are composed 
of mucosa—epithelium, lamina propria, and muscularis 
mucosae—and submucosa. When a radiograph demonstrates 
enlarged or nodular folds, the process therefore involves the 
mucosal or submucosal layers, or both. A desmoplastic process 
involving the serosa or adventitia of the bowel or the adjacent 
mesenteric or omental fat can secondarily pull on the bowel 
wall so that the smooth mucosal surface is thrown into an 
abnormal fold pattern. 

STRIAE 

When a viscus is less than fully distended, transverse striations 
may be seen perpendicular to the longitudinal axis of the bowel. 
Examples of this phenomenon include the so-called feline 
esophagus, gastric striae (Fig. 3-7), and innominate grooves of 
the colon. 
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Figure 3-6 Cobblestoning: Crohn # s disease involving the small 
intestine. Multiple round, ovoid, or polygonal radiolucencies are 
surrounded by barium-filled transverse and longitudinal fissures. This 
is also termed the ulceronodular pattern of Crohn's disease. The 
cobblestones represent the mildly inflamed residual mucosa and 
submucosa between the knifelike clefts. Narrowing of the bowel 
lumen reflects a transmural inflammatory reaction and bowel wall 
thickening. (From Rubesin SE, Laufer I, Dinsmore B: Radiologic 
investigation of inflammatory bowel disease. In MacDermott RP, 
Stenson WF [eds]: Inflammatory Bowel Disease. New York, Elsevier 
Science, 1992, pp 453-492.) 



Figure 3-7 Gastric striae. Fine, barium-etched striae ( arrows ) 
perpendicularly cross the longitudinal axis of a slightly contracted 
gastric antrum. The striae are probably caused by contraction of the 
muscularis mucosae and have been described in patients with biopsy 
specimens showing normal mucosa or antral gastritis. 



Figure 3-8 Web in distal esophagus. A thin radiolucent bar 
(arrows ) is etched in white and crosses part of the circumference of 
the distal esophagus. Distal esophageal webs are usually related to 
gastroesophageal reflux disease. (A from Laufer I, Levine MS [eds]: 
Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992.) 


COIL SPRING SIGN 

If barium is forced between one loop of bowel intussuscept- 
ing into another loop, the barium may coat the mucosal folds 
of the outer loop. The result is the radiographic appearance 
of concentric rings of barium said to resemble a coil spring 
(Fig. 3-9). 

RADIATING FOLDS 

Folds that radiate to a focal site guide the radiologist’s eye 
toward GI lesions. Radiographic analysis of the radiating folds 
aids in the differential diagnosis. Smooth folds radiating to a 
mucosal lesion indicate an active inflammatory process or scar- 
ring (Fig. 3-10A). Lobulated, pointed, or clubbed radiating folds 
indicate the presence of a malignant or severe inflammatory 
process (Fig. 3-10B). 


WEB 

A web is a thin band of mucosa (with or without submucosa) 
that traverses a variable portion of the intestinal lumen. Webs 
vary from small shelflike lesions to hemispheric bars and cir- 
cumferential rings (Fig. 3-8). Webs may be normal variants or 
the sequelae of inflammatory disease. 


POLYPOID FOLDS 

Enlarged folds with a lobulated contour may appear polypoid 
(Fig. 3-11). Diseases that cause polypoid folds originate in 
the mucosa and submucosa and may also produce distinet 
polyps. 
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Figure 3-11 Polypoid folds. Large lobulated folds ( arrows ) are 
present along the greater curvature of the stomach. These thickened 
folds were caused by Helicobacter pylori gastritis. 


Figure 3-9 Coil spring sign: metastatic melanoma causing 
intussusception of the small bowel. Barium refluxes in a retrograde 
direction into the space between the prolapsing loop of the 
intussusception (intussusceptum) and the outer loop (intussuscipiens). 
The parallel folds of the coil spring ( large white arrows ) are identified. 
The intussusceptum is seen as a radiolucency ( arrowheads ) within the 
intussuscipiens. The lumen of the intussusceptum is narrow ( small 
white arrows ). The lead point of the intussusceptum is a polypoid 
mass ( black arrows). 



Figure 3-10 Radiating folds. A. Benign gastric ulcer. Smooth straight folds ( short arrows ) radiate toward the barium-etched rim of the ulcer 
(long arrow). B. Adenocarcinoma of the stomach. Abnormal folds radiate toward the center of the lesion. The folds are club-shaped (c) and 
nodular (n). Note the nodular mucosa in the center of the ulcer crater. 
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Figure 3-12 Serpentine (serpiginous) folds: esophageal varices. 

Smooth-surfaced, enlarged, sinuous radiolucent folds are parallel to 
the longitudinal axis of the esophagus 



Figure 3-13 Stack of coins appearance: small bowel ischemia, 

Enlarged, smooth, straight parallel folds are perpendicular to the 
longitudinal axis of the jejunum. The folds are said to resemble a 
stack of coins or picket fence. 


SERPENTINE (SERPIGINOUS) FOLDS 

Serpentine (snakelike) and serpiginous (from the Latin, 
meaning “to creep”) folds are sinuous or wavy and are often 
aligned parallel to the longitudinal axis of the bowel. Serpentine 
folds are seen in mucosal and submucosal inflammatory or 
vascular processes (Fig. 3-12), especially varices. 

STACK OF COINS APPEARANCE 

Smooth, straight, enlarged folds perpendicular to the longitu¬ 
dinal axis of the small bowel resemble a stack of coins 
(Fig. 3-13). This appearance usually indicates submucosal 
edema or hemorrhage and, rarely, infiltrating tumor. Causes of 
submucosal hemorrhage include trauma, ischemia, radiation 
damage, and a bleeding diathesis caused by anticoagulants, 
hemophilia, and thrombocytopenic purpura. 

TETHERING 

Mucosal folds may be pulled toward an extrinsic process, result¬ 
ing in tethering of the folds (Fig. 3-14). 

PLEATING 

If an extrinsic desmoplastic process extends into the bowel wall, 
the overlying mucosa may be thrown into thin folds, termed 
pleating (Fig. 3-15). In the colon, this finding suggests 


endometriosis or intraperitoneal metastases involving the 
serosal surface. 

Protruding Lesions 

FILLING DEFECT 

A Alling defect is a radiolucency in the barium pool caused by 
displacement of the barium by a protruding lesion (Fig. 3-16). 

CONTOUR DEFECT 

A contour defect is a disruption of the expected luminal contour 
by a sessile lesion protruding into the GI lumen (Fig. 3-17). A 
contour defect is not, in itself, a sign of malignancy. However, 
because the size of the contour defect is related to the size of 
the lesion, the larger the contour defect, the greater the likeli- 
hood of malignancy. 

POLYP 

A polyp is a protrusion from a mucous membrane. The 
term polyp is not histologically definitive and does not imply 
adenomatous (dysplastic) change. In general, the height of 
a polyp is comparable to its width, but a polyp is relatively 
tall in comparison to a mucosal plaque. Polyps may be seen 
as radiolucent filling defects on the dependent surface or 
may be etched in white on the nondependent surface 
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Figure 3-14 Tethering of mucosal folds: postoperative adhesions 
involving the pelvic ileum. Smooth mucosal folds (short arrows) are 
no longer perpendicular to the longitudinal axis of the ileum. The 
bowel is abruptly angulated at the site of adhesion (long arrow), and 
the lumen distal to the partially obstructive adhesion is narrowed. 



Figure 3-15 Pleating of the mucosa: endometriosis involving the 
rectosigmoid junction. The colonic mucosa is thrown into sinuous 
folds (arrow) by a desmoplastic process in the serosa and muscular 
layers. 



Figure 3-16 Filling defect. A. Hyperplastic polyp in the gastric antrum. A filling defect (arrow) is seen in the barium pool. B. The same polyp is 
seen in air contrast as a round, increased radiodensity etched in white (arrow). In B, the polyp is not described as a filling defect. 
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Figure 3-17 Contour defect: metastatic melanoma in the small 
intestine. A contour defect (white arrow) is seen as loss of the 
expected normal contour of the bowel. The contour of the lumen is 
pushed toward the center of the bowel loop. In this case, a 
submucosal metastasis is seen in profile (black arrows). Other 
metastases are seen en face as smooth-surfaced, ovoid filling defects 
(open arrows ) in the barium pool. 


(Fig. 3-18). They have many shapes and many radiographic 
appearances, depending on whether they are small or 
large, sessile or pedunculated, and smooth or nodular (see 
Fig. 3-18. 

PLAQUE 

A plaque is a shallow surface elevation, much broader than it is 
high. Plaques are so distinet that their margins are etched in 
white by barium trapped at the interface of the edges of the 
plaque and adjacent mueosa (Fig. 3-19). Plaques may vary 
greatly in size, from the small plaques of Candida esophagitis 
to plaquelike tumors. 

CARPET LESION 

Carpet lesions are focal, flat, well-circumscribed surface eleva¬ 
tions. En face, the margin of the lesion is etched in white by 
barium (Fig. 3-20). When barium hils the interstices of the 
lesion, multiple small, polygonal radiolucent filling defects are 
seen surrounded by barium. In profile, the contour may be 
finely spiculated or nodular. The most characteristic carpet 
lesions are flat colonic adenomas. 

ULCERATED MASS 

Lesions that have both depressed and elevated components are 
typically uleerated masses of mucosal or submucosal origin 
(Fig. 3-21). 


ANNULAR LESION 

Lesions that extend circumferentially around the bowel lumen 
are termed annular lesions. Circumferential spread around the 
lumen implies that the neoplastic or inflammatory process has 
spread at least into the submueosa. Annular configurations are 
seen in benign strictures caused by ischemia, radiation therapy, 
or diverticulitis or in malignancies such as primary tumors or 
metastases (Fig. 3-22). 

SUBMUCOSAL MASS 

The term submucosal mass refers to lesions arising in the sub¬ 
mueosa and muscularis propria. These are typically benign or 
malignant tumors of smooth muscle, fat, or neural origin. 
Because the lesions arise in the submueosa or muscularis 
propria, they have also been referred to as intramural or 
extramucosal. The overlying mueosa is stretched and may be 
uleerated. 

In profile, a smooth-surfaced mass is seen forming right 
angles to the luminal contour (Fig. 3-23). En face, barium 
trapped in the abrupt margins results in a well-defined tumor. 
Central uleers are seen in about 50% of all submucosal masses 
(see Fig. 3-24). Small submucosal masses involving a fold sym- 
metrically splay the edges of the fold. Although the radiographic 
findings are distinetive for large lesions, small (0.5-2.0 cm) sub¬ 
mucosal masses may be difficult to distinguish from mucosal 
polyps. 

TARGET LESION 

A target lesion or bulFs-eye lesion is a mass with a central uleer 
crater (Fig. 3-24). Target lesions are typically uleerated submu¬ 
cosal masses caused by primary tumors such as GI stromal 
tumors or malignant tumors, especially metastatic melanoma, 
Kaposi’s sarcoma, and disseminated lymphoma. 

PLIABILITY 

Change or lack of change in the size and shape of a lesion is a 
clue to its composition (Fig. 3-25). Lesions that change in size 
or shape, depending on the amount of luminal distention or 
manual compression, are often composed of fat, fluid, or biood. 


Depressed Lesions 

EROSION 

An erosion is a defect in the mueosa that does not extend 
beneath the muscularis mueosae. Erosions are characterized 
by a small central barium collection and a surrounding radio¬ 
lucent mound of edema (Fig. 3-26). The radiographic appear- 
ance is similar to that of aphthoid uleers seen throughout the 
GI tract. In some cases, there is no known cause for erosive 
gastritis, but in most patients, the condition is caused by inges- 
tion of aspirin or other nonsteroidal anti-inflammatory drugs 
(NSAIDs), viral infeetion, or aleohol ingestion. 

APHTHOID ULCER 

An aphthoid uleer is a small uleer occurring on a mueous mem- 
brane. This is a nonspecific pathologic term derived from the 
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Figure 3-18 Polyp. A. Bowler hat polyp. Barium may be trapped between the edge of the polyp and intestinal lumen as the polyp is 
pulled against the adjacent wall by its stalk. If the surface and edge of the polyp are at the proper radiographic angle, the polyp appears 
similar to an English bowler hat. The ring ( black arrows) of the polyp is the junction of the polyp and mucosal surface. The dorne ( white 
arrow) of the polyp points toward the longitudinal axis of the lumen. B. Pedunculated polyp. When a pedunculated polyp is seen in profile, 
the pedicle of the polyp appears as parallel barium-etched lines ( black arrows ) or as a tubular radiolucency in the barium pool. The head 
of the polyp ( white arrows ) is seen as a round or ovoid filling defect in the barium pool or is etched in white. C. Mexican hat polyp. If a 
pedunculated polyp is seen en face, the pedicle appears as a ring shadow ( long arrow) central to the larger ring shadow of the head of the 
polyp ( short arrows ). These concentric ring shadows have been termed the sombrero or Mexican hat sign. D. Filiform polyp. A filiform polyp 
is a tubular or branched polyp, often with a clubbed head. Filiform polyps imply that there has been prior inflammatory disease involving the 
mucosal surface of the bowel. When residual inflamed, hyperplastic, or reparative tissue protrudes into the lumen, the resulting projections 
appear filiform. In this patient with quiescent Crohn's disease, numerous filiform polyps ( arrows ) are seen in the splenic flexure of the colon. 
(A from Miller WT, Levine MS, Rubesin SE, et al: Bowler-hat sign: A simple principle for di ffe renti atin g polyps from diverticula. Radiology 
173:615-617, 1989.) 
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Figure 3-19 Plaque. Candida esophagitis. Small, well-circumscribed 
radiolucencies in the shallow barium pool ( arrows ) are aligned 
longitudinally along the esophageal mucosa. Note the normal 
intervening esophageal mucosa. 



Figure 3-21 Ulcerated mass: adenocarcinoma involving the 
greater curvature of the stomach. A single-contrast compression 
view of the lesser curvature performed with the patient in a prone 
position shows an ulcerated mass as an ovoid barium collection ( white 
arrow) within a radiolucent mass protruding into the gastric lumen. 

The mass has a coarsely nodular rim of tissue ( black arrows). 



Figure 3-20 Carpet lesion: tubulovillous adenoma with carcinoma. 

A focal reticular network of barium lines crosses the lumen of the 
ascending colon ( thin arrows). The contour of the colon is relatively 
maintained in one region ( open arrow). In an area in which carcinoma is 
present, the contour is indented and angulated (thick arrows). 





Figure 3-22 Annular lesion: adenocarcinoma of the mid small 
intestine. A focal annular lesion with abrupt shelflike margins ( short 
arrows) and lobulated folds centrally is seen. The large amount of 
luminal narrowing ( double-ended arrow) means that the tumor has 
spread at least into the muscularis propria. 
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Figure 3-24 Target lesion: metastatic melanoma involving the 
ileum. Numerous ovoid, well-circumscribed or hemisphere-shaped 
radiolucent filling defects are seen in the intestine. Several lesions 
have large, irregularly shaped central barium collections ( arrows ). 

Figure 3-23 Submucosal mass: lipoma of the small intestine. These lesions are said to resemble targets or bu 11 's eyes. 

A smooth-surfaced polypoid mass (black arrow) projects into the 
lumen of the mid small bowel. Note the abrupt angulation (white 
arrows ) of the tumor margins and adjacent normal mucosa. 



Figure 3-25 Pliability. A. Lipoma of the colon. A pear-shaped, smooth-surfaced filling defect ( arrows ) is seen in the barium column. 

B. A postevacuation radiograph shows that the polypoid mass has elongated ( arrows ) to conform to the collapsed lumen. These are classic 
findings of a colonic lipoma. 
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Figure 3-26 Erosions. Numerous linear and ovoid collections of 
barium ( arrows ) are surrounded by radiolucent halos of edema. This 
erosive gastritis was caused by aspirin use. 

Greek root aphthai (meaning “to set on fire” or “to inflame”) 
and originally referred to the oral lesions of thrush, which are 
raised white plaques. The term was later used by the Greeks to 
refer to small ulcers on mucous membranes of the mouth 
(canker sores). Aphthoid means “resembling aphthae”; aph- 
thous means “related to aphthae.” Radiologists use the terms 
aphthoid ulcer and aphthous ulcer interchangeably, but the pre- 
ferred term is aphthoid ulcer. The most common causes of aph¬ 
thoid ulcers are Crohns disease, viral infections, varioliform 
erosions, and amebiasis (Fig. 3-27). Erosions related to NSAIDs 
may appear identical to aphthoid ulcers. 

ULCER NICHE (CRATER) 

The term niche or crater refers to the defect or hole in the 
mucosal surface, representing an ulcer. The niche may be visual- 
ized in profile as a projection of barium extending beyond the 
luminal contour. Alternatively, the niche may be seen en face as 
a barium collection, or the edges of the crater may be etched in 
white (Fig. 3-28). 

COLLAR BUTTON ULCER 

Collar button ulcers are ulcers with a narrow neck and 
broad base (Fig. 3-29). These ulcers are formed when the 
inflammatory process spreads in the soft fat of the lamina 
propria and submucosa, parallel to the mucosal surface. This 
lateral extension gives the ulcer a relatively broad base in the 
submucosa and a narrow neck as it passes through the mucosa. 
In the colon, common causes of collar button ulcers are amebia¬ 
sis, ulcerative colitis, and Crohns disease. 

EXOENTERIC MASS 

Exoenteric masses are masses of gastrointestinal origin that 
extend predominantly outside the bowel rather than into the 



Figure 3-27 Aphthoid ulcers: Crohn # s disease involving the 
splenic flexure of the colon. Numerous aphthoid ulcers are seen en 
face as punctate barium collections surrounded by radiolucent halos 
of edema (white arrows). In profile, small ulcers are seen within 
edematous mounds of mucosa (open arrows ). 



Figure 3-28 Ulcer niche (crater): benign gastric ulcer. The ulcer 
niche (crater) is seen as a focal barium collection (arrow). The benign 
nature of the lesion is indicated by smooth folds that radiate to the 
ulcer's margin and lackof surrounding mass effect or mucosal nodularity. 
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Figure 3-29 Collar button ulcers: Spectrum of inflammatory 
changes in ulcerative colitis. In the proximal transverse colon (T), 
there is relatively smooth mucosa. This progresses to a granular 
pattern (G). Distally, there is superficial ulceration (U). When the 
superficial ulcers penetrate the mucosa, lateral spread of inflammation 
in the submucosa results in collar button ulcers ( arrows ). (From Rubesin 
SE, Laufer I, Dinsmore B: Radiologic investigation of inflammatory 
bowel disease. In MacDermott RR, Stenson WF, [eds]: Inflammatory 
Bowel Disease. New York, Elsevier Science, 1992, pp 453-492.) 


lumen of the bowel. They often extend into the mesentery or 
omentum. These lesions may cavitate, with the cavity extending 
outside the expected contour of the bowel (Fig. 3-30). The most 
common neoplastic masses include lymphoma, metastatic mel- 
anoma, and GI stromal tumors. 

TRACKING 

Linear collections of contrast medium within the bowel wall are 
termed intramural tracks. Linear collections of contrast medium 
outside the expected confmes of the bowel are referred to as 
extramural tracks. Intramural tracks frequently course perpen- 
dicular to the longitudinal axis of the bowel (Fig. 3-31). Extra¬ 
mural tracks caused by diverticulitis often spread longitudinally 
in the pericolic fat. Tracks associated with radiation damage, 
trauma, Crohns disease, or iatrogenic perforation may spread 
in any direction. 

Contour Abnormalities 

TAPERING 

A shallow, smooth-surfaced, gradual narrowing of the 
contour of the bowel reflects a desmoplastic disease in the 
mucosa and submucosa that tapers the lumen. Tapering is 
usually caused by benign scarring from chronic inflammatory 
disease (Fig. 3-32). Occasionally, a neoplasm infiltrating the 
submucosa may incite a desmoplastic reaction that causes 
tapering. 



Figure 3-30 Exoenteric mass: primary lymphoma of the small 
intestine. A large barium-filled excavation ( thick white arrow) projects 
from the mesenteric border of the small bowel. Note other radiographic 
findings of primary small bowel lymphoma, including thickened nodular 
folds ( thin white arrows ) and mucosal nodularity ( black arrow). 



Figure 3-31 Tracking. Crohn # s disease involving the descending 
colon. Numerous intramural tracks ( white arrows ) extend from the 
colonic lumen into the pericolic space. The intramural tracks course 
perpendicular to the lumen through the muscularis propria. A large, 
linear, extramural barium collection (extramural track; open arrows ) 
lies in the pericolic fat parallel to the lumen. 
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Figure 3-32 Tapering: benign radiation-induced stricture in the 
lower esophagus. A long, mild circumferential narrowing of the distal 
esophagus has a smooth tapered contour (small arrows ) and smooth 
mucosa. 


LINITIS PLASTICA 

The term linitis plastica refers to diffuse narrowing and loss of 
pliability of a GI organ. The linitis pattern is usually seen in 
scirrhous carcinoma of the stomach (Fig. 3-33). This type of 
cancer is also seen in the colon, especially in patients with 
chronic ulcerative colitis. Both inflammatory and neoplastic 
processes, however, can result in a linitis appearance. For 
example, linitis plastica of the stomach may be caused by caustic 
ingestion or metastatic breast carcinoma. Because these infiltra- 
tive processes are primarily in a submucosal location, endo- 
scopic biopsy specimens and brushings may be negative. 

THUMBPRINTING 

Submucosal hemorrhage or severe edema occurs to a greater 
degree along the mesenteric border of the small bowel and is 
manifested radio gr aphically by what is termed thumbprinting 
(Fig. 3-34). 

SACCULATION 

Sacculation refers to broad-based outpouchings of the bowel 
wall. A relatively normal bowel wall may appear sacculated 
between folds radiating toward a neoplastic or desmoplastic 
process. This form of sacculation occurs on the bowel wall 
opposite the mesenteric changes of Crohns disease (Fig. 3-35A), 
ischemia, or diverticulitis. These sacculations do not extend 



Figure 3-33 Linitis plastica: adenocarcinoma of the stomach. The 

fundus and body of the stomach are diffusely narrowed. The luminal 
contour is altered by nodular, broad-based indentations (arrows), but 
the mucosa is relatively smooth. These findings indicate the 
submucosal location of the bulk of the infiltrating tumor. 



Figure 3-34 Thumbprinting. Polypoid projections (open arrows ) are 
seen along the mesenteric border of the ileum. Note the abrupt 
angulation of the protrusions and smooth surfaces, radiographic 
findings typical of submucosal lesions. This thumbprinting reflects 
submucosal hemorrhage in a patient with small bowel vasculitis. Also 
note the smooth, straight, parallel folds (long white arrows )—stack of 
coins appearance—and interspace spikes (short white arrow). 
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Figure 3-35 Sacculation. A. Crohn's disease involving the terminal ileum. The ileal contour is sacculated ( black arrows) opposite a longitudinal 
ulcer ( white arrows ) on the mesenteric border. Note folds radiating toward the mesenteric border ulcer. Also note a reticular or granular mucosa 
(open arrows), reflecting mild mucosal changes. B. Scleroderma involving the small intestine. Large broad-based sacculations ( arrowheads) 
protrude from the expected contour of the mesenteric border of the small bowel. (A courtesy Henrik DeGryse, MD, Antwerp, Belgium.) 



Figure 3-36 Spiculation: omental metastases from breast 
carcinoma infiltrating the serosa of the transverse colon. The 

superior border of the transverse colon is spiculated (arrows). 



Figure 3-37 Angulation of bowel loops: adhesions involving 
the pelvic ileum. The small bowel is abruptly angulated (arrows) 
in several locations. Note narrowing of the lumen distal to the 
obstruction (n) and dilation of the lumen (D) proximal to the 
angulation. The mucosa is intact. 
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beyond the expected contour of the bowel. A bowel wall weak- 
ened by atrophy or fibrosis of the muscularis propria may also 
appear sacculated, especially in scleroderma (Fig. 3-35B). Sac- 
culation related to weakening extends beyond the usual contour 
of the bowel. 

SPICULATION 

A desmoplastic process extrinsic to the bowel, resulting from 
inflammatory or neoplastic disease, may extend into the serosa 


or muscularis propria and pull the luminal contour into spike- 
like points, termed spiculation (Fig. 3-36). 

ANGULATION 

Gross angulation of the bowel may occur when an extrinsic 
desmoplastic process tethers the bowel wall (Fig. 3-37). 
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Strategic Place for Ultrasound in Bowel Imaging 


Transabdominal ultrasound (TAUS) allows the hollow viscera 
to be identified and characterized by anatomic location, 
morphology, and mesenteric attachments. At higher frequen- 
cies, TAUS and endoluminal probes resolve the bowel wall 
in to multiple concentric layers approximating to the his to- 
logic strata and usefully referred to as the sonographic gut 
signature. 

This real-time capability, with patient interaction, to corre- 
late symptoms, clinical signs, and imaging findings, makes 
TAUS a powerful diagnostic tool Since the 1970s, the TAUS 
features of a broad range of common and uncommon gastro- 
intestinal pathologic conditions have been documented in 
numerous original publications and review articles. 24 

Ultrasound Features of 
the Normal Bowel 

At higher frequencies (5-17 MHz), the gut signature is 
comprised of five alternating bands of higher and lower 
echogenicity equating to serosa (bright), muscularis propria 
(very dark), submucosa (bright), deep mucosa (dark), and 
superficial mucosa-lumen interface (bright) (Fig. 4-1). The 
outer and inner bright bands are very fine and may not be 
visualized. 

Healthy bowel wall is thin (<3 mm), varying with the State 
of contraction or distention. The muscle layer is the thickest 
and may be used as a yardstick for assessing relative changes in 
the mucosa and submucosa. 


Ultrasound Findings of 
the Abnormal Bowel 

BOWEL THICKENING 

Thickening of the bowel wall is the most commonly identified 
pathologic feature. With improving technology, the threshold 
used to assess pathologic thickening has been lowered, from 5 
to 3 mm. As the threshold is lowered, sensitivity increases at the 
cost of specificity. 

Thickening may be caused by the presence of edema, hemor- 
rhage, inflammation, tumor growth, or infiltration. Any of these 
may result in the classic ultrasound (US) feature of a hypoechoic 
circumferential thickening around a strong echogenic center 
(lumen),variously referred to as the target sign, ring sign, or 
pseudokidney sign (Fig. 4-2). 

For more specific diagnostic indicators, thickened bowel 
must be characterized as focal or diffuse, circumferential or 
segmental, and solitary or multifocal. Tumors may grow into 
the bowel lumen to produce a polyp or polypoid mass (Fig. 
4-3A) or away from the lumen into the peritoneal cavity (see 
Fig. 4-3B). 

BOWEL WALL LAYERS 

Changes in the gut signature within and adjacent to an observed 
bowel lesion should be carefully assessed. The high resolution 
of US provides a unique opportunity to identify the specific 
bowel layers affected, characterize the lesions, and diagnose the 
underlying process. 

In pathologic conditions, the gut signature may be preserved, 
exaggerated, distorted, diminished, or obliterated. Focal altera¬ 
tions of the gut signature may allow identification of bowel 
lesions with borderline thickening (Fig. 4-4). 

BOWEL LUMEN 

Commonly, when the bowel wall is thickened, the bowel lumen 
is compromised, becoming narrowed or strictured. An uncom¬ 
mon exception to this is the aneurysmal dilation seen in lym- 
phomas and gastrointestinal stromal tumors (GISTs), in which 
the lumen in the diseased segment enlarges. 

Dilation of the bowel lumen is seen proximal to an obstruct- 
ing lesion, where it is initially accompanied by increased peri¬ 
stalsis. Dilation with no peristalsis may be caused by late-stage 
obstruction or paralytic ileus, usually seen after abdominal 
surgery. 

BOWEL PLASTICITY, MOBILITY, 

AND PERISTALSIS 

TAUS resolution permits visualization of peristalsing small 
bowel folds, particularly as fluid passes along the lumen (Fig. 
4-5A), and of rigid folds in dilated, fluid-filled obstructed loops 
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(Fig. 4-5B). Most disease processes result in stiffening of the 
affected bowel segment, which is observed sonographically as 
more rigid, less compressible, less easily displaced, and with 
reduced or absent peristalsis. Real-time scanning allows for the 
observation of other motility disorders, such as nonobstructive 
intussusceptions in celiac disease (Fig. 4-6). 

ALTERED BLOOD FLOW 

Doppler signals are negligible in normal bowel wall but assess- 
ment of flow in masses or thickened segments is essential. Color 
and power Doppler signals indicate hyperemia in actively 
inflamed segments or hypervascular lesions, and the absence of 
signals in a conspicuously thickened bowel segment may indi¬ 
cate ischemia. Most tumors have sparse Doppler signals but 
hypervascularity is a significant differentiator and should be 
routinely assessed (see Fig. 4-3B). 

EXTRAMURAL AND MESENTERIC CHANGES 

Bowel wall disease may extend to involve peri-intestinal struc- 
tures, adjacent loops, or solid organs. Aro und inflammatory 



Figure 4-1 Sonographic gut signature. Shown is a compressed 
colon in the left iliac fossa between the rectus muscle (R), psoas muscle 
(P), and iliac artery (IA). Inset, Bowel wall detail of hypoechoic muscle 
proper (mp), echogenic submucosa (sm), and hypoechoic mucosa (m) 
between fine bright lines of serosa and mucosa (broken arrows). 
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Figure 4-2 Pseudokidney and 
target signs. Inflammatory, 
neoplastic, and vascular diseases 
may all cause circumferential 
bowel thickening, with loss of gut 
signature, producing a low-echo 
wall around an echogenic 
center. This can result in the 
pseudokidney sign (A), a right 
colon cancer with acoustic 
shadowing from gas in the 
compressed lumen ( arrow ), or the 
target sign (B), acute ileitis with 
transmural inflammation. 



Figure 4-3 Focal masses. 

A. Distal esophageal polyp 
cancer with intact bowel 
signature (arrow). B. Bulky, 
intraperitoneal, dumbbell 
hypervascular GIST arising from 
small bowel (arrows). EUS, 
Endoscopic ultrasound. 







58 


SECTION I General Radiologic Principles 



Figure 4-4 Altered gut signature—small bowel Crohn's disease. 

This axial image of a minimally thickened bowel shows blurring of 
identifiable layers (arrow), with focal signature obliteration (*) in the zone 
of transmural inflammation and with exudate on the serosal surface. 


bowel lesions, collections, and abscesses, mesenteric fat be- 
comes edematous (swollen and hyperechoic), displacing ad- 
j acent structures and increasing the conspicuity of the lesion 
(Fig. 4-7). 

Changes in mesenteric lymph node size, shape (oval, ro und), 
echotexture, and surface should be documented. The initial 
identification of focal mesenteric lymphadenopathy should 
direct the search for a bowel abnormality. 

Ultrasound Technique 

TAUS is a well-tolerated, noninvasive technique. A 6-hour fast 
induces a quiescent intestinal State and reduces bowel gas; no 
other preparation is required. Focused bowel TAUS is preceded 
by a general examination of the abdomen and pelvis. Particular 
attention should be given to deeper recesses inaccessible to the 
higher frequency probes used for detailed investigation of the 
bowel wall. 

Most bowel pathologic Åndings displace bowel gas and feces, 
making them stand out against normal bowel segments. Focal 
bowel masses, segments of wall thickening, or dilated loops may 
be apparent, even at lower frequencies, but high-frequency 
probes are essential to characterize changes in the layers of the 
bowel wall. 



Figure 4-5 Small bowel folds. Valvulae conniventes are depicted ( arrows ) in the peristalsing jejunum (A) and in a patient with small bowel 
obstruction (B). 



Figure 4-6 Abnormal motility. Spontaneous, nonobstructing, small bowel intussusception is demonstrated in a patient with celiac disease. 
Shown are axial (A) and longitudinal (B) images, with invaginated small bowel (I) and accompanying bright crescent of mesentery (solid arrows ) 
within an outer bowel sleeve. Bright air bubbles are trapped between the outer layers (broken arrow). 
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Figure 4-7 Extraintestinal changes. This axial image is of an 
inflamed appendix, with focal perforation (P) surrounded by 
edematous echogenic fat ( arrows ). 



Figure 4-8 Normal appendix. Axial sections along the appendix 
( arrows ) in the RIF lie coiled between the rectus (R) and psoas (P) 
beneath a loop of normal small bowel (SB). The appendiceal gut 
signature varies along its length. IA, I liae artery; IV, iliae vein. 


GRADED COMPRESSION 

The term graded compression was introduced by Puylaert to 
describe the gradual progressive inerease in pressure that the 
operator applies to the probe while making gentie sweeping 
movements. 5 Done carefully to minimize discomfort, this is an 
essential technique for bringing the probe closer to the bowel, 
displacing bowel gas and overlying bowel loops and assessing 
the compressibility and rigidity of normal and abnormal bowel 
loops and mesenteric fat. 

Mowing the Lawn 

Surveying the entire intestine within the abdominal cavity 
requires a systematic technique. Puylaert recommended the use 
of overlapping vertical sweeps of a high-frequency probe up 
and down the abdomen, similar to the motion of a lawnmower. 3 
Additional operator techniques include posterior manual com¬ 
pression and scanning in the left lateral decubitus position to 
assess the retrocecal area. 6 

It is my practice to begin bowel scanning in the left iliae fossa 
(LIF), where the left colon is easily identified and compressed 
against the left psoas (see Fig. 4-1). This is an opportunity to 
optimize scanning parameters so that wall layers can be clearly 
identified, even in briskly peristalsing small bowel segments. 

The distribution of bowel in the right iliae fossa (RIF) is 
variable. Several small bowel loops may be present, and the 
terminal ileum should only confidently be identified if continu- 
ity with the ileocecal valve is demonstrated. Reexamining the 
right iliae fossa with the patient in a left decubitus position 
allows movement of the mobile small bowel and cecum into 
different positions, redistribution of bowel gas, and improved 
access to a retrocecal appendix. 

In adult female patients, transvaginal scanning may give 
excellent views of low pelvic bowel loops (Fig. 4-8). 


Peritoneal, Mesenteric, 
and Omental Abnormalities 

ACUTE APPENDICITIS 

Acute appendicitis is one of the most common causes of acute 
abdominal pain and is the most common indication for urgent 
abdominal surgery. It is more prevalent in older children and 
young adults. 

Appendicitis is the result of luminal obstruction, usually 
by a fecalith or appendicolith. Less common causes include 
lymphoid hyperplasia, parasites, and primary and secondary 
tumors. The obstructed appendix is susceptible to mucosal 
ischemia and necrosis, which may progress to transmural 
inflammation, full-thickness infaretion, and perforation (in 
-20% of cases). 

The intention to preempt complications underpins the prac¬ 
tice of early surgical intervention based on clinical assessment 
and laboratory tests. The “typical” clinical presentation is of 
vague central or epigastric abdominal pain with anorexia, pro- 
gressing to nausea and vomiting, followed by migration of the 
pain to the right lower quadrant, and accompanied by fever, 
leukocytosis, and rebound tenderness. Any of these features 
may only be present to a variable degree or absent, so symp¬ 
toms, signs, and laboratory tests are only moderately accurate 
for predicting appendicitis. 

This strategy persists widely, although between one in three 
to five removed appendices will be healthy, 7,8 in spite of over 20 
years of evidence of the reduction in the number of unnecessary 
appendectomies using diagnostic imaging. 9,10 

Sonography of the Normal Appendix 

The normal appendix is elusive. It varies greatly in size (average, 
8 cm; range, 1-24 cm) and position (pelvic and retrocecal 
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being the most common). 11 With TAUS, the appendix is identi- 
fied as a thin, blind-ending tube, with a normal gut signature, 
in continuity with the cecal pole and arising several centimeters 
from the ileocecal valve. 

Sonographic identification of the normal appendix is diffi- 
cult and often only partial (see Fig. 4-8), because overlying 
loops must be compressed or displaced, and the healthy appen¬ 
dix is often coiled up. Identification rates for the normal appen¬ 
dix, in a population not presenting with suspected appendicitis, 
varies widely and is related to numerous factors, including tech- 
nique, operator experience, examination time, and patient body 
habitus. 

Sonography of Acute Appendicitis 

The earliest sonographic descriptions of acute appendicitis 
identified the dominant diagnostic criteria as a noncompress- 
ible, blind-ending tube, with a maximum outside diameter 
(MOD) less than 6 mm. More recent studies have shown normal 
appendices with diameters of more than 6 mm and lumen dis- 
tention by feces and/or air, confirming that this threshold diam¬ 
eter is unreliable unless included with other sonographic signs 
of appendiceal or extra-appendiceal inflammation 1213 (Box 
4-1). Requiring a combination of these criteria to be present, 
together with significant clinical evidence of acute appendicitis, 
reduces the number of false-positive diagnoses (Fig. 4-9). 


BOX 4-1 SONOGRAPHIC CRITERIA 
FOR APPENDICITIS 


Noncompressible blind-ending tube 
Lurmen distention (MOD > 6 mm) 

Wall thickness > 3 mm 
Loss of gut signature 
Hyperemia on Doppler scanning 
Hyperechoic periappendiceal fat thickening 
Local transducer tenderness 


Appendicoliths are frequently identified in asymptomatic 
patients with otherwise normal US appearances and are not a 
reliable indicator of inflammation. In focal appendicitis, the 
MOD may not exceed 6 mm, and the diagnosis may be missed 
if the entire appendix is not visualized. 14,15 The perforated 
appendix is even more elusive but may be most reliably identi¬ 
fied by loss of the hyperechoic appendiceal wall layer (indicat- 
ing transmural inflammation) and loculated periappendiceal or 
pelvic fluid collections. 16 The negative predictive value of a scan 
in which the appendix is not identified differs widely across 
studies but is more reliable when the operator regularly identi- 
fies a normal or abnormal appendix. 1 

The strategic place for TAUS in the imaging of acute appen¬ 
dicitis is considered later. 

Mimics of Acute Appendicitis 

The imaging objectives for patients referred with suspected 
acute appendicitis are to identify the inflamed appendix or 
a normal appendix and any other cause of presentation. The 
most common differentials are acute diverticulitis, gyneco- 
logic causes, and mesenteric adenitis (in children), but pro- 
spective studies have identified a number of frequent and 
less frequent mimics (Box 4-2) and documented the relevant 
TAUS features. 17,18 

These include a variety of conditions in which surgery is not 
indicated, and preoperative imaging diagnosis highly advanta- 
geous. In conditions such as epiploic appendagitis and rectus 
sheath hematoma, the sonographer has the diagnostic advan- 
tage of being guided to the point of tenderness. 

DIVERTICULITIS 

Acute colonic diverticulitis is a common cause for acute hospi¬ 
tal admission. 19 Patients are generally older adults but approxi- 
mately 15% are younger than 40 years. The strongest clinical 
diagnostic indicators are left iliac fossa pain, absence of 


Figure 4-9 Acute suppurative 
appendicitis. This 34-year-old 
woman presented with 3 days of 
RLQ (right lower quadrant) pain, with 
tenderness and guarding. A. Long 
view of thickened cecal pole (C) 
and appendix base (A) between 
the rectus (R) and psoas (P), with 
adjacent ileum (I). B and C. Axial 
power Doppler images of a 
hyperemic appendix on psoas (P) 
showing varying alterations in gut 
signature, local fat edema (F), and 
exudate on the serosal surface 
( arrow ). 











4 Ultrasound of the Hollow Viscera 


61 



Figure 4-10 Colonic diverticula. Axial image of the left colon 
reveals a thickened muscle layer (mp) interrupted by an echogenic 
diverticular neck (short arrow). The wall of the diverticulum is thin, 
with no muscle layer (long arrow). 


BOX 4-2 MIMICS OF APPENDICITIS 


Mesenteric adenitis 
Infectious enterocolitis 
Epiploic appendagitis 
Omental infarction 
Right colonic diverticulitis 
lleocecal Crohn's disease 
Intussusception 
Pelvic inflammatory disease 
Hemorrhagic ovarian cyst 
Urolithiasis 

Rectus sheath hematoma 

Data from Mimics of Appendicitis: Alternative nonsurgical diagno- 
sis with sonography and CT. AJR 186:1103-1112, 2006. 


vomiting, and C-reactive protein (CRP) > 50, but all three are 
only present in 25% of presenters. 0 Computed tomography 
(CT) is routine in most cases for diagnostic certainty and to 
identify the complications of abscess, obstruction, fistula, and 
perforation. However, TAUS is highly sensitive and specific for 
uncomplicated acute diverticulitis and for the primary compli- 
cation of pericolic abscess. 21 

Sonographic Features of Diverticula 

Diverticula appear as bright “ears” outside the bowel wall, with 
acoustic shadowing caused by the presence of gas or inspissated 
feces. At higher probe frequencies, a thinned diverticular wall 
may be demonstrated with a reduced gut signature because of 
the absence of muscularis propria. The neck of a diverticulum 
may be identified as an echogenic band traversing hypoechoic 
circular muscle, which is often thickened (Fig. 4-10). 

Sonographic Features of Diverticulitis 

An isolated inflamed diverticulum 22 is identified as an 
enlarged, echo-poor protrusion from the colon wall, with an 
ill-defmed margin surrounded by echogenic noncompressible 
fat (Fig. 4-11). The gut signature is obliterated by the inflam¬ 
mation. Inspissated feces may be seen as a central shadowing 
echogenicity. 
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Figure 4-11 Acute diverticulitis. Axial image of the left colon 
showing asymmetric thickening of the echo-poor muscle layer around 
the echogenic lumen. A bright gas echo is demonstrated in the 
inflamed diverticulum (arrow). 


Inflammation will commonly extend along the bowel, 
producing asymmetric or circumferential hypoechoic mural 
thickening that may be hyperemic on Doppler scanning. An 
intramural or pericolic abscess may be identified as an anechoic 
collection that may contain pockets of air or debris. 

INFLAMMATORY BOWEL DISEASE 

The prevalence of inflammatory bowel disease (IBD) in the 
United Kingdom is about 400/100,000, with ulcerative colitis 
(UC) almost twice as prevalent as Crohn’s disease (CD). Most 
of these patients will require hospital assessment, and many will 
require acute admission: The lifetime risk for surgery is 20% to 
30% for patients with UC and up to 70% to 80% for CD, 
depending on disease severity and location. 

The diagnosis of IBD is made by clinical assessment, sup¬ 
ported by a combination of laboratory tests, endoscopy and 
imaging. Establishing the location and extent of inflammatory 
lesions is critical to diagnosis, prognosis, and therapy. In CD, 
the behavior of disease at each site of involvement determines 
the likely clinical course. Penetrating disease producing fistulas 
and abscesses and stricturing disease results in episodes of 
obstruction. Although the location of disease is relatively stable 
over time, the course often changes. 24 

Sonographic Evaluation 

US is an accurate technique for the diagnosis of suspected 
IBD and evaluation of disease activity. It is less accurate 
for disease proximal to the ileum (L4) and for the rectum. 
However, over 70% CD patients have ileal or ileocolic disease 
at diagnosis. 24 

As with all imaging modalities, the features of IBD overlap 
with those of a wide range of intestinal pathologic conditions. 
A specific diagnosis of UC or CD can seldom be made with 
confidence on imaging alone, but specific features such as skip 
lesions, longitudinal ulcers, and fat wrapping should be sought. 

Bowel Wall Thickening. The primary imaging feature of IBD 
is bowel wall thickening (BWT). US has been shown to identify 






62 


SECTION I General Radiologic Principles 


Figure 4-12 Cobblestone 
mucosa in Crohn # s disease. This 
is a long image of the ileum, with 
the lumen filled with edematous 
mucosal islands (M). The outer 
layers of the gut signature are 
preserved ( arrows ). 



Figure 4-13 Acute ileitis in 
Crohn's disease. Shown are long 
(A) and axial (B) images of an ileal 
loop over the psoas (P) and iliac 
artery (IA). G as-fil I ed ulcers 
penetrate the thickened mucosa 
and submucosa (arrows). LN, 
Adjacent lymphadenopathy. 



wall thickening in patients with suspected CD with a sensitivity 
of 88% and specificity of 93% at a BWT threshold of 3 mm or 
more and a sensitivity of 75% and specificity of 97% at a BWT 
threshold of more than 4 mm. In UC, BWT can be used to 
identify the extent and grade the severity of inflammation and 
the response to therapy. 28 

Alteration in Gut Signature. The ability of TAUS to resolve the 
layers in a healthy bowel wall gives the potential to identify and 
characterize inflammatory behavior in wall layers, even at sub- 
threshold BWT. TAUS of inflamed segments may show the gut 
signature to be preserved, indistinct, or lost. 29 

Isolated thickening of the mucosa may be accompanied by 
interruption of the lumen interface echo (layer 1) because of 
sloughing of the mucosal surface and/or tiny bright echoes 
caused by gas in the mucosal ulcers. In severe cases, the mucosa 
may be thinned by sloughing of necrotic tissue. The combina- 
tion of ulcers and edematous mucosal islands produces the 
classic cobblestone appearance (Figs. 4-12 and 4-13). 

In UC and CD, inflammation may be confmed to the 
mucosa or mucosa and submucosa, resulting in thickening 
of these layers alone. Minimal thickening of the superficial 
layers may be judged in comparison with the muscularis 
propria, which is normally the thickest layer in all States of 
contraction. 

In UC, severe inflammation extending in to the submucosa 
reduces the echogenicity to the level of the adjacent muscle, 
producing a fiill-thickness hypoechoic ring. Hypoechoic wall 
thickening with complete loss of signature in CD indicates 
transmural inflammation, which may extend to produce an 



Figure 4-14 Acute ileitis in Crohn # s disease. Power Doppler 
signals indicate hyperemia of acute, active, inflammatory CD ileitis. 


irregular, mixed, hypoechoic inflammatory exudate on the 
serosal bowel surface. These changes may be circumferential or 
focal. Inflamed and normal bowel may be identified on the 
same axial circumference (skip lesion) that is strongly indicative 
of CD. Wedges of low-echo transmural inflammation on the 
mesenteric border have been shown to correlate with longitu¬ 
dinal ulcers (Fig. 4-14). 30 These are features of penetrating 
disease, with a high risk of abscess and fistulation. 
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Vascular Changes and Disease Activity. Actively inflamed 
bowel segments have an increased biood flow, which may be 
demonstrated with color Doppler or power Doppler imaging 
(see Fig. 4-14). Studies have shown this phenomenon to be 
helpful for distinguishing active inflammatory lesions from 
fibrotic strictures and monitoring response to medical thera- 
pies. 31 Evidence indicates that the use of US contrast media may 
further increase the diagnostic confidence when assessing per- 
fusion and help quantify this phenomenon/ 2 35 

Fat Wrapping. Cytokines released in response to transmural 
inflammation stimulate proliferation of mesenteric or subsero- 
sal fat, which creeps or wraps around the inflamed bowel 
segment. This sign is determined to be present when more than 
50% of the involved bowel circumference is encased and is a 
specific feature of transmural CD (Fig. 4-15). Fat wrapping 
correlates with histologic evidence of transmural inflammation 
and associated complications, such as fistulation. However, fat 



Figure 4-15 Penetrating Crohn's disease. Shown is an axial image 
of an inflamed ileum (I), with fat wrapping ( curved arrows) and 
full-thickness penetration ( broken arrow) extending to an adjacent 
abscess (A). 


wrapping is not a reliable indicator of the length of an involved 
CD segment because it does not occur over areas of more super- 
ficial disease. 36 

Locoregional Lymphadenopathy. Active intestinal CD is 
usually accompanied by mild to moderate lymphadenopathy in 
the adjacent mesentery. 

Stricturing Crohn’s Disease. Narrowing of the bowel lumen 
sufficient to cause impaired intestinal function and obstructive 
symptoms may be seen in active inflammatory segments (hot 
strictures) and in segments in which fibrosis predominates 
(cold strictures). Spasm and edema contribute to the narrowing 
of active disease segments and may rapidly respond to medical 
therapy. Persistent symptomatic stricture is the most common 
indication for surgery. 

In experienced hånds, TAUS accurately detects bowel steno¬ 
sis, particularly of more severely narrowed lesions likely to 
require surgical intervention, in which prestenotic dilation may 
make a short lesion conspicuous. 32 Active inflammatory stric¬ 
tures are hyperemic compared with normal bowel and with 
fibrotic strictures. Color and power Doppler demonstrate no 
vascular activity in healthy bowel wall but both demonstrate 
increased flow in the inflamed bowel wall and inflammatory 
masses. 

Penetrating Crohn’s Disease. About one in six patients with 
CD have penetrating lesions (abscess, fistula, inflammatory 
mass) at the time of diagnosis. 

Abscess and Phlegmon. Transmural inflammation extending 
out to and beyond the serosal bowel surface may be seen with 
US as an irregular, mixed, low-echo inflammatory exudate on 
the serosal surface, a mixed low-echo inflammatory mass 
between bowel loops (phlegmon), or an irregularly thick and 
walled collection with a liquid center (abscess). Abscesses may 
form between bowel loops or in adjacent structures, such as the 
abdominal wall (see Fig. 4-15). 

Fistula. Penetrating disease may progress beyond the serosal 
surface and interloop space to adjacent structures, creating an 
abnormal communication between the lumen of the disease 
bowel segment and adjacent bowel loops or any adjacent hollow 
organ (e.g., uterus, biadder). 

With US, fistulas are identified as irregular tubular hy- 
poechoic tracks, within which small hyperreflective air bubbles 
may occasionally be demonstrated. However, the presence of 
adjacent, indrawn, angulated bowel loops connected by mixed 
hypoechoic inflammatory exudate is highly suspicious of fis¬ 
tulation (Fig. 4-16). 37 



Figure 4-16 Crohn's disease fistula. 

A. Ultrasonogram of CD enterocolic fistula. 
Angulated ileal ( short arrow ) and colon ( long 
arrow ) loops are connected by echo-poor fistula 
(very small arrows ) with moving, bright gas 
echoes in real time. B. CT scan of CD enterocolic 
fistula. This same-day CT scan confirms an 
inflammatory mass involving the small and large 
bowels extending onto the posterior pelvic brim. 
A tiny gas bubble marks the fistula (arrow). (From 
Rodgers PM, Verma R: Transabdominal 
ultrasound for bowel evaluation. Radiol Clin 
North Am 51:133-148, 2013.) 
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MIMICS OF INFLAMMATORY BOWEL DISEASE 

Many of the imaging features of IBD are nonspecific and are 
shared with a wide range of pathologic conditions. The differ- 
ential diagnoses relevant to the clinical presentation must be 
considered and imaging features sought to aid differentiation. 

BOWEL ISCHEMIA 

Bowel wall ischemia may result from impaired biood supply 
(embolic, stenotic, or diminished cardiac output) or drainage 
(mesenteric venous thrombosis). Depending on the cause, the 
injury may be focal or diffuse, range from superficial mucosal 
to full thickness, and vary in severity from mild to fulminant 
and life-threatening. The colon is more vulnerable to ischemic 
injury; the left colon is the most commonly affected segment. 

The clinical picture is typically an older patient with 
abdominal pain, diarrhea, and rectal bleeding, with few clini¬ 
cal signs for the severity of symptoms. Ischemia produces 
mucosal and intramural necrosis, with associated edema and 
hemorrhage. 

The chief sonographic features of bowel ischemia are marked 
circumferential thickening of a longer (>10 cm) bowel segment 
with reduced perfusion (little or no Doppler flow). The gut 
signature may be preserved in superficial injury, and the sub- 
mucosal layer may be thickened by edema and hemorrhage. 
Full-thickness injury is more commonly accompanied by loss 
of the gut signature and peri-intestinal altered fat or fluid. 38,39 
Intramural air may be identifled by highly echogenic reflectors 
with acoustic shadowing. US contrast agents can demonstrate 
persisting perfusion and predict likely recovery in those with 
less severe injury (Fig. 4-17). Atypical presentations in younger 
patients with small bowel or more proximal gastrointestinal 
(GI) injury may be the result of autoimmune vasculitides, drugs 
(e.g., oral contraceptives, cocaine), fibromuscular dysplasia, and 
other rare conditions. These may mimic Crohns lesions, so 
documenting the Doppler Åndings is critical. 

INFECTIOUS ENTEROCOLITIDES 

Pseudomembranous Colitis (PMC) 

Pseudomembranous colitis (PMC) is a common, toxin-induced 
manifestation of intestinal infection Clostridium difficile. C. dif- 
ficile is the cause in 15% to 25% of cases of antibiotic-associated 
diarrhea. 41 

Sonographically, PMC is characterized by diffuse large 
bowel, often so severe that it effaces the lumen. The mucosa and 
submucosa become indistinguishable, with a mixed heteroge- 
neous striated echo pattern. The lumen and mucosal layer are 
interrupted by ulcers;, and the coalescent slough of pseudo- 
membranes is identifled as linear echogenic structures in the 
lumen (Fig. 4-18). Ascites is a common feature. 42,43 

Infectious lleocecitis 

Yersinia, Campylobacter, and Salmonella bacteria are well- 
known causes of acute, usually self-limiting, diarrheal illnesses 
but less commonly may produce an enteric infection confmed 
to the ileocecal region. In such cases, patients present with right 
iliac fossa pain and tenderness, and diarrhea may be minimal 
or absent. In more acute cases, this may result in unnecessary 
appendectomy or more protracted cases may be mistaken for 
Crohns disease or an appendix mass. 



Figure 4-17 Ischemic bowel. A. Longitudinal section of the 
descending colon ( arrows ) shows hypoechoic wall thickening, with 
barely visible stratification. Color Doppler sonography (not shown) 
detected only minimal flow in the periphery of the bowel wall. 

B. Contrast-enhanced ultrasound clearly demonstrated vascularization 
of this segment (arrows), requiring no urgent surgical intervention. 
(From Hollerweger A: Colonic diseases: The value of US examination. 
Eur J Radio! 64:239-249, 2007.) 

Ultrasound reveals a symmetric thickening of the wall of the 
terminal ileum and cecum confmed to the mucosal and submu- 
cosal layers, with no extension to the muscularis or serosa, or 
beyond into the mesentery. It has been reported that the extent 
of cecal and colonic involvement may vary with the specific 
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Figure 4-18 Pseudomembranous colitis. TVUS shows marked colon 
wall thickening, with mucosal breaks, blurred gut signature, and 
strong reflectors (pseudomembranes) formed by coalescing slough 
( arrows ). 


pathogen. 44 Local mesenteric lymph nodes are usually enlarged. 
The appendix is normal. 

Intestinal Tuberculosis 

Nonspecific symptoms such as abdominal pain, weight loss, 
anemia, and fever predominate, but patients may present with 
symptoms of intestinal obstruction or a palpable abdominal 
mass. 45 Tuberculosis usually involves the ileocecal segment but 
isolated ileal or jejunal disease does occur and is a particular 
feature of atypical varieties. 

Ultrasound features include bowel thickening with luminal 
narrowing and superficial or deep ulcers, typically involving the 
terminal ileum, ileocecal valve, and cecum (Fig. 4-19). Lymph- 
adenopathy is common and may form conglomerate masses. 
Bowel loops may be matted together by interloop exudates or 
abscesses. Ascites or peritoneal thickening may be identified. 46 

Strategic Place for Ultrasound 
in Bowel Imaging 

The current evidence-based consensus guidelines on imaging 
in IBD, produced jointly by ECCO (European Crohns and 
Colitis Organization) and ESGAR (European Society of Gastro- 
intestinal and Abdominal Radiology), document the significant 
contribution made by TAUS to the multimodality approach 
to IBD diagnosis and management. 27 Most of this is elective, 
and the high level of operator skiils needed for bowel sonogra- 
phy can be matched to the specific clinical need. Emergent 



Figure 4-19 Ileocecal tuberculosis. There is an irregular, echo-poor 
contracted cecum (short arrow), ileocecal valve (arrowhead) and 
thickened terminal ileum, with preserved stratification (long arrow). 


presentations are more likely to need management by CT, with 
the attendant concerns of radiation dose accruing over a life- 
time of disease. 

The role of TAUS in acute clinical presentations is more 
problematic, not least because of issues of training and avail- 
ability outside of office hours. Prospective comparative studies 
of the performance of CT and US in acute appendicitis favor 
CT (diagnostic value of graded compression ultrasonography— 
summary sensitivity of 0.78, summary specifkity of 0.83; diag¬ 
nostic value of CT—summary sensitivity of 0.91, summary 
specifkity of 0.90). 4 The authors of this meta-analysis and 
many others have only designated TAUS as a first-line test for 
children and younger or pregnant women to avoid exposure to 
ionizing radiation. 48,49 However, equivocal CT findings are a 
significant problem, with up to one third of these individuals 
having acute appendicitis. 50 TAUS can be a useful an adjunct to 
CT in equivocal cases. 51,52 

A stratified approach commencing with ultrasound using 
a high-frequency probe and proceeding to CT for inconclusive 
cases has been recommended. 5315 Low-dose CT techniques 
and/or limited scan areas have been demonstrated as effective 
while reducing radiation. 56 The effectiveness of the locally 
adopted imaging protocols should be reflected in the local 
negative appendectomy rate, perforation rate, and radiation 
dose monitoring. 
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Multidetector computed tomography (MDCT) is currently the 
premier imaging technique for evaluating luminal, mural, and 
mesenteric abnormalities of the gastrointestinal tract. Although 
magnetic resonance (MR) enterography is rapidly gaining 
acceptance as the method of choice in evaluating patients with 
Crohn’s disease, MDCT examinations of the entire abdomen 
and pelvis can be acquired in seconds with near-isotropic voxels, 
allowing for high-quality and clinically useful volume imaging. 
The CT datasets can be viewed in any plane, and 3D techniques 
can be used to display large datasets effectively and graphically 
in a user-friendly format that is understandable to referring 
physicians. 13 

Lumen Opacification 

Proper distention and marking of the bowel lumen are vital in 
detecting mural thickening and excluding mural masses and 
mesenteric and omental disease. There are a number of methods 
available to accomplish this goal; the choice depends on the 
clinical setting. 

In the emergent setting, in which bowel obstruction or intes- 
tinal ischemia is suspected, the intestinal secretions are usually 
sufficient to highlight the lumen, especially in a high-grade 


bowel obstruction. Orally administered contrast may be vomited 
and may remain in the stomach because of absent or dimin- 
ished gastrointestinal motility. Finally, in cases of suspected 
ischemia, positive oral contrast media often hamper the cre- 
ation of CT angiograms. 

As part of a general survey examination of patients with no 
localizing signs or symptoms, a study performed with positive 
luminal contrast material is often obtained. As a caveat, the 
assessment of mural and mucosal enhancement of the gut may 
be compromised with the positive contrast material. Addition- 
ally, positive intraluminal contrast will interfere with CT angi- 
ography and some 3D techniques. 

Air or carbon dioxide as an intraluminal contrast agent is 
used in the setting of CT gastroscopy and colonography. 

POSITIVE CONTRAST AGENTS 

Positive contrast opacification (>75-100 HU) of the gut is 
accomplished by giving 1% to 2% barium suspensions or 2% 
to 3% solutions of iodinated water-soluble agents (Fig. 5-1). 
The low percentage of barium requires commercial prepara- 
tions made specifically for CT, in which additives are used to 
ensure that the barium remains in suspension. 

In most patients, contrast material will reach the distal ileum 
within 45 minutes after initiation of drinking. Prolonged transit 
times are to be anticipated. Some common conditions altering 
the transit time include recent postoperative status, serum elec- 
trolyte disturbances, collagen vascular diseases (e.g., sclero- 
derma), hypothyroidism, and intestinal obstruction. Conversely, 
patients who are hyperthyroid, have syndromes with associated 
increased intestinal motility (e.g., carcinoid, islet cell tumor), or 
have infections (e.g., cryptosporidiosis, giardiasis) will display 
a significantly accelerated intestinal transit time. 

The choice between oral barium suspensions and water- 
soluble agents is dictated by the experience and preference of 
the radiologist. Water-soluble agents should be used exclusively 
for patients with abdominal trauma or a suspected perforated 
viscus, those who have a high likelihood of immediate surgery, 
and as an aid in percutaneous CT biopsy or other interventional 
procedures. 

NEUTRAL CONTRAST AGENTS 

Neutral contrast agents (0-25 HU) have several advantages 
over positive contrast agents for evaluating mucosal, mural, and 
serosal disease (Fig. 5-2). 4-11 They allow excellent depiction of 
mural enhancement of the gut without the algorithm under- 
shoot or overshoot that may accompany intraluminal high- 
attenuation, positive contrast, and low-attenuation gas. Neutral 
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Figure 5-1 Positive contrast opacification. Positive contrast 
within the lumen of the gut provides lumen distention and helps 
differentiate a collapsed bowel from masses, adenopathy, and 
abscesses. In this obese individual, the mesenteric vessels are well 
depicted. 



Figure 5-2 Neutral contrast opacification. Neutral contrast not 
only distends the lumen but also provides for easier evaluation of 
mural enhancement and the mesenteric vessels. 


contrast agents also facilitate the performance of CT angiogra- 
phy and other three-dimensional techniques. Neutral contrast 
agents include water, milk, lactulose, 0.1% solution of barium 
(VoLumen; Bracco Diagnostic, Princeton, NJ), and water with 
mannitol or polyethylene glycol. Water can be administered as 
an effective neutral contrast agent for the upper gastrointestinal 
tract, especially the stomach and duodenum. However, it is less 
effective in distending the more distal bowel because it is nor¬ 
mally absorbed before reaching the distal ileum. 

These neutral agents are also helpful when performing CT 
angiography for staging and preoperative evaluation of hepatic, 
biliary, and pancreatic malignancies. Regardless of the agent, 
consistent opacification and/or distention of the jejunum 
remains a challenge. Unlike the standard small bowel series, 
periodic overhead films are not obtained before a CT. Thus it 
is impossible to determine the best time to scan in relation to 
proximal small bowel opacification and distention. 

GAS CONTRAST 

Gaseous distention of the stomach is important when evaluat- 
ing mucosal and mural disease. It has been used with great 
success in CT gastrography for the diagnosis and staging of 
upper gastrointestinal malignancies. 12 ' 14 

For CT colonography, room air or carbon dioxide is insuf- 
flated per rectum (Fig. 5-3). Adequate gaseous distention of the 
colon is very important for image interpretation because sig- 
nificant lesions may be obscured in a collapsed segment of 
colon. 1519 A complete discussion of this technique is presented 
in Chapter 53. 

Vascular Opacification 

Opacification of the biood vessels is essential for complete 
evaluation of inflammatory, infectious, neoplastic, vascular, 
and traumatic diseases of the gastrointestinal tract. Obviously, 
this cannot be performed in all clinical settings (e.g., in 
cases of poor renal function or poor venous access). For 
general diagnostic cases, 100 to 150 mL (depending on con- 
centration) of nonionic contrast is administered at a rate of 
3 mL/s with a power injector. If CT angiography or other 
3D techniques are to be performed, the rate is increased to 
5 mL/s. Many sites use some form of bolus tracking as a 
method of timing the scan in relation to the level of arterial 
opacification. 

One of the advantages of MDCT is that multiple datasets can 
be acquired with a single bolus of contrast. The following pos- 
sible imaging times may be used when imaging the abdomen 
and pelvis—unenhanced, early arterial phase (20 seconds); late 
arterial-enteric phase (40 seconds); portal venous phase (70-90 
seconds); equilibrium phase (210 seconds); and delayed phase 
(15-20 minutes). 

For general survey abdominal imaging, obtaining scans 
during the portal venous phase is adequate. When assessing the 
viability of bowel, searching for a source of gastrointestinal 
hemorrhage, evaluating the cirrhotic liver, and searching for 
hypervascular metastases, it is useful to obtain noncontrast 
scans as well as scans during the later hepatic arterial and portal 
venous phases. When CT angiography is performed, scans 
should be obtained during the early arterial phase. The enteric 
phase corresponds to the late arterial phase and has been found 
useful for evaluating Crohns disease activity. 
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Figure 5-3 Gas opacification. Distention of the lumen of the gut is 
an important part of CT colonography. 


Normal Bowel Wall 

Almost all significant pathology of the bowel wall results in 
mural thickening, which is often accompanied by changes in the 
attenuation of the bowel wall caused by edema, hemorrhage, 
tumor, fat, or gas. Two of the most common pitfalls in interpret- 
ing CT examinations of the gut are (1) confusing an insuffi- 
ciently distended loop of bowel for pathologic thickening and 
(2) mistaking an inadequately opacified bowel loop for an 
abdominal mass. Techniques for achieving lumen distention are 
in the preceding section. 

ESOPHAGUS 

The esophagus has a length of 23 to 25 cm in the average adult. 
The wall of the distended esophagus is 3 mm in thickness (Fig. 
5-4). When the esophagus is not distended, the wall may 
approach 5 to 7 mm. It may be very difficult to differentiate 
diffuse and even focal esophageal disease if the lumen is not 
distended (a common occurrence). Furthermore, a hiatal hernia 
commonly has the appearance of focal wall thickening. The 
cervical esophagus lies posterior to the trachea in the midline. 
It may normally bulge into the posterior aspect of the trachea 
because of the limited space of the neck. 



Figure 5-4 Normal esophagus. On this sagittal reformatted image 
of the thorax, the normal esophagus is depicted as a thin-walled 
tubular structure. Note that it courses posterior to the left mainstem 
bronchus (red arrow) and left atrial appendage (black arrow). 


At the level of the thoracic inlet, the esophagus courses to 
the left of the midline and then lies adj acent to the left main 
stem bronchus and pericardium of the left atrium in the mid- 
thorax. More distally, the esophagus lies anterior to the descend- 
ing aorta to the left of the midline as it enters the esophageal 
hiatus of the diaphragm. Normally, the thoracic esophagus 
should not indent the trachea, and there should be a triangle of 
fat between the aorta, spine, and esophagus distally. In patients 
with invasive esophageal carcinoma, the trachea is bowed along 
its posterior aspect by the esophageal tumor. More distally, inva¬ 
sive esophageal neoplasms obliterate the triangle of fat. 

Contrast-enhanced examinations should show uniform 
mural enhancement of the esophagus, without mural stratifica- 
tion. 

STOMACH 

The stomach is a functionally and anatomically dynamic organ, 
and its appearance depends on the degree of luminal distention 
and gastric location (Fig. 5-5). For the well-distended, nonde- 
pendent gastric fundus and body, a wall thickness of up to 
5 mm is considered normal. 20 The mural thickness of the 
antrum, however, is affected by anatomic and functional factors 
that make it normally thicker than other portions of the 
stomach. The gastric smooth muscle, particularly the circular 
layer, is thicker and denser in the antrum compared with more 
proximal portions of the stomach. Periodic concentric and 
eccentric antral contractions, as seen fluoroscopically, also con- 
tribute to the apparent mural thickening of the stomach. 

When the normal stomach is distended with neutral con- 
trast, enhancement of the mucosa may be seen, highlighted 
against the lower attenuation mucosa and muscularis propria. 
Up to 25% of patients show linear submucosal low attenuation 





70 


SECTION I General Radiologic Principles 



Figure 5-5 Normal stomach. Axial (A) and coronal reformatted 
(B) images show a thin gastric wall. Often, the antrum is slightly 
thicker than the more proximal stomach. 


or mural stratification in the antrum on contrast-enhanced 
MDCT examination. This may be partly the result of fat deposi¬ 
tion in the submucosa. 

SMALL BOWEL 

The normal small bowel is approximately 22 feet long and is 
suspended by a root that measures 6 to 9 inches and courses 
from the level of the ligament of Treitz caudally to the level of 
the ileocecal valve. As with conventional barium small bowel 
examinations, there are more valvulae conniventes in the 
jejunum than in the ileum. The normal small bowel wall mea¬ 
sures between 1 and 2 mm when the lumen is well distended 
with a positive, neutral, or air contrast medium (Fig. 5-6). 
When collapsed, the normal mural thickness of the small bowel 
measures between 2 and 3 mm. 

The normal small bowel wall appears to have the greatest 
level of enhancement during the enteric phase (approximately 
40 seconds, after initiation of the contrast injection). 21 This 
investigation did not take into account the location of the 
small bowel when assessing bowel wall enhancement. Some 
investigators think that this is the ideal time to scan in patients 
with Crohns disease. Other investigators, using timedMRscan¬ 
ning after the injection of contrast, have shown that the 
maximal difference between normal and active inflammatory 



Figure 5-6 Normal small bowel and colon. Coronal reformatted 
image shows nice distention of the small bowel and colon by positive 
contrast. The high-density intraluminal material limits assessment of 
the enhancement of the bowel wall. 


small bowel Crohns disease occurs much later, even several 
minutes after contrast injection. Furthermore, one investiga¬ 
tion has shown that there is no significant difference in detect- 
ing the CT features of Crohns disease at 40 and 70 seconds 
postcontrast. 23 

Regardless, the wall of collapsed segments of the small bowel 
has a greater attenuation than the wall of distended loops. Also, 
because the duodenum has more folds than the jejunum and 
the jejunum has more than the ileum, the duodenum enhances 
more than the jejunum and the jejunum enhances more than 
the ileum. 24 Because collapsed small bowel loops have increased 
attenuation, similar to that of inflamed bowel loops, secondary 
Åndings of infectious or inflammatory small bowel disease (e.g., 
stratified enhancement pattern, engorged vasa recta, creeping 
fat of the mesentery, enlarged lymph nodes) should be consid- 
ered (see Chapter 41). 

COLON 

The thickness of the colon wall as imaged on MDCT depends 
on the degree of distention. Fecal contents, fluid, colonic redun- 
dancy, and muscular hypertrophy (myochosis) make accurate 
determination of the true colonic wall thickness difficult. The 
normal colon wall (see Fig. 5-6) is normally less than 4 mm 
thick with proper distention. The normal wall is typically 
homogeneous in attenuation. With obesity becoming increas- 
ingly prevalent, submucosal fat is being identified in otherwise 
normal patients throughout the gut, but particularly in the 
colon. 
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Bowel Wall: Pathologic Changes 

HOW TO EXAMINE THE BOWEL WITH MDCT 

MDCT findings using thin section reconstructions (<l-2 mm), 
often overlapping, can be reconstructed in multiple planes. As 
in plain film radiography, orthogonal views are essential to 
assess the small bowel. We find that the axial and coronal planes 
are most helpful, with occasional sagittal reconstruction, espe- 
cially if mesenteric artery occlusion is an important part of the 
investigation (i.e., ischemic bowel). Without orthogonal views, 
segments of the bowel may not be adequately assessed. Further- 
more, in patients with Crohn s disease, strictures and fistulas 
may not be identified. As an added benefit, surgeons and gas- 
troenterologists are more familiar with viewing the small bowel 
in the coronal plane. 

When viewing MDCT depictions of the bowel, especially 
the small bowel, we find that the routine scrolling on a work¬ 
station from superior to inferior and back, as well as anterior 
to posterior, allows the radiologist to follow bowel loops from 
the jejunum to ileum in a continuous fashion. Also, viewing 
the images in this volume fashion, changing Windows and 
levels as needed, can detect mural abnormalities and distinguish 
the small bowel from mesenteric processes. Viewing the bowel 
with narrow Windows, similar to liver windowing and leveling, 
can facilitate detection of hypervascular small bowel tumors, 
vascular abnormalities of the bowel wall (arteriovenous mal- 
formations and Dieulafoy lesions), and the mural hyperen- 
hancement identified in active, inflammatory Crohn’s disease. 
Changing the window and level back to a soft tissue window 
after assessing the small bowel will facilitate identification of 
mesenteric abnormalities, which might have been missed using 
the narrow windowing and leveling. This dynamic volume 
interpretation is a demanding process but, once mastered on 
a modern interpreting workstation, can be performed rapidly 
and efficiently. 

EVALUATION OF THE ABNORMAL GUT 

Mural thickening is the pathologic hallmark of gastrointestinal 
disease. When evaluating the abnormal gut, the following fea¬ 
tures should be carefully analyzed: mural attenuation and 
enhancement patterns (Table 5-1); degree of mural thickening 
(Table 5-2); symmetry of bowel wall thickening (Table 5-3); and 
length of the diseased segment (Table 5-4). Wittenberg and col- 
leagues described a classification system for the abnormal bowel 
wall as depicted by MDCT (Fig. 5-7). 2 Regardless of enhance¬ 
ment patterns, symmetry of the bowel wall thickening, and 
length of the diseased segment, the thicker the bowel wall, the 
more likely that neoplastic disease is present. As a good rule of 
thumb, confirmed in the literature as well as anecdotally, wall 
thickening of 1.5 cm or less is infectious and/or inflammatory 
and wall thickening more than 1.5 cm is neoplastic. Between 1 
and 2 cm, there is overlap between the categories. Additionally, 
neoplastic disease tends to cause asymmetric wall thickening, 
but this general rule holds true for over 90% of cases. 26 

White Attenuation Pattern 


Patterns of Attenuation 


I. Homogeneous 

A. Common 

1. Submucosal hemorrhage 

2. Lymphoma 

3. Small adenocarcinoma 

B. Uncommon 

1. Infarcted bowel 

2. Pitfalls related to residual fluid 

3. Chronic Crohn's disease 

4. Chronic radiation injury 

II. Heterogeneous 

A. Stratified attenuation 

1. Common 

a. Ischemia 

b. Infectious enterocolitis 

c. Crohn's disease, ulcerative colitis 

d. Vasculitis, lupus, Henoch-Schonlein purpura 

e. Radiation 

f. Bowel edema related to cirrhosis or low-protein State 
q. Anqioedema from anqiotensin-convertinq enzyme 

(ACE) inhibitors 

2. Uncommon 

a. Infiltrating scirrhous carcinoma (usually stomach or 
rectum) 

b. Residual fluid and contrast material 

c. Submucosal fat deposition 

d. Pneumatosis 

B. Mixed attenuation, common 

1. Large adenocarcinoma 

2. Gastrointestinal stromal tumor 

3. Mucinous adenocarcinoma 

Modified from Macari M, Balthazar EJ: CT of bowel wall: Significance 
and pitfalls of interpretation. AJR 176:1105-1116, 2001; Appendix 1, 
p 1115. 


5-2 


Degree of Mural Thickening 


I. Mild thickening (<2 cm) 

A. Common 

1. Infectious enterocolitis 

2. Ulcerative colitis 

3. Crohn's disease 

4. Radiation injury 

5. Ischemia (generally <1 cm) 

6. Bowel edema in cirrhosis 

7. Submucosal hemorrhage (generally >1 cm) 

8. Angioedema from ACE inhibitors 

B. Uncommon 

1. Adenocarcinoma 

2. Lymphoma 

II. Marked thickening (>2 cm) 

A. Common 

1. Adenocarcinoma, gastrointestinal stromal tumor, 
metastases, lymphoma 

2. Severe colitis 

3. Systemic lupus erythematosus 

B. Uncommon 

1. Crohn's disease, tuberculosis, histoplasmosis, 
cytomegalovirus 

2. Submucosal hemorrhage 


When the diseased segment of gut demonstrates contrast 
enhancement to a degree equal to or greater than that of venous 
opacification on the same scan, this indicates abnormal enhance¬ 
ment (Fig. 5-8A). Avid mural contrast enhancement is probably 


Modified from Macari M, Balthazar EJ: CT of bowel wall: Significance 
and pitfalls of interpretation. AJR 176:1105-1116, 2001; Appendix 2, 
p 1116; and Macari M, Chandarana H, Balthazar E, Babb J: 

Intestinal ischemia vs intramural hemorrhage: CT evaluation. AJR 
180:177-184, 2003. 
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TAB LE 


I. Symmetric 

A. Infections of the small and large bowel 

B. Ulcerative colitis 

C. Crohn's disease 

D. Radiation injury 

E. Ischemia 

F. Bowel edema in cirrhosis 

G. Lymphoma 

H. Submucosal hemorrhage 

II. Asymmetri c 

A. Adenocarcinoma (mural or endoenteric) 

B. Gastrointestinal stromal tumor (exoenteric) 

C. Carcinoid tumor (mural or endoenteric) 

D. Metastatic disease (mural or endoenteric) 

E. Lymphoma (can be both symmetric and asymmetric) 

Modified from Macari M, Balthazar EJ: CT of bowel wall: Significance 
and pitfalls of interpretation. AJR 176:1105-1116, 2001; Appendix 3, 

p 1116. 


Symmetry of Mural Thickening 



Length of Mural Thickening 


I. Focal (<10 cm) 

A. Common 

1. Diverticulitis, appendicitis 

2. Adenocarcinoma 

B. Uncommon 

1. Lymphoma 

2. Tuberculosis 

3. Crohn's disease 

II. Segmental (10-30 cm) 

A. Common 

1. Lymphoma 

2. Crohn's disease 

3. Infectious ileitis 

4. Radiation 

5. Submucosal hemorrhage (<15 cm, >1 cm thickness in 
relation to ischemia) 

6. Ischemia (>30 cm, <1 cm thickness in relation to 
hemorrhage) 

B. Uncommon—systemic lupus erythematosus 

III. Diffuse 

A. Common 

1. Ulcerative colitis 

2. Infectious enterocolitis 

3. Edema from low protein and cirrhosis 

4. Systemic lupus erythematosus 

B. Uncommon—ischemia 


Modified from Macari M, Balthazar EJ: CT of bowel wall: Significance 
and pitfalls of interpretation. AJR 176:1105-1116, 2001; Appendix 4, 
p 1116; and, Macari M, Chandarana H, Balthazar E, Babb J: 
Intestinal ischemia vs intramural hemorrhage: CT evaluation. AJR 
180:177-184, 2003. 


related to inflammation, vasodilation, and/or injury to intra¬ 
mural vessels with interstitial leakage of the contrast medium. 
This pattern of enhancement is usually seen in patients with 
acute inflammatory and infectious bowel disease, reflecting the 
hyperemic and hypervascular State found with acute inflamma¬ 
tion and infection. 

Vascular disorders such as shock bowel also may manifest 
with the white attenuation pattern. The increased vascular per- 
meability and slowed perfusion that accompanies hypoperfu- 
sion permits the interstitial leakage of molecules of contrast 
material. Delayed venous drainage and altered vascular 



White Gray Target Target Gas 

water fat 


Figure 5-7 Classification scheme for mural thickening of the 
gastrointestinal tract. 


permeability are also responsible for this sign in patients with 
bowel ischemia. 

On non-contrast-enhanced scans, intramural hemorrhage 
will produce a hyperdense bowel wall (Fig. 5-8B). 

Gray Attenuation Pattern 

In this pattern, thickened bowel wall shows little enhancement 
and a homogeneous attenuation comparable with that of 
enhanced muscle (Fig. 5-9). This pattern should only be diag- 
nosed if the intravascular contrast levels are adequate. Malig- 
nancy should be suspected in thickened segments of gut 
that show minimal enhancement and do not exhibit mural 
stratification. 

Adenocarcinomas of the gastrointestinal tract are endoen¬ 
teric lesions and usually show the uniform, gray enhancement 
pattern unless there are focal regions of necrosis. Lymphomas 
are also endoenteric and usually show a greater degree of wall 
thickening, generally more symmetric than adenocarcinoma, 
and are also homogeneous in attenuation. Gastrointestinal 
stromal tumors and metastases are exoenteric (the epicenter of 
the mass is outside the bowel wall and lumen) and often cause 
mural thickening, but are typically inhomogeneous in attenua¬ 
tion. They also commonly ulcerate. 

In patients with Crohn’s disease, the presence of a thick 
nonenhancing segment suggests the fibrostenotic disease. 
However, fibrostenotic disease is almost always associated with 
some level of inflammation, in which case there will often be 
some level of stratified hyperenhancement (see Chapter 41). 

Water Halo Pattern 

The water halo pattern is usually seen in patients with active 
infectious, inflammatory, ischemic disorders of the gastrointes¬ 
tinal tract (Fig. 5-10). The bowel, when viewed in the axial 
plane, has a target or bull’s-eye appearance. An enhancing, 
central, higher density mucosal layer is surrounded by a water 
density submucosa that in turn is surrounded by a higher 
density muscularis propria. 

Fat Halo Pattern 

Fat in the submucosa of the gut produces the fat halo pattern 
(Fig. 5-11). It has lower attenuation than the grayer tone of the 
water halo sign. Although this flnding can be seen in the small 
bowel and colon because of chronic Crohn’s disease and in the 
colon because of ulcerative colitis, submucosal fat deposition in 
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Figure 5-8 White enhancement pattern. A. Coronal reformatted 
image shows a uniformly, densely enhancing distal ileal loop caused 
by active Crohn's disease. There is disproportionate fat stranding 
surrounding this inflamed loop. Note the engorged vasa recta. This 
pattern is seen in patients with acute inflammatory bowel disease and 
shock bowel. B. On unenhanced scans, a hyperdense bowel wall 
( arrows ) can be seen with intramural hemorrhage. A thickened 
segment of ileum is identified in this patient with systemic lupus 
erythematosus. 



Figure 5-9 Gray enhancement pattern. The thickened wall of the 
gastric antrum in this patient with adenocarcinoma of the stomach 
shows uniform, gray enhancement. Malignancies do not typically 
demonstrate mural stratification. 


the stomach, duodenum, small bowel, and colon is now under¬ 
stood to be a fairly common, benign finding, generally found 
in obese individuals. 27,28 This finding may also be seen in 
patients who are not obviously obese (Fig. 5-12). The rapid 
accumulation of submucosal fat has also been reported in 
patients undergoing cytoreductive surgery for lymphoprolifera- 
tive and myeloproliferative disorders and graft-versus-host 
disease. 

Black Attenuation Pattern 

Bowel pneumatosis should always be considered as a sign of 
acute injury—ischemic, infectious, or traumatic (Fig. 5-13). 
Any disease process that compromises the integrity of the 
mucosa can introduce intramural gas. The presence of intra¬ 
mural gas can herald an abdominal catastrophe and must 
be viewed with suspicion. It can be seen as a benign process 
in patients with pneumatosis cystoides intestinalis, scleroderma, 
or other connective tissue disease that weakens the integrity 
of the bowel wall and in the setting of enteral catheters (Fig. 
5-14). 

One must detect small intramural collections of gas and 
avoid confusing them with pseudopneumatosis. Gas bubbles 
can ding to the mucosa in the dependent portion of the bowel 
lumen, adjacent to the wall and not rising to the nondependent 
lumen, adj acent to the wall. Furthermore, in some patients with 
viscous intestinal secretions, gas may be displaced in the periph- 
ery of the lumen circumferentially. Differentiating this from 
pneumatosis at times can be very difficult. Careful scrutiny of 
the gas location in relation to the wall using wide, lunglike 
Windows, is helpful in making this differentiation. Pneumatosis 
should be surrounded on all sides by the small bowel wall. 
Similar to the small bowel, gas bubbles in the colon may become 
trapped between fecal debris and mucosa. 








Figure 5-10 Water halo 
enhancement pattern. A. Axial 
CT of the descending colon in a 
patient with cytomegalovirus 
colitis. B. Corresponding line 
diagram. Mural stratification with 
a target pattern is typical of acute 
infectious, inflammatory, and 
ischemic enterocolitides. There is 
an inner ring of enhancing 
mucosa surrounded by a 
hypodense ring caused by 
submucosal edema, which in turn 
is surrounded by enhancing 
muscularis propria. 




Figure 5-11 Fat halo enhancement pattern. In this patient with 
chronic ulcerative colitis, fat is present within the submucosa. The 
lumen of the rectum is narrow, and there is an increase in the 
presacral space because of fatty deposition. 



Figure 5-12 Fat halo enhancement pattern. This nonobese patient 
(body mass index [BMI] = 23.73) is not on steroids and does not have 
Crohn's disease. There is fat in the submucosa of the terminal ileum 
( arrow ). 
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Figure 5-13 Black enhancement pattern. A. Scan of the pelvis 
displayed with lung Windows shows intramural gas with ischemic 
necrosis of a segment of ileum. B. CT scan of the liver of this patient 
shows extensive portal venous gas. 
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Figure 5-14 Black enhancement pattern. Plain abdominal x-ray 
(A) and MDCT scan (B) show intramural gas ( arrows ) in multiple loops 
of small bowel, 1 day after the operative placement of a jejunal 
feeding tube. 



Figure 5-15 Engorged vasa recta. There is engorgement of the 
vasa rectae of the ileocolic mesentery in this patient with Crohn's 
disease, the so-called comb sign. Infectious and inflammatory 
enterocolitides tend to be more vascular than malignancies. 


of ischemic, infectious, inflammatory, trauma, and malignant 
disorders. 

BLOOD VESSELS 

When a thickened segment of gut is supplied by engorged 
biood vessels (vasa recta along the mesenteric border), the 
disease most likely is infectious or inflammatory (Fig. 5-15). 
In the small bowel, mural thickening can be seen in Crohn’s 
disease and lymphoma. If the vasa recta supplying the affected 
segment are engorged (often referred to as the comb sign), 
then the disease is most likely Crohn’s disease. Similarly, in 
a patient with mural thickening of the sigmoid colon, the 
presence of engorged vasa recta (the Caterpillar sign) is more 
suggestive of the diagnosis of diverticulitis as opposed to colon 
cancer. 


Mesenteric and Omental Fat Disease 

Careful evaluation of the attenuation, vascularity, and lymph 
nodes of the fat within the subperitoneal spaces surrounding 
the gut provides important information about the disease 
in the adjacent bowel segment. There are six abdominal 
mesenteries—small bowel mesentery, transverse mesocolon, 
sigmoid mesocolon, ascending mesocolon, descending meso¬ 
colon, and mesoappendix. There are two omenta, the lesser 
and greater omentum. They may be involved by any number 


SEROSAL AND SUBPERITONEAL FAT DENSITY 

Comparing the degree of soft tissue stranding in the fat sur¬ 
rounding an abnormal segment of gut and the associated mural 
thickening is an important clue to diagnosing patients with 
acute abdomen. Inflammatory condition such as appendicitis, 
diverticulitis, epiploic appendagitis, and omental infarction are 
associated with disproportionate fat stranding (Fig. 5-16). In 
other words, the amount of fat stranding is greater than the 
degree of mural thickening. 29 In patients with small bowel 
obstruction, engorged vasa recta supplying the obstructed 
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Figure 5-16 Disproportionate fat stranding: Epiploic 
appendagitis. There is an inflamed ischemic epiploic appendage 
( arrow) adjacent to a slightly thickened segment of descending colon. 
Note the stranding in the adjacent fat. 


segment is a finding that can be seen in closed loop obstruction 
and in patients with venous compromise. 

Creeping fat of the mesentery is a common finding in 
patients with Crohns disease. This abnormal fat often demon- 
strates prominent lymph nodes and engorged vasa recta (see 
Chapter 38) and causes separation of bowel loops. Small bowel 
carcinoid tumors induce an intense desmoplastic reaction in 
the mesenteric fat. In classic cases, there is an enhancing, central 
soft tissue mass in the mesentery. There are radiating spokes 
from the mass extending peripherally in the mesenteric root, 
extending outward toward the small bowel, thickening the 
small bowel wall, and creating a retractile appearance on CT 
(see Fig. 5-15). 

Neoplasms also produce changes in the subperitoneal fat of 
the adjacent mesentery or omentum. Tumor invasion in to the 
pericolic fat results in more sharply defined and thicker dense 
strands than those found with inflammation and infection. 
Spikelike densities correlate with pathologic findings of tumor 
extension through the serosa into perienteric fat. 

LYMPH NODES 

The evaluation of mesenteric and omental lymph nodes is an 
important part of assessing abnormal bowel disease (Fig. 5-17). 
Mesenteric lymph nodes are enlarged if they exceed 5 mm in 



Figure 5-17 Adenopathy. Enlarged lymph nodes are identified in 
the mesorectal fat in this patient with a thickened rectal wall caused 
by adenocarcinoma. The presence of adenopathy favors a malignant 
as opposed to a benign cause of the bowel wall thickening. 


the short axis, 3 but mesenteric lymph nodes can be caused by 
infection, inflammation, and tumor (Fig. 5-18). As a general 
rule, when the lymph node size is disproportionately greater 
than the mesenteric or omental inflammatory response, a 
malignancy should be considered. The number and location of 
these lymph nodes is also another important consideration. 31 

In patients with mural thickening of the sigmoid colon, dif- 
ferentiating colon carcinoma from diverticulitis is a common 
clinical problem. Patients with carcinoma often have large 
lymph nodes in the sigmoid mesocolon and a greater degree of 
mural thickening, and tend to have acute, irregular, and eccen- 
tric margins. Diverticulitis produces disproportionate fat 
stranding, the length of involvement is longer, and lymph nodes 
are typically normal in size. 

Patients with Crohns disease will often have enlarged mes¬ 
enteric lymph nodes (sometimes as large as 1.5 to 2 cm in the 
short axis, but generally <1-1.5 cm in the short axis) in the 
mesentery adjacent to the involved segment of gut. When 
patients with Crohns disease have nodes more than 1.5 to 2 cm 
in the short axis, the radiologist must scrutinize the adjacent 
bowel wall for the possibility of a complicating adenocarcinoma 
or lymphoma (if the patient has been on long-term, anti-tumor 
necrosis factor [TNF] therapy). Gastrointestinal infections and 
mesenteric adenitis often produce mildly enlarged lymph nodes 
as well. However, adenopathy in these cases is less impressive 
than that found in patients with lymphoma. 

The attenuation of the lymph nodes can also help narrow 
the differential diagnosis. A fat-containing lymph node can be 
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Figure 5-18 Calcifications. Mesenteric calcifications are identified in 
the ileocolic mesentery in this patient with an obstructing ileal 
carcinoid (arrow). Note the increased stranding of the mesentery 
resulting from the desmoplasia induced by the vasoactive peptides 
secreted by these tumors. 


seen in patients with sprue and giant cavitary lymph node 
syndrome. If the low-attenuation lymph node demonstrates a 
rim of contrast enhancement or calcifications, infections such 
as tuberculosis, other mycobacterial infections, and histoplas- 
mosis should be considered. Mucinous tumors of the colon may 
also produce low-attenuation metastatic lymph nodes. In 
patients with acquired immunodeficiency syndrome (AIDS), 
high-attenuation lymph nodes suggest the diagnosis of Kaposi’s 
sarcoma. 

Carcinomas of the stomach, small bowel, and colon may 
only infiltrate a lymph node without necessarily increasing its 
size. Accordingly, any normal-sized lymph nodes near a gastro¬ 
intestinal tract malignancy, especially if three or more in 
number, must be viewed with suspicion. Local lymph nodes 
associated with carcinoid tumors may calcify. 

CALCIFICATIONS 

Omental and mesenteric calcifications can develop in a number 
of benign and malignant disorders of the abdomen and pelvis. 
Carcinoid tumor often presents with a calcified mass in the 
mesentery associated with tethering of adjacent small bowel 
loops (see Fig. 5-18). The vasoactive peptides secreted by these 
tumors cause a local desmoplastic reaction, with retraction 
of the mesentery, kinking of the adj acent loops, and mur al 



Figure 5-19 Calcifications. Axial (A) and coronal (B) MDCT scans 
show mesenteric calcifications within a soft tissue mesenteric mass 
caused by sclerosing mesenteritis. Although the calcification is more 
confluent and dense (arrow) than generally seen in carcinoid, only a 
biopsy can confirm the diagnosis. 


thickening. Sclerosing mesenteritis is another entity commonly 
causing intense, often confluent, dense calcification in a mesen¬ 
teric root mass (Fig. 5-19). It can be difficult to differentiate 
sclerosing mesenteritis from a carcinoid, but in general the cal¬ 
cification in sclerosing mesenteritis is much more dense and 
confluent. Biopsy is often the only way to make the differentia¬ 
tion. Foci of mesenteric and omental calcifications can also be 
seen in patients with metastatic mucinous ovarian and gastro¬ 
intestinal tract neoplasms. Finally, calcified lymph nodes, gener¬ 
ally rim-calcified, can be seen, often with an obscure cause. 
These are considered benign in most cases. 
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Magnetic resonance imaging (MRI) of the gastrointestinal tract 
takes advantage of the inherent outstanding soft tissue contrast 
of MRI to provide excellent depiction of inflammatory, infec¬ 
tious, ischemic, and neoplastic gastrointestinal diseases. By 
combining fast imaging pulse sequences with intraluminal and 
intravenous (IV) contrast agents, MRI can show the normal 
and diseased bowel wall as well as adjacent inflammatory and 
neoplastic changes involving the mesentery, peritoneum, and 
omentum. 1 ' 5 

Imaging the gastrointestinal tract presents significant chal- 
lenges that can be met with current MRI techniques. In the past, 
slower MR pulse sequences required several minutes to acquire, 
resulting in degraded image quality because of bowel peristalsis 
and respiratory motion. Current high-held MR scanning rep¬ 
resents a confluence of hardware and software development 
that has resulted in fast MRI scans, obtained in a few seconds. 
Breath-hold precontrast and dynamic breath-hold, contrast- 
enhanced MRI of the abdomen and pelvis can easily be per- 
formed, with outstanding image quality. 

Extracellular IV MR contrast agents are relatively inexpen- 
sive and have a long track record of safety and effkacy for 
evaluating abdominal diseases. Intraluminal contrast agents can 
be administered using over-the-counter (OTC) agents or com- 
mercially available oral contrast material. 

Protocols for Magnetic Resonance 
Imaging of the Gastrointestinal Tract 

MRI of the gastrointestinal (GI) tract uses rapid breath-hold 
acquisitions to minimize motion artifacts. Each manufacturer 


has pulse sequences available that can be optimized for MRI of 
the GI tract. Although they have different acronyms, similar 
pulse sequences and image types are available on scanners from 
all the major MR manufacturers. The specific pulse sequence 
parameters, however, will be vendor-specific. 

For a general evaluation of the GI tract, we use breath-hold, 
single-shot (SS) rapid acquisition with relaxation enhancement 
(RARE) imaging in the axial and coronal planes. 13 This pulse 
sequence is known by a number of different acronyms, includ- 
ing single-shot fast spin-echo (SSFSE), single-shot turbo spin- 
echo (SSTSE), and half-Fourier acquisition single-shot turbo SE 
(HASTE). These single-slice images are breathing-independent 
and are thus insensitive to respiratory or peristaltic motion. 
They provide heavily T2-weighted images and an excellent 
overall abdominal and pelvic survey. Water-soluble intralumi¬ 
nal contrast material demonstrates high signal intensity, whereas 
the bowel wall is depicted as a thin, intermediate signal intensity 
line surrounding the bowel contents. Intestinal mural thicken- 
ing is depicted on single-shot RARE images when the bowel 
wall measures more than 3 mm. Single-shot images are obtained 
without fat suppression. 

Unenhanced Tl-weighted images depict anatomic struc- 
tures. 2D or 3D spoiled gradient-echo TI sequences can be 
obtained with simultaneous acquisition of in-phase and 
opposed-phase images. Newer Dixon TI sequences apply Dixon 
fat and water separation to the 3D gradient echo images, 
providing in-phase, opposed-phase, fat-only, and water-only 
images in a single breath-hold. The Dixon water image provides 
a precontrast fat-suppressed image that can be compared to the 
dynamic postcontrast images to assess inflammatory or malig- 
nant bowel wall enhancement. Depending on the vendor, Dixon 
MR sequences are known by the acronyms LAVA-Flex, m-Dixon, 
and 2-point Dixon. 

Fat-suppressed, T2-weighted, fast spin-echo (FSE) images 
are obtained to distinguish intestinal mural edema from fibro¬ 
sis. This important distinction may assist in differentiating an 
acute inflammatory process with wall thickening from a thick- 
ened wall caused by a chronic fibrotic stricture. An acute inflam¬ 
matory stricture will show high signal intensity edema in the 
thickened bowel wall, whereas the thickened fibrotic wall of a 
chronic stricture will demonstrate low signal intensity. Fat- 
suppressed, T2-weighted images may be obtained with breath- 
holding or with respiratory triggering. 

Diffusion-weighted imaging (DWI) uses fast, single-shot 
echo planar sequences, which are sensitive to the microscopic 
movement of water protons. Many benign and malignant dis¬ 
eases are characterized by restriction of diffusion and are dis¬ 
played as areas of altered signal on DWI. DWI has become an 
integral part of body MRI protocols and is essential for GI 
imaging. The DWI sequence may be obtained during breath- 
holding or free breathing, or may be combined with respiratory 

79 




80 


SECTION I General Radiologic Principles 


triggering. For GI imaging, an intermediate B value of 400 to 
500 s/m 2 provides images with a good balance between ade- 
quate diffusion weighting and reasonable anatomic depiction. 
Higher B values will increase diffusion weighting at the expense 
of the image signal-to-noise ratio (SNR) and anatomic depic¬ 
tion. DW images are characterized by a high target to back- 
ground signal, so that diseased bowel is seen with high contrast 
and conspicuity compared with the relatively suppressed back- 
ground tissue and intraluminal contents. 

Diffusion-weighted images may be displayed as a magnitude 
image, which is a combination of diffusion signal and T2-shine 
through, or as an apparent diffusion coefficient (ADC) map. On 
the ADC map, the T2 component of the image signal is removed 
so that only areas of true restricted diffusion are displayed. 
Quantitative measurements of ADC values on these images 
requires obtaining two or more different B values. I currently 
acquire three B values, at 20, 500, and 800 s/m 2 . Quantitative 
measurements of ADC values may be useful to characterize GI 
masses and monitor the response of tumors to therapy. 

Another sequence commonly used for GI tract imaging is 
balanced, steady-state free precession (SSFP) sequences. 6 The 
image contrast is determined by T2* and TI properties, depend- 
ing heavily on repetition time (TR). The speed and relative 
motion insensitivity of this acquisition are useful features for 
GI imaging. On the balanced SSFP images, water-soluble intra¬ 
luminal contrast material, biood, bile, ascites, and urine will all 
demonstrate high signal intensity. 

Vendor acronyms for this pulse sequence include balanced 
turbo field-echo (b-TFE), and fast imaging employing steady- 
state acquisition (FIESTA), and true fast imaging with steady- 
state precession (true FISP). The balanced SSFP images show 
excellent homogeneity of luminal signal and visualization of the 
normal and diseased bowel wall. Compared to 3D gradient- 
echo images, the balanced SSFP images are less sensitive to 
motion artifact but show increased sensitivity to Chemical shift 
and susceptibility artifacts. 

Following the IV injection of gadolinium, two sets of axial, 
fat-suppressed, gradient-echo MR images are obtained through 
the abdomen and pelvis. 4 One may use 2D or 3D gradient-echo 
imaging. The 2D gradient-echo images use a thicker slice thick- 
ness of 8 to 10 mm but are typically sharper and have a greater 
range of contrast than 3D gradient-echo images. The 3D images 
have a thinner slice thickness and provide more efficient cover¬ 
age of the abdomen and pelvis. A typical slice thickness for 3D 
images is 4 mm. Some 3D acquisitions incorporate a fixed or 
variable slice overlap. The newer 3D Dixon sequences may be 
used for dynamic postcontrast imaging. The Dixon water image 
provides very homogeneous fat suppression, with higher SNR 
and reduced susceptibility artifact. 

Water-soluble intraluminal contrast material demonstrates 
low signal intensity on the fat-suppressed, gadolinium-enhanced 
(GE) MR images. The bowel wall is shown as rings or lines sur- 
rounding the bowel lumen. The thickness of the normal bowel 
wall is 3 mm or less. The normal bowel wall will show gado¬ 
linium enhancement equal to or less than that of the liver 
parenchyma. Abnormal mural thickening or enhancement can 
be evaluated as signs of inflammatory or neoplastic intestinal 
disease. 

Important features of the optimized GE MR image include 
fat suppression, image homogeneity, high-n plane resolution, 
and breath-hold imaging. In practice, we combine dynamic 3D 
gradient-echo imaging in the axial plane followed by coronal 


and sagittal 3D GE imaging and delayed 2D gradient-echo 
imaging. The delayed 2D gradient-echo images are often most 
useful for depicting intestinal mural disease and adjacent disease 
of the peritoneum, showing excellent image sharpness and con¬ 
trast conspicuity. The 2D images are also less susceptible to 
breathing artifacts, which may be more common at the end of 
the examination. 

This MR examination of the GI tract can be performed 
in 20 to 25 minutes. Specific imaging parameters are listed in 
Table 6-1. 

Coil Selection 

Coil selection will depend on the availability of surface coils for 
a specific MR scanner. Dedicated surface coils, with larger areas 
of anatomic coverage, are now routinely available from all 
vendors. I typically require 48-cm coverage in the craniocaudal 
direction when imaging the abdomen and pelvis. There are now 
surface coils available that provide this extensive coverage, 
allowing for combined abdominal and pelvic imaging. One 
should be careful not to sacrifice image homogeneity when 
using a dedicated surface coil. Inhomogeneous images can 
create problems when assessing subtle GI tract or peritoneal 
disease. Some form of intensity correction algorithm should be 
used to maximize the homogeneity of the images. Ultimately, 
phased-array surface coils combined with parallel imaging pro¬ 
vides optimal signal and speed of image acquisition. 

Patient Preparation and Intraluminal 
Contrast Material 

CONTRAST AGENTS 

All patients are asked not to eat or drink for the 4 hours prior 
to their MRI appointment. If rectal water is to be administered, 
patients administer a Fleet’s enema prior to the examination. If 
more thorough bowel cleansing is desired, patients are also 
asked to have a clear liquid diet starting for 12 hours prior to 
the MRI examination and to take four bisacodyl tablets orally 
the evening prior to the appointment. 

The use of intraluminal contrast material is an essential 
element of the MRI protocol for GI tract imaging. 4,7 ' 16 Oral and 
or rectal contrast material will distend the stomach, small intes- 
tines, and colon, improving the depiction of inflammatory or 
neoplastic mural disease. Subtle mural thickening can be easily 
masked by collapsed segments of bowel. Alternatively, incom- 
pletely distended bowel can mimic diseased bowel with appar¬ 
ent mural thickening, which will disappear when the bowel is 
adequately distended. In addition, well-distended bowel facili- 
tates the depiction of an adjacent peritoneal, serosal, or omental 
tumor. 

In my experience, a biphasic intraluminal contrast agent is 
optimal for GI tract imaging (Fig. 6-1). Water is the classic 
biphasic MR intraluminal agent, showing high signal intensity 
on T2-weighted images and low signal intensity on Tl-weighted 
images. On fat-suppressed, GE Tl-weighted spoiled gradient- 
echo (SGE) images, the water-soluble contrast material is low 
in signal intensity. This allows one to depict the normal bowel 
wall as a thin, linear, mildly enhancing structure surrounding 
the dark bowel lumen. Water can be used as an oral contrast 
agent. However, because water is absorbed through the small 
intestinal wall, its use as an oral agent for MRI often results in 
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Figure 6-1 Oral contrast 
material. Coronal single-shot 
turbo spin-echo (SSTSE) (A) and 
gadolinium-enhanced 3D MR 
images (B) were obtained 
following oral administration of 
1.5 L of Metamucil mixed with 
water. The water-soluble 
intraluminal contrast material 
demonstrates high signal 
intensity on the T2-weighted 
SSTSE images ( arrow in A) and 
low signal intensity on the 
T1-weighted, 3D gradient-echo 
images ( arrow in B). 


Protocol for Gastrointestinal Magnetic Resonance Imaging 


Sequence 

SSFSE 

TI GE 

T2 SSFSE 

DWI 

Gad 3DGE 

Gad 3D GE 

Gad 3DGE 

Delayed 2D GE 

Plane 

Coronal 

Axial 

Axial 

Axial 

Axial 

Coronal 

Sagittal 

Axial 

Anatomy 

A & P 

A & P 

A & P 

A & P 

A & P 

A & P 

A & P 

A & P 

Scan time(s) 0.12 0.22 

COIL: PHASED-ARRAY SURFACE COIL 

0.24 

0.24 

0.24 

0.24 

0.24 

0.22 

FOV (cm) 

44 

38 

38 

38 

38 

44 

44 

38 

Phase FOV 


0.8 

0.8 

1 

0.8 

1 

0.8 

0.8 

TR (msec) 

Min 

172 

Min 

3750 

4 

4.4 

4.4 

100 

TE (msec) 

80 

4.4/2.2 

90 

Min 

1.7 

1.7 

1.7 

Minfull 

Matrix 

352 x 224 

320x224 

320 x 224 

192x224 

320 x 256 

320 x 224 

320 x 224 

256x192 

Nex 

0.6 

1 

1 

2 

1 

1 

1 

1 

Slice thickness 

8 

4 

8 

8 

4 

4.4 

4 

8 

(mm) 

Overlap 


2 



2 

2.2 

2.2 


Flip angle 

90 

80 

90 

90 

12 

12 

12 

70 

(degrees) 

ASSET 

2 

2 

2 

2 

2 

2 

2 

2 

Fat suppression 

B value (s/m 2 ) 

No 

No 

Yes 

SPIR 

20, 500 

Yes 

Yes 

Yes 

Yes 

ETL 

BW 

83.3 

83.3 

83.3 


125 

125 

83.3 

31.25 

Options 

Pure 

Pure 

Pure 

Pure 3 
in 1 

Pure 

Pure 

Pure 

Pure, ZIP512 


A & P, Anterior and posterior; ASSET, Array Spatial Sensitivity Encoding Technique; BW, bandwidth; DWI, diffusion-weighted image; ETL, echo 
train length; FFE, fast field echo; FO\/, field of view; Gad, gadolinium; GE, gradient-echo; Min, minimal; NSA, number of signal averages; REST, 
regional saturation technique; SE, spin-echo; SENSE, sensitivity encoding; SI, signal intensity; SPIR, spectral presaturation by inversion recovery; 
SSFSE, single-shot fast spin-echo; SSTSE, single-shot turbo spin-echo; TE, echo time; TFE, turbo field echo; TR, repetition time; TSE, turbo 
spin-echo. 


unpredictable distention of the distal small bowel. For this 
reason, water-soluble contrast agents that are iso-osmolar are 
preferred because the ingested contrast will remain in the intes- 
tinal tract. In my practice, I have used different intraluminal 
agents for MRI. All the agents produce a biphasic appearance 
on MR images; they are readily available and relatively inexpen- 
sive. Other commercially available oral agents for MRI contain- 
ing iron oxides and manganese have been described, but are not 
currently used in my practice. 14 ' 16 


Dilute Barium Sulf ate 

Barium sulfate solution (Readi-CAT 2, Bracco Diagnostics, 
Monroe Township, NJ) is composed of 98% water and 2% 
barium and other additives. On MR images, dilute barium 
sulfate has a biphasic appearance, with low signal on T1 -weighted 
images and high signal on T2-weighted images. Readi-CAT 2 is 
commonly used for helical CT scans of the abdomen and pelvis. 
Dilute barium sulfate will remain within the intestines and is 
very effective in distending the small bowel and colon. Patients 
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ingest 300 to 400 mL dilute barium, starting 1 hour before the 
MRI examination. Flavored versions of dilute barium sulfate 
(Readi-CAT 2 Smoothie, Bracco Diagnostics) are available and 
may be preferred by some patients. 

Psyllium Fiber Mixed with Water 

This is another water-soluble contrast agent that produces a 
biphasic appearance on Tl-wieghted and T2-weighted images 
(see Fig. 6-1). 8,9 Metamucil (Proctor & Gamble, Cincinnati) is 
composed of psyllium fiber with orange flavoring. It is a dietary 
fiber supplement that can be purchased over the counter. Its 
active ingredient is psyllium husk, a natural plant fiber with a 
high percentage of soluble fiber. Because Metamucil is orange - 
flavored, it is typically preferred by patients and better tolerated 
than dilute barium sulfate. A total dose of 0.8 mg/kg body 
weight Metamucil is mixed in 1 to 1.5 L of water. I mix a half- 
scoop of Metamucil per 8-ounce glass of water and have patients 
ingest four or five glasses over 1 hour prior to the examination. 
To improve filling of the distal small bowel, I have patients drink 
two of the glasses of Metamucil at home before leaving for their 
appointment. Unlike the Readi-CAT 2, some of the water in the 
Metamucil is absorbed in the small intestine and will be excreted 
via the kidney. 

VoLumen 

VoLumen (Bracco Diagnostics) is a low-density barium sulfate 
contrast agent especially designed for MDCT (multidetector 
computed tomography), positron emission tomography (PET), 
and CT examinations to mark the bowel as a negative intra- 
luminal contrast agent. It is an ultra-low-dose barium sulfate 
agent with only 10% of the barium sulfate of conventional 
CT barium oral contrast agents. With VoLumen, 0.1% with 
barium is combined with 3% sorbitol, a nonabsorbable sugar 
alcohol that promotes luminal distention and limits the 
resorption of water across the length of the small bowel. 
VoLumen can be used for MRI of the GI tract, providing 
a biphasic appearance similar to that obtained with dilute 
barium sulfate. Theoretical advantages of VoLumen might 
include better bowel distention and more rapid bowel transit 
because of the sorbitol. 

I am unaware of any direct comparisons. In my experience, 
the degree of bowel distention is related more to the volume 
and timing of the administration of the oral contrast 
material. 

Mannitol 2.5% Mixed with 2% Locust Bean Gum 

This has been proposed as an effective iso-osmolar, water- 
soluble oral agent for MRI. 10,11 Mannitol is a white, crystalline, 
water-soluble, slightly sweet alcohol, C 6 H 8 (OH) 6 , used as a 
dietary supplement and dietetic sweetener. Mannitol comes in 
500-mL bags mixed to a concentration of 20%. Mannitol 2.5% 
can be prepared by mixing 187.5 mL of 20% mannitol with 
enough tap water to achieve a volume of 1.5 L, and 3 g of locust 
bean gum (2%) is added to the mannitol solution to slow down 
the transit time through the intestinal tract. Locust bean gum, 
also called carob bean gum and Carubin, is extracted from the 
seed of the carob tree. It is used in ice cream, cultured dairy 
products, and cream cheese. The locust bean gum has been 
reported to decrease the diarrhea produced by orally ingested 
mannitol. The 1.5-L, 2.5% mannitol solution with locust bean 
gum is ingested over 1 hour prior to the MR examination. Sor¬ 
bitol 2% can be used as an alternative to mannitol. 10 


Rectal Water 

This can be administered to distend the rectum and colon. 
I administer 500 to 1000 mL of tap water through a balloon- 
tipped barium enema catheter. Slow administration will help 
maximize the amount of fluid tolerated by the patient. The 
balloon at the tip of the catheter should be filled with water to 
avoid the susceptibility artifact caused by air in the balloon. 

ROUTES OF CONTRAST ADMINISTRATION 

Intraluminal contrast material can be administered orally, with 
patients drinking 1 to 1.5 L of contrast material over 1 hour 
prior to the examination. Alternatively, contrast may be admin¬ 
istered via a nasojejunal tube, as has been described for CT and 
MR enteroclysis. The enteroclysis technique has the advantage 
of more controlled and consistent small bowel distention but 
obviously requires nasojejunal intubation. 17-19 Oral administra¬ 
tion of intraluminal contrast material is effective in cooperative 
patients and can be combined with rectally administered water 
for simultaneous evaluation of the small bowel and colon. 

ANTIPERISTALTIC AGENTS 

Contrast-enhanced 3D GE images can be degraded by motion 
artifact related to bowel peristalsis. An antiperistaltic drug 
can markedly improve image quality. Glucagon, 1 mg, can be 
administered IV at the time of gadolinium injection. An alter¬ 
native approach is to administer 0.25 mg hyoscyamine (Levsin) 
IV prior to the start of the examination. Levsin has a slower 
onset of action and longer duration compared with glucagon. 
In Europe, butylscopolamine (Buscopan) is commonly used to 
reduce bowel peristalsis. Users should consult the package insert 
to review contraindications prior to drug administration. 

Clinical Applications 

INFLAMMATORY BOWEL DISEASE 

Crohn's Disease 

MRI provides many unique advantages when evaluating the 
mural changes of Crohn’s disease. 7,20,21 Distending the bowel 
lumen with water-soluble contrast material allows one to depict 
the diseased bowel wall in the patient with active Crohn’s 
disease. On MR images, one may assess the thickness of the 
bowel wall, its degree and pattern of enhancement, and pres- 
ence of adjacent mesenteric inflammation. MDCT is equally 
effective in assessing bowel wall thickening but is more limited 
in its assessment of mural enhancement. Compared with 
MDCT, the degree of bowel wall enhancement is much more 
conspicuous on GE MRI. This marked enhancement of inflamed 
bowel segments on 2D or 3D GE MR images facilitates the 
detection of subtle Crohn’s disease. A wall thickness greater 
than 3 mm is abnormal in a well-distended segment of bowel. 
Bowel wall thickening can be assessed on SS RARE images or 
fat-suppressed GE images. 

Crohn’s Disease Activity. Determining the activity of Crohn’s 
disease has important clinical implications that affect the 
selection of appropriate treatment options. Patients with 
recurrent abdominal pain because of active Crohn’s disease 
require treatment. However, patients commonly present with 
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symptoms that may be unrelated to reactivation of their 
Crohns disease. This latter group of patients requires entirely 
different management. The activity of Crohns disease may 
be determined from clinical parameters, including the Crohns 
disease activity index, an assessment of acute-phase reactants 
(e.g., white biood cells [WBCs], erythrocyte sedimentation 
rate, C-reactive protein, orosomucoids), or clinical symptoms 
and physical Åndings. In practice, these clinical parameters 
may be misleading or inconclusive. The results of endoscopy 
and imaging studies can play an important role in determin- 
ing the activity and extent of Crohns disease. 

The activity of Crohns disease can be assessed by a number 
of different MRI parameters, including degree of bowel wall 
enhancement, pattern of enhancement, thickness and length of 
the involved diseased segment, and presence of edema in the 
bowel wall on T2-weighted images. Restricted diffusion within 
the diseased segments of bowel also indicates active inflamma¬ 
tion. Perienteric changes, including enhancing lymph nodes, 
infiltration of mesenteric fat, and increased mesenteric vascu- 
larity, can also reflect active Crohns disease. 7,20 ' 23 

Degree of Bowel Wall Enhancement. The degree of mural 
enhancement with IV gadolinium correlates with the activity of 
Crohns disease. Enhancement of the thickened bowel wall can 
be assessed on the first set of GE images by comparing the bowel 
wall enhancement to the liver and intravascular gadolinium. 
The normal bowel wall enhances less than the liver parenchyma. 
Mural enhancement of thickened bowel greater than that of 


the liver is abnormal, and mural enhancement equal to that of 
intravascular gadolinium is markedly abnormal. In chronic 
inactive Crohns disease, the thickened bowel wall will show no 
enhancement or only mild enhancement (Fig. 6-2). Chronic 
fibrotic strictures will show a thickened bowel wall with minimal 
enhancement. Active Crohns disease shows moderate to marked 
bowel wall enhancement (Fig. 6-3). In patients with a layered 
pattern of enhancement (see later), the enhancing mucosa 
should show moderate to marked enhancement. 

Pattern of Bowel Wall Enhancement. A layered pattern of 
mural enhancement indicates active Crohns inflammation (Fig. 
6-4). 23 One will see marked mucosal and serosal enhancement 
with an intervening nonenhancing layer representing an edem- 
atous bowel wall. In one study, this layered pattern of mural 
enhancement was present in 7 of 24 bowel segments with active 
Crohns disease and in no segments with inactive disease. 23 Full- 
thickness or diffuse enhancement of the thickened bowel wall 
will also represent active Crohn s disease if there is moderate to 
marked mural enhancement. Diffuse enhancement is the most 
common pattern of mural enhancement in active Crohns 
disease. Mild diffuse enhancement can be seen in bowel seg¬ 
ments with inactive Crohns disease. 

T2- Weighted Appearance of the Bowel Wall. Active Crohns 
disease may show a high signal in the thickened bowel wall, 
indicating bowel wall edema and inflammation. 20 Chronic inac¬ 
tive Crohn s disease will show a less intense signal in the thick¬ 
ened bowel wall, usually equal to or less than that of muscle. A 



Figure 6-2 Inactive Crohn's 

disease. A. Axial single-shot fast 
spin-echo (SSFSE) image shows 
distal ileum with mural thickening 
(arrow) Note the low signal 
intensity of the thickening bowel 
wall. B. Immediate gadolinium- 
enhanced SGE image shows 
minimal enhancement of the 
thickened bowel wall (arrow). 
Absence of perienteric 
inflammation and stranding is 
also noted. Findings correlate 
with inactive Crohn's disease, 
which was confirmed at 
endoscopy. 



Figure 6-3 Active Crohn's 
disease with marked mural 
enhancement. A. Axial 
gadolinium-enhanced 3D GE 
image shows an abnormal 
terminal ileum (arrow) with 
moderate mural thickening 
and marked enhancement. 

The degree of enhancement 
indicates active Crohn's disease. 
B. Coronal MR hydrogram shows 
a stricture (arrow) of the terminal 
ileum. 
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Figure 6-4 Active Crohn # s 
disease with layered pattern of 
enhancement. A. Immediate 
axial gadolinium-enhanced 3D 
gradient-echo (GE) image shows 
an abnormally thickened terminal 
ileum (arrow) with a layered 
pattern of enhancement. 

B. Coronal gadolinium-enhanced 
3D GE image confirms the 
diseased terminal ileum (short 
white arrow ) and shows 
associated findings of acute 
Crohn's disease, including 
enhancing mesenteric lymph 
nodes (long white arrow ) and 
mesenteric stranding (black 
arrow). C. Endoscopic view of the 
terminal ileum confirms active 
Crohn's disease, with mucosal 
inflammation (arrow). 



fibrotic stricture can show a very low mural signal, similar to 
the psoas muscle. Fat-suppressed T2-weighted images are most 
useful to assess the signal intensity of the diseased segments of 
bowel. SS RARE images are useful for showing the segments of 
bowel but are less sensitive to the presence of bowel wall edema. 

Diffusion-Weighted Imaging. Diffusion-weighted images 
obtained with an intermediate B value of 500 s/m 2 demonstrate 
restricted diffusion within the wall of diseased segments of 
bowel. The abnormal mural signal is demonstrated as areas 
of hyp er intensity on magnitude DWI images or as areas of 
decreased signal on AD C maps. In my experience, this Ånding 
of restricted diffusion suggests active mural inflammation, 
which will resolve with effective therapy. Conversely, lack of 
restricted diffusion and mural edema on T2-weighted images 
indicate chronic disease without active inflammation. 

Bowel Wall Thickness. In general, segments of bowel with 
active Crohn’s disease will show greater mural thickness than 
segments with inactive disease. 20,23 This assessment is affected 
by the degree of luminal distention. In one study, the mean 
thickness of segments with active Crohn’s disease was 6.7 mm 
compared with 3.3 mm for segments with inactive disease. 
However, significant overlap exists between the mural thickness 
of the active and inactive groupsr" Fibrotic strictures without 
active inflammation may show a moderately thickened bowel 
wall. In these cases, absence of moderate or marked mural 
enhancement will help characterize this as a chronic process, 
without active inflammation. 


Mesenteric Stranding. Infiltration of the adjacent mesen- 
tery and “whiskering” of the bowel wall are indirect indications 
of active Crohn’s disease (see Fig. 6-4). This finding may be 
depicted on SS RARE images, true fast imaging with steady- 
state precession (FISP) images, or fat-suppressed, GE gradient- 
echo images as a linear signal or enhancement extending from 
the inflamed bowel into the adj acent small bowel or colonic 
mesentery. 22,23 

Increased Mesenteric Vascularity. The vessels of the vasa 
recta supply the small bowel or colon. Increased prominence of 
the size and/or number of mesenteric vessels in the vasa recta 
can be an indication of active inflammation. In one study, 
increased mesenteric vascularity was present in 18 of 23 patients 
with active disease and 3 of 7 patients with inactive disease. 23 

Enhancement of Mesenteric Lymph Nodes. Gadolinium 
enhancement of mesenteric lymph nodes is another strong 
indicator of active Crohn’s disease (see Fig. 6-4). 22 When com- 
paring nodal signal intensity with that of adj acent fat, an 
enhancement ratio of 1:3 has been found to be a sensitive 
marker for active Crohn’s disease. Mesenteric lymph nodes in 
patients with inactive Crohn’s disease will not show significant 
enhancement. Fymph nodes are most conspicuous on diffusion- 
weighted images. 

Monitoring Response to Treatment. Following patients with 
Crohn’s disease on serial MR examinations is preferred to avoid 
the cumulative radiation exposure from repeated CT scanning. 
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Figure 6-5 Crohn's disease. 
Response to therapy. Serial 
coronal (A) and axial (B) 3D GE 
gadolinium-enhanced images 
were obtained in 2005 (left), 2007 
(middle), and 2009 (right). 
Inflammatory changes ( arrows ) in 
the right lower quadrant in 2005 
show progressive resolution of 
serial follow-up examinations. 

C. Serial diffusion-weighted 
images, B value of 500 s/m 2 , 
show initial large area of 
restricted diffusion in the right 
lower quadrant (2005) that 
resolved on subsequent 
examinations in 2007 and 2009. 


With effective therapy, MR images of the diseased bowel 
segment demonstrate decreased restricted diffusion, decreased 
enhancement, and decreased mural edema on T2-weighted 
images (Fig. 6-5). Resolution of perienteric changes is also seen. 
Conversely, with relapse and recurrence of active inflammation, 
MR images show a reappearance of these same Åndings (Fig. 
6-6). Therefore the findings on MRI will disappear and then 
reappear as they reflect response to treatment and subsequent 
recurrence of disease. This multiparametric approach to moni- 
toring disease status on MRI allows one to distinguish segments 
of bowel with active inflammation from those with chronic 
disease and to characterize chronic fibrotic strictures with 
superimposed active inflammation accurately. 

Complications of Crohn’s Disease. Perienteric complications 
of Crohns disease include abscess or phlegmon formation and 
fistulas. Abscesses are depicted on MR images as extraintestinal 
fluid collections, with a surrounding thick, enhancing abscess 
wall. 7 Following administration of water-soluble intraluminal 
contrast material, the fluid content of an abscess may be 


difficult to distinguish from bowel contents on TI- or 
T2-weighted images. However, on fat-suppressed GE MR 
images, the thick, enhancing abscess wall is easy to identify. The 
marked degree of enhancement of the abscess wall with gado- 
linium often makes the abscess easier to detect on MR images 
than on helical CT scans using iodinated contrast material 
(Fig. 6-7). 

The development of fistulas in Crohn s disease is a common 
complication; it presents as abnormal connections between the 
diseased bowel and other organs or the skin. Enteroenteric fis¬ 
tulas occur between segments of bowel, whereas enterocutane- 
ous fistulas occur between diseased bowel and the skin surface. 
Enterovesicular fistulas communicating with the biadder and 
enterovaginal fistulas extending from diseased intestines to the 
vagina are common complications of pelvic Crohns disease. 

With MRI, Crohns fistulas are depicted as fluid- or air- 
containing tracts on fat-suppressed, T2-weighted images or as 
enhancing tracts on fat-suppressed, GE gradient-echo MR 
images. 24 High-resolution surface coil imaging with thin- 
section, short tau inversion recovery (STIR) or 3D GE images 
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Figure 6-6 Crohn's disease recurrence (same 
patient as in Fig. 6-5). On a follow-up MR 
examination in 2012, the coronal (A) and axial 
(B) 3D GE gadolinium-enhanced images show 
interval recurrence of the right lower quadrant 
inflammatory changes ( arrows ). (C) A DWI, B 
value of 500 s/m 2 , shows recurrence of the 
restricted diffusion ( arrow) in the right lower 
quadrant. 



are most useful to depict the fistulous communication. The 
accurate depiction of Crohns fistulas is important when select- 
ing patients for anti-tumor necrosis factor (TNF) therapy. 
Infliximab (Remicade) blocks the immune systerns over- 
production of a protein (TNF-a), with subsequent reduction 
in draining enterocutaneous and rectovaginal fistulas. 

Ulcerative Colitis 

Ulcerative colitis is depicted by MRI with colonic mural thick- 
ening and enhancement." 5 Unlike Crohn s disease, which can be 
discontinuous, with skip areas, ulcerative colitis is a continuous 
process that always begins in the distal colon and rectum and 
progresses proximally. Although the inflammation of ulcerative 
colitis should only involve the mucosa and submucosa, on MRI 
scans the entire colonic wall is thickened and shows enhance- 
ment. It is possible that with higher resolution MRI, combined 
with rapid and earlier dynamic imaging, one may be able to 
distinguish the superfkial inflammatory changes of ulcerative 
colitis from the transmural inflammation of Crohns disease. 
With current techniques, Crohns disease with continuous pan- 
colitis has a very similar appearance to that of ulcerative colitis. 

Perirectal and perianal complications of ulcerative colitis 
include fistulas and abscess formation. Surface coil images of 


the rectum can be obtained using thin-section images angled 
perpendicularly and parallel to the rectum and perianal area. 
Fat-suppressed STIR images and thin-section, 3D GE images 
are particularly useful to evaluate this anatomic region. Fistu¬ 
lous tracts will be depicted as high-signal linear tracts on the 
STIR images or as linear enhancing tracts extending between 
diseased bowel and adjacent structures on 2D or 3D GE images. 
An abscess will be shown as a pericolonic or perirectal fluid 
collection, with an enhancing abscess wall. Surrounding inflam¬ 
mation will show similar enhancement with intravenous (IV) 
gadolinium. 

INFECTIOUS BOWEL DISEASE 

Infectious disease involving the stomach, small intestine, or 
colon may be caused by bacterial, viral, or parasitic organisms. 
Infectious enteritis or colitis will be depicted as segments of 
bowel with mural thickening and enhancement that are indis- 
tinguishable from those of inflammatory bowel disease. The 
infectious disease may be focal or may involve long segments of 
the small intestine or colon. Associated infiltration of the peri- 
intestinal fat is depicted as linear strands extending from the 
diseased bowel into the adj acent mesenteric fat on SS RARE and 
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Figure 6-7 Crohn's phlegmon and abscess. A. Axial SSFSE image shows an abnormal small bowel (short white arrow) and a heterogeneous 
mass (long white arrow ) in the right lower quadrant. B. Axial gadolinium-enhanced SGE image depicts a markedly enhancing phlegmon and 
central, nonenhancing abscess (arrow). C. Coronal gadolinium-enhanced SGE image confirms the thickened and enhancing terminal ileum 
(arrow). D. Endoscopic view of the terminal ileum shows a nodular inflamed mucosa. Biopsy confirmed active inflammation of Crohn's disease. 



Figure 6-8 Infectious lleitis. 

A. Helical CT scan through the 
middle abdomen is 
unremarkable. B. GE fat- 
suppressed, SGE MR image with 
oral contrast material shows 
abnormally thickened and 
enhancing ileum (arrows) in the 
right side of the abdomen. MRI, 
the patient was treated for an 
infectious ileitis, with good 
clinical response. 


fat-suppressed GE images. In the acute phase, there is marked 
mural enhancement of the diseased small bowel or colon (Fig. 
6-8). Complications, including peri-intestinal abscess or phleg¬ 
mon, are depicted on MR images as adj acent fluid collections 
with an enhancing abscess wall or as soft tissue inflammatory 
masses. 

Pseudomembranous colitis is caused by Clostridium difficile, 
an anaerobic, gram-positive bacillus. Use of various antibiotics, 


including clindamycin, broad-Spectrum penicillins, and cepha- 
losporins, alters the normal colonic flora, allowing for over- 
growth of C. difficile. Toxins produced by pathogenic strains of 
C. difficile produce diarrhea and pseudomembranous colitis. 
With MRI, pseudomembranous colitis is depicted as marked 
colonic mural thickening and gadolinium enhancement. The 
descending and sigmoid colon is typically involved in pseudo¬ 
membranous colitis. The degree of mural thickening can be 
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quite marked; the disease typically involves long segments of 
the colon. The marked mural thickening can help distinguish 
pseudomembranous colitis from other forms of infectious 
colitis. 

ACUTE APPENDICITIS 

Acute appendicitis can be depicted with MRI. The thick-walled, 
enlarged appendix shows moderate to marked enhancement 
on fat-suppressed GE MRI scans. DWIs show restricted dif¬ 
fusion within the abnormal appendix (Fig. 6-9). Fat-suppressed, 
T2-weighted images may show edema—ascites in the right 
lower quadrant. I do not use oral or rectal contrast in the 
clinical setting of suspected appendicitis. Additional thin- 
section, non-fat-suppressed, FSE T2-weighted images are 
obtained in the axial and coronal planes through the region 
of the appendix. 

ISCHEMIC BOWEL DISEASE 

Acute or chronic mesenteric ischemia is caused by insufficient 
biood supply through the mesenteric circulation supplying the 
GI tract. Chronic mesenteric ischemia develops slowly as a late- 
stage complication of atherosclerotic disease producing classic 


so-called intestinal angina, with postprandial abdominal dis- 
comfort. Acute mesenteric ischemia results from a sudden 
decrease in mesenteric biood flow and is potentially 
life-threatening. 

One may combine GE 3D MR angiography with anatomic 
images of the abdomen and pelvis. 26-30 This approach allows one 
to visualize the mesenteric arteries directly and assess the small 
bowel and colon for secondary changes of mesenteric ischemia. 
In my experience, it is more common to see the secondary 
bowel wall changes with mural thickening and altered enhance¬ 
ment. In patients with acute arterial insufficiency, there will be 
diminished or absent enhancement within the thickened seg¬ 
ments of ischemic bowel (Fig. 6-10). One can also see a layered 
appearance with mucosal and serosal enhancement but with 
decreased enhancement of the intervening submucosal and 
muscularis layers of the bowel wall. In the nonacute setting, the 
pattern of enhancement will be variable, depending on the 
degree of revascularization, fibrosis, or tissue necrosis. In my 
experience, the MRI findings can resolve very rapidly following 
spontaneous revascularization of the ischemic segment of 
bowel. An assessment of the degree of mural enhancement 
should be based on the first arterial phase set of images. On 
delayed images, the diseased bowel wall may enhance because 
of leaking, damaged capillaries. 
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Figure 6-9 Appendicitis. Coronal (A) and axial 
(B) gadolinium-enhanced 3D images demonstrate 
a dilated appendix ( arrows ) with an enhancing 
thickened wall. C. DWI, B value of 500 s/m 2 , shows 
an abnormal appendix (arrow) with restricted 
diffusion. 
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Figure 6-10 Ischemic colitis. 

A. Axial fat-suppressed, gadolinium-enhanced, 
SGE image shows colonic mural thickening 
involving the ascending colon (arrow). A 
layered pattern of enhancement is present, 
with enhancement of the mucosa and bowel 
serosa, but without enhancement of the 
muscularis propria. B. Coronal fat-suppressed, 
GE image shows the distribution of the colitis 
involving the ascending and transverse colon 
( arrows ). Gadolinium-enhanced MR 
angiography findings (not shown) were normal. 
C. Endoscopic view shows markedly abnormal 
mucosa in the ascending colon. Biopsy 
confirmed changes of ischemic colitis. 


GASTROINTESTINAL MALIGNANCY 

Stomach 

The American Cancer Society estimated that in 2013 there 
would be 21,600 new cases of gastric cancer diagnosed in the 
United States, with 11,550 deaths from gastric cancer. The 
5-year survival rate in the United States is 27%. Worldwide 
gastric cancer is the fourth most common cancer." 1 Early diag- 
nosis and accurate preoperative staging are critical for patient 
management and treatment. 

MRI provides an elegant way to image gastric cancer. 32 ' 36 The 
depth of tumor penetration into the gastric wall can be accu- 
rately assessed with high-resolution T2-weighted images and 
GE MRI scans. Maximal distention of the gastric lumen with 
water-soluble oral contrast is essential to optimize depiction of 
the mural thickening or mass. Negative intraluminal agents on 
fat-suppressed, GE Tl-weighted images are desirable because 
the dark lumen will help highlight the adj acent bowel wall and 
mural tumors. Large volumes of water or other oral agents 
should be ingested immediately before scanning. Pharmaco- 
logic agents can be administered to decrease peristalsis, but are 
not essential. 

Thin-section, breath-hold, T2-weighted SS RARE images 
(SSTSE, SSFSE, HASTE), combined with fat-suppressed 3D GE 


imaging, is most effective for depicting the transmural tumor 
extension used for tumor staging. The wall of the normal, well- 
distended stomach is depicted on unenhanced TI, T2, and 
SSFSE images as a thin, uniform, hypointense line typically 
measuring 2 to 3 mm in thickness. Prominent gastric rugal 
folds can increase the apparent thickness of the stomach wall. 
On dynamic GE images and delayed equilibrium phase images, 
the stomach wall will show only mild, uniform, and homoge- 
neous enhancement. 

Gastric cancers will be depicted on MR images as areas of 
focal mural thickening or as mural masses (Fig. 6-11). Superfi- 
cial gastric cancer may not be visible on cross-sectional imaging. 
As they grow, they will be depicted as areas of focal mural 
thickening and eventually as a gastric mass. On dynamic GE 
MRI, gastric cancers will show more enhancement than the 
adj acent normal gastric wall. The presence of focal gastric 
mural thickening with a pattern of rapid enhancement is sug¬ 
gestive of gastric cancer. Linitis plastica will be depicted as a 
nondistensible stomach with a thickened, enhancing wall. 

Transmural tumor invasion by a T3 or T4 tumor is indi- 
cated by disruption of this low-signal intensity band overlying 
the mural tumor, nodular tumor, or enhancing tumor masses 
and extending from the gastric wall into the surrounding 
perigastric fat. 
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Figure 6-11 Gastric cancer. 

Coronal SSTSE image (A) and 
gadolinium-enhanced 3D image 
(B) demonstrate moderate mural 
thickening of the distal gastric 
body and antrum ( arrows ). 
Ascites is also present. Note the 
distention of the gastric lumen 
with water, facilitating depiction 
of the mural thickening. Gastric 
cancer was confirmed at 
endoscopy and biopsy. 



Nodal metastases are best shown on fat-suppressed 
T2-weighted images or DWI using a B value of 500 s/mm 2 . In 
my experience, DWI is the most sensitive modality for depicting 
lymphadenopathy. Liver metastases are best shown on TI- and 
T2-weighted imaging and dynamic GE imaging. Peritoneal 
metastases commonly occur with GI malignancies and are best 
visualized on delayed, fat-suppressed, GE images. Osseous 
metastases can be visualized as high-signal intensity lesions on 
fat-suppressed T2-weighted images or as enhancing lesions on 
fat-suppressed GE images. 

Small Intestine 

Cancer arising in the small intestine is an uncommon malig- 
nancy, accounting for 2% of GI cancers. Cancer arising in the 
colon is 50 times more common than small bowel cancer. In the 
United States, the American Cancer Society estimated 8810 new 
cases of small bowel cancer in 2013, with 1070 associated 
deaths. 32 Adenocarcinoma is the most common cell type, 
accounting for about one third of small bowel cancers. Other 
small bowel cancers include carcinoid tumors, leiomyosarco- 
mas, and lymphomas. 3 8 

Bowel distention is essential for MRI of small intestinal 
cancer. Intraluminal contrast may be administered orally with 
any of the oral contrast agents described earlier. Alternatively, 
small bowel enteroclysis may be performed with intraluminal 
contrast material infused through a nasojejunal tube providing 
maximal small bowel distention. On breath-hold SS RARE and 
fat-suppressed GE imaging, small bowel cancers will be depicted 
as areas of small intestinal mural thickening and masses. Because 
of their late clinical presentation, small bowel tumors are typi- 
cally large tumor masses. Associated small bowel obstruction is 
indicated by distended loops of fluid-filled small bowel proxi- 
mal to the obstructing mass. 

Semelka and colleagues have described the appearance of 
small bowel tumors on MRI, noting that small bowel tumors 
are isointense to small bowel on Tl-weighted images. Malignant 
tumors showed moderate heterogeneous enhancement greater 
than that of the adjacent normal bowel on GE SGE imaging. 
Unenhanced Tl-weighted and fat-suppressed, GE imaging are 
best for depicting tumor extent. 

Colon and Rectum 

Colorectal Cancer. Colorectal cancer is the third most com¬ 
monly diagnosed malignancy in the United States and is the 


second leading cause of cancer-related deaths. The American 
Cancer Society estimated that there would be about 142,820 
new cases of colorectal cancer in 2013 in the United States, with 
an estimated 50,830 deaths. 39 The role of MRI for preoperative 
staging of colorectal cancer is well established and has been 
described in multiple studies. 40 ' 56 

Different techniques have been proposed for MRI of colorec¬ 
tal cancer. 41 ' 49 Endorectal coils or phased-array surface coils 
have been used to increase spatial resolution while maintaining 
an adequate SNR. 49 ' 51 Some authors have advocated using posi¬ 
tive or negative intraluminal contrast agents administered rec- 
tally to distend the rectosigmoid colon. 5 In addition to the 
routine MR examination of the abdomen and pelvis described 
earlier, specific imaging sequences are used in the patient with 
colorectal cancer to assess local tumor extent and regional or 
distant metastases. 

Thin-Section , High-Resolution , Angled T2-Weighted Turbo 
Spin-Echo Magnetic Resonance Imaging. High-resolution, 
phased-array surface coil images of rectal or colon cancer are 
obtained using thin-section, T2-weighted FSE images oriented 
perpendicularly and parallel to the cancer (Fig. 6-12). 41 ' 4 " These 
angled, T2-weighted images are prescribed from the sagittal 
T2-weighted images of the pelvis. Specific parameters for a 
rectal cancer MR protocol is shown in Table 6-2. These angled, 
T2-weighted images use a smaller field of view (FOV) and 3- to 
4-mm slice thickness for detailed, high-resolution imaging of 
the rectal cancer. Higher signal averages combined with the 
phased-array surface coils are used to maintain an image SNR. 
Motion-corrected versions of the T2-weighted FSE sequences 
are available; these can reduce artifacts from patient or bowel 
motion. The motion-corrected sequences are known by the 
acronyms Propeller, Blade, Multivane, RADAR, and JET and are 
available from several different vendors. 

Thin-section images are most useful for tumor staging, 
determining the depth of tumor penetration into the wall of 
the rectum or colon. The muscularis propria is easily depicted 
as a thin, low signal intensity linear structure. Disruption of the 
muscularis propria by tumor is evidence of T3 cancer, with 
transmural tumor extension. One may also use thinner slice 
sections (3 mm) with a smaller FOV by increasing the number 
of signal averages (NSA) to 8, with a corresponding increase in 
acquisition time. 

Diffusion-Weighted Magnetic Resonance Imaging. I also use 
diffusion-weighted MRI (DW MRI) to evaluate colon and rectal 
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Figure 6-12 Rectal cancer. 

Coronal (A) and axial (B) surface 
coil, T2-weighted MR images 
angled parallel and perpendicular 
to rectal cancer depict a T3 rectal 
cancer ( arrows ) with extramural 
tumor extension. C. Axial 
gadolinium-enhanced SGE image 
shows the irregular rectal mass 
(arrows). D. Follow-up MRI scan 
obtained after chemotherapy 
shows response to treatment, 
with marked decrease in the 
rectal cancer (arrows). 



Angled T2-Weighted Imaging of Rectal Cancer 


Sequence—2D FSE, SE propeller 

Plane—oblique (angled perpendicularly and parallel to tumor) 
TR, 3100 (shortest) 

TE, 91 
NSA, 4 

FOV, 20-24 cm 
Matrix, 352 x 352 
ETL, 24 


Flip angle, 160 degrees 

Slice thickness, 4 mm, with 0.5-mm gap 

24 slices 

90% RFOV 

Bandwidth: 83.3 

ASSET, factor 2 

Time: 4:00 

Coil—phased-array surface coil 


ASSET, Array Spatial Sensitivity Encoding Technique; ETL, echo train 
length; FOV, field of view; FSE, fast spin-echo; NSA, number of 
signal averages; RFOV, restricted field of view; SE, spin-echo; TE, 
echo time; TR, repetition time. 


cancers. GI tract cancers show marked hyperintensity on 
diffusion-weighted images, improving their conspicuity (see 
Fig. 6- 12). 57-60 DW images are also very useful for the nodal 
staging of colon and rectal cancer. Small perirectal and perico- 
lonic nodal metastases are markedly hyperintense on DW 
images, facilitating their depiction (see Fig. 6-13). In patients 


table Diffusion-Weighted Imaging of Colorectal 
6-3 Cancer 


Sequence: single-shot spin-echo EPI 
Plane: axial 

Repetition time (TR): 2700 
Echo time (TE): 58 
NSA: 2 

Matrix: 256 x 128 
B value: 500 
7 mm, skip 1 mm 
No. of slices: 24 
Senses: 2 
Time: 20 s 

Coil: phased-array surface coil 


EPI, echo planar imaging; NSA, number of signal averages; sense, 
sensitivity encoding. 


with locally advanced rectal cancer, the addition of DW MRI to 
conventional MRI can improve the depiction of tumor response 
to adj uvant chemotherapy and radiation therapy. Malignant 
gastrointestinal tract tumors have low AD C values, which 
increase after successful therapy. 

I typically use a B value of 500 s/m 2 for extrahepatic DW 
imaging. With this B value, anatomic landmarks are still visible, 
whereas most intestinal fluid and ascites are suppressed. Specific 
MRI parameters for DWI are shown in Table 6-3. 
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Magnetic Resonance Staging of Colorectal Cancer. Preop- 
erative MRI of colon and rectal cancers effectively determines 
local tumor extension, nodal metastases, and distant abdominal 
metastases. 41 ' 49 These three features form the basis of TNM 
tumor staging. Stage I colon cancers are any TI or T2 tumors 
without nodal or distant metastases. Stage II colon cancers are 
T3 or T4 tumors without nodal or distant metastases. Stage III 
colon cancers are any tumor with nodal involvement, and stage 
IV colon cancers are those with distant metastases. The overall 
MR staging accuracy for rectal cancer has ranged from 67% to 
100%. 4 ° 

The information from preoperative MRI is used to direct 
patient management. Rectal cancer patients in whom MRI 
depicts stage III cancers with transmural tumor extension (T3 
or T4) or stage IV cancers with nodal metastases undergo pre¬ 
operative radiation ther apy. After radiation therapy, follow-up 
MRI documents a reduction in tumor volume, resulting in 
an improved chance for successful surgical resection (see Fig. 
6-12). In this scenario, the information from preoperative MRI 
is critical for directing management decisions of the patient 
with colorectal cancer. 

Local Tumor Extension. Tumor staging determines the 
depth of mural penetration by the colon or rectal cancer. Tis 
(tumor in situ) indicates carcinoma in situ, TI tumors invade 
the submucosa, T2 tumors invade the muscularis propria, T3 
tumors extend through the muscularis propria onto the subse- 
rosa or nonperitonealized pericolic or perirectal tissues, and T4 
tumors directly invade adjacent organs or structures. 

The most challenging assessment is to distinguish T2 from 
borderline T3 cancers. Peritumoral fibrosis extending into the 
perirectal fat in a T2 tumor can be difficult to distinguish from 
early transmural extension from a T3 tumor. On the other 


hånd, nodular soft tissue extending through the disrupted rectal 
wall into the surrounding tissues confidently predicts a T3 or 
T4 cancer. 

Nodal Metastases. Node staging is based on the presence or 
absence of local or regional nodal metastases. Although MRI 
can depict lymph nodes 2 to 3 mm in diameter, MRI assessment 
of nodal metastases remains limited to an evaluation of the size 
and number of lymph nodes (see Fig. 6-13). Morphologic cri- 
teria for evaluating lymph nodes pose obvious limitations. 
Microscopic metastases in normal-sized lymph nodes cannot 
be detected, and enlarged, inflammatory lymph nodes cannot 
be distinguished from nodal metastases. The accuracy of the 
detection of nodal metastases varies from 39% to 95%. 40 The 
use of ultrasmall superparamagnetic iron oxide (USPIO) con- 
trast agents for depicting lymph node metastases has shown 
promise in early reports. The iron particles are phagocytosed by 
macrophages and taken up by the reticuloendothelial system. 
Normal lymph nodes will contain macrophages with iron par¬ 
ticles and show loss of signal on GE MR images because of a 
susceptibility effect. Tumor deposits within lymph nodes dis- 
place the reticuloendothelial system and show areas of increased 
signal because of less uptake of the USPIO. 

Distant Metastases. Metastasis staging is based on the pres¬ 
ence or absence of distant metastases to the liver, peritoneum, 
mesentery, omentum, bowel serosa, lymph nodes, osseous 
structures, and lungs (Fig. 6-14). 

Circumferential Resection Margin and the Mesorectal 
Fascia. Although TNM tumor staging provides important 
information, it is actually more important to determine the 
circumferential, tumor-free resection margin, which is the dis¬ 
tance between the rectal tumor and surrounding mesorectal 




Figure 6-13 Diffusion-weighted image of rectal 
cancer. A. Angled T2-weighted image depicts a T3 
rectal cancer (arrow). B. DWI, B value of 500 s/m 2 , 
shows marked hyperintensity of the rectal cancer (long 
arrow) and perirectal lymph node (short arrow). C. DWI, 
B value of 500 s/m 2 , at an adjacent level shows multiple 
markedly hyperintense nodal metastases ( arrows ). 
Findings indicated a stage 3, T3N1M0, rectal cancer. 
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Figure 6-14 Metastatic colon cancer. A. Axial gadolinium-enhanced SGE image 
shows a heterogeneous enhancing mass ( arrow) in the right lower quadrant. B. Axial 
gadolinium-enhanced image through the upper abdomen depicts enhancing right 
subphrenic peritoneal metastases (white arrows ) and left subphrenic peritoneal 
metastases (black arrow). C. Coronal gadolinium-enhanced SGE image shows the mass 
in the right lower quadrant (black arrow) with associated bowel obstruction. Right 
subphrenic peritoneal metastases (white arrow) are confirmed. MR findings indicated a 
stage 4 colon cancer, with bowel obstruction and peritoneal metastases. 


fascia. 50,51 This tumor-free resection margin can be accurately 
and consistently predicted on high-resolution, phased-array, 
surface coil MR images. 

The mesorectal fascia encloses the mesorectum, an anatomic 
unit comprised of the rectum, perirectal fat, superior hemor- 
rhoidal vessels, nerves, and lymphatics. At surgery, patients 
undergo total mesorectal excision, with en bloc resection of the 
rectal cancer and surrounding tissues enclosed within the meso¬ 
rectal fascia. This technique has resulted in a decrease in local 
tumor recurrence. With mesorectal excision, surgical failure 
resulting in local tumor recurrence is usually because of incom- 
plete removal of the lateral spread of a tumor with microscopi- 
cally positive resection margins. 

Based on the MRI assessment of the circumferential resec¬ 
tion margin (CRM), patients can be categorized and treated 
according to their risk of local recurrence. Superficial tumors 
may be treated with surgery alone. Operable T3 cancers with a 
wide CRM are treated with a short course of radiation therapy 
followed by mesorectal excision. Patients with locally advanced 
cancer in whom the tumor approaches or involves the resection 
margin are at greater risk for recurrence and will benefit from 
a more extended course of radiation therapy and chemotherapy, 
followed by surgical resection. 

In a study of 76 patients with rectal cancer, Beets-Tan and 
associates evaluated the MRI assessment of the CRM compared 
with histopathology. 55 They noted that two observers correctly 
predicted a 0-mm resection margin in 12 of 12 patients with T4 


cancers. In 29 patients with histologic resection margins of 
10 mm or less, these observers correctly predicted a 10-mm 
resection margin in 27 and 28 patients. In a study of 98 patients 
with rectal cancer, Brown and co-workers reported 92% agree- 
ment between MRI and histologic findings for predicting the 
circumferential resection margin. 42 

Locally advanced rectal cancers will extend beyond the 
mesorectal fascia and invade surrounding structures and organs. 
High-resolution surface coil MRI is more accurate than helical 
CT for depicting the invasion of adj acent structures by advanced 
rectal cancers. In one study of 26 patients, MRI had a 97% 
sensitivity and 98% specificity for local invasion compared with 
70% and 85% for helical CT. 56 


Summary 

MRI offers unique advantages for evaluating inflammatory, 
infectious, ischemic, and malignant diseases of the GI tract. By 
combining readily available intraluminal and IV contrast agents 
with fast MRI techniques, one can reliably depict the wall of the 
stomach, small intestine, colon, and rectum. The inherent high- 
contrast resolution of MRI allows mural disease to be depicted 
confidently as areas of wall thickening and enhancement. MRI 
of the GI is a robust and versatile technique that can be applied 
to a wide variety of benign and malignant gastrointestinal 
diseases. 
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Positron emission tomography (PET) is a molecular imaging 
modality that has been increasingly used in clinical practice 
worldwide, especially in the oncologic population. It has gained 
widespread use for the diagnosis, staging, restaging, and moni- 
toring treatment response of various malignancies. 1,2 For years, 
computed tomography (CT), ultrasound (US), and magnetic 
resonance imaging (MRI) have been used for the detection and 
follow-up of tumors that grossly rely on the morphology or 
attenuation characteristics of pathologic tissue. PET has the 
ability to provide physiologic information by determining met- 
abolic activity at a cellular level at an early phase, which is a 
shortcoming of cross-sectional imaging modalities. Thus, dis- 
tinction of malignant versus benign lesions, detection of meta- 
bolic activity in organs that are not yet morphologically 
abnormal, and evaluation of the response of neoplasms to 
various treatments such as chemotherapy, radiation, or surgery 
have become possible with the use of PET 

PET imaging uses positron-emitting radionuclides produced 
in cyclotrons. Once the radiotracer is injected, the positron is 
emitted into the body. It travels a short distance, loses its energy, 
and interacts with electrons in tissue. This causes an annihila- 
tion reaction, which produces two 511-keV gamma rays that are 
emitted in opposite directions, approximately 180 degrees from 
each other. It is the localizing information provided by the 
coincidence of gamma photons, detected in opposite detectors 
in the ring of the PET scanner, that helps generate the image. 3 

The most commonly used radiopharmaceutical in PET 
imaging is the glucose analogue fluorine-18-deoxyglucose 
(fluoro-2-deoxyglucose; 18 F-FDG). Just as with glucose, FDG 
is actively transported into the cell, mediated by glucose 
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transporters (GLUTs). Once intracellular, FDG is phosphory- 
lated. However, in contrast to glucose, it cannot be dephos- 
phorylated and remains trapped in the cell. This allows 
sufficient time for imaging before FDG is metabolized. The 
use of FDG for oncologic imaging relies mainly on increased 
glucose consumption and overexpression of GLUT proteins 
in neoplastic cells. 

FDG distribution occurs in normal structures such as the 
brain and the heart and is excreted in the urinary system. There 
are regions in the body with variable physiologic FDG uptake, 
such as the digestive and genitourinary tracts. 4 As a conse- 
quence, differentiating physiologic uptake from pathologic 
uptake may at times prove to be a diagnostic challenge. Increased 
FDG uptake is not specific to malignancy and can also be seen 
in various inflammatory or infectious benign pathologic pro¬ 
cesses as a result of the underlying hypermetabolism. 5 It is 
therefore important to be aware of the various pitfalls and 
physiologic and varying FDG distribution patterns in the body 
during the interpretation of imaging findings so as not to 
confuse them with malignancy. 

PET not only offers qualitative information but also offers 
quantification by measurement of radioactivity in a given voxel. 
SUV (standardized uptake value) is a semiquantitative index of 
FDG metabolism that is calculated and normalized for injected 
radiotracer amount and body weight or body surface area. SUV 
measurements are obtained by placing a region of interest 
(ROI) or cursor on the area of interest. The values are calculated 
and displayed by the software of a PET workstation. When 
repeated PET scans are obtained in the same scanner, with the 
same acquisition parameters, SUV can serve as a means to assess 
response to therapy. 6 Maximum or mean values of SUV can be 
obtained; however, maximum SUV values are more commonly 
used in clinical practice because of their reliability and repro- 
ducibility compared with mean values. 6 If FDG were distributed 
evenly throughout the body, the SUV would be 1.0. Tradition- 
ally, an SUV maximum cutoff of 2.5 or greater has been used 
to differentiate between benign and malignant lesions. 7 
However, the organ in which the measurement is obtained and 
its comparison to background should be taken into account 
when determining abnormality of SUV values. 

The functional information provided by the PET scan is 
complementary to the anatomic and morphologic data obtained 
by the CT scan. PET is limited in regard to accurate anatomic 
localization of detected abnormal activity, which is especially 
more of a challenge for abdominal and pelvic imaging. 
Initial PET scanners provided anatomic registration—that 
is, superimposition of FDG activity from the PET scan with 
the corresponding anatomic structure—from CT scans via 
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separately acquired datasets fused with the aid of software. 8 This 
method was easier and more accurate in organs such as the 
brain, but the same success was not achieved with body imaging, 
in which bowel peristalsis and motion from breathing caused 
frequent misregistration artifacts, complicating interpretation. 
Most of the current PET scans are hybrid units with built-in CT 
scans in the same hardware, providing immediately sequential 
acquisition and subsequent coregistration of data without 
moving the patient. Once the scan is completed, datasets from 
the PET and CT scans can be reviewed separately or as fused 
images. The first PET/CT scan became commercially available 
in 2001 and, since then, PET-only scanners have almost disap- 
peared from the market. Currently, almost all manufacturers 
offer only hybrid PET/CT scanners. 

Attenuation is the loss of the gamma photons emitted from 
the positron in the patient before they are detected by the 
scanner. Attenuation is a greater problem with PET imaging 
because both photons have to travel through the patient for 
greater distances compared with the traditional single-photon 
imaging used in nuclear medicine. Only approximately 10% of 
the photon pairs survive from a given source in the patient. 3 As a 
result, attenuation correction is necessary to obtain high count, 
good-quality images. Earlier PET scans used external, long-lived 
radionuclide sources, such as germanium 68 ( 68 Ge) or cesium 
137, and measured transmission using the same detectors to 
provide an attenuation map of the patient’s body. However, 
obtaining transmission scans accounted for a significant 
portion of the scan time in PET-only units, and the length of the 
scan caused misalignment artifacts. 9 Current PET/CT scans 
provide not only anatomic coregistration, but also attenuation 
correction, which reduces the statistical noise associated with 
68 Ge transmission maps. They also enable a significant scan time 
reduction, down from 45 to 60 minutes with the PET-alone 
units to 20 to 30 minutes, thus enhancing patient throughput. 

Protocol for Scanning 

An agreed-on universal protocol for PET/CT scanning does not 
yet exist, given that it is still a relatively new and developing 
modality. Institutions have developed their own modifications 
to existing protocols to ht their own preferences. There are three 
main options regarding the CT component while performing a 
PET scan—to obtain a low-dose CT scan for attenuation cor¬ 
rection and image coregistration, a standard-dose CT scan, or 
a combined standard-dose CT scan with intravenous (IV) and 
oral contrast. The advantage of the latter options is that they 
provide diagnostic quality CT scans at the expense of increased 
radiation dose. Use of a fully diagnostic CT scan using IV con¬ 
trast is especially important in the evaluation of vascular struc- 
tures, organ enhancement, and bowel disease, as well as for 
distinguishing lymphadenopathy and masses from small bowel 
loops. In our institution, we first obtain a low-dose, noncontrast 
CT scan followed by the whole-body FDG PET emission scan. 
Subsequently, a diagnostic quality transmission CT scan is 
obtained using IV and oral contrast agents, which maximizes 
diagnostic information and minimizes the risk of artifacts. 

In CT imaging, contrast agents are administered to enhance 
tissue contrast and differentiation and improve lesion localiza- 
tion and characterization. However, protocol modifications are 
necessary to avoid artifacts and ensure accurate attenuation 
correction on PET scans. 10 ' 12 Attenuation can be overestimated 
in PET in the presence of positive contrast agents. 13 ' 16 The 


resulting overestimation of attenuation may lead to potential 
artifacts, with images demonstrating increased FDG uptake in 
areas of high contrast concentration. IV contrast causes artifacts 
that are mainly limited to venous vessels close to the injected 
bolus, whereas positive oral contrast agents may cause an over¬ 
estimation of FDG uptake up to 20%; this may be even more 
problematic when the patient has poor peristalsis or an obstruc¬ 
tion causing accumulation of contrast in the bowel. 14 The same 
applies to metallic implants in the body, which frequently causes 
attenuation correction artifacts. Non-attenuation-corrected 
images and the CT scan can serve as problem-solving tools 
in these cases, because artifacts will be found only on the 
attenuation-corrected data. 

Although much of the misregistration caused by bowel peri¬ 
stalsis and patient motion has been alleviated by the use of CT, 
respiratory misregistration represents a persistent problem in 
precluding optimal image fusion. The PET scan is acquired over 
approximately 30 minutes during shallow respiration, whereas 
the attenuation-corrected CT datasets are acquired in seconds, 
during which the patient is instructed to breathe quietly or 
perform a breath-hold maneuver. The ideal breathing protocol 
remains to be determined. Several investigators have suggested 
that optimal fusion occurs with limited expiratory breath 
holding, 17 8 whereas others have suggested fusion images of 
equal quality with shallow breathing. 1 

Patient Preparation and Scanning 

Our institutional protocol will be discussed here. Our patients 
are asked to fast for a minimum of 6 hours prior to PET/CT to 
optimize FDG uptake by tumors and minimize cardiac uptake. 
Instructions are given to avoid caffeinated beverages. However, 
water consumption and biadder emptying is encouraged, which 
aid in the urinary excretion of FDG and minimizes radiation 
dose to the biadder. FDG is a glucose analogue with a similar 
metabolism, as discussed earlier. Its uptake is affected by insulin 
and glucose levels in the biood. Hyperglycemia competes with 
and decreases FDG uptake by tumors; therefore, before the 
injection, a biood sugar measurement is obtained. The desired 
glucose level is below 200 mg/dL and the optimal level is below 
150 mg/dL. Diabetic patients are instructed to avoid insulin 
injection within the 4 hours prior to the scan. In cases of higher 
glucose levels, measurement is repeated subsequent to light 
exercise, or sometimes even an injection of insulin is adminis¬ 
tered after an endocrine consultation. 

After the IV injection of FDG (140 pCi/kg), patients are kept 
in a darkened room and encouraged to avoid excessive physical 
activity, as well as chewing and talking, until the time of the 
scan. Neutral oral contrast is given at the same time of injection 
for the subsequent diagnostic CT scan. We typically use two to 
three bottles (450 mL) of VoLumen (E-Z-EM, Lake Success, 
NY) for our neutral attenuation oral contrast agent. This is a 
low-density barium sulfate suspension that distends the bowel 
without increasing intraluminal attenuation. One hour after the 
administration of FDG, a static and emission PET scan is 
obtained. A transmission nonattenuation CT scan is obtained 
at the same time for attenuation correction at 120 kVp and 60 
mAs during quiet breathing, with a slice thickness of 5 mm and 
overlap of 1.5 mm. A fully diagnostic helical CT scan using IV 
contrast is obtained subsequent to the emission PET scan 
during quiet breathing at approximately 140 kVp and 200 mAs, 
with a slice thickness and overlap of 5 mm. 
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Esophagus 

Esophageal cancer is a leading cause of worldwide cancer mor- 
tality. The American Cancer Society (ACS) estimated 17,990 
new diagnoses and 15,210 deaths from esophageal cancer in 
2013. The lifetime risk of esophageal cancer in the United States 
is about 1 in 125 in men and about 1 in 435 in women. 20 Com- 
plete resection of the tumor is the only potentially curative 
treatment in patients who do not have distant metastases or 
locally advanced disease. Depending on the stage of the disease, 
various treatment options exist, ranging from endoscopic resec¬ 
tion to primary surgical esophagectomy to chemotherapy and 
radiotherapy. These treatment modalities lead to substantial 
morbidity and mortality, which makes accurate staging and 
pretreatment planning crucial. PET is widely used in clinical 
practice in the management of patients with esophageal cancer. 
In the United States, the Centers for Medicare & Medicaid Ser¬ 
vices (CMS) have approved the use of PET and PET/CT in the 
diagnosis, staging, and restaging of esophageal cancer. 

In the proximal and midesophagus, squamous cell carci- 
noma predominates, whereas adenocarcinoma is mostly seen in 
the distal esophagus and esophagogastric junction. In recent 
years, there has been a dramatic increase in the incidence of 
adenocarcinoma of the esophagus, but the incidence of squa¬ 
mous carcinoma has remained relatively stable. Whether squa¬ 
mous or adenocarcinoma, PET scanning does not indicate a 
distinet difference between the two as a diagnostic tool. 21 The 
most significant risk factor for adenocarcinoma is gastroesoph- 
ageal reflux disease, whereas aleohol consumption and smoking 
are the two major risk factors for squamous cell carcinoma. 

PET has limited value as a screening modality and problem- 
solving tool in disease exelusion prompted by abnormal fmd- 
ings in o ther diagnostic modalities because of its low specificity. 3 
A variety of physiologic or benign entities can cause uptake of 
FDG in the esophagus. 22,23 Low-intensity, linear physiologic 
uptake has been described and is thought to represent swal- 
lowed secretions or smooth muscle activity. In cases of reflux 
esophagitis, mild to moderate intensity linear uptake can be 
seen predominantly in the distal esophagus. 24 Radiation esoph¬ 
agitis can also lead to uptake of varying intensity, limited to the 
zone of radiation. 2 Barrett’s esophagus, a precursor to adeno¬ 
carcinoma, is columnar metaplasia of the distal esophagus. It is 
a complication of reflux esophagitis and has been associated 
with more intense uptake in the distal third of the esophagus. 
Other pitfalls include uptake in paraesophageal brown fat, ath- 
erosclerotic plaque in the adjacent aorta, and asymmetric 
uptake in the vocal cords. 26,27 Recognizing these patterns because 
they are commonly seen pitfalls and correlating PET Åndings 
with the CT images to avoid misdiagnoses are important. 
However, when uptake is distinetly focal and intense, especially 
when a corresponding focal mass is seen on the CT scan, diag¬ 
nosis is highly suspicious for esophageal cancer. In patients for 
whom the diagnosis is unknown or the PET scan is obtained 
for other reasons, it is reasonable to recommend endoscopic 
correlation. 

STAGING 

Accurate disease staging is critical in choosing the appropriate 
treatment option and determining the prognosis of esophageal 
cancer. PET/CT has been widely used for staging of esophageal 
cancer, especially for the detection of distant metastasis and to 


determine whether patients are candidates for surgery. The 
clinical staging of esophageal cancer is assessed with the TNM 
staging system developed by the American Joint Committee on 
Cancer (AJCC) staging guidelines. The depth of tumor invasion 
through the layers of the esophagus determines the T (tumor) 
status of the disease, and the N (node) status of disease is deter¬ 
mined by the presence (NI) or absence (NO) of regional lymph 
node metastasis. Detection of distant metastasis (M) deter¬ 
mines the M status (Ml or M0) of disease. 28 Lymph node 
metastasis to the cervical lymph nodes in upper esophageal 
cancer and to the celiac axis lymph nodes in lower esophageal 
cancer is designated as an Mia status. All other distant lymph 
node metastases fali into the Mlb category. This categorization 
has prognostic value because patients with Mia disease have a 
worse prognosis compared with those with N1 disease. 29 

Detection rates of PET for primary tumor is greater com¬ 
pared with CT, ranging from 83% to 96% in various studies." 0 ' 32 
Patients with TI (invasion of the lamina propria or submueosa) 
or T2 (invasion of the muscularis propria) disease primarily 
undergo surgical resection for curative treatment, whereas 
patients with T3 (invasion of the adventitia) or T4 (invasion of 
adjacent structures) disease usually require neoadjuvant che¬ 
motherapy or combined chemotherapy and radiation therapy. 
Although PET has a higher sensitivity in the detection rate of a 
primary tumor compared with CT, it is of limited value in T 
staging because it provides no data about the depth of inva¬ 
sion. 3 PET is also limited in spatial resolution; thus, false¬ 
negative results occur in small tumors and in tumors that are 
well differentiated." 4 In a study evaluating the usefulness of PET 
in superficial esophageal cancers, Little and colleagues found 
that PET was able to detect only 45% of in situ lesions (Tis) and 
69% of TI lesions and was unable to differentiate between the 
two. 35 Endoscopic ultrasound (EUS), however, can accurately 
determine the T stage." 6 In one meta-analysis, which included 
49 studies and 2558 patients, the pooled sensitivity and specific¬ 
ity of EUS for diagnosing the T stage were 81.6% and 99.4% in 
TI, 81.4% and 96.3% in T2,91.4% and 94.4% in T3, and 92.4% 
and 97.4% in T4 disease, respectively. 3 

Various studies have not shown a substantial added benefit 
of PET for the detection of regional lymph nodes, for which EUS 
is the standard diagnostic tool. In a prospective study conducted 
by Flamen and associates, PET had a sensitivity of only 33% in 
the detection of regional lymph node metastases compared with 
81% for endoscopic ultrasound. 30 In the meta-analysis by Puli 
and co-workers, the sensitivity of EUS for diagnosing the N stage 
was 84.7%, which improved to 96.7% with the use of fme-needle 
aspiration (FNA). 3/ In another prospective study of 42 patients, 
Lerut and colleagues found that PET had a lower accuracy for 
the diagnosis of locoregional nodes compared with combined 
CT and EUS (48% vs. 69%), with a significantly lower sensitivity 
(22% vs. 83%). 38 According to a meta-analysis of 12 studies 
conducted by van Westreenen and associates, the pooled sensi¬ 
tivity and specificity of PET for the detection of locoregional 
lymph node metastases were 51% and 84%, respectively. 39 
Unlike other tumors, locoregional lymph node metastases of 
esophageal cancer are in close proximity to the primary tumor. 
It is believed that intense FDG uptake of the primary tumor can 
obscure the uptake of these immediately adj acent lymph nodes, 
thus creating difficulty in the differentiation of a primary tumor 
from locoregional lymph node metastasis. 

The additional value of PET in the evaluation of nodal 
status may lie in its high specificity. In the study by Flamen 
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and co-workers, 3 the specificity of PET was 89% compared 
with 67% with EUS. In another prospective study by Kato 
and colleagues, PET had an incremental value over CT in 
the initial staging of esophageal carcinoma in 14% of patients 
by accurately showing nodal metastasis in six patients with 
no positive CT Åndings and absence of disease in six other 
patients with positive CT findings. 40 With PET/CT, anatomic 
and morphologic data obtained from CT are combined with 
functional information obtained from PET, thus improving 
detection rates of metastases. In esophageal cancer, metastatic 
involvement can be seen by histologic analysis in small lymph 
nodes and, conversely, benign causes of lymph node enlarge- 
ment are commonly seen in the mediastinum. A morphologi- 
cally abnormal or enlarged lymph node may show no FDG 
uptake; conversely, a small, normal-appearing lymph node 
may demonstrate FDG uptake. In this sense, PET and CT 
are supplemental to one another. When PET/CT is compared 
with PET in the assessment of locoregional lymph node metas¬ 
tasis, Yuan and colleagues showed an improved sensitivity of 
94%, accuracy of 92%, and negative predictive value of 92% 
with PET/CT compared with 82%, 87%, and 86%, respectively, 
with PET only. 41 

The current sensitivity rates in detection of locoregional 
lymph nodes with PET deem its use for the classification of the 
N stage of disease not sufficient for accurate presurgical plan- 
ning. A multimodality, multidisciplinary approach using PET, 
CT, and EUS should be followed for accurate staging of nodal 
status in patients with esophageal cancer. 

The primary role of PET in the management of esophageal 
cancer is in its value for detecting distant lymph node or solid 
organ metastasis 42 (Fig. 7-1). Although patients with Mia 
disease may benefit from neoadjuvant chemoradiation, radical 
surgery is contraindicated in patients with Mlb disease. Patients 
with Mlb disease are only offered palliative treatments and 
systemic chemotherapyA PET is very useful for the detection 
of common sites of distant nodal metastases, such as cervical 
lymph node metastases in upper esophageal cancer and celiac 
axis lymph node metastases in lower esophageal cancer. 38,44 In 
the study by Lerut and associates, the accuracy and specificity 
of FDG-PET for distant nodal metastasis (Mia) was signifi- 
cantly higher compared with the combined use of CT and 
EUS (86% vs. 62% and 90% vs. 69%, respectively). In the 
same study, FDG-PET scanning correctly upstaged 12% of the 
patients. 38 

The most common solid organ metastasis of esophageal 
cancer is to the liver and lungs, followed by bone. 45 Metastatic 
disease is present in 20% to 30% of patients with esophageal 
cancer at initial presentation. 46 PET has shown to be more 
accurate and sensitive for the assessment of distant disease 
compared with CT and EUS. 38,46 ' 49 The meta-analysis conducted 
by van Westreenen and co-workers demonstrated a pooled 
sensitivity and specificity of 67% and 97%, respectively, for 
detection of distant metastases by PET. 39 PET/CT has been 
shown to prevent surgery by upstaging disease via identifying 
distant metastases not seen by CT in approximately 14% (5 
of 36) of patients in a study by Flanagan and colleagues 46 
and in 28% (7 of 25) of patients in another study by Rankin 
and associates. 50 Heeren and co-workers found that PET 
upstaged 15 patients (15 of 74; 20%) correctly as Ml disease, 
missed by CT and EUS, and correctly downstaged 4 patients 
(5%) from Ml to M0 disease, with an overall incremental 
value of 25%. 51 



Figure 7-1 Midesophageal cancer. A. Sagittal contrast-enhanced 
CT scan dem o nst rates focal circumferential thickening of the 
midesophagus (solid arrow) suspicious for malignancy. A large, 
suspicious, low-density gastrohepatic lymph node (dashed arrow) is 
also seen. B. Corresponding sagittal fused PET/CT image shows 
intense FDG uptake in the midesophagus (solid arrow) and in a 
gastrohepatic lymph node (dashed arrow). 


RESTAGING AND TREATMENT RESPONSE 

The accuracy of CT for the detection of recurrent disease or 
evaluation of treatment response is limited because of the dif- 
ficulty of differentiating post-treatment changes of inflamma¬ 
tion and fibrosis from viable tumor. Morphologic changes do 
not always reflect tumor response because tumor size may 
remain stable, despite the viable tumor cells. Guo and col¬ 
leagues 52 evaluated PET/CT for disease recurrence and divided 
anatomic sites of recurrence to local, regional, and distant. The 
study demonstrated sensitivity values of 96.9%, 85.9%, and 
90.5% and specificity values of 50%, 92.2%, and 89.9%, respec¬ 
tively. PET/CT was of low specificity for the evaluation of local 
recurrence. In the perianastomotic region, EUS is much more 
sensitive and specific for the detection of recurrence 53 ; however, 
in the post-treatment patient, the use of endoscopy may be 
limited because of scarring, inflammation, postradiation esoph- 
agitis, or luminal stenosis in the anastomotic region. Therefore, 
just as with initial staging, a multimodality approach should be 
applied for restaging esophageal cancer following treatment. 

In a meta-analysis by Westerterp and associates 54 comparing 
the accuracy of CT, EUS, and PET in the assessment of response 
to neoadjuvant treatment, the maximum joint sensitivity and 
specificity values for CT, PET, and EUS were 54%, 85%, and 
86%, respectively. PET and EUS had equivalent accuracy, but 
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the invasive nature and limitations of EUS in the post-treated 
esophagus were noted. EUS was not feasible in 6% and subop- 
timal in 14% of patients. 

Another study conducted by Cerfolio and co-workers 55 
investigated the accuracy of PET/CT, EUS with FNA, and CT 
for restaging following neoadjuvant chemotherapy and found 
that PET/CT accurately predicted complete response in 89% of 
patients compared with 67% with EUS-FNA and 71% with CT. 
The accuracy for detecting nodal disease was also superior with 
PET/CT, 93%, compared with 78% each with EUS-FNA and CT. 

Response rates to neoadj uvant treatment are variable with 
esophageal cancer. Favorable response rates have ranged from 
16% to 31% of patients in several published series. 56 ' Patients 
who do not respond to neoadjuvant treatment may have a 
worse prognosis because of adverse effects of treatment or delay 
in surgery. Therefore it is crucial to have a test to select the pool 
of responders accurately and individualize treatment accord- 
ingly. PET has been widely used for this purpose. 

Many studies have shown a strong correlation of FDG uptake 
with pathologic stage and survival in esophageal cancer. 60 ' 65 
This has led to various studies investigating the use of the stan- 
dardized uptake value (SUV) in determining the metabolic 
response to neoadjuvant treatment. 

Ott and colleagues divided patients based on a predeter- 
mined rate of SUV reduction before and after neoadjuvant 
chemotherapy and classified them into metabolic responders 
and nonresponders in a prospective study of 65 patients. They 
found that metabolic response significantly correlated with 
pathologic response and median survival. 66 

The Municon trial was a prospective study by Lordick and 
associates, which included 119 patients undergoing neoadju- 
vant chemotherapy, using PET to assess metabolic response 
rates in guiding treatment of distal esophageal adenocarci- 
noma. 6 On the basis of a cut-off of 35% reduction in the 
maximum SUV (SUV max), patients were divided into meta¬ 
bolic responders and nonresponders following neoadjuvant 
chemotherapy. A major histologic response was seen in 58% of 
metabolic responders compared with 0% in nonresponders. 
Event-free and overall survival rates were also significantly 
better in the responder group at 29.7 versus 14.1 months in 
nonresponders. This study confirmed the benefit of PET in the 
metabolic evaluation of treatment response in patients receiv- 
ing neoadj uvant chemotherapy and the feasibility of PET- 
guided treatment algorithms. 

For years, the World Health Organization (WHO) criteria 
and Response Evaluation Criteria in Solid Tumors (RECIST) 
have been used to follow treatment response in solid tumors, 
which used anatomic metrics based on tumor size reduction. 68,69 
However, it is known that metabolic response usually precedes 
and is more accurate than morphologic response. With the 
introduction of molecularly targeted treatment options and the 
use of PET to assess the metabolic treatment response, these 
conventional evaluation methods have become of limited value. 
Recently, Wahl and co-workers introduced the PET Response 
Criteria in Solid Tumors (PERCIST), which is a new quantita- 
tive assessment of the metabolic response of tumors. 71 
Yanagawa and colleagues compared the use of RECIST to 
PERCIST and found that PERCIST was the strongest indepen- 
dent predictor of outcomes in patients receiving neoadj uvant 
chemotherapy for esophageal cancer. 72 

PET/CT has also been used for radiation treatment planning. 
Calculating gross tumor volume in radiation therapy for the 


accurate delineation of tumor margins to achieve the best con- 
formity index, the ratio between target tumor volume and irra- 
diated volume, is necessary to treat the tumor successfully while 
keeping treatment-related complications to a minimum. The 
use of PET leads to improved accuracy of tumor volume calcu- 
lation, with up to 20% changes in the calculated tumor volume 
compared with CT. 73,74 In a study by Leong and associates, the 
use of CT only compared with PET caused a geographic miss 
of gross tumor volume, predominantly in the longitudinal 
direction, in 31% of patients. 7 However, it is a developing 
method, and interobserver variability exists. More studies are 
needed before the use of PET/CT for radiotherapy planning 
gains widespread clinical use. 

CONCLUSION 

The main value of PET for the staging of esophageal cancer is 
its abilitv to detect distant lvmph node and organ metastases 

otherwise not detected with other diagnostic modalities, thus 

altering the treatment in patients with more advanced disease 

statu s. Staging attempts should not be limited to PET because 
of its inherent limitations in T and N staging of disease. Ideal 
staging would use PET/CT for the detection of distant metas- 

tasis with precise anatomic localization and morphologic char- 

acterization provided bv CT, supplemented bv EUS for the 

improved detection of locoregional lvmph nodes and assess¬ 

ment of denth of tumor invasion . 

Another maior strength of PET is its abilitv to evaluate treat¬ 

ment response more accurately bv determining temporal 
changes in metabolic activitv, thus providing the opportunitv 

to identifV those who do not respond to treatment and make 

alterations in their managemen t. Standardization of scan 
timing, specific imaging protocols, and the establishment of 
PET treatment guidelines have yet to be determined. Further 
studies are needed to establish such standards. 

Stomach 

Gastric cancer is one of the most common primary gastrointes- 
tinal (GI) tract malignancies worldwide. It is often asymptom- 
atic or causes nonspecific symptoms in its early stages. By the 
time symptoms occur, the cancer is often advanced and com- 
monly metastatic, which accounts for its overall poor prognosis. 
As a result, gastric carcinoma, especially prevalent in Asian 
countries, is the second leading cause of cancer mortality, 
accounting for 600,000 deaths annually worldwide. 76 Cure can 
only be achieved by gastric and adequate regional lymph node 
resection. 77,78 However, the prognosis remains poor and recur- 
rence rates are high, despite surgical resection and neoadjuvant 
therapy. As with other cancers, accurate preoperative staging is 
crucial in determining the most appropriate treatment option 
and whether curative surgery should be attempted. The main 
use of PET in gastric cancer is primarily for the detection of 
distant metastases. It has limited use in the primary diagnosis 
and detection of lymph node status. 

When interpreting PET images for gastric carcinoma or for 
incidental Åndings in studies performed for other causes, it is 
helpful to keep several pitfalls in mind to avoid misdiagnoses. 
Several benign inflammatory or infectious causes, such as gas¬ 
tritis secondary to medications or Helicobacter pylori infection, 
may frequently cause nonspecific, diffuse FDG uptake of the 
stomach. This may challenge interpretation because this pattern 
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of FDG uptake can also be seen in infiltrative primary or meta- 
static adenocarcinoma and lymphoma. 79 81 Physiologic uptake 
in a nondistended stomach with collapsed gastric folds may also 
accentuate background uptake; the use of water ingestion or 
low-density oral contrast to distend the stomach adequately 
before PET scanning is recommended by many to increase the 
accuracy of PET. 8 ’ In these cases, clinical correlation for the 
patient’s symptoms of gastritis, recent endoscopy, or underlying 
primary malignancy may be helpful. In patients with unex- 
plained diffuse or focal, moderate- to high-intensity uptake, 
correlation with endoscopy should be recommended. 23 

Gastric cancer is staged by the standard TNM classification 
according to the depth of tumor invasion through the gastric 
wall (T), status and number of lymph nodes (N), and presence 
of metastasis (M). 83 Gastric cancer usually occurs at the gastro- 
esophageal junction; the most common histologic type is ade¬ 
nocarcinoma (>90%) followed by less common types such as 
mucosa-associated lymphoid tissue (MALT) lymphoma, carci- 
noid tumor, and sarcomas. Currently, no routine screening pro¬ 
grams exist in the United States for the prevention or detection 
of gastric cancer. Prompted by suspected clinical or imaging 
findings, the diagnosis is usually made with endoscopy, along 
with tissue sampling. 

CT is the most commonly used modality for more locally 
advanced disease to stage and assess the extent of the primary 
tumor, to evaluate for spread to locoregional lymph nodes, and 
at the same time to determine metastatic status. 4 CT provides 
a rapid overall assessment of local and distant disease based 
on morphologic changes and tissue enhancement patterns. 
However, the use of CT, as for other cancers, is limited in the 
detection of nonenlarged local lymph nodes that may harbor 
tumor cells and has limited specificity because of benign entities 
that may cause lymph node enlargement. CT may also be 
limited for the detection of peritoneal and hematogenous 
metastases. 85,86 Unfortunately, approximately 23% of patients 
who are otherwise not suspected to have metastases with con- 
ventional imaging modalities are found to have metastatic 
disease during surgery, precluding curative intent. This has led 
several investigators to evaluate the value of PET/CT for detect- 
ing local and distant disease preoperatively. 

In early gastric cancer, EUS can accurately T-stage mucosal 
and submucosal lesions, which are generally considered endo- 
scopically resectable if limited to the gastric wall. 88 According to 
a study by Xi and co-workers, the overall accuracy of EUS for 
determination of the T stage was 80.0% and for TI, T2, T3, and 
T4 was 100%, 71.4%, 87.5% and 72.7%, respectively. 89 EUS is 
more accurate for assessing the depth of wall invasion in early 
cancer compared with other imaging modalities, including CT, 
but is limited in the assessment of locally advanced disease and 
the detection of distant metastases. 90 In a recent meta-analysis 
by Dassen and colleagues, the sensitivity of PET for the detec¬ 
tion of the primary tumor ranged from 26% to 63% for early- 
stage gastric cancer and from 93% to 98% for locally advanced 
gastric cancer. 91 Early-stage tumors are not detected at an equal 
sensitivity compared with more advanced tumors, 92,93 which 
could be related to the difficulty in detecting focal uptake in a 
background of diffuse physiologic uptake or to the limited reso¬ 
lution of PET/CT. 94 Certain types of gastric cancers, such as 
MALT lymphoma (MALToma), mucinous carcinoma, and 
signet ring cell carcinoma, are also known to have low levels of 
FDG uptake, with limited sensitivity values. 95 PET should not 
be used in the work-up of these patients. Kim and associates 


have shown that signet ring cell gastric carcinoma has the lowest 
sensitivity for the detection on PET, 15%, whereas other types 
of gastric cancer have moderate sensitivity levels ranging from 
30% to 71%." According to a study by Stahl and co-workers, 
the sensitivity of PET also differs according to the histologic 
type of cancer, as described by the Lauren system, with a detec¬ 
tion rate of 83% for the intestinal type versus 41% for the 
diffuse type. 95 Therefore it can be concluded that PET is of 
limited value in the detection and T staging of gastric cancer. 

In a study by Chen and colleagues assessing the usefulness 
of PET for the preoperative staging of gastric carcinoma, the 
amount of FDG uptake correlated with macroscopic type, 
tumor size, lymph node metastasis, histologic type, and TNM 
stage of the tumor. PET had an accuracy similar to that of CT 
for diagnosing local and distant lymph node metastases as well 
as peritoneal status; however, in assessing local lymph node 
status, PET had a higher specificity than CT (92% vs. 62%). 
Moreover, PET pro vided additional diagnostic value in 10 of 68 
(15%) of patients by upstaging 4 (6%) and downstaging 6 (9%) 
patients. In a study by Namikawa and associates, the sensitivity, 
specificity, and accuracy of PET/CT in assessing regional lymph 
node metastasis were 64.5%, 85.7%, and 71.1%, respectively. 94 
In another prospective study by Kim and co-workers, which 
included 73 patients with gastric cancer, the sensitivity, specific¬ 
ity, positive predictive value, and negative predictive value of 
PET for detecting lymph node metastases were 40%, 95%, 91%, 
and 56% respectively. 99 Currently, PET is considered to have low 
sensitivity and accuracy but high specificity for the detection of 
lymph node metastases. This is in part related to the low spatial 
resolution of PET and the difficulty in distinguishing uptake of 
the primary tumor or background physiologic uptake from the 
adj acent small perigastric lymph nodes, as discussed earlier for 
esophageal cancer. The benefit of PET over CT could be in its 
high specificity and positive predictive values for the assessment 
of locoregional lymph nodes as well as a theoretic increased 
accuracy for the detection of distant lymph node metastases 
(e.g., those in the retroperitoneum). To date, there have not 
been many studies comparing PET/CT to CT or PET alone for 
the evaluation of locoregional lymph nodes in gastric cancer. 
The added benefit of hybrid imaging with PET/CT has been 
well demonstrated in the preoperative evaluation of esophageal 
cancer and may have a role and added benefit for gastric 
cancer. 41 

Gastric cancer usually metastasizes to the liver, lungs, adrenal 
giands, and ovaries. 101 The major advantage of PET is in the 
detection of these distant solid organ metastases, which may be 
metabolically active much sooner than they become morpho- 
logically apparent on CT. In one series, the overall sensitivity 
and specificity of PET to detect distant metastases was found to 
be 71% and 74%, respectively, with high values for liver and 
lung metastases but lower values for malignant ascites and 
malignant pleural effusion. 102 Both CT and PET have limited 
sensitivity in the detection of peritoneal carcinomatosis, which 
is frequently diagnosed intraoperatively. 103,104 Diffuse peritoneal 
FDG uptake or uptake in gross tumor deposits of omental 
caking can be seen; however, diffuse, small, nodular peritoneal 
deposits usually fail below the resolution of PET, although they 
can sometimes be detected by CT. Despite the added benefit of 
detecting distant unsuspected metastases in some cases with a 
high specificity, 10 the added value of PET/CT in the diagnosis 
and work-up of patients with gastric cancer has yet to be 
determined. 
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PET/CT is useful in the detection of recurrence subsequent 
to surgical resection and in the assessment of treatment response 
to preoperative chemotherapy. PET can frequently differentiate 
treatment-related morphologic changes seen on CT from tumor 
recurrence. In a recent meta-analysis, Zou and Zhao analyzed 
results from 8 studies, which included a total of 500 patients, 
and found that the pooled sensitivity and specificity of PET/CT 
for the detection of local gastric cancer recurrence following 
surgery were 86% and 88%, respectively. 106 Neoadjuvant therapy 
is frequently being used in the treatment of gastric cancer to 
improve survival with the subsequent surgical resection. Treat¬ 
ment response by CT is assessed with changes in tumor size 
following the RECIST criteria, 69 which may sometimes be sub- 
optimal. In some cases, the tumor may not reduce in size, 
despite no longer harboring tumor cells. PET can detect and 
separate treatment responders at an earlier phase than CT, thus 
reducing treatment-related morbidity and preventing delays in 
surgical treatment. 87 In this regard, PET also provides prognos- 
tic information, because patients who do not respond to che¬ 
motherapy usually have more aggressive tumor biology. 

There has been increasing interest recently in a new radio- 
tracer, 18 F-fiuorothvmidine (FLTh in PET for the evaluation 
of gastric cancer, with the aim of acquiring more accurate 

diagnostic and staging information . 1 Herrmann and associates 
have compared the feasibility of FLT-PET to FDG-PET and 
found FLT-PET to have a sensitivity of 100% in primary tumor 


detection compared with 69% with FDG-PET. 108 These modali- 
ties are relatively new and warrant further investigation to 
gain acceptance in clinical practice. 

To conclude, although PET may not have a role in the detec¬ 
tion of the primary tumor and regional lymph nodes, it mav 
provide valuable information with regard to increased specific- 

itv of findings, detection of distant metastases, and evaluation 

of treatment response . Fused PET/CT has been of additional 
value for various cancers, but its role in gastric cancer has yet 
to be fully determined. Initial results of studies investigating 
some new PET radiotracers appear promising. 

Small Bowel 

The most common small bowel cancer is adenocarcinoma 

which is mostlv seen in the duodenuim followed bv the 

ieiunurm with the exception of patients with Crohns disease, 

in whom the most common location is the ileum. 109,110 Metas¬ 
tases to the small bowel can also occur, usually seen with malig- 
nant melanoma, followed by breast and lung cancers. 111112 Less 
commonly seen tumors of the small bowel include neuroen- 
docrine tumors (NETs), gastrointestinal stromal tumors 
(GISTs), and sarcomas (Fig. 7-2). Some form of surgical treat¬ 
ment is offered with curative intent during early-stage cancer 
and for palliation, primarily to prevent obstruction in the more 
advanced stages. Neoadjuvant therapy is frequently used in 


Figure 7-2 Duodenal 
neuroendocrine tumor. A. Axial 
contrast-enhanced CT scan 
shows a round mass at the 
junction of the descending and 
transverse duodenum ( arrow ). 

B, C. Corresponding axial fused 
PET/CT scan (B) and whole-body 
coronal maximum intensity 
projection (MIP) PET scan (C) 
demonstrate focal, intense FDG 
uptake in the mass (arrow). Also 
note the diffuse heterogeneous 
low-level uptake of the small 
bowel in the background. 
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more locally advanced disease, along with subsequent surgical 
resection, whereas systemic chemotherapy, which appears to 
provide a modest survival benefit, is offered to patients with 
more widespread disease. 113 Given the variety of surgical and 
medical treatment options, accurate staging is crucial in decid- 
ing the optimal treatment to provide the most survival benefit 
to patients while minimizing unnecessary, treatment-related 
morbidity. Given the rarity of this type of cancer, the usefulness 
of PET/CT for the diagnosis and work-up of these patients has 
not been extensively investigated. 

The most common appearance of small bowel carcinoma on 

PET/CT is focal or segmental wall thickening, with intense FDG 

untak e. 110 However, potential pitfalls in interpretation exist 
and should be kept in mind to avoid misdiagnoses. The small 
bowel normally demonstrates diffuse, mildly heterogeneous 
FDG uptake, which may be more prominent in the pelvis, with 
multiple bowel loops overlying each other. 23 FDG uptake in the 
small bowel uptake is nonspecific and can be seen with various 
infectious and inflammatory causes, including Crohns disease 114 
(Fig. 7-3). Primary and metastatic small bowel malignancies, 
GISTs, and lymphomatous involvement of the small bowel can 
also show FDG uptake. Interpretation of the PET scans should 
be made in conjunction with CT findings to localize and char¬ 
acter ize focal unexpected FDG uptake accurately, because a 
variety of bowel wall-thickening patterns have been well 
described in the CT literature. 115,116 

In patients suspected to have advanced disease, PET/CT 
would have the potential added benefit of staging the disease by 
identifying locoregional lymph node and distant metastases, 
evaluating treatment response, and restaging the disease 



Figure 7-3 Crohn's disease. A. Coronal contrast-enhanced CT scan 
demonstrates bowel wall thickening and increased enhancement in 
the terminal ileum (solid arrows) and in the distal small bowel loops 
(dashed arrow). B. Corresponding whole-body MIP PET scan shows 
intense FDG uptake in the affected bowel loops (arrows). 


subsequent to treatment. PET/CT has been used successfully in 
the imaging of small bowel tumors, as reported in various 
studies. 11 PET/CT permits the detection and characteriza- 
tion of local and distant lymph node involvement and identifi- 
cation of unsuspected distant metastases, including the liver. Its 
added benefit has been proven in the work-up of patients with 
other GI tract malignancies, including esophageal, colorectal, 
and gastric cancers (see earlier). Currently, however, PET-CT’s 
accuracy and added benefit for detecting local and distant 
metastatic disease from small bowel adenocarcinoma have not 
yet been studied sufficiently to allow for their accurate 
determination. 

GISTs are nonepithelial neoplasms typically arising in the 
bowel wall, mesentery, or omentum. Most GISTs occur in the 
stomach, followed by the small bowel, accounting for approxi- 
mately 10% to 15% of small bowel cancers. All GISTs have 
malignant potential, with a worse prognosis in those that are of 
nongastric origin, large in size, and with a high mitotic index. 121 
PET has been used for detecting the malignant potential of 
GISTs by the use of FDG uptake and for assessing metastatic 
disease before surgery for accurate staging. 122 ' 124 However, its 
full potential for the work-up of patients with GISTs, as well as 
the indications and the selection of patients for which PET/CT 
would be useful, are yet to be determined. 

NETs are typically not FDG-avid, so novel PET radiotracers 
such as 68 gallium-DOTATATE, 68 gallium-DOTA-NOC, and 
18 F-l-DOPA are being developed for applications in NET evalu- 
ation and have shown highly promising results. In a study by 
Haug and co-workers, 68 gallium-DOTATATE PET/CT identified 
NET in 29 of 36 patients and excluded the presence of a NET 
in 61 of 68 non-NET patients in a pool of 104 patients sus¬ 
pected to have NET. 3 They reported a sensitivity of 81% and 
specificity of 90%. PET/CT had false-positive and false-negative 
results in 7 patients, with each indicating positive and negative 
predictive values of 81% and 90%, respectively, and an accuracy 
of 87%. 125,126 

The use of PET/CT for the evaluation of small bowel tumors 
has yet to be determined, given the lack of sufficient data, which 
are restricted by the rarity of this type of cancer. Based on our 
experience, as well as extensive data obtained for other GISTs, 
PET/CT could be used as an adjunctive modality in the work-up 
of patients with small bowel tumors to detect local and advanced 
stages of the disease. 

Colon and Rectum 

Colorectal cancer is the third most common cancer in men and 
women and the second leading cause of cancer mortality in the 
United States. The National Cancer Institute estimated that 
approximately 142,000 new diagnoses would be made and 
50,000 patients would die from colorectal cancer in 2013. 127 
Surgery is the most common and only potentially curative 
treatment option for patients who do not have widespread 
distant metastases. Almost all patients with colon cancer 
undergo some form of surgery, whether an attempt for pallia- 
tion or cure. Surgical resection of limited metastatic disease to 
the liver is also frequently performed. Patients with early-stage 
rectal cancer undergo local excision and/or radiation therapy, 
whereas for those with locally advanced disease, neoadjuvant 
chemoradiation followed by surgery is frequently used. 

Although CMS has approved the use of PET and PET/CT in 
the diagnosis, staging, and restaging of colorectal cancer, the 
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main role of PET in the management of colorectal cancer is in 
the evaluation of locoregional lymph node and distant metas¬ 
tases. PET has limited value in the initial diagnosis and screen¬ 
ing of colorectal cancer. In a study by Chen and colleagues 
investigating the use of PET as a screening tool in 3210 asymp- 
tomatic individuals, only 14 advanced adenoma (>1 cm) and 6 
cancer diagnoses were made. 12 At present, radiation and cost 
considerations, as well as low positive predictive values, prohibit 
PET from gaining widespread acceptance as a screening tool. 

FDG uptake in the colon is heterogeneous, and diffuse low 
intensity uptake is common. Focal, moderately intense physi- 
ologic uptake can also be seen, especially surrounding the ileo- 
cecal valve and in the right colon secondary to a high 
concentration of lymphoid tissue in this region. 129 Despite the 
high sensitivity of PET for the detection of primary tumors 
(95% to 100%), its specificity is limited because of a high 
number of benign pathologies that show focal, intense FDG 
uptake, such as diverticulitis, appendicitis, and abscess forma¬ 
tion, 23130 which leads to a high number of false-positive studies. 
However, when there is focal and intense colonic uptake inci- 
dentally seen on the PET scan obtained for other indications, 
correlation with the CT scan is invaluable, because the diagno¬ 
ses for benign causes of FDG uptake are readily made by CT. 
Clinical correlation for inflammatory or infectious causes of 
FDG uptake, such as inflammatory bowel disease or infectious 
colitis, should be made. In a study by Agress and Cooper, which 
reviewed the clinical significance of unexpected, abnormal, 
focal FDG uptake in 1750 patients with PET scans obtained to 
evaluate known or suspected malignancies, 26 patients with 
focal colorectal uptake were identified. Among these, 18 were 
found to be adenomas, 3 were cancers, 2 had benign causes, and 
3 were found to be false-positives. 131 Therefore in patients for 
whom there is no related known diagnosis and CT is unable 
to explain the uptake, or shows a distinet mass, fmdings 
should not be ignored, and endoscopic evaluation should be 
recommended. 

Guidelines for screening of colorectal cancer in average-risk 
adults were last updated in 2008 in an evidence-based consen- 
sus statement that included the U.S. Multisociety Task Force 
(USMSTF) on Colorectal Cancer (which included the American 
College of Gastroenterology, American Gastroenterologic Asso¬ 
ciation, and American Society for Gastrointestinal Endoscopy), 
ACS, and American College of Radiology (ACR). These recom- 
mendations were based on tests for cancer detection or tests for 
cancer and adenomatous polyp detection starting at the age of 
50 years. 132 The former included an annual, guaiae-based, fecal 
occult biood test, annual fecal immunochemical test, or stool 
DNA test, all tests with high sensitivity for cancer. The latter 
group included flexible sigmoidoscopy every 5 years, colonos- 
copy every 10 years, double-contrast barium enema every 5 
years, and CT colonography every 5 years. The guidelines stated 
that all recommended tests were acceptable options and stressed 
shared, informed decision making with patients. PET/CT has 
no role in screening for colorectal cancer for these reasons and 
was not included in the guidelines. 

STAGING 

The AJCC recommends the TNM staging system for the clinical 
staging of colorectal cancer. Because surgery is frequently per- 
formed for curative purposes in the early stage of colon cancer, 
and for palliation or management of complications in the 


advanced stage, current staging schemes are based on surgical 
and pathologic data. 3 Although surgical staging is superior 
because of the evaluation of tumor depth in the bowel wall and 
microscopic involvement of regional lymph nodes on histopa- 
thology, attempts to determine accurate staging during the 
initial imaging evaluation are important to steer the nature of 
the surgery, whether it is palliative or curative in intent. The 
ACR has recommended CT scanning of the chest, abdomen, 
and pelvis as the initial pretreatment screening study for colon 
and rectal cancers. 133 CT provides speed, convenience, and an 
overall picture of disease status, permitting identifkation of 
complications such as obstruction or perforation from the 
tumor, which may not be clinically apparent. Accurate local and 
regional staging is even more important with rectal cancers 
because it determines the need for administering neoadjuvant 
chemoradiation. The added benefit of PET/CT in staging is 
appreciated most with more advanced disease. 

The sensitivity of PET for the detection of the primary 
tumor is up to 100% in patients with a known diagnosis 134 (Fig. 
7-4). A potential weakness of PET in primary tumor detection 
is that it may have a decreased sensitivity for lesions smaller 
than 1 cm because of limited spatial resolution and for certain 
tumor cells such as those of mueinous adenocarcinoma. 135,136 
Despite the strength of PET for the detection of the primary 
tumor, it does not provide sufficient detail about the depth of 
tumor penetration through the bowel layers to assess the T stage 
of disease, which is particularly important for treatment plan- 
ning in rectal cancer. Patients with transmural disease undergo 



Figure 7-4 Rectal cancer. A. Sagittal non-contrast-enhanced CT 
scan shows a midrectal mass ( arrow ). B. Corresponding sagittal fused 
PET/CT image demonstrates intense FDG uptake in the mass (arrow). 
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neoadjuvant chemoradiation, whereas those with disease 
limited to the bowel wall undergo primary surgical resection. 
CT cannot discriminate bowel layers either, and its accuracy is 
limited unless there is gross wall penetration or perirectal inva¬ 
sion by the tumor. A meta-analysis investigating the use of 
endorectal US, CT, and MRI for the assessment of perirectal 
invasion has reported a significantly higher sensitivity for US 
than for CT. 138 For small rectal tumors, the initial imaging rec- 
ommendation to assess tumor depth is endorectal US. For large 
tumors, MRI of the pelvis with contrast is recommended, 
because endorectal US is very accurate for staging superfkial TI 
and T2 tumors, but less so for T3 and T4 tumors, which require 
evaluation of the perirectal fat and mesorectal fascia. 139,140 All 
the conventional imaging modalities are limited, however, in 
the differentiation of peritumoral desmoplastic reaction from 
actual tumor. 141 

Because most patients undergo some form of colectomy, the 
extent of local disease can be histopathologically evaluated by 
the excision of pericolonic and mesenteric lymph nodes. The 
intensity of uptake in the primary tumor may obscure adjacent 
small lymph nodes in PET/CT, and it may not detect micro- 
scopic involvement; therefore, it has limited value in the preop- 
erative staging of local disease. In a recent meta-analysis by Lu 
and associates, PET/CT had a pooled sensitivity and specificity 
of 42.9% and 87.9%, respectively, for the detection of local 
lymph nodes. 142 Although PET is less sensitive, it was shown to 
be more specific for the detection of locoregional lymph nodes 
compared with CT in various studies. 134,143,144 Given its specific¬ 
ity, PET/CT could be used to improve the detection of finding 
metastatic lymph nodes that are not in the operative held 
depicted by other imaging modalities. 

The main role of PET/CT in staging colorectal cancer is in 

the detection of distant metastases (Fig. 7-5). Colorectal cancer 
most commonlv metastasizes to the liver and lungs, followed bv 



Figure 7-5 Metastatic colon cancer. A. Coronal contrast-enhanced 
CT scan dem o nst rates multiple, low-density peritoneal implants 
( arrows ) along the surface of the liver in this patient with known 
mucinous adenocarcinoma of the colon. B. Corresponding coronal 
fused PET/CT shows intense FDG uptake in the peritoneal deposits 
(arrows). Mucinous tumors have variable and frequently low FDG 
uptake. However, in this patient, the metastases had intense FDG 
uptake. 


retroperitoneal and iliac lymph nodes, bone, adrenal giands, 
and soft tissues. Hepatic metastases are most common and are 
present during initial presentation in approximatelv 30% of 

patients. Accurate detection and localization of hepatic metas¬ 
tases are very important, especially if resection of metastatic 
liver lesions is planned. Some patients may be deemed inoper- 
able, whereas in others more extensive resections may be per- 
formed. Currentlv, contrast-enhanced CT is established as the 
primarv imaging modalitv to detect and characterize focal liver 

lesions . 145 MRI is then recommended for further characteriza- 
tion of suspicious or equivocal lesions detected by CT. PET is 
limited in its ability to detect hepatic metastases smaller than 
1 cm, 146 but it is more sensitive and specific compared with CT 
alone for the detection of hepatic and extrahepatic metastases. 
Among 43 patients who were evaluated with PET and CT prior 
to resection of colorectal liver metastases, PET identifled addi¬ 
tional lesions in 10 patients, which led to cancellation of the 
surgery in 6 of the patients. 147 In a recent meta-analysis, which 
included 3391 patients with colorectal cancer metastatic to the 
liver, the sensitivities of CT, MRI, and FDG-PET were 83.6%, 
88.2%, and 94.1%, respectively. 148 When performing a PET/CT, 
the importance of obtaining a fully diagnostic CT scan, includ- 
ing the portal-venous phase, becomes paramount, especially 
for the detection of hypoenhancing lesions and potentially 
non-FDG-avid lesions, commonly seen in cancers of mucinous 
histology. With recent technologic advances, such as diffusion- 
weighted imaging and hepatobiliary-specific contrast agents, 
MRI is becoming increasingly valuable and even more sensitive, 
especially for the detection of subcentimeter liver metastases. 
Sahani and co-workers compared PET with MRI using a liver- 
specific contrast medium, mangafodipir trisodium, for the 
detection of liver metastases; MRI and FDG-PET had sensitivi¬ 
ties of 96.6% and 93.3%, positive predictive values of 100% and 
90.3%, and accuracies of 97.1% and 85.3%, respectively. 146 Of 
the 33 subcentimeter lesions (33 of 79), all were identifled by 
MRI, whereas only 12 were detected by PET. 

In a meta-analysis by Wiering and colleagues, the pooled 
sensitivity and specificity of FDG-PET for detecting hepatic 
lesions were 88.0% and 96.1%, respectively, and 91.5% and 
95.4%, respectively, for extrahepatic disease in colorectal 
cancer. 149 In contrast with CT, the pooled sensitivity and speci¬ 
ficity for hepatic lesions were 82.7% and 84.1%, respectively, 
and were 60.9% and 91.1%, respectively, for extrahepatic 
disease. PET resulted in a change of clinical management in 
31.6% of patients. PET/CT was found to upstage 14%, down- 
stage 17%, and alter management in approximately 12% of 
patients with primary rectal carcinoma compared with conven¬ 
tional imaging in a study by Davey and associates. 15 Another 
study by Gearhart and co-workers investigated the added benefit 
of PET/CT compared with transrectal US and CT, PET/CT 
identifled discordant fmdings in 38% of patients, which resulted 
in a change of treatment plan in 27% of patients. 151 These 
studies clearly indicate that the use of FDG-PET has added 
value in the diagnostic work-up of patients with colorectal 
cancer, especially in the evaluation of distant metastases. 

RESTAGING AND TREATMENT RESPONSE 

For the detection of recurrence in patients treated for colorectal 
cancer, routine surveillance is mandatory. The American Society 
of Clinical Oncology (ASCO) recommends annual CT of the 
chest, abdomen, and pelvis for 3 years, history and physical 
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examination every 3 to 6 months for the initial 3 years and every 
6 months for years 4 and 5, determination of serum carcino- 
embryonic antigen (CEA) levels every 3 months postoperatively 
for 3 years, and colonoscopy at 3 years following surgery for 
surveillance of patients treated for colorectal cancer. 152 

Most common sites of recurrence are locoregional or metas¬ 
tases in the liver. In a retrospective analysis of a total of 2657 
patients who had curative resection for colonic cancer, a 5-year 
cumulative rate of 12.8% and 25.6% was fo und for local recur¬ 
rence and distant metastases, respectively. 153 The most signifi- 
cant risk factor for recurrence was found to be the stage of 
disease at diagnosis. In a study investigating factors indicating 
improved survival and recurrence subsequent to resection of 
colorectal cancer, it was found that young age, general good 
health, surgery on an elective basis, and early-stage tumor at the 
time of resection helped improve 10-year survival of patients. 
Another population-based analysis of 3375 patients with colon 
cancer found a 5-year cumulative rate of local recurrence of 
7.6% in tumors resected for curative intent. 155 Rates of local 
recurrence are slightly higher with rectal cancer, especially lower 
rectal cancer, compared with colon cancer. Upper and midrectal 
cancers are successfully treated with total mesorectal excision, 
with low recurrence rates, whereas low rectal cancers have 
higher recurrence rates of up to 10% at 2 years. 156,157 This is 
largely because of the scarcity of perirectal fat in the lower 
rectum, leading to challenges in obtaining an adequate, negative 
surgical margin during resection. 

CT has its limitations in the detection of local recurrence 
because of distortion of anatomy in the post-treatment bed. 
Recurrence with extensive inflammatory changes and fibrosis 
secondary to surgery and radiation therapy may not be mor- 
phologically apparent until it is too late. Interpretation of post- 
treatment changes in the presacral Space and pelvis following 
treatment for rectal cancer is especially challenging. Recurrence 
in this region reveals itself with very subtle soft tissue changes 
on CT scans over a long period. In cases of local recurrence, 
although only 20% of patients can have repeated, complete 
resection, early discrimination is important because it can 
enable prompt intervention and may affect patient survival. 158 
Because PET is based on metabolic activity, it can better dif- 
ferentiate post-treatment changes from recurrent or residual 
tumor compared with CT. It is important, however, to keep in 
mind that in the immediate postsurgical or postradiation treat¬ 
ment period (within the first 3 months), false-positive FDG 
uptake can be seen. 159 PET has been shown to be more sensitive 
compared with CT in the presacral region, with a sensitivity and 
specificity of 100% and 96%, respectively. 160,161 A recent meta- 
analysis, which included 510 patients, PET/CT had a pooled 
sensitivity of 94.1% and specificity of 77.2% in the detection of 
overall tumor recurrence for colorectal cancer. 162 

In keeping with the ASCO recommendations, serum CEA 
levels are determined for routine surveillance. 152 CEA levels can 
detect recurrence with a sensitivity of 59% and specificity of 
84%. 163 CT is commonly used when there is suspected recur¬ 
rence but has limitations in detecting recurrent metastatic 
disease when recurrence is in the peritoneum or small lymph 
nodes or if the tumor is metabolically active but not morpho- 
logically apparent. PET/CT can often find sites of disease in 
patients with abnormal CEA levels but no identifiable meta¬ 
static disease on conventional diagnostic work-up. A study by 
Hung and colleagues, which compared PET, CT, and serum 
CEA levels for the evaluation of recurrent disease demonstrated 


sensitivity and specificity values of 100% and 83% for PET, 33% 
and 86% for serum CEA level elevation, and 78% and 61% for 
CT, respectively. 164 A recent study of PET/CT for the detection 
of recurrent or metastatic disease in patients with a history of 
colorectal cancer and elevated CEA levels found the sensitivity 
of PET/CT and CT to be 97.3% and 70.3%, with an equal 
specificity of 94.4%. 165 In a group of 84 patients, Votrubova and 
associates found that the sensitivity, specificity, and overall 
accuracy of PET were 80%, 69%, and 75%, respectively, com¬ 
pared with 89%, 92%, and 90%, respectively, for PET/CT for 
the detection of hepatic and extrahepatic metastatic disease. 166 
As with initial staging, distant metastatic disease is identified 
with a greater sensitivity and accuracy with PET/CT in patients 
with recurrence from colorectal cancer compared with conven¬ 
tional imaging modalities. 

PET/CT is the most sensitive and snecific method for detect¬ 

ing overall recurrence, especially at distant sites . Patients with 
advanced disease are usually treated with a combination of 
5-fluorouracil with newer agents, such as irinotecan and oxali- 
platin. The 5-year survival with chemotherapy alone is histori- 
cally less than 1%, although two recent clinical trials using 
FOLFOX (folinic acid, 5-fluorouracil, and oxaliplatin), FOLFIRI 
(folinic acid, 5-fluorouracil, oxaliplatin, and irinotecan), or a 
combination of the two, reported 5-year survival rates of 5% 
to 10%. 167,168 Earlier reports suggested that PET/CT is useful 
in monitoring treatment response to systemic chemotherapy 
in colorectal cancer and altering treatment when needed. 169 
However, several studies have challenged the accuracy of PET/ 
CT in patients who received chemotherapy. In a recent meta- 
analysis, the pooled sensitivity estimates of MRI, CT, PET, 
and PET/CT were 85.7%, 69.9%, 54.5%, and 51.7%, respec¬ 
tively, for the detection of colorectal liver metastases in patients 
treated with neoadjuvant chemotherapy; it was concluded 
that MRI was the most effective modality for this patient 
group. Another study showed significantly decreased FDG 
uptake in colorectal liver metastases in patients treated pre- 
operatively with chemotherapy, resulting in less efficient tumor 
detection. 171 In this report, the explanation given for the 
decreased accuracy of PET was the significant decrease in 
hexokinase activity in the metastatic liver tumors following 
chemotherapy. 

Despite advancements in systemic chemotherapy, liver resec¬ 
tion is the most effective treatment for achieving long-term 
survival, offering the possibility of cure in advanced-stage 
disease confined to the liver. 172,173 In a study by Selzner and 
co-workers, PET/CT was superior in establishing the diagnosis 
of intrahepatic recurrences in patients with hepatectomy, with 
a specificity of 100% versus 50% for CT. 174 

Percutaneous thermal ablation is frequently used in the 
management of metastatic liver lesions in patients who are not 
operative candidates because of existing comorbidities. Thermal 
ablation in these patients has been shown to improve sur¬ 
vival. 13 6 Differentiation between postablation changes and 
residual disease may at times be challenging with morphologic 
imaging studies such as CT and MRI. PET can metabolically 
evaluate the ablation zone in equivocal cases on conventional 
imaging or in patients in whom additional hepatic or extrahe¬ 
patic disease is suspected. Following ablation, FDG-avid 
lesions become photopenic, reflecting adequate treatment. 
Similar to contrast enhancement features of CT, focal areas of 
increased FDG uptake within the ablation zone suggest residual 
disease. Inflammatory reactive changes surrounding the 
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ablation zone usually show uniform, low-level uptake, whereas 
uptake in residual or recurrent disease is focal, nodular, and 
intense. 181 Lesions that have no enhancement or diffuse periph- 
eral enhancement on CT or MRI often have focal uptake on 
PET, which could be used to direct subsequent biopsy or 
repeated thermal ablation. 

Numerous liver-directed therapies are available for treating 
unresectable liver metastases, including radioembolization with 
yttrium 90 microspheres (Y90) or transarterial chemoemboli- 
zation. These are second- or third-line treatment algorithms 
administered to stabilize liver disease, with minimal toxicity, in 
patients for whom standard systemic chemotherapy regimens 
have failed. PET/CT has been used to evaluate treatment 
response to transcatheter arterial chemoembolization and 

radioembolization with Y90 microspheres . 182 A study by Wong 
and colleagues showed that a metabolic response after 90Y 
treatment to one or both hepatic lobes was present in a signifi- 
cantly higher proportion of the lobes assessed by PET compared 


with an anatomic response evaluated by CT or MRI. Further 
studies are needed evaluating the accuracy and added benefit 
of PET in patients treated with transarterial, liver-directed 
therapies. 

CT and MRI are more commonly used in current clinical 
practice for the evaluation of treatment response in the liver. At 
present, the optimal timing for imaging, cost concerns, and 
protocols for evaluating treatment response have not yet been 
established, which prohibit the use of PET/CT as a standard 
method for evaluating treatment response. However, PET/CT 
could be used as a problem-solving tool for patients in whom 
conventional imaging modalities do not provide sufficient 
information for critical decision making. 

In summarv, it has been fo und that PET/CT has the greatest 

imnact for the detection of previouslv unrecognized sites of 

hepatic or extrahepatic metastases, detection of local recurrence 

in the treatment bed, and restaging in patients with suspected 

local or distant recurrent disease. 


REFERENCES 


1. Ben-Haim S, Eli P: 18F-FDG PET and PET/CT 
in the evaluation of cancer treatment response. 
J Nuel Med 50:88-99, 2009. 

2. Kelloff GJ, Hoffman JM, Johnson B, et al: Prog- 
ress and promise of FDG-PET imaging for 
cancer patient management and oncologic 
drug development. Clin Cancer Res 11:2785- 
2808, 2005. 

3. Rohren EM, Turkington TG, Coleman RE: 
Clinical applications of PET in oncology. Radi- 
ology 231:305-332, 2004. 

4. Shreve PD, Anzai Y, Wahl RL: Pitfalls in onco¬ 
logic diagnosis with FDG PET imaging: physi- 
ologic and benign variants. Radiographics 
19:61-77, 1999. 

5. Blake MA, Singh A, Setty BN, et al: Pearls and 
pitfalls in interpretation of abdominal and 
pelvic PET-CT. Radiographics 26:1335-1353, 
2006. 

6. Adams MC, Turkington TG, Wilson JM, Wong 
TZ: A systematic review of the factors affeeting 
accuracy of SUV measurements. AJR 195:310— 
320, 2010. 

7. Brady MJ, Thomas J, Wong TZ, et al: 
Adrenal nodules at FDG PET/CT in patients 
known to have or suspected of having lung 
cancer: A proposal for an efficient diag- 
nostic algorithm. Radiology 250:523-530, 
2009. 

8. Blodgett TM, Meltzer CC, Townsend DW: 
PET/CT: Form and funetion. Radiology 
242:360-385, 2007. 

9. Bacharach SL: PET/CT attenuation correction: 
Breathing lessons. J Nuel Med 48:677-679, 
2007. 

10. Antoch G, Freudenberg LS, Beyer T, et al: To 
enhance or not to enhance? 18F FDG and CT 
contrast agents in dual-modality 18F-FDG 
PET-CT. J Nuel Med 45(Suppll):56S-65S, 
2004. 

11. Antoch G, Freudenberg LS, Stattaus J, et al: 
Whole-body positron emission tomography- 
CT: optimized CT using oral and IV contrast 
materials. AJR 179:1555-1560, 2002. 

12. Dizendorf EV, Treyer V, von Schulthess GK, 
Hany TF: Application of oral contrast media in 


coregistered positron emission tomography- 
CT. AJR 179:477-481, 2002. 

13. Carney JP, Townsend DW: CT-based attenua¬ 
tion correction for PET/CT scanners. In 
Schulthess GV, editor: Clinical PET, PET/ 
CT and SPECT/CT: Combined Anatomic- 
Molecular Imaging, Baltimore, 2002, Lippin- 
cott, Williams 8c Wilkins, pp 157-169. 

14. Cohade C, Osman M, Nakamoto Y, et al: Initial 
experience with oral contrast in PET/CT: 
Phantom and clinical studies. J Nuel Med 
44:412-416, 2003. 

15. Dizendorf E, Hany TF, Buck A, et al: Cause and 
magnitude of the error induced by oral CT 
contrast agent in CT-based attenuation correc¬ 
tion of PET emission studies. J Nuel Med 
44:732-738, 2003. 

16. Nakamoto Y, Chin BB, Kraitchman DL, et al: 
Effects of nonionic intraveneous contrast 
agents at PET/CT imaging: Phantom and 
canine studies. Radiology 227:817-824, 2003. 

17. de Juan R, Seifert B, Berthold T, et al: Clinical 
evaluation of a breathing protoeol for PET/CT. 
Eur Radiol 14:1118-1123, 2004. 

18. Beyer T, Antoch G, Blodgett T, et al: Dual- 
modality PET/CT imaging: The effeet of respi- 
ratory motion on combined image quality in 
clinical oncology. Eur J Nuel Med Mol Imaging 
30:588-596, 2003. 

19. Gilman MD, Fischman AJ, Krishnasetty V, 
et al: Optimal CT breathing protoeol for com¬ 
bined thoracic PET/CT. AJR 187:1357-1360, 
2006. 

20. American Cancer Society: What are the key 
statistics about cancer of the esophagus? 
2013. http://www.cancer.org/cancer/esophagus 
cancer/detailedguide/esophagus-cancer-key 
-statistics. 

21. Yeung HW, Macapinlac HA, Mazumdar M, 
et al: FDG-PET in esophageal cancer: Incre- 
mental value over computed tomography. Clin 
Positron Imaging 2:255-260, 1999. 

22. Kostakoglu L, Har do ff R, Mirtcheva R, 
Goldsmith SJ: PET/CT fusion imaging in dif- 
ferentiating physiologic from pathologic FDG 
uptake. Radiographics 24:1411-1431, 2004. 


23. Prabhakar HB, Sahani DV, Fischman AJ, et al: 
Bowel hot spots at PET-CT. Radiographics 
27:145-159, 2007. 

24. Bural GG, Kumar R, Mavi A, Alavi A: Reflux 
esophagitis secondary to chemotherapy 
detected by serial FDG-PET. Clin Nuel Med 
30:182-183, 2005. 

25. Bhargava P, Reich P, Alavi A, Zhuang H: 
Radiation-induced esophagitis on FDG PET 
imaging. Clin Nuel Med 28:849-850, 2003. 

26. Heller MT, Meltzer CC, Fukui MB, et al: 
Superphysiologic FDG uptake in the nonpara- 
lyzed vocal cord: Resolution of a false-positive 
PET result with combined PET/CT imaging. 
Clin Positron Imaging 3:207-211, 2000. 

27. Truong MT, Erasmus JJ, Munden RF, et al: 
Focal FDG uptake in mediastinal brown fat 
mimicking malignancy: A potential pitfall 
resolved on PET/CT. AJR 183:1127-1132, 
2004. 

28. Rice TW, Blackstone EH, Rusch VW: 7th 
edition of the AJCC Cancer Staging Manual: 
Esophagus and esophagogastric junetion. Ann 
Surg Oncol 17:1721-1724, 2010. 

29. Eloubeidi MA, Wallace MB, Hoffman BJ, et al: 
Predictors of survival for esophageal cancer 
patients with and without celiac axis lymph- 
adenopathy: Impact of staging endosonogra- 
phy. Ann Thorac Surg 72:212-229, 2001. 

30. Flamen P, Lerut A, Van Cutsem E, et al: Utility 
of positron emission tomography for the 
staging of patients with potentially operable 
esophageal carcinoma. J Clin Oncol 18:3202- 
3210, 2000. 

31. Kim K, Park SJ, Kim BT, et al: Evaluation of 
lymph node metastases in squamous cell car¬ 
cinoma of the esophagus with positron emis¬ 
sion tomography. Ann Thorac Surg 71:290-294, 
2001 . 

32. Rasanen JV, Sihvo El, Knuuti MJ, et al: Pro- 
spective analysis of accuracy of positron emis¬ 
sion tomography, computed tomography, and 
endoscopic ultrasonography in staging of ade- 
nocarcinoma of the esophagus and the esopha¬ 
gogastric junetion. Ann Surg Oncol 10:954-960, 
2003. 











108 SECTION I General Radiologic Principles 


33. Fukunaga T, Okazumi S, Koide Y, et al: Evalu- 
ation of esophageal cancers using fluorine- 
18-fluorodeoxyglucose PET. J Nuel Med 39: 
1002-1007, 1998. 

34. Wieder HA, Bernd J, Krause BJ, Herrmann K: 
PET and PET-CT in esophageal and gastric 
cancer. In Juweid ME, Hoekstra OS, editors: 
Positron Emission Tomography (Methods in 
Molecular Biology, vol 727), Totowa, NJ, 2011, 
Humana Press, pp 59-76. 

35. Little SG, Rice TW, Bybel B, et al: Is FDG-PET 
indicated for superficial esophageal cancer? 
Eur J Cardiothoracic Surg 31:791-796, 2007. 

36. Cho JW: The role of endoscopic ultrasonogra- 
phy in T staging: Early gastric and esophageal 
cancer. Clin Endosc 46:239-242, 2013. 

37. Puli SR, Reddy JB, Bechtold ML, et al: Staging 
accuracy of esophageal cancer by endoscopic 
ultrasound: A meta-analysis and systemic 
review. World J Gastroenterol 14:1479-1490, 
2008. 

38. Lerut T, Flamen P, Ectors N, et al: Histopatho- 
logic validation of lymph node staging with 
FDG-PET scan in cancer of the esophagus and 
gastroesophageal junetion: A prospective study 
based on primary surgery with extensive 
lymphadenectomy. Ann Surg 232:743-752, 
2000. 

39. van Westreenen HL, Westerterp M, Bossuyt 
PM, et al: Systematic review of the staging per- 
formance of 18F-fluorodeoxyglucose positron 
emission tomography in esophageal cancer. 
J Clin Oncol 22:3805-3812, 2004. 

40. Kato H, Miyazaki T, Nakajima M, et al: The 
ineremental effeet of positron emission 
tomography on diagnostic accuracy in the 
initial staging of esophageal carcinoma. Cancer 
103:148-156, 2005. 

41. Yuan S, Yu Y, Chao KS, et al: Additional value 
of PET/CT over PET in assessment of locore- 
gional lymph nodes in thoracic esophageal 
squamous cell cancer. J Nuel Med 47:1255- 
1259, 2006. 

42. Kim TJ, Kim HY, Lee KW, Kim MS: Multimo- 
dality assessment of esophageal cancer: Preop- 
erative staging and monitoring of response to 
therapy. Radiographics 29:403-421, 2009. 

43. Urschel JD, Vasan H: A meta-analysis of ran- 
domized controlled trials that compared neo- 
adjuvant chemoradiation and surgery to 
surgery alone for resectable esophageal cancer. 
Am J Surg 185:538-543, 2003. 

44. Kato H, Kuwano H, Nakajima M, et al: Com- 
parison between positron emission tomogra¬ 
phy and computed tomography in the use of 
the assessment of esophageal carcinoma. 
Cancer 94:921-928, 2002. 

45. Quint LE, Hepburn LM, Francis IR, et al: Inci- 
dence and distribution of distant metastases 
from newly diagnosed esophageal carcinoma. 
Cancer 76:1120-1125, 1995. 

46. Flanagan FL, Dehdashti F, Siegel BA, et al: 
Staging of esophageal cancer with 18F- 
fluorodeoxyglucose positron emission tomog¬ 
raphy. AJR 168:417-424, 1997. 

47. Meltzer CC, Luketich JD, Friedman D, et al: 
Whole-body FDG positron emission tomo- 
graphic imaging for staging esophageal cancer 
comparison with computed tomography. Clin 
Nuel Med 25:882-887, 2000. 

48. Luketich JD, Schauer PR, Meltzer CC, et al: 
Role of positron emission tomography in 
staging esophageal cancer. Ann Thorac Surg 
64:76-79, 1997. 

49. Rice TW: Clinical staging of esophageal carci¬ 
noma: CT, EUS, and PET. Chest Surg Clin N 
Am 10:471-485, 2000. 


50. Rankin SC, Taylor H, Cook GJ, Mason R: Com¬ 
puted tomography and positron emission 
tomography in the pre-operative staging of 
oesophageal carcinoma. Clin Radiol 53:659- 
665, 1998. 

51. Heeren PA, Jager PL, Bongaerts F, et al: Detec- 
tion of distant metastases in esophageal cancer 
with (18)F-FDG PET. J Nuel Med 45:980-987, 
2004. 

52. Guo H, Zhu H, Xi Y, et al: Diagnostic and 
prognostic value of 18F-FDG PET/CT for 
patients with suspected recurrence from squa¬ 
mous cell carcinoma of the esophagus. J Nuel 
Med 48:1251-1258, 2007. 

53. Flamen P, Lerut A, Van Custem E, et al: The 
Utility of positron emission tomography for 
the diagnosis and staging of recurrent esopha¬ 
geal cancer. J Thorac Cardiovasc Surg 
120:1085-1092, 2000. 

54. Westerterp M, van Westreenen HL, Reitsma JB, 
et al: Esophageal cancer: CT, endoscopic US, 
and FDG PET for assessment of response 
to neoadjuvant therapy—systematic review. 
Radiology 236:841-851, 2005. 

55. Cerfolio RJ, Bryant AS, Ohja B, et al: The accu¬ 
racy of endoscopic ultrasonography with fine- 
needle aspiration, integrated positron emission 
tomography with computed tomography, and 
computed tomography in restaging patients 
with esophageal cancer after neoadjuvant 
chemoradiotherapy. J Thorac Cardiovasc Surg 
129:1232-1241,2005. 

56. Adham M, Baulieux J, Mornex F, et al: Com- 
bined chemotherapy and radiotherapy fol- 
lowed by surgery in the treatment of patients 
with squamous cell carcinoma of the 
esophagus—the Croix Rousse experiences. 
Cancer 89:946-954, 2000. 

57. Mariette C, Piessen G, Lamblin A, et al: 
Impact of preoperative radiochemotherapy 
on postoperative course and survival in 
patients with locally advanced squamous cell 
oesophageal carcinoma. Br J Surg 93:1077- 
1083, 2006. 

58. Rohatgi P, Swisher S, Correa A, et al: Histologic 
subtypes as determinants of outeome in 
esophageal carcinoma patients with pathologic 
complete response after preoperative chemo¬ 
radiotherapy. Cancer 106:552-558, 2006. 

59. Bedenne L, Michel P, Bouche O, et al: Chemo¬ 
radiation followed by surgery compared with 
chemoradiation alone in squamous cancer of 
the esophagus: FFCD 9102. J Clin Oncol 
25:1160-1168, 2007. 

60. Cerfolio RJ, Bryant AS: Maximum standard- 
ized uptake values on positron emission 
tomography of esophageal cancer predicts 
stage, tumor biology, and survival. Ann Thorac 
Surg 82:391-394, 2006. 

61. Pan L, Gu P, Huang G, et al: Prognostic signifi- 
cance of SUV on PET/CT in patients with 
esophageal cancer: A systematic review and 
meta-analysis. Eur J Gastroenterol Hepatol 
21:1008-1015, 2009. 

62. Kato H, Kuwano H, Nakajima M, et al: Useful- 
ness of positron emission tomography for 
assessing the response of neoadjuvant chemo¬ 
radiotherapy in patients with esophageal 
cancer. Am J Surg 184:279-283, 2002. 

63. Downey RJ, Akhurst T, Ilson D, et al: Whole 
body 18FDG-PET and the response of esopha¬ 
geal cancer to induction therapy: results of a 
prospective trial. J Clin Oncol 21:428-432, 
2003. 

64. Brucher BL, Weber W, Bauer M, et al: Neoad¬ 
juvant therapy of esophageal squamous cell 
carcinoma: Response evaluation by positron 


emission tomography. Ann Surg 233:300-309, 
2001 . 

65. Weber WA, Ott K, Becker K, et al: Prediction 
of response to preoperative chemotherapy in 
adenocarcinomas of the esophagogastric june¬ 
tion by metabolic imaging. J Clin Oncol 
19:3058-3065, 2001. 

66. Ott K, Weber WA, Lordick F, et al: Metabolic 
imaging predicts response, survival, and recur¬ 
rence in adenocarcinomas of the esophago¬ 
gastric junetion. J Clin Oncol 24:4692-4698, 
2006. 

67. Lordick F, Ott K, Krause BJ, et al: PET to assess 
early metabolic response and to guide treat¬ 
ment of adenocarcinoma of the oesophagogas- 
tric junetion: The MUNICON phase II trial. 
Lancet Oncol 8:797-805, 2007. 

68. Moertel CG, Hanley JA: The effeet of measur- 
ing error on the results of therapeutic trials in 
advanced cancer. Cancer 38:388-394, 1976. 

69. Eisenhauer EA, Therasse P, Bogaerts J, et al: 
New response evaluation criteria in solid 
tumours: Revised RECIST guideline (version 
1.1). Eur J Cancer 45:228-247, 2009. 

70. Michaelis LC, Ratain MJ: Measuring response 
in a post-RECIST world: From black and white 
to shades of grey. Nat Rev Cancer 6:409-414, 
2006. 

71. Wahl RL, Jacene H, Kasamon Y, Lodge MA: 
From RECIST to PERCIST: Evolving consider- 
ations for PET response criteria in solid 
tumors. J Nuel Med 50:122S-150S, 2009. 

72. Yanagawa M, Tatsumi M, Miyata H, et al: Eval¬ 
uation of response to neoadjuvant chemother¬ 
apy for esophageal cancer: PET response 
criteria in solid tumors versus response evalu¬ 
ation criteria in solid tumors. J Nuel Med 
53:872-880, 2012. 

73. Moureau-Zabotto L, Touboul E, Lerouge D, 
et al: Impact of CT and 18F-deoxyglucose 
positron emission tomography image fusion 
for conformal radiotherapy in esophageal car¬ 
cinoma. Int J Radiat Oncol Biol Phys 63:340- 
345, 2005. 

74. Muijs CT, Schreurs LM, Busz DM, et al: Con- 
sequences of additional use of PET informa¬ 
tion for target volume delineation and 
radiotherapy dose distribution for esophageal 
cancer. Radiother Oncol 93:447-453, 2009. 

75. Leong T, Everitt C, Yuen K, et al: A prospective 
study to evaluate the impact of FDG-PET on 
CT-based radiotherapy treatment planning for 
oesophageal cancer. Radiother Oncol 78:254- 
261, 2006. 

76. Yeoh KG: How do we improve outeomes for 
gastric cancer? J Gastroenterol Hepatol 22: 
970-972, 2007. 

77. Gore RM: Gastric cancer: Clinical and patho¬ 
logic features. Radiol Clin North Am 35:295- 
310, 1997. 

78. Kim JP: Surgical results in gastric cancer. 
Semin Surg Oncol 17:132-138, 1999. 

79. Bhandari S, Shim CS, Kim JH, et al: Usefulness 
of three-dimensional, multidetector row CT 
(virtual gastroscopy and multiplanar recon- 
struction) in the evaluation of gastric cancer: 
A comparison with conventional endoscopy, 
EUS, and histopathology. Gastrointest Endosc 
59:619-626, 2004. 

80. Habermann CR, Weiss F, Riecken R, et al: Pre¬ 
operative staging of gastric adenocarcinoma: 
Comparison of helical CT and endoscopic US. 
Radiology 230:465-471, 2004. 

81. Harisankar CN, Kashyap R, Bhattacharya A, 
Mittal BR: Fluoro-deoxy-glucose positron 
emission tomography/computed tomography 
pattern in a patient with linitis plastica of the 


7 Positron Emission Tomography and Computed Tomography of the Hollow Viscera 109 


stomach caused by primary signet cell adeno- 
carcinoma. World J Nuel Med 11:26-27, 2012. 

82. Lee SJ, Lee WW, Yoon HJ, et al: Regional PET/ 
CT after water gastric inflation for evaluating 
loco-regional disease of gastric cancer. Eur J 
Radiol 82:935-942, 2013. 

83. Washington K: 7th edition of the AJCC cancer 
staging manual: Stomach. Ann Surg Oncol 
17:3077-3079, 2010. 

84. Hasegawa S, Yoshikawa T, Shirai J, et al: A pro- 
spective validation study to diagnose serosal 
invasion and nodal metastases of gastric cancer 
by multidetector-row CT. Ann Surg Oncol 
20:2016-2202, 2013. 

85. Lee KR, Levine E, Moffat RE, et al: Computed 
tomographic staging of malignant gastric neo- 
plasms. Radiology 133:151-155, 1979. 

86. Komaki S, Toyoshima S: CT’s capability in 
detecting advanced gastric cancer. Gastrointest 
Radiol 8:307-313, 1983. 

87. Ott K, Fink U, Becker K, et al: Prediction of 
response to preoperative chemotherapy in 
gastric carcinoma by metabolic imaging: 
Results of a prospective trial. J Clin Oncol 
21:4604-4610, 2003. 

88. Cho JW: The role of endoscopic ultrasonogra- 
phy in T staging: Early gastric and esophageal 
cancer. Clin Endosc 46:239-242, 2013. 

89. Xi WD, Zhao C, Ren GS: Endoscopic ultraso- 
nography in preoperative staging of gastric 
cancer: Determination of tumor invasion 
depth, nodal involvement and surgical resect- 
ability. World J Gastroenterol 9:254-257, 
2003. 

90. Botet JF, Lightdale CJ, Zauber AG, et al: Preop¬ 
erative staging of gastric cancer: Comparison 
of endoscopic US and dynamic CT. Radiology 
181:426-432, 1991. 

91. Dassen AE, Lips DJ, Hoekstra CJ, et al: FDG- 
PET has no definite role in preoperative 
imaging in gastric cancer. Eur J Surg Oncol 
35:449-455, 2009. 

92. Yun M, Lim JS, Noh SH, et al: Lymph node 
staging of gastric cancer using (18)F-FDG 
PET: A comparison study with CT. J Nuel Med 
46:1582-1588, 2005. 

93. Mukai K, Ishida Y, Okajima K, et al: Usefulness 
of preoperative FDG-PET for detection of 
gastric cancer. Gastric Cancer 9:192-196,2006. 

94. Namikawa T, Okabayshi T, Nogami M, et al: 
Assessment of 18 F-fluorodeoxyglucose posi¬ 
tron emission tomography combined with 
computed tomography in the preoperative 
management of patients with gastric cancer. 
Int J Clin Oncol 2013. [Epub ahead of print.] 

95. Stahl A, Ott K, Weber WA, et al: FDG PET 
imaging of locally advanced gastric carcino- 
mas: Correlation with endoscopic and histo- 
pathologic Åndings. Eur J Nuel Med Mol 
Imaging 30:288-295, 2003. 

96. Yoshioka T, Yamaguchi K, Kubota K, et al: 
Evaluation of 18F-FDG PET in patients with 
advanced, metastatic, or recurrent gastric 
cancer. J Nuel Med 44:690-699, 2003. 

97. Enomoto K, Hamada K, Inohara H, et al: 
Mucosa-associated lymphoid tissue lymphoma 
studied with FDG-PET: A comparison with CT 
and endoscopic Åndings. Ann Nuel Med 
22:261-267, 2008. 

98. Hoffmann M, Kletter K, Diemling M, et al: 
Positron emission tomography with fluorine- 
18-2-fluoro-2-deoxy-D-glucose (F18-FDG) 
does not visualize extranodal B-cell lymphoma 
of the mucosa-associated lymphoid tissue 
(MALT)-type. Ann Oncol 10:1185-1189,1999. 

99. Kim SK, Kang KW, Lee JS, et al: Assessment 
of lymph node metastases using 18F-FDG 


PET in patients with advanced gastric cancer. 
Eur J Nuel Med Mol Imaging 33:148-155, 
2006. 

100. Chen J, Cheong JH, Yun MJ, et al: Improve- 
ment in preoperative staging of gastric adeno- 
carcinoma with positron emission tomography. 
Cancer 103:2383-2390, 2005. 

101. Lim JS, Yun MJ, Kim MJ, et al: CT and PET in 
stomach cancer: Preoperative staging and 
monitoring of response to therapy. Radio- 
graphics 26:143-156, 2006. 

102. Kim J, Lim ST, Na CJ, et al: Pretreatment 
F-18 FDG PET/CT parameters to evaluate 
progression-free survival in gastric cancer. 
Nuel Med Mol Imaging 48:33-40, 2014. 

103. Chang MC, Chen JH, Liang JA, et al: PET or 
PET/CT for detection of peritoneal carcino- 
matosis: A meta-analysis. Clin Nuel Med 
38:623-629, 2013. 

104. Dalal KM, Woo Y, Kelly K, et al: Detection of 
micrometastases in peritoneal washings of 
gastric cancer patients by the reverse transcrip- 
tase polymerase chain reaction. Gastric Cancer 
11:206-213, 2008. 

105. Rosenbaum SJ, Stergar H, Antoch G, et al: 
Staging and follow-up of gastrointestinal 
tumors with PET/CT. Abdom Imaging 31:25- 
35, 2006. 

106. Zou H, Zhao Y: 18FDG PET/CT for detecting 
gastric cancer recurrence after surgical resec- 
tion: A meta-analysis. Surg Oncol 22:162-166, 
2013. 

107. Staniuk T, Zegarski W, Malkowski B, et al: 
Evaluation of FLT-PET/CT usefulness in diag- 
nosis and qualification for surgical treatment 
of gastric cancer. Contemp Oncol (Pozn) 
17:165-170, 2013. 

108. Herrmann K, Ott K, Buck AK, et al: Imaging 
gastric cancer with PET and the radiotracers 
18F-FLT and 18F-FDG: A comparative analy- 
sis. J Nuel Med 48:1945-1950, 2007. 

109. North JH, Pack MS: Malignant tumors of the 
small intestine: A review of 144 cases. Am Surg 
66:46-51, 2000. 

110. Cronin CG, Scott J, Kambadakone A, et al: 
Utility of positron emission tomography/CT 
in the evaluation of small bowel pathology. Br 
J Radiol 85:1211-1221,2012. 

111. Bender GN, Maglinte DD, McLarney JH, et al: 
Malignant melanoma: Patterns of metastasis to 
the small bowel, reliability of imaging studies, 
and clinical relevance. Am J Gastroenterol 
96:2392-2400, 2001. 

112. Tulchinsky M, Coquia S, Wagner H, Jr: Small 
bowel metastasis from lung cancer detected on 
FDG PET/CT. Clin Nuel Med 34:446-448, 
2009. 

113. Overman MJ: Recent advances in the man¬ 
agement of adenocarcinoma of the small 
intestine. Gastrointest Cancer Res 3:90-96, 
2009. 

114. Neurath MF, Vehling D, Schunk K, et al: Non- 
invasive assessment of Crohn’s disease activity: 
A comparison of 18F-fluorodeoxyglucose pos¬ 
itron emission tomography, hydromagnetic 
resonance imaging, and granulocyte scintigra- 
phy with labeled antibodies. Am J Gastroen¬ 
terol 97:1978-1985, 2002. 

115. Horton KM, Fishman EK: Multidetector-row 
computed tomography and 3-dimensional 
computed tomography imaging of small 
bowel neoplasms: Current concept in diag- 
nosis. J Comput Assist Tomogr 28:106-116, 
2004. 

116. Buckley JA, Fishman EK: CT evaluation of 
small bowel neoplasms: Spectrum of disease. 
Radiographics 18:379-392, 1998. 


117. Watanabe N, Hayashi S, Kato H, et al: FDG- 
PET imaging in duodenal cancer. Ann Nuel 
Med 18:351-353, 2004. 

118. Sperti C, Pasquali C, Fiore V, et al: Clinical 
usefulness of 18-fluorodeoxyglucose positron 
emission tomography in the management 
of patients with nonpancreatic periampul- 
lary neoplasms. Am J Surg 191:743-748, 
2006. 

119. Han EJ, Yoo IeR, Choi WH, Lee KY: Adenocar¬ 
cinoma arising in Meckels diverticulum on 
18F-FDG PET/CT. Clin Nuel Med 38:el57- 
el59, 2013. 

120. Choda Y, Ninomiya M, Fujiwara Y, et al: A case 
report of multiple adenocarcinoma in small 
intestine after total gastrectomy by Roux-en-Y 
re-construction. Gan to Kagaku Ryoho 
38:2042-2044, 2011. 

121. Rutkowski P, Wozniak A, Dqbiec-Rychter M, 
et al: Clinical Utility of the new American Joint 
Committee on Cancer staging system for gas¬ 
trointestinal stromal tumors: Current overall 
survival after primary tumor resection. Cancer 
117:4916-4924, 2011. 

122. Yoshikawa K, Shimada M, Kurita N, et al: The 
efficacy of PET/CT for predicting the malig¬ 
nant potential of gastrointestinal stromal 
tumors. Surg Today 43:1162-1167, 2013. 

123. Yamada M, Niwa Y, Matsuura T, et al: Gastric 
GIST malignancy evaluated by 18FDG-PET as 
compared with EUS-FNA and endoscopic 
biopsy. Scand J Gastroenterol 42:633-641, 
2007. 

124. Kalkmann J, Zeile M, Antoch G, et al; German 
GIST Imaging Working Group: Consensus 
report on the radiologic management of 
patients with gastrointestinal stromal tumours 
(GIST): Recommendations of the German 
GIST Imaging Working Group. Cancer 
Imaging 12:126-135, 2012. 

125. Haug AR, Cindea-Drimus R, Auernhammer 
CJ, et al: The role of 68 Ga-DOTATATE PET/CT 
in suspected neuroendocrine tumors. J Nuel 
Med 53:1686-1692, 2012. 

126. Sundin A, Garske U, Orlefors H: Nuclear 
imaging of neuroendocrine tumours. Best 
Pract Res Clin Endocrinol Metab 21:69-85, 
2007. 

127. National Cancer Institute: Colon and 
rectal cancer, 2013. http://www.cancer.gov/ 
cancertopics/types/colon-and-rectal. Accessed 
January 31, 2014. 

128. Chen YK, Kao CH, Liao AC, et al: Colorectal 
cancer screening in asymptomatic adults: The 
role of FDG PET scan. Anticancer Res 23:4357- 
4361, 2003. 

129. Abouzied MM, Crawford ES, Nabi HA: 18F- 
FDG imaging: Pitfalls and artifacts. J Nuel Med 
Technol 33:145-155, 2005. 

130. Israel O, Yefremov N, Bar-Shalom R, et al: 
PET/CT detection of unexpected gastrointesti¬ 
nal foci of 18F-FDG uptake: Incidence, local- 
ization patterns, and clinical significance. 
J Nuel Med 46:758-762, 2005. 

131. Agress H, Jr, Cooper BZ: Detection of clinically 
unexpected malignant and premalignant 
tumors with whole-body FDG PET: Histo- 
pathologic comparison. Radiology 230:417- 
422, 2004. 

132. Levin B, Lieberman DA, McFarland B, et al: 
Screening and surveillance for the early detec¬ 
tion of colorectal cancer andadenomatous 
polyps, 2008: A joint guideline from the Amer¬ 
ican Cancer Society, the US Multi-Society Task 
Force on Colorectal Cancer, and the American 
College of Radiology. CA Cancer J Clin 58: 
130-160, 2008. 


110 SECTION I General Radiologic Principles 


133. Dewhurst C, Rosen MP, Blake MA, et al: ACR 
appropriateness criteria pretreatment staging 
of colorectal cancer. J Am Coll Radiol 9:775— 
781,2012. 

134. Abdel-Nabi H, Doerr RJ, Lamonica DM, et al: 
Staging of primary colorectal carcinomas with 
fluorine-18 fluorodeoxyglucose whole-body 
PET: Correlation with histopathologic and CT 
findings. Radiology 206:755-760, 1998. 

135. Berger KL, Nicholson SA, Dehdashti F, Siegel 
BA: FDG PET evaluation of mucinous neo- 
plasms: Correlation of FDG uptake with histo¬ 
pathologic features. AJR 174:1005-1008, 2000. 

136. Whiteford MH, Whiteford HM, Yee LF, et al: 
Usefulness of FDG-PET scan in the assessment 
of suspected metastatic or recurrent adenocar- 
cinoma of the colon and rectum. Dis Colon 
Rectum 43:759-770, 2000. 

137. Allaix ME, Fichera A: Modern rectal cancer 
multidisciplinary treatment: The role of radia¬ 
tion and surgery. Ann Surg Oncol 20:2921- 
2928, 2013. 

138. Bipat S, Glas AS, Slors FJM, et al: Rectal cancer: 
Local staging and assessment of lymph node 
involvement with endoluminal US, CT, and 
MR imaging—a meta-analysis. Radiology 
232:773-783, 2004. 

139. Garcia-Aguilar J, Pollack J, Lee SH, et al: Accu- 
racy of endorectal ultrasonography in preop- 
erative staging of rectal tumors. Dis Colon 
Rectum 45:10-15, 2002. 

140. Mercury Study Group: Extramural depth of 
tumor invasion at thin-section MR in patients 
with rectal cancer: Results of the Mercury 
study. Radiology 243:132-139, 2007. 

141. Dinter DJ, Hofheinz RD, Hartel M, et al: Pre- 
operative staging of rectal tumors: Compari- 
son of endorectal ultrasound, hydro-CT, and 
high-resolution endorectal MRI. Onkologie 
31:230-235, 2008. 

142. Lu YY, Chen JH, Ding HJ, et al: A systematic 
review and meta-analysis of pretherapeutic 
lymph node staging of colorectal cancer by 
18F-FDG PET or PET/CT. Nuel Med Commun 
33:1127-1133, 2012. 

143. Uchiyama S, Haruyama Y, Asada T, et al: Role 
of the standardized uptake value of 
18-fluorodeoxyglucose positron emission 
tomography-computed tomography in detect- 
ing the primary tumor and lymph node metas- 
tasis in colorectal cancers. Surg Today 
42:956-961, 2012. 

144. Kwak JY, Kim JS, Kim HJ, et al: Diagnostic 
value of FDG-PET/CT for lymph node metas- 
tasis of colorectal cancer. World J Surg 
36:1898-1905, 2012. 

145. Valls C, Andia E, Sanchez A, et al: Hepatic 
metastases from colorectal cancer: Preopera- 
tive detection and assessment of respectability 
with helical CT. Radiology 218:55-60, 2001. 

146. Sahani DV, Kalva SP, Fischman AJ, et al: Detec¬ 
tion of liver metastases from adenocarcinoma 
of the colon and panereas: Comparison of 
mangafodipir trisodium-enhanced liver MRI 
and whole-body FDG PET. AJR 185:239-246, 
2005. 

147. Strasbergm SM, Dehdashti F, Siegel BA, et al: 
Survival of patients evaluated by FDG-PET 
before hepatic resection for metastatic colorec¬ 
tal carcinoma: A prospective database study. 
Ann Surg 233:293-299, 2001. 

148. Niekel MC, Bipat S, Stoker J: Diagnostic 
imaging of colorectal liver metastases with CT, 
MR imaging, FDG PET, and/or FDG PET/CT: 
A meta-analysis of prospective studies includ- 
ing patients who have not previously 


undergone treatment. Radiology 257:674-684, 
2010 . 

149. Wiering B, Krabbe PF, Jager GJ, et al: The 
impact of fluor-18-deoxyglucose-positron 
emission tomography in the management of 
colorectal liver metastases. Cancer 104:2658- 
2670, 2005. 

150. Davey K, Heriot AG, Mackay J, et al: The 
impact of 18-fluorodeoxyglucose positron 
emission tomography-computed tomography 
on the staging and management of primary 
rectal cancer. Dis Colon Rectum 51:997-1003, 
2008. 

151. Gearhart SL, Frassica D, Rosen R, et al: 
Improved staging with pretreatment positron 
emission tomography/computed tomography 
in low rectal cancer. Ann Surg Oncol 13:397— 
404, 2006. 

152. Desch CE, Benson AB, 3rd, Somerfield MR, 
et al; American Society of Clinical Oncology: 
Colorectal cancer surveillance: 2005 update of 
an American Society of Clinical Oncology 
practice guideline. J Clin Oncol 23:8512-8519, 
2005. 

153. Manfredi S, Bouvier AM, Lepage C, et al: Inci- 
dence and patterns of recurrence after resec¬ 
tion for cure of colonic cancer in a well-defined 
population. Br J Surg 93:1115-1122, 2006. 

154. Ueberrueck T, Wurst C, Rauchfuss F, et al: 
What factors influence 10-year survival after 
curative resection of a colorectal carcinoma? 
World J Surg 37:2476-2482, 2013. 

155. Cortet M, Grimault A, Cheynel N, et al: Pat¬ 
terns of recurrence of obstructing colon 
cancers after surgery for cure: A population- 
based study. Colorectal Dis 15:1100-1106, 
2013. 

156. Nagtegaal ID, van de Veide CJ, Marijnen CA, 
et al; Dutch Colorectal Cancer Group, Pathol- 
ogy Review Committee: Low rectal cancer: A 
call for a change of approach in abdominoperi- 
neal resection. J Clin Oncol 23:9257-9264, 
2005. 

157. Kapiteijn E, Marijnen CAM, Nagtegaal ID, 
et al: Preoperative radiotherapy combined 
with total mesorectal excision for resectable 
rectal cancer. N Engl J Med 345:638-646,2001. 

158. Brethauer SA, Magrino TJ, Riffenburgh RH, 
Johnstone PAS: Management of recurrent 
colorectal carcinoma. Colorectal Dis 4:246- 
253, 2002. 

159. Greven KM, Williams DW, III, Keyes JW, Jr, 
et al: Positron emission tomography of 
patients with head and neck carcinoma before 
and after high-dose irradiation. Cancer 
74:1355-1359, 1994. 

160. Even-Sapir E, Parag Y, Lerman H, et al: Detec¬ 
tion of recurrence in patients with rectal 
cancer: PET/CT after abdominoperineal or 
anterior resection. Radiology 232:815-822, 
2004. 

161. Imdahl A, Reinhardt MJ, Nitzsche EU, et al: 
Impact of 18F-FDG-positron emission tomog¬ 
raphy for decision making in colorectal cancer 
recurrences. Langenbecks Arch Surg 385:129- 
134, 2000. 

162. Lu YY, Chen JH, Chien CR, et al: Use of 
FDG-PET or PET/CT to detect recurrent 
colorectal cancer in patients with elevated 
CEA: A systematic review and meta-analysis. 
Int J Colorectal Dis 28:1039-1047, 2013. 

163. Moertel CG, Fleming TR, Macdonald JS, et al: 
An evaluation of the carcinoembryonic antigen 
(CEA) test for monitoring patients with 
resected colon cancer. JAMA 270:943-947, 
1993. 


164. Hung GU, Shiau YC, Tsai SC, et al: Value of 
18F-fluoro-2-deoxyglucose positron emission 
tomography in the evaluation of recurrent 
colorectal cancer. Anticancer Res 21:1375- 
1378, 2001. 

165. Metser U, You J, McSweeney S, et al: Assess¬ 
ment of tumor recurrence in patients with 
colorectal cancer and elevated carcinoembry¬ 
onic antigen level: FDG PET/CT versus 
contrast-enhanced 64-MDCT of the chest and 
abdomen. Am J Roentgenol 194:766-771, 
2010 . 

166. Votrubova J, Belohlavek O, Jaruskova M, et al: 
The role of FDG-PET/CT in the detection of 
recurrent colorectal cancer. Eur J Nuel Med 
Mol Imaging 33:779-784, 2006. 

167. Masi G, Vasile E, Loupakis F, et al: Randomized 
trial of two induction chemotherapy regimens 
in metastatic colorectal cancer: An updated 
analysis. J Natl Cancer Inst 103:21-30, 2011. 

168. Sanoff HK, Sargent DJ, Campbell ME, et al: 
Five-year data and prognostic factor analysis of 
oxaliplatin and irinotecan combinations for 
advanced colorectal cancer: N9741. J Clin 
Oncol 26:5721-5727, 2008. 

169. Guillem JG, Calle JPL, Akhurst T, et al: Pro¬ 
spective assessment of primary rectal cancer 
response to preoperative radiation and chemo¬ 
therapy using 18-fluorodeoxyglucose positron 
emission tomography. Dis Colon Rectum 
43:18-24, 2000. 

170. van Kessel CS, Buckens CF, van den Bosch MA, 
et al: Preoperative imaging of colorectal liver 
metastases after neoadjuvant chemotherapy: A 
meta-analysis. Ann Surg Oncol 19:2805-2813, 
2012 . 

171. Akhurst T, Kates TJ, Mazumdar M, et al: 
Recent chemotherapy reduces the sensitivity of 
[18F] fluorodeoxyglucose positron emission 
tomography in the detection of colorectal 
metastases. J Clin Oncol 23:8713-8716, 2005. 

172. Gallinger S, Biagi JJ, Fletcher GG, et al: Liver 
resection for colorectal cancer metastases. Curr 
Oncol 20:e255-e265, 2013. 

173. Stangl R, Altendorf-Hofmann A, Charnley 
RM, Scheele J: Factors influencing the natural 
history of colorectal liver metastases. Lancet 
343:1405-1410, 1994. 

174. Selzner M, Hany TF, Wildbrett P, et al: Does the 
novel PET/CT imaging modality impact on the 
treatment of patients with metastatic colorec¬ 
tal cancer of the liver? Ann Surg 240:1027- 
1034, 2004. 

175. Gillams AR, Lees WR: Five-year survival fol- 
lowing radiofrequency ablation of small, soli- 
tary, hepatic colorectal metastases. J Vase 
Interv Radiol 19:712-717, 2008. 

176. Solbiati L, Livraghi T, Goldberg SN, et al: Per- 
cutaneous radio-frequency ablation of hepatic 
metastases from colorectal cancer: Long-term 
results in 117 patients. Radiology 221:159-166, 
2001 . 

177. Liu ZY, Chang ZH, Lu ZM, Guo QY: Early PET/ 
CT after radiofrequency ablation in colorectal 
cancer liver metastases: Is it useful? Chin Med 
J (Engl) 123:1690-1694, 2010. 

178. Kuehl H, Antoch G, Stergar H, et al: Compari¬ 
son of FDG-PET, PET/CT and MRI for 
follow-up of colorectal liver metastases treated 
with radiofrequency ablation: Initial results. 
Eur J Radiol 67:362-371, 2008. 

179. Veit P, Antoch G, Stergar H, et al: Detection 
of residual tumor after radiofrequency abla¬ 
tion of liver metastasis with dual-modality 
PET/CT: Initial results. Eur Radiol 16:80-87, 
2006. 


7 


Positron Emission Tomography and Computed Tomography of the Hollow Viscera 111 


180. Barker DW, Zagoria RJ, Morton KA, et al: 
Evaluation of liver metastases after radiofre- 
quency ablation: Utility of 18F-FDG PET and 
PET/CT. AJR 184:1096-1102, 2005. 

181. Purandare NC, Rangarajan V, Shah SA, et al: 
Therapeutic response to radiofrequency abla¬ 
tion of neoplastic lesions: FDG PET/CT Ånd¬ 
ings. Radiographics 31:201-213, 2011. 


182. Vitola JV, Delbeke D, Meranze SG, et al: 
Positron emission tomography with F-18- 
fluorodeoxyglucose to evaluate the results of 
hepatic chemoembolization. Cancer 78:2216- 
2222, 1996. 

183. Wong CY, Salem R, Raman S, et al: Evaluating 
90Y-glass microsphere treatment response of 
unresectable colorectal liver metastases by 


[18F]FDG PET: A comparison with CT or 
MRI. Eur J Nuel Med Mol Imaging 29:815- 
820, 2002. 


Angiography and Interventional 
Radiology of the Hollow Viscera 

STANLEY TAESON KIM I ALBERT A. NEMCEK, JR I 
HECTOR FERRAL I ROBERT L. VOGELZANG 


CHAPTER OUTLINE 


Preparation of Patients 

Technical Factors 

Vascular Access 
Catheter Selection 
Equipment 

Angiography of the Major Visceral Vessels 

Arterial Anatomy of Specific Segments of the Gut 

Esophagus 
Stomach 
Small Bowel 
Colon and Rectum 
Venous Anatomy 

Vascular Diagnosis and Intervention 
in the Gastrointestinal Tract 

Primary Vascular Disease 
Tumors 

Inflammatory Disorders 
Angiodysplasia of the Colon 
Miscellaneous Vascular Disorders 
Acute Gastrointestinal Bleeding 

Acute Mesenteric Ischemia 

Clinical and Angiographic Features 
Thrombolytic Therapy for Mesenteric Vascular 
Occlusion 

Bowel Interventions 

Reasons for Placement of Needles or Catheters into the 
Gastrointestinal Tract 
Diagnostic Biopsy of Bowel Masses 
Enteric Puncture for Diagnostic or Therapeutic 
Access 


Over the past 2 decades, the applications of angiography and 
interventional radiology in hollow abdominal viscera have dra- 
matically changed. 12 Multidetector computed tomography 
(MDCT) angiography and magnetic resonance (MR) angiog¬ 
raphy have replaced much of the diagnostic angiography that 
had been performed for investigating mesenteric ischemia, 
diagnosing abdominal masses, and detecting gastrointestinal 
(GI) tract bleeding sites." Interventional applications in the GI 
tract, however, have dramatically increased. In this chapter, new 
developments in angiography and interventional radiology of 
the hollow viscera are addressed. 


Preparation of Patients 

Certain preprocedural steps can enhance the diagnostic 
quality of a visceral angiogram. For elective studies, a stan¬ 
dard bowel cleansing should be considered to delineate vessels 
and pathologic Åndings more clearly. Intravenous (IV) glu- 
cagon (1.0 mg) given at the time of the procedure, helps 
reduce the effects of bowel motion, particularly in studies 
with digital subtraction. 

A Foley catheter is useful for studies of the inferior mesen¬ 
teric artery because a contrast agent filling the biadder can 
obscure its branches. It also increases the patient’s comfort and 
helps prevent unnecessary delays during long examinations. 

Unless contraindicated, we routinely premedicate patients 
undergoing visceral angiography with fentanyl (Sublimaze) and 
midazolam (Versed) in an attempt to achieve the analgesic, 
anxiolytic, and amnestic effects of these combined agents while 
maintaining the patient’s ability to cooperate. All patients have 
intraprocedural monitoring of pulse, electrocardiogram, arte¬ 
rial oxygenation (via a pulse oximeter), and biood pressure. 

Technical Factors 

VASCULAR ACCESS 

In general, the femoral arterial route of catheterization is used 
for abdominal aortography and selective visceral angiography; 
the safety and ease of this approach are well established. Bra- 
chial or axillary access may be used in cases of diffkult femoral 
access or when there is a need to advance a catheter more deeply 
into a vessel that has a steep caudal course. 

CATHETER SELECTION 

Our catheter of choice for celiac and superior mesenteric arteri- 
ography is a simple angled visceral hook, with a single side hole. 
For inferior mesenteric arteriography, we prefer a catheter with 
a short curved tip. For most indications, 5-Fr catheters are 
used to minimize puncture site complications. An angiographic 
sheath with a check flow valve is placed to secure vascular access. 

Advances in guidewire and catheter technology have made 
subselective catheterization of visceral vessels easier. These 
include the development of flexible, hydrophilic, torque control 
guidewires and catheters that have low coefficients of friction, 
which allow them to follow wires around complex or tight 
curves more readily. The addition of microcatheters, micro- 
wires in 0.018-inch systems, microcoils, and embolic micro- 
spheres has allowed the interventionalist to manage acute GI 
bleeding, regardless of the source of bleeding. 8 
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Figure 8-1 Arterial portography obtained during digital 
subtraction angiography. Excellent opacification of the mesenteric 
and portal venous system is achieved after superior mesenteric 
arterial injection. P, Portal vein; S, superior mesenteric vein. 


EQUIPMENT 

Digital subtraction angiography (DSA) is the preferred tech- 
nique for visceral angiography (Fig. 8-1). In addition, digital 
image processing features greatly facilitate the guidance of 
complex vascular catheterizations and interventions. The 
improvement of digital subtraction systems has allowed the 
performance of angiography with carbon dioxide, providing 
exquisite angiographic images and minimizing the risk of 
contrast-induced nephropathy. 9 

Angiography of the Major 
Visceral Vessels 

Visceral angiography begins with injection of the aorta or 
one of the three major visceral vessels—the celiac artery, 
superior mesenteric artery (SMA), or inferior mesenteric artery 
(IMA). Aortic injection is usually limited to situations that 
pose a risk for selective catheterization, such as suspicion of 
severe narrowing or occlusion of one or more of the origins 
of the major visceral vessels, especially in patients with clini- 
cal evidence of intestinal ischemia or those with severe aortic 
atherosclerosis. 

The order of examination of the visceral vessels depends on 
the clinical situation. Thus, in GI bleeding, angiography should 
begin with the vessel most likely to be bleeding based on clinical 
history and the results of prior diagnostic studies. 

Selective catheterization of the visceral arteries can be per- 
formed as an initial step or after aortography. The celiac 
artery generally arises from the aorta anteriorly, at the middle 
TI2 or upper LI vertebral level. The SMA originates slightly 
caudal to the celiac trunk. Generally, 5 to 7 mL/s of contrast 
medium is injected into these arteries, for a total of 15 to 


35 mL; the rate is based on test injections. For the IMA, 
which usually arises to the left of midline from the abdominal 
aorta at the lower aspect of the L3 vertebral body, injection 
at a rate of 3 to 4 mL/s for a total of 12 to 16 mL is gener¬ 
ally appropriate. Injection rates are proportionately decreased 
for the mesenteric branches. 

Angiography using carbon dioxide requires a different tech- 
nique. It is important to remember that carbon dioxide dis- 
places biood and does not mix with it. This causes carbon 
dioxide images to appear incomplete or “cut.” Most current 
digital subtraction systems are now equipped with software 
for carbon dioxide angiography. The use of stacking software 
is essential to postprocess the original images obtained during 
carbon dioxide angiography. When performing carbon dioxide 
angiography, it is essential to use a “closed” carbon dioxide 
delivery or injection system to minimize the risk of air con- 
tamination. 10 The new C0 2 mmander system (AngioAdvance- 
ments, Fort Myers, FL) is a U.S. Food and Drug Administration 
(FDA)-registered portable carbon dioxide delivery system. It 
is composed of a converter, which is connected to a cartridge 
that holds up to 10,000 mL of medical grade carbon dioxide. 
The converter is connected to the delivery tubing, which has 
one-way valves to direct flow in the correct direction. The 
system safely delivers carbon dioxide at a low pressure and 
avoids air contamination and explosive delivery. Once the 
carbon dioxide is loaded in the injection syringe, it is gently 
injected into the selected artery using an end-hole or multi- 
perforated catheter. As a general rule, no more than 200 mL 
of carbon dioxide should be injected within a period of 5 
minutes to prevent a vapor lock effect, which is a known 
complication of excessive carbon dioxide injection into the 
arterial system. 11 

Arterial Anatomy of Specific 
Segments of the Gut 

The vascular anatomy of the hollow abdominal viscera is 
complex. We have used a number of excellent general references 
in preparing this chapter; the reader is referred to these for more 
detailed discussions of angiographic and gross anatomy and 
the embryologic basis for many of the observed anatomic 
variations. 

ESOPHAGUS 

From a practical standpoint, only the distal esophageal arterial 
supply is important for angiographers. The gastroesophageal 
junction is a reasonably common site of arterial hemorrhage 
potentially treatable by embolization or vasopressin infusion. 
This region is typically supplied by branches of the left gastric 
artery (see later) or the left inferior phrenic artery (Figs. 8-2 
and 8-3). 

Catheterization of the upper and middle portions of the 
arteries that supply the esophagus is difficult but, fortunately, 
rarely necessary. The cervical esophagus typically receives its 
arterial supply from the inferior thyroid arteries (branches of 
the subclavian arteries), with predominant supply from the 
right. Subclavian, common carotid, or aortic branches may also 
supply this segment. The thoracic esophageal arteries arise 
directly from the aorta or as branches of the intercostal or 
bronchial arteries. Esophageal arteries anastomose along the 
length of the esophagus. 
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Figure 8-2 Celiac arteriogram. GD, Gastroduodenal artery; 

H, common hepatic artery; LG, left gastric artery; S, splenic artery; 
black arrow, branches of the left gastric artery supplying the lower 
esophagus; white arrow, right gastro-omental artery. 



Figure 8-4 Celiac arteriogram. A well-formed gastro-omental 
anastomosis is present. C, Celiac artery; GD, gastroduodenal artery; 

H, common hepatic artery; LG, left gastric artery; LGO, left gastro- 
omental artery; RGO, right gastro-omental artery; S, splenic artery; 
small white arrows, short gastric branches. 

STOMACH 

The stomach has two major vascular arcades, one along the 
lesser curve formed by the right and left gastric arteries and the 
other along the greater curve, consisting of the right and left 
gastro-omental (gastroepiploic) arteries. 

The left gastric artery usually arises as one of the three major 
branches of the celiac trunk, originating anywhere from the 
orifice of the trunk to the hepatic-splenic bifurcation (Figs. 8-4 
to 8-6; see also Figs. 8-2 and 8-3). In 2% to 6% of patients, this 
vessel arises separately from the aorta. 1 ~ 



Figure 8-3 Selective left gastric artery injection. L, Left gastric 
artery; R, right gastric artery (filling retrograde via the left gastric 
branches); arrows, branches of the left gastric artery supplying the 
lower esophagus. 
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Figure 8-5 Celiac arteriogram. a, Anterosuperior 
pancreaticoduodenal branch; GD, gastroduodenal artery; H, common 
hepatic artery; i, inferior pancreaticoduodenal branch (filling 
retrograde via the pancreaticoduodenal arcades); LG, left 
gastric artery; lo, left omental branch; p, posterior superior 
pancreaticoduodenal branch; RGO, right gastro-omental artery (the 
left gastro-omental artery is not well opacified); ro, right omental 
branch; S, splenic artery; arrowheads, short gastric branches. 
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Figure 8-6 Early arterial phase f celiac arteriogram. a, Anterior 
superior pancreaticoduodenal branch; GD, gastroduodenal artery; 

H, common hepatic artery; LG, left gastric artery; p, posterior superior 
pancreaticoduodenal branch; S, splenic artery. 


A replaced or accessory left hepatic artery arises from the left 
gastric artery in 20% to 30% of cases. 1,2 This has important 
clinical implications in patients for whom embolization or infu¬ 
sion therapy of hepatic or gastric arteries is anticipated. When 
this variant is present, the relative biood supply to the stomach 
and liver can vary, so that minimal supply to either may be 
present. In about 5% of cases, one or both inferior phrenic 
arteries arise from the left gastric trunk; this association is much 
higher when the left gastric artery arises as a separate aortic 
branch. The importance of this variant is emphasized by the 
reported association of hypertension and cardiac arrhythmias 
with vasopressin infusion into the phrenic artery. Accessory left 
gastric arteries are common. 12 

Because most gastric angiography is performed for GI bleed- 
ing, and left gastric arterial ramifications account for about 85% 
of gastric hemorrhages, this is clearly an important vessel for 
subselective catheterization. Unfortunately, whereas the celiac 
artery is most readily catheterized with a caudally directed cath- 
eter, the course of the left gastric artery is cephalad. This may 
make selective catheterization difficult. A number of articles 
and texts have detailed methods that facilitate catheterization 
of this sometimes elusive vessel. The basic principle of these 
procedures is initial selection of the celiac artery with a catheter 
that has a caudally directed tip, followed by intraceliac exchange 
for, conversion to, or coaxial insertion of a catheter with a tip 
that points upward. 12 

The right gastric artery arises at or distal to the common 
hepatic artery bifurcation, usually from the proper hepatic 
(57%) but occasionally from the left (17%) or right hepatic 
(2%) branches or at the origin or proximal portion of the gas¬ 
troduodenal artery (10%). It has generally been considered an 


unimportant vessel for arteriographers, along with the cystic 
and falciform arteries; however, these small vessels are found to 
be of increasing concern with the evolution of transarterial 
chemoembolization and arterial brachytherapy. Because the 
right gastric and cystic arteries have variable origins, these 
vessels increase the possibility of nontarget embolization, with 
subsequent tissue necrosis and/or inflammation (e.g., mucosal 
ulceration, cholecystitis, skin necrosis). 1,2 

The right gastro-omental (gastroepiploic) artery is typically 
the larger of the two gastro-omental vessels (see Figs. 8-2, 8-4, 
and 8-5). It is the terminal branch of the gastroduodenal artery. 
The left gastro-omental (gastroepiploic) artery arises from the 
splenic artery or in conjunction with its inferior splenic branch 
(see Fig. 8-4). The gastro-omental arteries anastomose in a well- 
formed arcade along the greater curve of the stomach in 65% 
to 75% of cases; in most other cases, an anastomosis is still 
present but is not as well developed. In slightly fewer than 50% 
of individuals, a parallel anastomotic arcade called the arc of 
Barkow is present in the greater omentum, joining the right and 
left omental arteries, branches (respectively) of the right and 
left gastro-omental arteries (see Figs. 8-4 and 8-5). 1,2 

The supply from the gastric and gastro-omental arcades is 
supplemented by other branches. A variable number of short 
gastric arteries supply the fundus and superior aspect of the 
greater curve of the stomach, usually arising from splenic hilar 
vessels (see Figs. 8-4 and 8-5). In 36% to 60% of individuals, a 
posterior gastric artery arises from the main splenic artery to 
supply the posterior wall of the stomach and parts of the fundus 
and gastroesophageal junction. The pyloric region typically 
receives part of its supply via branches of the gastroduodenal 
artery. 1,2 

SMALL BOWEL 

Much of the biood supply to the duodenum is via a series of 
freely anastomosing vessels; the anterior and posterior pancre¬ 
aticoduodenal arcades provide a rich source of collaterals for 
the duodenum and head of the pancreas and between the 
celiac artery and SMA. These arcades (usually dual) form a 
continuous loop along the descending and transverse duode¬ 
num and the pancreatic head. The superior origin of this 
complex is usually dual, with both branches arising from the 
gastroduodenal artery and the posterior arcade typically arising 
more cephalad than the anterior (Fig. 8-7; see also Figs. 8-5 
and 8-6). The inferior origin is usually a single trunk, usually 
ar ising from the SMA or its first or second jejunal branch (see 
Figs. 8-5 and 8-7). 

Other sources of duodenal perfusion are branches of the 
right gastro-omental artery, supraduodenal artery (which has 
many possible origins, including the hepatic artery, gastroduo¬ 
denal artery, posterior pancreaticoduodenal arcade, and right 
gastric artery), and smaller gastroduodenal branches. 

In addition to the pancreaticoduodenal arcades, another 
potential collateral route between the celiac and superior mes- 
enteric territories is the arc of Buhier, which represents persis- 
tence of an embryologic anastomosis between the celiac and 
superior mesenteric trunks. 

The jejunum and ileum are supplied primarily by multiple 
branches arising from the left side of the SMA (Figs. 8-8 and 
8-9); the level of the ileocolic artery origin is a good general 
indicator of the division between jejunal and ileal territories. 
The distal ileum also receives biood from the ileocolic artery 
(see later). An extensive network of vascular arcades connects 
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Figure 8-7 Superior mesenteric arteriogram. Enlarged 
pancreaticoduodenal arcades provide collaterals to the celiac 
territory in a patient with occlusion of the proximal celiac artery. 
Inferior pancreaticoduodenal branch (curved arrows) arises from 
the superior mesenteric artery and anastomoses with superior 
pancreaticoduodenal branches (straight arrows ) to reconstitute the 
gastroduodenal artery (G). H, Replaced right hepatic artery arising 
from the superior mesenteric artery. 



Figure 8-8 Superior mesenteric arteriogram. c, Cecal branches of 
the ileocolic artery; i, ileal branch of the ileocolic artery, anastomosing 
with terminal branches of the main superior mesenteric trunk; /, ileal 
branches; IC, ileocolic artery; J, jejunal branches; M, middle colic 
artery, with branches to the right colonic flexure (r) and the transverse 
colon (t); s, superior colic branch of the ileocolic artery, supplying the 
ascending colon and anastomosing with branches of the middle colic 
artery. 



Figure 8-9 Superior mesenteric arteriogram. The middle colic 
territory ( arrowheads ) is supplied by two anastomosing superior 
mesenteric branches (M, arrows), one of which supplies the right 
colonic flexure and the other the mid to distal transverse colon. 
No discrete right colic artery to the ascending colon is present. 

A, Position of the ascending colon; I, ileal branches; IC, ileocolic 
artery; J, jejunal branches. 




the jejunal and ileal branches; along the mesenteric border of 
the small bowel, the distal arcades give rise to multiple straight 
vasa recta that enter the bowel wall. The number of arcades 
increases, and the length of the vasa recta decreases more dis¬ 
tally in the small bowel; these anatomic factors must be consid- 
ered when performing small bowel embolization. 

An important anatomic variant is a persistent vitelline artery, 
indicating the presence of Meckel’s diverticulum. This vessel has 
a characteristic appearance—a relatively long vessel arising in 
the ileal region, without anastomoses to other ileal branches 
and with a network of irregular small distal branches (Fig. 
8-10). MeckeFs diverticulum may also be supplied by ileal 
branches without a well-defmed vitelline artery, although this 
is less common. A dense mucosal stain at the tip of the diver¬ 
ticulum suggests the presence of ectopic gastric mucosa. 

COLON AND RECTUM 

The right colon and transverse colon are usually supplied by the 
SMA. Classically, this supply is described and diagrammed as 
consisting of three main branches arising independently from 
the SMA—the ileocolic, right colic, and middle colic arteries. 
Although the ileocolic is a constant vessel, a true right colic 
artery (arising independently from the SMA) is uncommon, 
and the middle colic “artery” is frequently variable in extent and 
branching pattern, consisting of one or more of five distinet 
vessels. The discrepancy between the classic description of three 
main independent branches and the most common situation, 
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Figure 8-10 Persistent 
vitelline artery and Meckel's 
diverticulum. A. Selective 
superior mesenteric angiogram 
in a patient with recurrent 
GI hemorrhage shows a 
characteristic elongated artery 
( arrows ) without anastomoses to 
adjacent ileal vessels. More 
proximal vessels show an abrupt 
change in direction relative 
to this vessel, reflecting 
intussusception (inversion) of the 
Meckel diverticulum. B. Surgical 
specimen of an inverted Meckel's 
diverticulum. 


in which there are two independent branches, has given rise to 
some confusion and has caused the termination of the SMA to 
be labeled as the ileocolic artery on angiograms in various ana- 
tomic texts. It should be emphasized that the SMA termination 
is not a colic artery: its branches supply the ileum, and its final 
terminus joins the ileal branch of the ileocolic artery in a vas- 
cular arcade at the ileocecal junction. 

The ileocolic artery supplies the transition between the small 
bowel and colon, with branches to the terminal ileum, cecum, 
ascending colon, and appendix (see Figs. 8-8 and 8-9). It is the 
last branch arising from the right side of the superior mesen¬ 
teric trunk, and its constancy makes it a very important angio- 
graphic landmark. Most often, it consists of a main stem 
branching into two cecal branches distally, with anastomotic 
branches arising along the main stem. A nearly constant branch 
of the ileocolic artery is the superior colic, which anastomoses 
with the next colic artery arising from the SMA, whether the 
right colic or part of the middle colic complex. 

The designation of right colic artery should apply only to an 
independent branch arising directly from the superior mesen¬ 
teric trunk that supplies the middle portion of the ascending 
colon. The midportion of the ascending colon is usually sup- 
plied via an arcade formed between the ileocolic artery and 
middle colic system. 

The middle colic artery has been classically described as the 
major proximal branch of the SMA, which supplies the right 
colonic flexure and transverse colon. A true middle colic artery 
is actually seen in slightly fewer than 50% of cases. In other 
cases, variant arteries or combinations of these arteries supply 
the vascular territory between the ileocolic or right colic artery 
and the left colic artery; a single vessel is present 75% of the 
time (see Figs. 8-8 and 8-9). 1,2 

The middle colic artery or accessory arteries to the middle 
colic territory can arise from the celiac, splenic, hepatic, or 
pancreatic arteries (especially the dorsal pancreatic artery; Fig. 
8-11). Thus, angiography of the entire colon may require injec- 
tion of the celiac artery or its branches. 

In unusual situations, portions of the biood supply to the 
colon can arise directly from the aorta between the origins of 
the SMA and IMA. In two publications, 23 such a variant has 
been called the middle mesenteric artery, although in one 
report the artery supplied the distal transverse and proximal 



Figure 8-11 Variant middle colic supply. Celiac injection reveals an 
enlarged dorsal pancreatic artery (D), from which branches ( arrows ) 
arise that course to the middle colic territory and transverse 
mesocolon. 


descending colon, and in the other the artery supplied the entire 
proximal colon, up to and including the splenic flexure. 2,3 

The IMA usually supplies the splenic flexure, descending 
colon, sigmoid colon, and upper rectum IMA (Figs. 8-12 to 
8-15). However, the boundary between the parts of the colon 
supplied by the SMA and IMA can be variable—proximal or 
distal to the splenic flexure. The IMA terminates in two superior 
rectal (hemorrhoidal) branches (see Figs. 8-12 and 8-13). It 
gives off branches from its left side. The first is the left colic 
artery, which courses toward the splenic flexure (see Figs. 8-12, 
8-14, and 8-15). Its branches anastomose with branches of the 
middle colic territory (see Figs. 8-12 and 8-15). The left colic 
artery is frequently absent if there is an accessory left colic vessel 
arising as a portion of the middle colic supply. Other branches 
arise from the left colic artery or IMA trunk proximal to the 
superior rectal arteries to supply the descending and sigmoid 
colon and upper rectum. A colosigmoid artery or branch (see 
Figs. 8-13 and 8-14) can usually be identified as a large domi¬ 
nant vessel supplying the transition between the descending 
colon and sigmoid. 
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Figure 8-12 Inferior mesenteric arteriogram. L, Left colic artery; Figure 8-13 Caudal branches of the inferior mesenteric trunk. 

m, partial filling of the middle colic territory via the marginal artery; CS, Colosigmoid trunk; R, superior rectal (hemorrhoidal) arteries. 

R, superior rectal (hemorrhoidal) arteries; s, sigmoid branches. 




Figure 8-14 Inferior mesenteric arteriogram. CS, Colosigmoid Figure 8-15 Inferior mesenteric injection. The left colic artery (L) 

branch; L, left colic artery; m, marginal artery; s, sigmoid branches; ascends toward the left colonic flexure, and the marginal artery (m) 

black dots, selective catheter. opacified in a continuous fashion from the transverse colon to the 

descending colon. 
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The marginal artery of Drummond designates a vascular 
arcade that runs along the mesenteric border of the colon, 
where it gives off its nutrient vessels (Figs. 8-16 and 8-17; also 
see Figs. 8-12, 8-14, and 8-15). Defined in this way, the major 
colic arteries can parallel the marginal artery or constitute part 
of it; the paracolic arcade can be considered part of the general- 
ized system of paraintestinal arcades present throughout the 
abdominal GI tract. An enlarged marginal artery frequently 
provides a collateral pathway between the SMA and IMA ter- 
ritories (see Figs. 8-16 and 8-17). The marginal artery is not 
always reliably complete along its entire length. Griffith s point, 
for example, represents a watershed area of a potentially poor 
anastomotic connection between the SMA territory and mar¬ 
ginal artery of the descending colon at the splenic flexure; it is 


an area susceptible to ischemic injury when its marginal artery 
is poorly developed. The arc of Riolan refers to a more central 
anastomotic loop that lies within the mesentery, joining the 
IMA and SMA territories. The term meandering mesenteric 
artery has also been used. This actually represents an enlarged 
and tortuous leff colic artery acting as part of a collateral 
pathway (see Figs. 8-16 and 8-17). 

The more distal rectum is supplied by branches of the inter¬ 
nal iliac territory, the middle rectal and inferior rectal arteries. 
As is the case with the most proximal portion of the gut, angi¬ 
ography of this region is infrequently performed. Collateraliza- 
tion via the rectal arteries between the IMA and internal iliac 
system can become important in occlusive disease of the aorta 
and common iliac arteries. 



Figure 8-16 Collateral biood 
supply of the colon. Early (A) 
and delayed (B) radiographs 
from an abdominal aortogram 
show a dilated marginal artery 
fed by the middle colic artery, 
which courses along the 
transverse and proximal 
descending colon (straight 
arrows ) and reconstitutes the 
inferior mesenteric artery via the 
left colic artery (arrowheads in B). 
Stenosis of the abdominal aorta 
is present between the origins of 
the superior and inferior 
mesenteric arteries (curved arrow 
in A) and may contribute to 
diminished flow at the origin of 
the inferior mesenteric artery. 



Figure 8-17 Collateral biood 
supply of the colon. Early 
(A) and delayed (B) radiographs 
from a superior mesenteric 
arteriogram demonstrate an 
enlarged marginal artery arising 
from the middle colic in A 
(arrows). B. The marginal artery 
filis the left colic artery 
( arrowheads) in a retrograde 
fashion, allowing reconstitution 
of the inferior mesenteric trunk 
(curved arrow). The dilated, 
tortuous collateral pathway has 
been called a meandering 
mesenteric artery. 
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VENOUS ANATOMY 

The mesenteric venous system is studied for two main indica- 
tions: (1) evaluation of the patency of the mesenteric veins in 
the setting of suspected acute mesenteric ischemia; and (2) 
evaluation of the patency and direction of flow in the mesen¬ 
teric, splenic, and portal veins and potential collateral pathways 
in portal hypertension. Angiography in patients with portal 
hypertension may be difficult to interpret, and images of high 
quality are essential. A very good mesenteric venous phase can 
be obtained using a total volume of 35 mL of nonionic contrast 
at an injection rate of 5 to 7 mL/s. The use of glucagon (1-mg 
IV bolus) to slow down the peristalsis and vasodilators to 
increase the flow improve the quality of the images. Vasodila¬ 
tors may include papaverine (30-mg intra-arterial bolus, 
followed by a 10-mL saline flush to prevent papaverine crystal- 
lization) or tolazoline (Priscoline), 25 mg diluted in 10 mL of 
normal saline solution, injected slowly for 2 minutes. Contrast 
medium injection and filming begin immediately after drug 
administration. 

The most important gastric vein is the left gastric, or coro- 
nary vein, which courses along the lesser curve of the stomach 
and joins the splenic-portal venous system at variable sites. It 
is a frequent pathway for portosystemic collateralization in 
portal hypertension and splenoportal collateralization in 
splenic vein occlusion. Gastro-omental and short gastric veins 
parallel their respective arteries and can be important collateral 
pathways as well. The superior mesenteric and inferior mes¬ 
enteric veins run to the right of, parallel to, and drain the 
respective territories of the SMA and IMA. The superior mes¬ 
enteric vein joins the splenic vein behind the pancreatic neck 
to form the portal vein (see Fig. 8-1); the inferior mesenteric 
vein can join the splenic or superior mesenteric vein or their 
confluence (Fig. 8-18). 

Vascular Diagnosis and Intervention 
in the Gastrointestinal Tract 

PRIMARY VASCULAR DISEASE 

Atherosclerotic involvement of the visceral arteries is common, 
and the angiographic appearance is typical of atherosclerosis in 
other locations—irregular plaque formation, eccentric or con- 
centric stenosis, and occlusion. Visceral artery stenoses can also 
occur in other primary vascular disorders, including fibromus- 
cular dysplasia, Takayasu s arteritis, and Beh^et’s disease, or as 
the result of response to extrinsic agents, such as ergot prepara- 
tions. It has been stated that in cases of celiac or SMA fibromus- 
cular dysplasia, the classic string of beads appearance of this 
entity is less common than that of a tubular stenosis. 

Although visceral artery aneurysms usually involve the 
splenic and hepatic arteries, they can occur in any of the mes¬ 
enteric arteries. Causes of such aneurysms include arterioscle- 
rosis, medial degeneration, infection (particularly common in 
the SMA territory), inflammation (particularly pancreatitis), 
dissection, connective tissue disorders (e.g., Ehler-Danlos type 
IV), vasculitides such as polyarteritis nodosa (which involves 
the GI tract in about 50% of cases), IV drug abuse, trauma, and 
other more unusual conditions (Fig. 8-19). Many are discovered 
during work-up for GI and intraperitoneal hemorrhage. Aneu¬ 
rysms of the GI tract vasculature may also thrombose and, as a 
result, present with mesenteric ischemia. Therapy for visceral 



Figure 8-18 Venous phase of inferior mesenteric artery injection. 

The inferior mesenteric vein (I) joins the splenic vein (S). Black dots 
indicate that the catheter is placed selectively into the inferior 
mesenteric artery. 



Figure 8-19 Polyarteritis nodosa. Multiple small aneurysms, some 
of which are indicated by arrows, arise from superior mesenteric 
branches in a patient with polyarteritis nodosa. 


aneurysms has traditionally been surgical, but catheter emboli- 
zation has been used successfully. 121 

Aneurysms of the superior mesenteric vein have also been 
described. Congenital, traumatic, and inflammatory causes 
have been proposed. Although rare, they may cause abdominal 
pain, GI bleeding, or compression of adjacent structures. 
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Arteriovenous malformations, characterized by dilated, tor- 
tuous feeding arteries, capillary blush, and prominent venous 
drainage, can occur throughout the GI tract. Thought to be 
developmental in origin, they are often seen in younger adults 
or children. They can be an elusive cause of GI hemorrhage, 
often discovered only on its angiographic work-up. MDCT has 
proven useful in the depiction of some of these vascular 
malformations. 

Vascular malformations of the GI tract may also occur in 
association with systemic disorders such as pseudoxanthoma 
elasticum, hereditary hemorrhagic telangiectasia, and Klippel- 
Trenaunay-Weber syndrome. Pseudoxanthoma elasticum is a 
hereditary, autosomal recessive disorder of connective tissue 
that involves systemic abnormalities of elastic fibers. Patients 
display characteristic ocular and cutaneous lesions. Cardiovas- 
cular manifestations occur because of fragmentation, degenera¬ 
tion, and calcification of the arterial elastic laminae and 
premature atherosclerosis. A variety of splanchnic angiographic 
abnormalities have been described, including angiomatous 
malformations, vascular tortuosity, segments of vascular nar- 
rowing and occlusion, and small aneurysms. Upper GI tract 
bleeding is common and probably results from submucosal 
vascular degeneration and inability of the abnormal vessels to 
constrict at sites adjacent to areas of erosion and hemorrhage. 
Embolization has been used to treat hemorrhage in this 
disorder. 12 ' 18 

Patients with hereditary hemorrhagic telangiectasia (Osler- 
Weber-Rendu disease) have multiple systemic vascular lesions 
involving the skin, mucous membranes, and gut. Abnormalities 
on abdominal visceral angiography include tangled masses of 
tortuous vessels with early venous filling, direct arteriovenous 
fistulas, arterial aneurysms, localized venous diktions, and 
small focal accumulations of contrast medium representing 
angiomas that are visualized during the arterial phase of injec- 
tion of the contrast medium. Thin fragile walls are characteris¬ 
tic of these vascular lesions and help explain their propensity to 
bleed; recurrent GI hemorrhage is common. 

Arteriovenous fistulas of the mesenteric vessels can be con- 
genital or can result from penetrating trauma or from prior 
abdominal surgery. Successful transcatheter embolization of 
fistulas involving main mesenteric trunks or branches has been 
described. 


TUMORS 

Although rarely used in the primary diagnosis of tumors of the 
GI tract, angiography will occasionally detect neoplasms as 
incidental abnormalities or as the cause of active or occult GI 
bleeding. GISTs (gastrointestinal stromal tumors) are common 
neoplasms of the upper GI tract and small bowel that have a 
tendency to bleed. They are typically hypervascular and well 
defined on angiography (Fig. 8-20); venous shunting is common 
in GISTs of the small bowel but not typical of those in the 
stomach. Carcinoid tumors elicit a fibrotic response in the adja- 
cent mesentery that is reflected in a characteristic angiographic 
appearance of stellate crowding, kinking, and an irregular 
contour of mesenteric branches. The neoplasm itself is hypo- 
vascular but can cause smooth arterial narrowings and occlu- 
sions. Venous drainage is typically via multiple collaterals. As 
might be expected, other processes resulting in mesenteric 
fibrosis may have a similar appearance. 

Adenocarcinomas of the small bowel tend to show signs 
of encasement without tumor vascularity; in the colon, 
lesions may be hypervascular. Adenomatous polyps of the 
colon are hypovascular in most cases, whereas villous adeno- 
mas tend to be vascular lesions, with enlarged feeding arteries 
and draining veins and contrast staining in the parenchymal 
phase. 

Other primary and metastatic upper GI tract tumors, 
depending on their pathology, may demonstrate nonspecific 
signs of neoplasia, including neovascularity, vascular encase¬ 
ment, vascular displacement and stretching, and arteriovenous 
shunting. 

INFLAMMATORY DISORDERS 

Angiography is seldom used in the work-up of inflammatory 
lesions such as ulcerative colitis, Crohns disease, or diverticuli- 
tis. Acute inflammation usually produces nonspecific findings, 
such as increased vascularity with enlargement of feeding arter¬ 
ies, dense capillary blush of the bowel wall, and enlargement 
and sometimes early opacification of draining veins. In the 
colon, these findings overlap with those found in early ischemic 
colitis and may even be normal in the postprandial State. As 
Crohns disease progresses, arterial occlusions, irregular arterial 



Figure 8-20. Superior 
mesenteric arteriography in a 
patient with intermittent 
arterial bleeding. A. Increased 
vascularity ( arrows ) is noted in a 
portion of the jejunum in the 
arterial phase. B. In the late 
arterial phase, a well-defined 
tumor stain (straight arrows) is 
noted, with a dilated early 
draining vein (curved arrow). 

A gastrointestinal stromal tumor 
was diagnosed. 
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narrowing, and hypovascularity may develop in the involved 
segment. 

ANGIODYSPLASIA OF THE COLON 

Angiodysplasia (vascular ectasia) of the colon is a vascular dis- 
order that usually affects the right colon in older individuals. It 
has a number of characteristic angiographic features, which 
depend on the stage and size of the lesion—intense and pro- 
longed opacification of a dilated and tortuous mural colonic 
vein (the earliest sign), vascular tufts (small, densely staining 
clusters of vessels), and tortuous feeding (Fig. 8-21). To ensure 
that the early opacification of the draining vein is not simply 
the result of prolonged arterial injection, it helps to limit the 
duration of injection of contrast medium to 4 seconds or less. 

Although the exact cause is unknown, angiodysplasia may 
be the result of a degenerative process in which intermittent 
intramural venous obstruction leads to venous dilation and, 
later, to direct arteriovenous communication. There is an asso¬ 
ciation of colonic vascular ectasia and aortic stenosis. 

MISCELLANEOUS VASCULAR DISORDERS 

The effects of radiation therapy on the mesenteric vasculature 
depend on the time course relative to such therapy. In the sub- 
acute phase, a hyperemic blush associated with early venous 
drainage has been described, correlating with an inflammatory 
response. In the more chronic setting, radiation enteritis may 


produce obliterative Åndings, with irregular stenoses or occlu- 
sions of mesenteric branches, as well as Åndings related to 
shortening of bowel length, including tortuosity and vascular 
crowding. 

Abnormalities of bowel position, although not typically 
diagnosed by angiography, may also be observed in the angio¬ 
graphic work-up of abdominal symptoms. Findings in condi- 
tions such as intussusception, internal hernias, and volvulus 
include unusual displacement of vessels, abrupt angulation and 
overlapping of branches, and abrupt changes in vessel caliber. 

ACUTE GASTROINTESTINAL BLEEDING 

The management of acute GI bleeding has become common 
practice in any active interventional radiology service. Diagnos- 
tic and therapeutic angiography is generally used after endo- 
scopic techniques have failed to control the bleeding source. 
Acute upper GI bleeding is better evaluated first by endoscopy. 
In a large percentage of cases, endoscopy will be effective in 
controlling the acute problem. If endoscopic techniques fail for 
any reason, the endovascular option is the next step; however, 
the diagnostic input from the endoscopic procedure is essential 
to the interventionalist. For example, if endoscopy shows a 
large, uncontrollable variceal bleed, the option of choice will 
probably be a transjugular intrahepatic portosystemic shunt 
(TIPS) procedure or a balloon-occluded retrograde transve- 
nous obliteration (BRTO). If the source of bleeding is an esoph- 
ageal tear or gastric or duodenal ulcer, arterial evaluation is in 




Figure 8-21 Angiodysplasia of the right colon. 

A. Angiogram in a patient with intermittent lower GI 
hemorrhage demonstrates a vascular tuft ( arrowheads) 
and paired vessels ( arrows ), indicating early 
draining veins adjacent to colonic arterial branches. 

B. Prominent draining veins ( arrows ) are opacified later 
in the angiogram. C. Colonoscopic view demonstrates 
an abnormal tuft of vessels in the right colon in a 
patient with GI hemorrhage. 



8 Angiography and Interventional Radiology of the Hollow Viscera 123 


order. Gastric ulcers may be managed with superselective 
embolization of the leff gastric artery and esophageal ulcers and 
Mallory-Weiss tears by assessment of the lower esophageal 
arteries; duodenal ulcers are usually managed with assessment 
of the gastroduodenal artery. 

Lower GI bleeding requires a different approach. Acute lower 
GI bleeding may be difficult to evaluate endoscopically without 
the proper patient preparation; in those cases, diagnostic and 
therapeutic arteriography may be the first choice. Small bowel 
and colonic bleeds are managed with superselective transcath- 
eter embolization of the vasa recta of the affected held. 19 21 
Lower GI bleeds demand more technical skiil and require 
superselective embolization of the vasa recta of the involved 
territory (Fig. 8-22). The use of microcatheters, microcoils 
(0.018-inch systems), and microparticles (polyvinyl alcohol 
[PVA] and spheres) has allowed the interventional specialist to 
manage these difficult and clinically challenging cases, with a 
success rate that ranges from 80% to 100% and low recurrence 
rates ranging between 5% and 15%. 19,21 

Acute Mesenteric Ischemia 

CLINICAL AND ANGIOGRAPHIC FEATURES 

MDCT has become the major imaging method for assessing 
patients with acute abdominal pain. Because it can evaluate the 
bowel wall, the surrounding mesentery, and major vascular 
structures, MDCT can often suggest the presence of mesenteric 
ischemia or infarction and depict the thrombus if it is suffi¬ 
ciently large and central. Angiography provides detailed ana- 
tomic and etiologic information necessary for the urgent 
management of mesenteric ischemia and, in addition, allows 
for the initiation of selective transcatheter therapy, when 
appropriate. 

Lateral abdominal aortography reveals the status of the prox- 
imal mesenteric vessels and should be the initial step in the 
angiographic evaluation of mesenteric ischemia. If the proximal 


portion of the SMA is patent, selective arteriography of this 
vessel is performed for a detailed study of the superior mesen¬ 
teric trunk and its branches and of the mesenteric venous drain- 
age. Acute mesenteric ischemia is primarily a disorder of the 
SMA territory, and selective celiac and inferior mesenteric 
injections are not usually necessary. However, these further 
studies can provide information about the presence and extent 
of collateral supply to the superior mesenteric territory, particu- 
larly when the chronicity of a superior mesenteric occlusion is 
questioned. This additional angiography can also be considered 
if clinical data strongly suggest involvement of the stomach, 
duodenum, or segment of colon supplied by the IMA. 

Major causes of acute mesenteric ischemia are SMA throm- 
bosis or embolism, mesenteric venous thrombosis, and the non- 
occlusive form of ischemia. Vasculitis, aortic or mesenteric 
arterial dissection, trauma, bowel strangulation, and other dis- 
orders are less common causes of mesenteric ischemia. Involve¬ 
ment of all or most of the SMA territory typically produces 
severe and life-threatening mesenteric ischemia. Focal ischemia 
can result from more limited or segmental forms of the 
previously mentioned causes and has less severe clinical 
manifestations. 22 27 

SMA occlusion with embolism is more common than 
thrombosis (Figs. 8-23 to 8-26). The angiographic distinction 
between these two entities can be difficult. Multiple filling 
defects, tracking of contrast medium at the lateral aspects of a 
filling defect, and convex menisci protruding into the opacified 
vascular lumen suggest emboli. Emboli also tend to lodge at 
vascular branch points, generally more distally than an occlu- 
sive thrombus, which typically forms in the vicinity of a preex- 
istent atherosclerotic stenosis of the proximal SMA. At times, 
however, emboli can lodge at proximal stenoses, or an embolus 
can initiate more proximal or distal propagation of thrombus. 
Extramesenteric emboli are common in cases of embolic mes¬ 
enteric ischemia. 7 

Mesenteric venous thrombosis accounts for up to 10% to 
20% of cases of acute mesenteric ischemia. Causes of this 



Figure 8-22 Acute diverticular bleed in the sigmoid colon. A. Selective inferior mesenteric angiogram in a patient with acute lower GI bleed. 
The selective IMA injection shows no active bleeding. B. Repeat selective injection of contrast shows a definite area of extravasation in the 
superior hemorrhoidal territory ( arrow ). C. Arteriogram obtained after superselective embolization with a single 6-mm x 7-cm Nester, 0.018-inch 
microcoil (Cook, Bloomington, IN) shows no further extravasation (arrow). 
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Figure 8-23 Superior mesenteric embolus. A nearly occlusive 
filling defect ( arrow ) is present in the main superior mesenteric artery 
trunk, with tracking of contrast medium around it and patency of the 
more distal superior mesenteric artery. 



Figure 8-24 Superior mesenteric emboli. Multiple filling defects 
( arrows ) are present in the superior mesenteric artery branches in a 
patient with atrial fibrillation. 



Figure 8-25 Superior mesenteric embolus. Abrupt occlusion 
(arrow) of the superior mesenteric trunk is present distal to jejunal 
branches in a patient with atrial fibrillation. 


disorder include bowel obstruction, hypercoagulable States, 
portal hypertension, abdominal inflammatory disease, previous 
surgery (particularly splenectomy), and trauma. Often, no pre- 
disposing condition is identified. Patients may present with less 
severe illness than in other forms of acute mesenteric ischemia; 
recognition that major venous occlusion does not always result 
in ischemia has increased as more cases of mesenteric venous 
thrombosis have been identified with the use of cross-sectional 
imaging. MDCT has excellent sensitivity for the diagnosis. 
However, angiographic recognition remains important as part 
of the favored algorithm for acute mesenteric ischemia. On 
superior mesenteric arteriography, slowing of arterial flow is 
noted, with prolonged staining of the bowel wall and smaller 
mesenteric arterial branches. Arterial vasoconstriction may be 
present. Normal mesenteric veins fail to opacify or show filling 
defects; venous collaterals may be visualized. 22 27 

Anatomic vascular obstruction need not be present for mes¬ 
enteric ischemia and infarction to occur. Diminished cardiac 
output, systemic hypotension or hypovolemia, and some phar- 
macologic agents, particularly digitalis, can result in severely 
diminished intestinal biood flow, presumably mediated by 
vasoconstriction of the mesenteric arteries. Nonocclusive mes¬ 
enteric ischemia accounts for a substantial proportion of cases 
of acute mesenteric ischemia (see Fig. 8-26). On angiography, 
intense vasospasm is characteristic. Spasm is frequently irregu- 
lar or segmental, with more severe areas of narrowing often seen 
at the origins of arterial branches. Regular and diffuse spasm 
can also occur. Contrast medium flows sluggishly through mes¬ 
enteric vessels, causing delayed opacification of peripheral and 
mural branches. In this regard, the findings are similar to those 
of mesenteric venous thrombosis, although normal veins even- 
tually hil in most cases of nonocclusive ischemia. Increased 
reflux of contrast medium into the aorta can also be seen, 
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Figure 8-26 Nonocclusive 
mesenteric ischemia. A. Diffuse 
mesenteric arterial spasm is 
present, with poor filling of 
smaller arterial branches. 

B. Improvement in the spasm is 
noted after initiation of an 
intra-arterial papaverine infusion. 


reflecting increased impedance to mesenteric flow. In practice, 
this finding is usually judged subjectively, although more objec- 
tive and quantitative means of assessing superior mesenteric 
flow based on aortic reflux have been described. 

Despite improved methods of diagnosis and therapy for 
acute mesenteric ischemia, this disorder continues to be asso- 
ciated with a high mortality rate. In the late 1970s, Boley and 
colleagues 2 described their aggressive approach to acute mes¬ 
enteric ischemia that remains the standard of care. Although 
about 50% of patients presenting with the full syndrome of 
acute mesenteric ischemia still die, this approach represents 
a distinet improvement compared with earlier controlled 
studies that showed only 10% to 30% survival; in addition, 
the aggressive approach may allow more bowel to be salvaged 
in those who survive. Key features of this approach include 
maintenance of a high level of suspicion for the disorder, 
followed by prompt diagnosis and therapy with emergency 
angiography. 

Another feature of the aggressive algorithm is the selective 
infusion of vasodilators into the SMA, the rationale being that 
vasospasm is associated with acute mesenteric ischemia, not 
only the nonocclusive variety but also occlusive forms (see Fig. 
8-26). When mesenteric angiography reveals vasospasm or arte¬ 
rial occlusion, a test dose of a vasodilator should be given. 

THROMBOLYTIC THERAPY FOR MESENTERIC 
VASCULAR OCCLUSION 

In most cases of acute mesenteric ischemia with major vas- 
cular occlusion, the rapid deterioration of bowel status with 
time and the need to resect infareted bowel mandate prompt 
surgical therapy (Fig. 8-27). However, a number of case reports 
have suggested a potential role for transcatheter thrombolytic 
therapy or mechanical thrombectomy (via a transhepatic route) 
in selected cases of recent mesenteric vascular occlusion, either 
alone or, as with vasodilator therapy, as part of a combined 
treatment approach. Candidates for this therapy have included 
patients deemed unlikely to survive major surgery because of 
coexistent disease, those with minor or partial vascular occlu- 
sions or mild symptoms (who, it could be argued, might 
need only observation, conservative therapy, and possibly 



Figure 8-27 Chronic mesenteric ischemia. Superior mesenteric 
arteriogram of a 62-year-old woman with intermittent episodes of 
abdominal pain reveals a severe superior mesenteric artery stenosis 
( arrow ). There is filling of the celiac territory via an enlarged 
pancreaticoduodenal arcade ( arrowheads ; the inferior 
pancreaticoduodenal artery arises from the superior mesenteric artery 
proximal to the stenosis). The presence of the collateral flow attests 
to the occlusion of the celiac origin, as also noted with lateral 
aortography. Symptomatic relief occurred after patch angioplasty of 
the superior mesenteric artery and aorta to celiac artery bypass with 
an autologous vein. 


anticoagulation), those with extensive portal or mesenteric 
venous thrombosis precluding surgical thrombectomy or 
bypass, and those who develop occlusion of mesenteric arte¬ 
rial grafts. The presence of peritoneal signs suggesting bowel 
necrosis is considered a contraindication to thrombolytic 
therapy alone. 
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Chronic Mesenteric Ischemia 

Chronic mesenteric ischemia is characterized by the presence 
of severe abdominal pain, typically 30 to 40 minutes after meals. 
This abdominal pain results in significant weight loss secondary 
to decreased food intake. Typically, the patients complain of 
so-called eating fear. In most cases, these patients undergo 
extensive diagnostic work-ups to investigate the cause of 
abdominal pain, including upper and lower endoscopies, 
MDCT, and abdominal ultrasounds, which are negative or dis- 
close no reasonable cause of the pain presented by the patient. 
A vascular cause for the abdominal pain is typically a diagnosis 
of exclusion and is usually demonstrated on MDCT or mag¬ 
netic resonance imaging (MRI) obtained to investigate the 
abdominal pain. 

Most authors agree that at least two major vessels have to be 
involved or affected (celiac trunk, superior mesenteric artery, or 
inferior mesenteric artery) to consider that the patient’s abdom¬ 
inal pain is actually caused by a vascular problem, but in some 
cases only one vessel is involved and treatment of a single artery 
may be sufficient to palliate or improve the patient s symptoms 
(Fig. 8-28). Angioplasty of celiac or SMA stenotic lesions has 
been replaced by repair using endovascular stents. The technical 
success rate for endovascular stent placement in the celiac trunk 
and/or SMA approaches 100%, with a clinical success approach- 
ing 85%. As in other vascular territories, stent stenosis may 
develop, and these patients require frequent surveillance of their 
stents. 

A very interesting entity is arcuate compression of the celiac 
trunk, or median arcuate ligament syndrome. This is more 
common in young women and is characterized by nausea, diar- 
rhea, weight loss, and postprandial abdominal pain. The char- 
acteristic picture is that of a compression of the cranial aspect 
of the celiac trunk, approximately 1 to 1.5 cm distal to the 
ostium of the artery (Fig. 8-29). This anatomic compression of 
the celiac trunk may be identified by CT, MRI, or angiography. 


Angiographic diagnosis is classic for this entity; a two-view 
lateral aortogram is performed, one view in inspiration (which 
releases the compression and almost gives the artery a normal 
appearance) and a second view with the patient in full expira- 
tion (which tightens the compression and makes the stenosis 
evident; see Fig. 8-29). The clinical significance of this anatomic 
finding is controversial because only a single vessel is involved. 
The management is surgical; endovascular techniques are not 
indicated. The clinical response to surgery, in highly selected 
patients, is 60% to 70%. Angioplasty or stent placement may 
have a role if a stenosis of the celiac trunk persists after surgery. 

Bowel Interventions 

REASONS FOR PLACEMENT OF NEEDLES 
OR CATHETERS INTO THE 
GASTROINTESTINAL TRACT 

This section is presented as a response to the question of why 
radiologists might place needles or catheters into or through 
portions of the GI tract. 

Inadvertent Catheterization of the Bowel 

This relates not to a specific indication but to a complication 
that has been described in the setting of various abdominal 
interventions, specifically unintentional puncture and place¬ 
ment of tubes into or through the bowel. The underlying prin¬ 
ciple of management (see later) is that given intrinsically 
normal bowel with no distal obstruction, intestinal contents 
will flow preferentially along the intestinal lumen. When inad¬ 
vertent catheterization occurs, treatment of the complication 
should include drainage of any adjacent infected fluid. Antibi- 
otics, bowel rest, and extended catheter drainage (to allow an 
organized tract to form) should permit safe catheter with- 
drawal; at this point, the site of perforation should seal readily 
because of muscular contraction of the bowel wall. 



Figure 8-28 Chronic mesenteric ischemia—endovascular stent placement. A. Digital subtraction aortogram in a 67-year-old man with severe 
abdominal pain and a history of 25-pound weight loss. The arteriogram shows a prominent arc of Riolan, bilateral common iliac artery stenosis, 
and bilateral renal artery stenosis. B. Lateral aortogram confirms the presence of a severe stenosis of the superior mesenteric artery. C. Lateral 
aortogram after a successful endovascular stent placement shows an excellent angiographic result. 
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Figure 8-29 Celiac artery 
compression. Nonselective lateral 
aortograms in expiration (A) and 
inspiration (B) show the typical 
appearance of celiac artery 
compression by the arcuate 
ligament. Note how the 
compression of the celiac trunk is 
barely noticeable in the 
inspiration arteriogram. 


Transenteric Biopsy and Fluid Aspiration 

Frequently, the bowel is interposed along potential paths for 
percutaneous diagnostic aspiration of fluid collections or biopsy 
of masses. Transgression of the bowel in these cases, as well as 
during therapeutic drainage, can sometimes be avoided by 
injecting physiologic saline solution or carbon dioxide to dis- 
place structures. Nevertheless, avoidance of the bowel is not 
always possible. Because the aspirating needle passes through a 
colonized space, with increasing bacterial counts the more distal 
the segment of the GI tract, the potential for contamination 
must be acknowledged; confounding of culture results in fluid 
aspiration or leakage of contaminated contents along the path 
of the needle. The former may be aided by Gram stain of fluid 
because a contaminated sample will tend not to have a cellular 
response. With regard to the latter, considerable clinical and 
laboratory experience seems to indicate that transgression of 
the bowel wall with fine needles rarely leads to clinically evident 
infectious complications. As with any interventional procedure, 
the risks of bowel puncture should be balanced against the risks 
of alternate diagnostic methods and the need to obtain a patho- 
logic or microbiologic diagnosis. Although it seems prudent to 
choose an approach that avoids the bowel, particularly the 
colon, and although it seems reasonable to avoid larger cutting 
needles if the bowel must be punctured, the need to pass a 
needle through the bowel does not in itself constitute a contra- 
indication to needle aspiration. Possible exceptions would 
include passage through an obstructed loop or through the 
bowel in an immunosuppressed patient, although little hard 
data exist in these settings. 

Puncture of Bowel to Confirm Identity 

At times, nonopacified bowel loops may mimic abnormal fluid 
collections; conversely, collapsed loops may mimic masses (e.g., 
in the case of afferent loops in patients with a history of GI 
malignancy). Percutaneous puncture of such indeterminate 
structures with thin needles and injection of water-soluble con- 
trast medium can be invaluable in guiding further diagnosis 
and ther apy. Contrast medium is injected through one of the 
needles as it is withdrawn; if the bowel has been crossed, the 
needles can be withdrawn and another path chosen. 


Drainage of Fluid Collections Shielded by Bowel 

Taking the concept of transenteric diagnostic aspiration a step 
farther, and mimicking traditional surgical therapy (e.g., pseu- 
docystogastrostomy) to some extent, transenteric drainage of 
infected or inflammatory fluid collections has been proposed 
(Figs. 8-30 to 8-33). This has been an area of particular inter- 
est in the setting of pancreatitis, which is often associated 
with lesser sac collections unapproachable for percutaneous 
drainage, except through the stomach. Although this approach 
is controversial, its advocates argue that it can help avoid 
spillage of pancreatic enzymes around the drainage site and 
prevent formation of pancreaticocutaneous fistulas. Along the 
same lines, there is growing favorable experience with trans- 
rectal drainage of pelvic collections by standard catheter place- 
ment or a one-step, complete aspiration. This approach 
offers increased patient comfort and possibly decreased com¬ 
plications compared with the more standard transgluteal 
drainage route. 

DIAGNOSTIC BIOPSY OF BOWEL MASSES 

Several investigators have found sonographic and fluoroscopic 
(via barium studies) biopsy of pathologic processes directly 
involving the bowel wall to be effective and safe. Indications for 
this approach include the following: (1) lesions yielding no 
diagnostic tissue via endoscopic biopsy (a common problem 
with submucosal lesions); (2) lesions in patients who are poor 
candidates for endoscopy or open exploration; (3) lesions that 
because of their location are not accessible endoscopically; and 
(4) lesions that if proved malignant will obviate the need for 
further investigation or change in therapy. 28,29 

ENTERIC PUNCTURE FOR DIAGNOSTIC 
OR THERAPEUTIC ACCESS 

An uncommon but potentially very useful application of trans¬ 
enteric access is to allow diagnostic or therapeutic access to 
various structures. One example of this is access to GI tract 
strictures difficult to reach via a nasoenteric or rectal approach. 
Another novel approach involved placement of a percutaneous 
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Figure 8-30 Abscess drainage. This patient 
had a history of lye-induced esophageal and 
gastric injury; a colonic interposition and 
coloenteric anastomosis were carried out. 

A. After the patient presented with fever and 
nausea, a left upper quadrant abscess was 
drained under CT guidance. A drainage 
catheter ( arrowheads ) enters an abscess cavity 
containing contrast medium. B. Sinogram 
obtained via drainage catheter ( arrowheads) 
shows an irregular abscess cavity ( straight 
arrows ) that communicates with the bowel 
(curved arrows). C. After 8 weeks of catheter 
drainage, contrast medium injection results in 
spill ( arrows ) along the tract to collect on the 
skin surface; there was no filling of bowel. The 
catheter was removed without recurrence of 
earlier symptoms. 



Figure 8-31 Abscess drainage, multiple catheters. Bowel injury was discovered at laparotomy in a patient who had abdominal trauma. 

A. Sinogram obtained immediately after abscess drainage. The drainage catheter ( arrowheads ) enters an irregular cavity ( straight arrows ); no 
filling of bowel is noted on initial injection. The curved arrow indicates a surgical drain. B. Three drainage catheters have been placed 10 days 
later, two in the lower portion of the abscess cavity ( curved arrows) and one in its cephalad aspect ( straight arrow). Filling of the bowel ( black 
dots) is now apparent. C. The abscess cavity has almost completely collapsed 3 months later, but a fistula to the bowel ( arrowheads ) is still 
present. Two catheters remain in place (arrows). With continued drainage, the fistula eventually closed and the catheters were removed. 
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Figure 8-32 Percutaneous drainage of an esophageal leak. 

Sinography performed after CT-guided drainage of a juxtapleural 
fluid collection ( arrowheads) shows communication with the 
esophagus ( arrows ). 



Figure 8-33 Percutaneous drainage of a diverticular abscess. A 

drain ( arrow ) courses through the anterior abdominal wall and enters 
the abscess, which has been opacified with contrast medium. The 
patient underwent a single-stage surgical resection after successful 
abscess drainage. 

cecostomy tube to allow diagnostic and therapeutic endoscopy 
of the small bowel in a patient who was bleeding from ileal 
angiodysplasia. 

Transenteric access to the biliary tract can be used in those 
in whom a choledochojejunostomy or hepaticojejunostomy 
was previously performed. Advantages of this approach are that 
it allows repeated access to the biliary tract without the need to 
traverse liver parenchyma, it gives a mechanical advantage for 
patients in whom multiple sites of disease need to be treated 


(e.g., sclerosing cholangitis), and it allows easier access when the 
biliary tract is nondilated. Surgical techniques anticipating 
these advantages have been designed to allow easier access to 
the relevant bowel loop. Initially, this consisted of a formal 
jejunostomy, or so-called Hutson-Russell loop. Although access 
to the bowel was guaranteed, problems with skin excoriation 
caused by leakage of bile or mucus developed. Subcutaneous 
tacking of the jejunal loop was another option, but this was 
plagued by subcutaneous inflammation in the early postopera¬ 
tive period and by peristomal hernias later on. Consequently, 
the favored approach at this time is subparietal tacking of the 
loop, whose site can be marked with surgical clips. 

Puncture is generally performed with fluoroscopic guidance 
(by identification of the gas within the loop), although opacifi- 
cation could potentially be obtained with manipulation of a 
nasoenteric tube. 

Enteral Access for Bowel Decompression 

Whereas percutaneous gastrostomy is most frequently used to 
provide a route for enteral alimentation, it can also serve as an 
effective means of decompressing the bowel in patients with 
chronic intestinal obstruction and symptoms of nausea and 
vomiting, eliminating most of the complications associated 
with long-term nasogastric intubation. However, this subset of 
patients may present unique technical problems, mainly the 
result of more limited access to the stomach because of diffuse 
peritoneal carcinomatosis, adhesions from prior radiation or 
surgical therapy, or ascites. Gastrostomy has also been used to 
provide symptomatic relief in patients with gastroparesis or 
delayed gastric emptying in the absence of a fixed anatomic 
obstruction. 

Direct, percutaneous, small bowel catheterization has also 
been used to treat symptoms of enteric obstruction or stasis in 
cases in which gastric decompression alone would not suffice. 
These situations usually require surgery, but percutaneous 
management can be considered an alternative for patients who 
are poor surgical candidates. Maneuvers designed to distend or 
fix the bowel are often not possible, nor are they likely to be 
necessary because significant intrinsic distention of bowel is 
present. Acute palliation and long-term prevention of recur- 
rence of closed loop obstruction in a patient with metastatic 
colon carcinoma have been described. Symptoms of blind or 
afferent loop stasis have also been relieved by this method. An 
alternative approach in afferent loop syndromes has been per¬ 
cutaneous management; a drainage tube can be passed percu- 
taneously into the liver or gallbladder and through the biliary 
tree into the affected bowel limb (Fig. 8-34). A possible benefit 
of this route is simultaneous drainage of the biliary tract 
because these patients may have associated biliary stasis or chol¬ 
angitis. The occurrence of delayed septic shock in one patient 
in whom transhepatic treatment of an afferent loop was per¬ 
formed suggests that placement of a separate biliary drain may 
be advisable. In appropriate circumstances, feeding tubes have 
been placed via a transhepatic biliary route. It is important in 
such cases to infuse feeding solutions through a tube placed well 
beyond the native or postsurgical biliary-enteric junction. 

In nonobstructive colonic distention, the cecum is usually 
the most severely involved segment. This finding demonstrates 
the Laplace law, in which the portion of colon with the greatest 
diameter (the cecum) responds first with further distention 
once intraluminal pressure begins to increase. Cecal ileus refers 
to the situation in which cecal distention develops out of 
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proportion to that of the remainder of the colon. These patients 
have a mobile cecum suspended on a mesentery. When the 
patient is in the supine position, the cecum can rotate anteriorly, 
leading to progressive distention. 

Massive colonic distention, when left untreated, may lead to 
colonic perforation, ischemia, peritonitis, and death. Once 
massive distention (>9 cm) of the cecum occurs, the risk of 
perforation seems less related to the absolute degree of disten¬ 
tion than to the duration of distention. Therefore early recogni- 
tion and therapy for this condition are critical. 

The initial treatment of nonobstructive colonic distention is 
conservative; it includes placement of a nasogastric tube, with- 
holding of oral intake, and treatment of underlying metabolic 
and other medical disorders. If the distention fails to improve, 
colonoscopy and colonic decompression tube placement should 
be attempted; a fluoroscopic approach to decompression using 



Figure 8-34 Percutaneous cholecystostomy. Patient with 
pancreatic carcinoma, after Roux-en-Y cholecystojejunostomy and 
gastrojejunostomy, who developed abdominal pain, elevated serum 
bilirubin level, and septicemia. CT revealed a dilated afferent bowel 
loop anastomosed to the gallbladder. Percutaneous cholecystostomy 
with passage of a catheter via the gallbladder (arrow) and into the 
jejunal loop ( arrowheads ) resulted in improvement of symptoms. 


a coaxial steerable system for intubation has been described. 
These methods may prove ineffective because of thick retained 
stool. Distention may recur after initial colonoscopic success. 

After unsuccessful colonoscopic decompression, surgical 
cecostomy has been the next therapeutic approach. However, 
surgery in these patients, who are often seriously ill, can be risky. 
Consequently, a number of investigators have attempted percu¬ 
taneous decompression of the massively dilated but unob- 
structed cecum. Successful decompression has been achieved 
with simple aspiration and drainage tube placement. Reports of 
percutaneous decompression of the mechanically obstructed 
colon have also appeared. 

A variety of approaches, methods, and tube sizes have been 
used for percutaneous cecostomy (Fig. 8-35). Usually, fluoros - 
copy provides sufficient guidance, although CT may be helpful 
if there are questions about the approach. Both the trocar and 
Seldinger methods of tube placement are feasible for these 
patients. Although further experience with percutaneous cecos¬ 
tomy is necessary to assess risks fully and evaluate optimal 
technique and indications, this is an alternative method of 
colonic decompression in severely ill and debilitated patients. 
Also, cecostomy has also been used to treat fecal incontinence 
in children by allowing antegrade cleansing enemas to be 
administered. 30 ' 32 

Enteral Access for Alimentation 

The last but most common and important indication for radio¬ 
logic enteric access is for nutritional support. Most of these 
procedures are percutaneous gastrostomies and gastrojejunos- 
tomies, but percutaneous jejunostomy and duodenostomy have 
been used in increasing numbers. 33 ' 38 

In the short term, nasoenteric tubes can be used effectively 
for alimentation. However, longer term use is associated with a 
variety of problems. These tubes are uncomfortable and often 
psychologically untenable for patients. Also, they predispose the 
patient to gastroesophageal reflux, esophagitis, and stricture 
formation, and the luminal diameter of most nasoenteric tubes 
is small, predisposing them to occlusion. 

Total parenteral nutrition is another option for feeding 
patients. It is particularly useful for patients who are unable to 
assimilate enteric nutrients or require bowel rest. As a general 
method for alimentation, however, it has disadvantages 


Figure 8-35 Percutaneous 
cecostomy. A transperitoneal 
approach was used. A. CT scan. 
B. Abdominal plain film. Air 
(arrows in A) was introduced into 
the peritoneal cavity during the 
procedure. 
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compared with the enteral route. It is more costly than the 
enteral alternative. Over the long term, it is associated with 
several complications, including small bowel atrophy, abnor- 
malities of hepatic function, and electrolyte disturbances. The 
need for prolonged venous access also places the patient at high 
risk for the development of venous thromboses and stenoses. 

Enteral access, on the other hånd, is associated with few 
complications once it is established and is less expensive than 
total parenteral nutrition. Thus, enteral alimentation is indi- 
cated for patients with longer term nutritional requirements 
who, because of mechanical, functional, or psychological disor- 
ders, are unable to meet their nutritional needs without 
assistance but can still assimilate enterically administered 
nutrients. 

In the past, gastrostomy tubes were placed surgically. 
However, many patients who require gastrostomy tubes are 
poor operative risks because of malnutrition, debilitation, and 
coexistent illnesses. Gastrostomy has increasingly been per- 
formed using less invasive techniques, such as radiologic, endo- 
scopic (percutaneous endoscopic gastrostomy), and laparoscopic 
methods. Although each method has certain advantages and 
disadvantages, there has been little randomized prospective 
comparison among them. As much as in any area of interven¬ 
tional radiology, local referral patterns, politics, and expertise 
may result in widely variable patterns of practice among 
institutions. 

There are several other technical differences. Radiologic gas¬ 
trostomy or gastrojejunostomy appears to be less costly than the 
surgical alternative, does not require general anesthesia, and has 
less associated postprocedural ileus. The endoscopic method 
does not require exposure to ionizing radiation and can be 
performed easily and rapidly at the bedside. Although bedside 
placement using ultrasonography or portable fluoroscopy is 
possible, it is rarely performed. Endoscopic placement may be 
difficult or impossible when there is obstruction or high-grade 
narrowing of the esophagus or pharynx, leaving imaging- 
guided placement as the only feasible nonoperative alternative. 
Imaging guidance may also be critical for delineating and avoid- 
ing interposed structures (e.g., the colon) between the anterior 
abdominal wall and stomach. In patients prone to aspiration, 
imaging guidance is usually preferable because endoscopy may 
require heavy sedation and may be a lengthy procedure if tube 
placement into the jejunum is required. Tubes placed under 
imaging guidance seem less likely to give rise to stomal wound 
infections than those inserted endoscopically. The endoscope 
must pass through the contaminated oral cavity rather than the 
scrubbed anterior abdominal wall. Finally, endoscopic place¬ 
ment offers the possibility of biopsy and other diagnostic 
methods when appropriate. 

Percutaneous gastrostomy can be performed by a variety of 
methods. Before the procedure, the patient should be given 
nothing by mouth for at least 12 hours to minimize risks of 
aspiration and peritoneal leakage. Prophylactic antibiotics are 
usually not necessary. Only mild sedation combined with local 
anesthesia at the puncture site is generally required, although 
general anesthesia offers advantages in infants and younger 
children. 

An entry site is chosen in the anterior leff upper quadrant, 
which allows direct puncture of the stomach, with no transgres- 
sion of bowel, liver, or vascular structures. Preprocedural ultra¬ 
sonography or CT delineates these structures (Fig. 8-36). 
Ultrasound is quickly and easily performed in the fluoroscopy 



Figure 8-36 CT-guided percutaneous gastrostomy. A. CT scan 
of the upper abdomen in a patient with pseudomyxoma peritonei 
attributable to ovarian carcinoma shows the stomach (arrow) 
surrounded by adjacent organs and peritoneal metastases. B. At 
a more caudal level, a safe window to the stomach is present. 
Percutaneous gastrostomy was successfully performed under CT 
guidance. Arrowheads, Gastric lumen; black arrow, initial puncture 
needle. 


suite and is often used routinely to demarcate a safe window on 
the skin surface. Another helpful adjunct in patients who have 
no obstruction or altered enteric motility is the administration 
of oral contrast medium the night before the examination, 
which provides good opacification of the colon at the time of 
the procedure. 

One potential hazard of percutaneous gastrostomy is injury 
to the inferior epigastric artery, which lies at the junction of the 
medial two thirds and lateral third of the rectus abdominis. 
Therefore skin puncture should be made at a site lateral to this 
muscle or close to the midline of the abdomen, depending on 
the position of the stomach. A subcostal puncture site usually 
provides good access to the stomach, is more comfortable for 
the patient, and avoids pleural and pulmonary complications. 

Gastric distention makes it easier to pierce the gastric wall, 
which tends to invaginate and move away from the puncture 
needle. Distention also helps bring the stomach doser to the 
anterior abdominal wall and displaces any interposed bowel. 
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Distention is provided by insufflation of the stomach with 
several hundred milliliters of room air administered via a previ- 
ously placed nasogastric tube. If a nasogastric tube cannot be 
placed, the stomach can be punctured with a Seldinger needle, 
and air can be injected through its lumen. Another means of 
providing distention is the oral administration of effervescent 
granules that produce carbon dioxide. IV glucagon (1.0 mg in 
adults, 0.14 mg/kg in children) can be used to augment these 
measures by diminishing gastric peristalsis and decreasing 
passage of air through the pylorus. If fluoroscopic puncture 
proves difficult because of interposed structures or variant 
anatomy, inability to pass a nasogastric tube, or inability to 
tolerate gastric distention, cross-sectional imaging can also be 
used for guidance (see Fig. 8-36). 

Another option for providing distention is intragastric infla¬ 
tion of a latex balloon attached to the end of a nasogastric tube. 
The balloon is inflated with diluted contrast medium or air, 
providing an easily visualized and stable target for fluoroscopi- 
cally or sonographically guided puncture. Bursting of the 
balloon confirms intragastric positioning of the needle tip. 
Although this device can be difficult for some patients to toler¬ 
ate and is usually unnecessary, it may be helpful when simple 
insufflation is unsuccessful in providing gastric distention, as 
seen in patients with a partial gastrectomy. 

The anterior wall of the stomach is usually punctured in its 
middle third, toward the side of the greater curvature (Fig. 
8-37). The greater and lesser curvatures should be avoided 
because the larger vascular arcades of the stomach are located 
in these regions. Lateral fluoroscopy is used to access the 



Figure 8-37 Fluoroscopically guided percutaneous gastrostomy. 

The midbody of the gas-filled stomach has been punctured with an 
18-gauge Seldinger needle (curved arrow). It is angulated toward the 
pylorus, and a wire has been manipulated into the proximal jejunum. 
A gastrojejunostomy tube was subsequently placed. A nasogastric 
tube was used for insufflation of air (straight arrow). 


proximity of the anterior gastric wall to the skin surface. If 
initial or delayed small bowel catheterization is anticipated, a 
downhill puncture angled toward the pyloric region makes 
manipulations of the guidewire and catheter easier. Too great 
an angle, however, makes tract dilation and catheter exchange 
difficult. If the tube is being placed for decompressive purposes 
only, it can be angled somewhat more vertically and toward the 
gastric fundus. Once the gastric wall is indented by the puncture 
needle, a short vigorous thrust is used to pierce its muscular 
layers. 

Final catheter placement can be achieved by a variety of 
methods. One is the Seldinger technique and its variants, in 
which initial puncture is made with an 18- to 22-gauge Seld¬ 
inger needle or a small sheathed needle. A wire is passed through 
the sheath or cannula, and successive guidewire and catheter 
exchange is used to place a final gastrostomy tube. Techniques 
using a trocar, an instrument consisting of a catheter or sheath 
mounted on the puncture needle, have also been successfully 
used in placing gastrostomy tubes. The trocar technique allows 
larger and softer tubes to be inserted at the time of the initial 
procedure and requires fewer catheter and wire exchanges, each 
of which may result in loss of gastric access. The initial punc¬ 
ture, however, may be difficult and risky with trocars, which are 
usually larger devices. 

When the Seldinger technique is used, a peel-away sheath 
may facilitate insertion if catheter exchange is difficult or place¬ 
ment of a soft catheter or catheter without an end hole is 
desired. In addition, removal of the peel-away sheath may 
correct any gastric wall invagination that has occurred. During 
passage of catheters or dilators, the stabilizing guidewire has a 
free end within the GI tract and must not be displaced out of 
the gastric lumen. A method of preventing this problem in 
children has been described. The free end of the wire is secured 
and pulled from the stomach to the mouth by a wire basket or 
snare, allowing stable control of both ends of the wire in a 
manner analogous to that of endoscopic methods. In general, 
however, these maneuvers are unnecessary. 

The use of fixation devices as an adjunct to percutaneous 
gastrostomy has generated some controversy. These devices are 
fasteners that can be placed through a small needle to affix the 
anterior gastric wall to the anterior abdominal wall at one or 
more sites. Advocates of these devices have cited a number of 
potential advantages, including reduced intraperitoneal leakage 
of gastric contents, facilitation of guidewire and catheter 
exchange and immediate placement of large catheters, increased 
safety in patients expected to have difficulty with track matura- 
tion (e.g., patients on corticosteroid therapy), easy reinsertion 
in cases of early catheter dislodgment (of greater concern in 
uncooperative patients), and possible tamponade of gastric 
hemorrhage induced at the gastrostomy site. Theoretical disad- 
vantages of gastric fixation are interference with gastric peri¬ 
stalsis and excessive traction on the gastric wall, resulting in 
pressure necrosis, bleeding, infection, or catheter dislodgment. 
Problems related to excessive traction are not unique to the use 
of fixation devices. Other potential disadvantages that can be 
obviated by careful technique include anchor misplacement 
into the peritoneal cavity and difficulty with tube passage 
immediately adj acent to the anchor. Most of the controversy, 
however, has arisen because of extensive clinical and laboratory 
experience with percutaneous gastrostomy accomplished 
without fixation devices, which suggests that the procedure can 
be performed easily, safely, and less expensively in most cases 
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without their use. No large prospective comparisons have yet 
been made. 33 ' 38 

Massive ascites is generally considered a contraindication 
to percutaneous gastrostomy. Large quantities of peritoneal 
fluid make gastric puncture difficult and can lead to tube dis¬ 
lodgment, gastropexy breakdown, peritonitis, and skin break¬ 
down. However, gastrostomies have been safely placed and 
managed in patients with smaller amounts of ascites via a 
combination of gastropexy, preprocedural paracentesis, and 
regular postprocedural paracentesis to allow the enterostomy 
track to mature. 

Another area of controversy is the final position of the tube. 
Some practitioners prefer that the tube be manipulated into the 
proximal jejunum at the time of the initial procedure. This 
allows for immediate catheter feeding, diminishes the risks of 
gastroesophageal reflux and aspiration of gastric contents, and 
provides additional insurance against catheter dislodgment. 
O ther practitioners have maintained that routine gastrojeju- 
nostomy is not indicated, and they have reserved jejunal place- 
ment for patients who are prone to reflux or aspiration, have 
impaired gastric motility, or have partial gastric obstruction. 
Scintigraphy has been reported to be helpful in determining 
whether a patient can safely tolerate a gastrostomy tube without 
risk of reflux and aspiration. Even if the tube is lefl in the 
stomach initially, subsequent conversion to a gastrojejunostomy 
tube can usually be accomplished without difficulty as long as 
the original angle of puncture is toward the pylorus. If not, a 
stiff sheath can frequently be used to redirect the tube, although 
in cases of severe unfavorable angulation, a new access site may 
be the best approach. A large variety of tubes have been used 
for percutaneous gastrostomy, including simple Cope loop 
catheters, Foley catheters, and catheters specially designed for 
percutaneous gastrostomy and gastrojejunostomy. Catheter 
sizes usually range from about 12 to 20 Fr. Because of its ease 
of insertion, the Cope loop is preferred by many investigators, 
except in patients who require gastrojejunostomy. 

Altered gastric anatomy caused by prior surgery, although it 
may sometimes preclude percutaneous gastrostomy, should not 
be considered an absolute contraindication. However, a full 
understanding of the postsurgical anatomy is important. Gen¬ 
erally, gastrostomy can be performed with minor modifications 
of standard methods, such as the use of longer needles and 
craniocaudal fluoroscopy. Other techniques reported to be 
helpful in this setting include gastric balloon support and the 
use of a transhepatic catheter route guided by CT. 

Potential complications of percutaneous gastrostomy include 
catheter dislodgment, pericatheter leakage, peritonitis, sepsis, 
pain, hemorrhage, inadvertent puncture of other organs, pul- 
monary aspiration, subcutaneous inflammation, and wound 
infection. Although patients should be observed carefully after 
percutaneous gastrostomy for signs of complications, it should 
be noted that a number of postprocedural radiologic findings 
are common and should not by themselves cause alarm or 
prompt laparotomy. These findings include pneumoperito- 
neum and small abdominal wall and gastric hematomas. Sub¬ 
cutaneous emphysema, gastric pneumatosis, free or loculated 
intraperitoneal fluid, and pneumoperitoneum that increases in 
volume are uncommon and should be viewed with more 
concern (Fig. 8-38). 

Long-term care of percutaneous gastrostomy catheters 
includes keeping the catheter entry site clean and maintaining 
tube patency after feeding with injection of saline solution. A 



Figure 8-38 Percutaneous gastrostomy: complication. CT scan 
obtained 3 days after percutaneous gastrostomy. Although 
pneumoperitoneum ( arrowheads ) is often seen in the absence of 
clinically apparent complications, findings of loculated (straight arrow) 
and free (curved arrow) intraperitoneal fluid are atypical and are 
cause for concern. Peritoneal spillage in this case resulted from 
intraperitoneal positioning of a side hole of the gastrostomy tube. 
The patient required surgical treatment. 


tract between the abdominal wall and gastric lumen is usually 
well established in about 7 days, and exchange of an occluded 
tube or replacement of a recently dislodged tube after this 
time is generally easy. If the tube is inadvertently removed at 
an earlier time, an attempt can be made to recatheterize the 
tract, but it is less likely to be successful. As noted earlier, one 
possible advantage to using gastric fixation devices is that it 
facilitates tube replacement or repeated puncture of the 
stomach in this early period. If pericatheter leakage is noted, 
the problem may respond to replacement of the tube with 
one that is slightly larger. Delayed pericatheter hemorrhage, 
presumably attributable to erosion into an adj acent vessel, has 
been described. Successful tamponade and long-term control 
of the bleeding can be achieved with gentie traction by a Foley 
catheter against the gastric wall. Another delayed complication, 
occurring from days to months after gastrostomy placement, 
is perforation of the GI tract by the tube. Perforations can be 
managed with nonsurgical means, including tube replacement, 
antibiotic therapy, drainage of associated abscesses, and gastric 
compression. 

Direct percutaneous catheterization of the small bowel has 
been performed much less often than percutaneous gastros¬ 
tomy. The procedure is made difficult by the mobility and com- 
pliance of small bowel loops and by the difficulty associated 
with providing and maintaining their distention. Although 
fluoroscopic guidance has been used in many cases, CT and 
ultrasonography have also proved useful for localization and 
puncture of the small bowel. 39 

Indications for percutaneous jejunostomy include the need 
for prolonged enteric feeding in patients in whom a gas¬ 
trostomy by the percutaneous or endoscopic route is not 
possible. This can occur, for example, when a large hiatal 
hernia is present or in postsurgical patients after a gastric 
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pull-up procedure or partial gastrectomy with a small and 
high-positioned gastric remnant. Other potential indications 
include chronic aspiration, gastric outlet or duodenal obstruc¬ 
tion, recurrent dislodgment of previously placed gastrostomies, 
retrograde gastrojejunostomy dislodgment back into the 
stomach, or premature dislodgment of a jejunostomy. 


Adequate distention of the jejunum is an important facet of 
the procedure. Transnasal or transoral intubation of the small 
bowel can provide access for small bowel distention with air, 
contrast medium, or supportive balloons. Direct fme-needle 
puncture and air insufflation into the leff upper quadrant can 
also be used to identify the jejunum. 39 
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Summary 


Computed tomography angiography (CTA) revolutionized vas- 
cular imaging when vessels smaller than 1 mm in diameter were 
imaged with single-slice spiral CT. 15 However, because of the 
small volume of coverage and limitations in the speed of image 
processing, CTA did not become widely used until the introduc- 
tion of multidetector CT (MDCT) in 1998. 6 ' 8 With the advent 
of MDCT, temporal and spatial resolution of the scanners sig- 
nificantly improved. 9,10 Gantry rotation times of 0.33 to 0.5 
second, with slice thicknesses of 0.5 to 0.75 mm, are now avail- 
able on most MDCT scanners. 

CTA uses several parallel detectors along the z-axis with 
multiple channels of data (currently up to 320), allowing sig- 
nificant improvement in z-axis resolution. This allows isotropic 
resolution for most vascular applications with images obtained 
during a single, short breath-hold. The result has been elimina¬ 
tion of the trade-off between spatial resolution (z-axis) and 
scanning range, a significant limitation of single-detector spiral 
CT. Hence, a significant benefit has been a paradigm shift 
from single-slice to volumetric data acquisition. This, in turn, 
has made imaging of different vascular phases with a single 
contrast bolus a reality. 

Other than its limited invasiveness, advantages of CTA 
include lower cost and a potential reduction in the total volume 
of contrast material administered. With the fastest scanners 
currently available (16, 64, 256 slice), abdominal CTA can be 
performed with as little as 50 mL of contrast material using a 
saline flush. 13,14 This requires meticulous attention to the timing 
of contrast bolus (see later). In the evaluation of life-threatening 
vascular disease, such as traumatic aortic injury or pulmonary 
embolus, CTA has clear advantage because of short acquisition 
times. 15 

An important advantage of CTA over catheter angiography 
is its ability to examine the vessel wall, as well as its lumen. The 
adjacent organs can also be evaluated (e.g., staging of pancreatic 
adenocarcinoma). Another advantage of CTA is its ability to 


evaluate a vessel in projections that cannot be obtained with 
conventional techniques. 

The increased use of CT has led to significant increases in 
radiation exposure and concerns about its effects. 16 CT cur¬ 
rently accounts for approximately 75% of the total radiation 
dose delivered by medical imaging. A number of techniques 
have been developed to help reduce radiation exposure from 
abdominal CTA. These technologic innovations address the 
issue in several ways, including collimation of x-ray beams to 
reduce exposure from over beaming, newer reconstruction 
algorithms, automatic tube current modulation, and use of 
lower tube potential settings. 16 Automatic tube current modula¬ 
tion automatically adjusts the current during scanning to 
decrease the amount of radiation in anatomic regions that do 
not require higher current (e.g., lung bases or above the iliac 
crest) while maintaining image quality. 16 In the appropriate 
setting, abdominal CTA may be performed with a reduced kilo- 
voltage (kV) setting to decrease radiation to the patient and 
improve signal-to-noise ratio. 18 For example, recent studies 
have demonstrated that lowering the kVp setting from 140 to 
80 kVp significantly reduces patient dose and improves the 
contrast-to-noise ratio in the aorta while maintaining an 
acceptable level of image noise. 19 Scanning with lower tube 
voltage may facilitate reduction of intravenous contrast dose 
because of an improved contrast-to-noise ratio. 20 ' 23 

Technical Considerations 

Until the introduction of 16- and 64-slice CT scanners, improve¬ 
ment in spatial resolution came at the cost of temporal resolu¬ 
tion. Now, with faster gantry rotation time (0.27 to 0.5 second) 
and an increase in the number of detector rows, isotropic voxel 
acquisition independent of the length of coverage is possible. 
The newer CT scanners use very complex spiral cone beam 
reconstruction algorithms instead of the filtered back projec- 
tion mathematical reconstruction algorithm that was used in 
older scanners. These mathematical reconstruction algorithms 
are a byproduct of significant advances in computer technology. 
A combination of all these advances has made isotropic scan¬ 
ning of the abdominal aorta and its branches in a single breath- 
hold a clinical reality. 7 12,24 

The latest generation of image reconstruction brings many 
other benefits in addition to improved spatial and temporal 
resolution. Although filtered back projection is a widespread 
and fast reconstruction algorithm used to create CT images, this 
technique produces relatively noisy images when the tube 
current or voltage is lowered. Iterative reconstruction (IR), the 
newest improvement in reconstruction algorithms in CT, can 
remove the noise from low-dose images using mathematical 
models. 25 IR has shown the potential to improve image quality, 
allowing substantial reduction in patient dose compared 
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with the filtered back projection techniques (Fig. 9-1). 2531 More 
recent studies have demonstrated that IR facilitates a reduction 
in administered contrast dose while maintaining image quality 
when using a low-dose technique. 21 

With shortened acquisition times of the multislice scanners, 
optimizing and maximizing vascular enhancement has become 
more challenging. 3 33 CT angiography requires excellent con¬ 
trast enhancement of the targeted vessels. A good-quality CT 
angiogram requires an arterial density value greater than 200 
Hounsfield units (HU). 34 33 This should be achieved rapidly, and 
the peak should coincide with the acquisition interval. There- 
fore it is crucial to time the contrast bolus correctly. However, 
rapid administration of contrast material shortens the plateau 
phase of contrast enhancement, thus creating a further chal- 
lenge for correct timing of the study. 32 For most abdominal 
CTA applications, an injection rate of 4 to 5 mL/s yields optimal 
vascular enhancement. 

For achieving rapid intravenous (IV) administration of con¬ 
trast material, excellent IV access (18- or 20-gauge needle) and 
a dual-head power injector are required. A saline bolus via a 
dual-head injector following contrast administration prolongs 
and improves arterial enhancement; it also decreases the amount 
of contrast required by using the residual contrast in the tubing, 
patients arm veins, and superior vena cava. 14,37,38 


There are several factors that affect time to peak from 
the start of a contrast bolus. These include the iodine content 
of contrast material, injection rate, and patient’s cardiac 
status. 32,33,37,39 A faster injection rate, for example, can achieve a 
higher density in the targeted vessel and results in a higher 
quality CTA. It also separates the arterial from the portal venous 
phase and thus results in excellent image quality without cross- 
contamination by different phases. 32 Contrast material with a 
higher iodine concentration improves vascular enhancement if 
all other parameters are held constant. 32 Because several 
factors affect time to peak enhancement in the aorta, a fixed 
timing delay for image acquisition is not advised. 

All modern CT scanners provide software for calculating the 
optimal time to start scanning after the administration of a test 
bolus, a so-called test bolus injection (Fig. 9-2A) or allow auto- 
matic image acquisition once a preset HU threshold in the 
target vessel has been reached, known as bolus triggering 
(Fig. 9-2B). An important consideration with the 16- and 
64-slice scanners is the possibility of outrunning the contrast 
bolus in patients with low cardiac output or in cases that require 
long z-axis coverage (e.g., combination of extremity and 
abdominal CTA). To overcome this problem, one can slow 
down the scanner by increasing the gantry rotation time and 
slowing the table speed. 41,42 


Figure 9-1 CT angiography of 
the abdominal aorta with lower 
kV and iterative reconstruction 
algorithm. A, B. Axial and 
coronal maximum intensity 
projection images of the 
abdominal aorta obtained with 
120 kV, tube current modulation, 
and filtered back projection 
reconstruction algorithm before 
aortic graft revision. Density 
of the aorta is 312 HU, with an 
image noise of 33. The dose- 
length product is 631 mGy • cm. 
C f D. Follow-up study after 
revision of the aortic graft was 
obtained with 80 kV, tube current 
modulation, and an iterative 
reconstruction algorithm. The 
density of the aorta has increased 
substantially to 574 HU whereas 
the image noise is similar, at 33. 
The dose-length product has 
decreased to 301 mGy • cm. 
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Figure 9-2 Graphic depictions of contrast bolus timing methods. 

A. Test bolus injection technique. With this technique, a small bolus 
of contrast material (usually 15 to 20 ml_) is administered, followed by 
a saline chase of similar volume. Time to peak is calculated after the 
acquisition of several images, with the region of interest placed on 
the target vessel. B. Bolus triggering technique. 

A region of interest is placed on the target vessel and injection of 
contrast material is started. After reaching the preset threshold 
(100 HU in this case), the scanner automatically instructs the patient 
to hold his or her breath and image acquisition takes place 
automatically. With the bolus triggering technique, less contrast 
material is used because a test bolus is not needed. 


As noted, the new multislice scanners, in combination with 
dual-head injectors, allow for a marked decrease in the amount 
of contrast used for routine CTA. However, the total volume of 
contrast administered for a routine abdominal CT (usually 
150 mL of contrast material at a concentration of 300 mg/mL) 
should not change if solid organs, such as the liver, are evaluated 
in conjunction with CTA. Lowering the total volume of contrast 
may potentially reduce the sensitivity of lesion detection. 1 ,4 ° 
Many authors had previously reported the use of gadolinium 
chelates for CTA in patients who have diminished renal 


function. 43 ' 46 Although gadolinium is radiodense and may be 
used as a contrast agent with an x-ray, many gadolinium-based 
products have higher osmolality than iodine-based contrast 
media and are therefore potentially more nephrotoxic. More 
importantly, there have been several reports of nephrogenic 
systemic fibrosis leading to serious physical disability in patients 
with end-stage renal disease who had been receiving gadolinium - 
containing contrast agents. 47 ' 49 

Image Processing 

Thinner slice acquisition with CTA has resulted in a significant 
increase in the number of images acquired. Hence, data over- 
load has been a direct side effect of isotropic and near-isotropic 
scanning. CTA of the abdominal aorta and its branches on 
the newest scanners generates over 1000 images. 50 As the 
volume of data significantly increases, the processing power 
of many of the current image processing workstations is pushed 
to its limits. The strain on the fiberoptic networks and image 
processing workstations has become a significant challenge 
for many institutions that have installed the fastest CT scan¬ 
ners. Workflow and image transfer issues are significant 
byproducts of CTA that are beyond the scope of this discus- 
sion but are important to consider when upgrading to the 
latest CT technology. 

Postprocessing of the source data not only improves visu- 
alization of the vascular structures and their relationship to 
the adjacent organs, but also decreases the number of slices 
needed for review of the dataset. 5152 Images can be processed 
on the scanner or a free-standing image processing worksta¬ 
tion. Thicker slices may be produced for review of the axial 
images on the picture archiving and Communications system 
(PACS). 53 Volume rendering, maximum intensity projection 
(MIP) rendering, or multiplanar reconstructions are routinely 
used to display large datasets. Volume-rendering techniques 
use attenuation thresholds to create a volumetric display of 
data and allow visualization of different tissue types simply 
by changing threshold settings. MIP rendering does not 
provide spatial depth but improves visualization of smaller 
vessels. Most institutions, including ours, routinely use a 
combination of the MIP and volume-rendered display of 
data for CTA because these two are complementary. Although 
volume rendering is useful for the display of soft tissues 
and three-dimensional relationships, MIP provides a more 
detailed view of the vessels within the slab of data and is 
less operator-dependent. 54 

Anatomy 

The major branches of the abdominal aorta are readily visible 
on helical CT and CTA. However, to evaluate vascular disease, 
CTA with thin sections and sufficient contrast enhancement 
is required. The typical branching of the celiac artery to the 
common hepatic, left gastric, and splenic arteries can routinely 
be appreciated on CTA. The smaller branches arising from 
the common hepatic artery may also be evaluated by CTA 
if thin slices are acquired and contrast enhancement is opti- 
mized by bolus timing or tracking techniques. The superior 
mesenteric artery and its branching are also easily evaluated 
by CTA. A significant portion of patients studied with CTA 
demonstrate variations in the branching of the abdominal 
aorta. 55 ' 58 
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The renal arteries arise at approximately the LI-2 level, 
caudal to the origin of the superior mesenteric artery and 
cephalad to the origin of the inferior mesenteric artery. In 
approximately 28% of patients, there are multiple renal 
arteries. 59 

The venous structures in the abdomen can also be evalu- 
ated by CTA. However, timing of scanning will be different, 
depending on the venous structure imaged. Renal veins will 
rapidly enhance as they return biood to the inferior vena 
cava. This, in combination with unopacified biood from the 
lower extremities, can create a pseudothrombus in the inferior 
vena cava. For optimal imaging of the portal vein, a delay 
of 65 seconds after the start of contrast administration is 
required. Therefore, to perform CTA and CT portography. 
one has to scan the abdomen successively with the newest 
multichannel scanners because these scanners, in combination 
with the rapid administration of contrast material, allow com- 
plete separation of the arterial and venous phases of hepatic 
enhancement. This separation of phases is more difficult with 
single- and four-slice MDCT because of lower temporal and 
spatial resolution. With the latest 16- and 64-channel scan¬ 
ners, early and late arterial enhancement of the liver can be 
imaged separately. 

The portal vein arises from the confluence of the superior 
mesenteric and splenic veins and branches into right and left 
branches at the hepatic hilum. The right portal vein divides into 
anterior and posterior branches. The left portal vein defines the 
boundaries of the segments II, III, IVa, and IVb. When portal 
hypertension is present, numerous venous collaterals may be 
visible on MIP and volume-rendered images. The inferior mes¬ 
enteric vein can be followed parallel to the course of superior 
mesenteric vein in the lower abdomen, coursing anterior to the 
left renal vein and draining into the splenic vein. 

Anatomic variations of the major branches of the abdominal 
aorta, inferior vena cava, portal vein, and renal veins are 
common and are visible on CTA. For example, an accessory 
hepatic vein may be seen between segments V and VI. Single 
retroaortic or duplicated left renal veins are seen in 2.5% 
and 9% of the population, respectively. CTA allows accurate 
mapping of these variants. 35,60,61 Assessment for these varia¬ 
tions is essential when evaluating for hepatic segmentectomy, 
using the Whipple procedure, hepatic or renal donor assess¬ 
ment, or bowel resection. This is discussed in detail later in 
this chapter. 


Clinical Applications 

Common abdominal applications of CTA include evaluation of 
the abdominal aorta, preoperative and postoperative assess¬ 
ment for renal and liver transplantation, preoperative planning 
for hepatic segmentectomy and pancreatic surgery, mesenteric 
ischemia, and gastrointestinal (GI) hemorrhage. Other applica¬ 
tions include cholecystectomy and splenectomy planning, as 
well as assessment for renal arterial disease in the evaluation of 
hypertension. The protocols for each application should be 
individually tailored to optimize imaging of the targeted vascu- 
lar structures. For example, planning a Whipple procedure 
should include arterial and portal venous phase images. 

ABDOMINAL AORTA 

MDCT has revolutionized imaging of the abdominal aorta 
because of its excellent spatial resolution and advantages over 
direct catheter angiography (DCA) (described earlier). Because 
of these advantages, CTA is usually the preferred imaging 
modality for evaluation of the abdominal aorta in acute and 
nonemergent settings. 9, 10,62,63 

Aortic Dissection 

CTA allows accurate depiction of intimal separation from the 
adventitia and its extension into branch vessels. The site of 
intimal tear and its extension determine prognosis. Most insti¬ 
tutions use the Stanford classification to assess prognosis as type 
A dissections (involving the ascending aorta), which require 
surgical management, and type B dissections (confined to the 
descending aorta), which are often managed conservatively. 

Full assessment of aortic dissection by CTA requires unen- 
hanced CT followed by contrast-enhanced CT. Unenhanced CT 
is useful because the detection of a dense intramural hematoma 
may be mistaken for chronic thrombus on enhanced images 
(Fig. 9-3). On enhanced images, extension of the intimal flap to 
the aortic side branches and perfusion of organs affected by 
dissection should be assessed. Although quite variable, the true 
lumen is usually anterior to the false lumen in the upper 
abdominal aorta. At the level of the renal arteries, the false 
lumen usually supplies the left renal artery. The false lumen can 
also be distinguished from the true lumen by its larger diameter, 
which also shows lower attenuation if images are acquired 
during peak arterial enhancement. If there are iatrogenic or 


Figure 9-3 Intramural 
hematoma. A. Unenhanced 
image of the upper abdomen 
shows hyperattenuating aortic 
intramural hematoma ( arrows ). 

B. Enhanced image of the upper 
abdomen shows thrombus in the 
aortic wall, which can mimic 
chronic aortic thrombus or 
periaortic fluid. 





9 Abdominal Computed Tomography Angiography 139 


spontaneous fenestrations of the intima, the false lumen may 
show enhancement similar to that of the true lumen (Fig. 9-4). 
Complications of aortic dissection include hemorrhage, hypo- 
perfusion of the involved organs, and aneurysm formation. 

Aortic Aneurysm 

An abdominal aortic aneurysm (AAA) is a fusiform or focal 
saccular dilation, usually of the infrarenal portion of the aorta, 
more than 4 cm in external anterior-posterior diameter. 64 
About 90% of AAA are infrarenal, with most limited to the 
abdominal aorta, but extension to the common iliac arteries 
does occur. Accessory renal arteries may arise from an infrarenal 
aneurysm, thus affecting management. About 10% of aneu- 
rysms are juxtarenal, involving the main renal arteries, or 
suprarenal, involving the celiac or superior mesenteric arteries. 
Suprarenal and infrarenal aortic aneurysms together form a 
dumbbell configuration. 

Aortic aneurysms are frequent in the older population and 
can be a cause of sudden death if they rupture. 65 The prevalence 
of AAA is estimated at 1.5% of those older than 50 years and 
5% to 8% of men older than 65 years. 66,67 Because rupture of 
an aortic aneurysm can be catastrophic, aggressive screening 
and treatment have been advocated. 68 An untreated AAA larger 
than 5 cm in diameter has a 20% likelihood of rupture in 
5 years. 69 

Ultrasound has been advocated as the imaging modality 
of choice for AAA screening. However, it has several short- 
comings, including variability in transverse dimensions of the 
aneurysm, limitations in aneurysm neck assessment, and 
limited visualization of luminal thrombus. 72 Because of the 
inherent limitations of ultrasound, CTA is preferred for con- 
firming diagnosis, characterizing the aneurysm, and preopera- 
tive planning. 73,74 


Currently, there are two accepted methods of treatment for 
AAA, open surgical repair and an endovascular approach. 65 
Open surgical repair is associated with significant risk, includ¬ 
ing a 6% to 10% mortality rate that is commonly caused by 
myocardial infarction. 67, 75,76 Endovascular aneurysm repair 
(EVAR) is a technique that was first described by Parodi and 
colleagues in 1991. 7 This method excludes the aneurysm by 
traversing it with a stent graft, thus reducing pressure on 
the aortic wall. 78 The results of this less invasive treatment 
have been excellent, with fewer complications and more rapid 
recovery. 79,80 

Preoperative assessment of the aorta is preferably performed 
with multislice CTA because accurate measurement of the 
diameter of the aneurysm, its length, and its relationship to 
major vessels (e.g., renal arteries) is essential. 81 For EVAR 
planning, the diameter and angle of the aneurysm neck, as well 
as its relationship to the renal arteries, is evaluated. Also, the 
amount of luminal clot may affect treatment. Three-dimensional 
evaluation of the aneurysm is particularly helpful for treatment 
planning (Fig. 9-5). 84 CTA provides useful information regard- 
ing femoral access sites and aortic accessibility. 83 Orthogonal 
measurements of the aneurysm using a center line provide 
accurate measurements for preoperative planning. CTA has 
been shown to be extremely accurate for measuring vessel 
lengths, diameters, and angles and for assessing occlusive disease 
and calcification. 

Patients treated with EVAR undergo frequent imaging by 
CTA to monitor for endoleaks, stent migration, fracture, and 
stability of aneurysm size (Fig. 9-6). 86 An increase in the diam¬ 
eter of an aneurysm is associated with endoleak. Evaluation of 
an endoleak historically required imaging with unenhanced CT 
and imaging during the arterial and venous phases of contrast 
enhancement (Fig. 9-7). Unenhanced images are used to detect 




Figure 9-4 Type A aortic dissection. A. Volume- 
rendered image. The false lumen has a larger 
diameter and lower density. Note the higher density 
of the contrast material in the distal portion of the 
false lumen because of fenestration in the intima, 
which is better seen on the transverse image. 

B. Maximum intensity projection image shows the 
left renal artery being supplied by the false lumen. 
Intimal dehiscence ( arrow ) allows perfusion of the 
left kidney. 
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Figure 9-5 Infrarenal abdominal aortic aneurysm. Volume- 
rendered image shows relationship of the aneurysm neck to the renal 
arteries ( arrows ). The distance from the renal arteries using vessel 
analysis software and center line measurements should be calculated 
before EVAR. Incidental ly noted is the replaced left hepatic artery 
arising from the left gastric artery ( arrowhead). 



Figure 9-6 Endovascular stent graft. Orthogonal images allow 
assessment of the stent lumen. 



Figure 9-7 Stent graft placement for abdominal aortic aneurysm. 

There is opacification of the excluded portion of the abdominal aortic 
aneurysm ( arrowheads ) by a type II endoleak ( arrow ). The endoleak 
may be better visualized during the venous phase of the study. 


artifacts from calcification or embolization material that may 
mimic endoleak on enhanced images. Venous phase images 
have been shown to enhance detection rate of endoleaks. In a 
type I endoleak, there is a leak in the proximal or distal end of 
the graft. Type II endoleaks are caused by retrograde flow from 
aortic side branches, commonly the inferior mesenteric or 
lumbar arteries. Type III endoleaks are related to separation of 
the graft components and require immediate treatment. Type 
IV endoleaks have been associated with leakage through the 
graft pores and are usually transient. Reintervention is recom- 
mended for any type I or III leak 87 ; type II endoleaks are char- 
acterized by lower flow and thus tend to be monitored regularly 
with intervention only if there is a significant increase in aneu¬ 
rysm size. 88,89 

More recent studies on EVAR follow-up with CTA have 
focused on methods for radiation dose reduction. Although 
monitoring has typically involved triphasic protocols, some 
have suggested that the arterial phase can be eliminated, using 
only unenhanced and venous phases. This technique has been 
shown to depict and classify endoleaks accurately, with a sig¬ 
nificant dose reduction. 091 Dual-energy CT is another more 
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recently described alternative for endoleak detection that may 
lead to lower radiation exposure . 91 ' 93 Dual-source CT scanners 
contain two x-ray tubes with two corresponding detectors 
arranged on the gantry at a 90-degree angular offset . 94 When 
used in the dual-energy mode, the two x-ray tubes operate at 
different peak voltages, enabling reconstruction of virtual 
unenhanced images from a single venous phase acquisition . 95 

PANCREAS 

Staging of pancreatic cancer with multiphasic CT is now the 
standard of care in many institutions . 96 It requires arterial, 
parenchymal, and portal venous phase images to evaluate 
the solid organs and mesentery (Fig. 9-8). 97 '" Addition of a 
noncontrast phase allows detection of parenchymal and vas- 
cular calcifications. Neutral oral contrast agents help distend 
the bowel and improve visualization of the bowel wall. Posi¬ 
tive oral contrast agents (e.g., iodine-based agents) obscure 
vascular detail and should be avoided in all abdominal CTA 
procedures. 

Although curved multiplanar reformations of the pancreas 
improve visualization of the parenchyma and pancreatic duet, 
MIP and volume-rendered images are needed for vascular anal- 
ysis (Fig. 9 . 9). 100 ’ 101 The newest generation of scanners allows 
rapid multiplanar and MIPs on the scanner, thus obviating the 
need for routine data transfer to an independent image process¬ 
ing workstation. 

Staging of the pancreatic carcinoma is discussed in detail in 
Chapter 98. Because of the frequent variations of vascular 
anatomy that can affeet the surgical approach, close evaluation 
of the anatomic variants, in addition to tumor encasement of 
the adjacent vasculature, is essential. For example, the presence 
of a replaced right hepatic artery originating from the superior 
mesenteric artery can significantly alter the planning for a 
Whipple procedure because this vessel traverses posteriorly to 
the pancreatic head (Fig. 9-10). Similarly, preoperative knowl- 
edge of a replaced left hepatic artery facilitates ligation during 
a left hepatectomy because this major branch does not need to 
be identified in the porta hep atis . 1 



Figure 9-8 CT angiogram for the staging of pancreatic 
carcinoma. A large infiltrating pancreatic mass ( large arrows ) is 
encasing the superior mesenteric and common hepatic arteries 
(small arrows ) and occluding the splenic vein ( arrowhead ). Note the 
perigastric collateral veins. 


KIDNEYS 

CTA is routinely used for the preoperative planning for 
nephrectomy, diagnosing renal artery stenosis, and evaluating 
renal artery in-stent restenosis and ureteropelvic junetion 
obstruction . 103 ' 106 CTA has been shown to be extremely accurate 
for the assessment of renal artery stenosis and other renal 
vascular pathologies. Although CTA and magnetic resonance 
angiography (MRA) are equally accurate for the assessment 
of significant renal artery stenosis , 107 MRA cannot accurately 
assess the lumen of most renal artery stents because of 
susceptibility artifacts or regional flow dephasing, even with 
contrast administration . 108 ' 110 Furthermore, contrast-enhanced 
MRA in patients with impaired renal funetion is limited by 
the risk of nephrogenic systemic fibrosis and the difficulties 
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Figure 9-9 Volume-rendered image of pancreatic carcinoma ( long 
arrow) with involvement of the portal vein. Note irregularity and 
subtle narrowing of the portal vein ( arrowheads ). A biliary stent is 
in place ( short arrow). 



Figure 9-10 CT angiogram for staging of pancreatic head 
carcinoma. Shown is the replaced right hepatic artery (arrow) arising 
from the superior mesenteric artery ( arrowhead). 
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in evaluating vascular calcifications. 111 However, the application 
of 64-slice CT to renal artery angiography has been reported 
to yield excellent results for the detection of native renal artery 
stenosis 112 and renal artery in-stent restenosis. 106,113 

CTA is useful when evaluating potential renal transplant 
recipients through the use of multiplanar reformations, MIP 
images, and volume rendering. 114 To perform an arterial anas- 
tomosis, a site without significant arteriosclerosis must be 
chosen. In nondialysis patients with significant chronic renal 
insufficiency and patients receiving peritoneal dialysis, only 
nonenhanced scanning is performed because residual renal 
function may be damaged by the use of IV contrast. MIP 
imaging is useful for showing vascular calcifications, leading to 
the production of a vascular map. Conversely, in patients on 
hemodialysis, nonenhanced and arterial phase imaging are per¬ 
formed. MIP images permit visualization of small branch 
vessels, but luminal narrowing can be overestimated because of 
vascular calcifications. 115 Thus, MIP images are compared with 
the acquired axial images to determine the true degree of ste¬ 
nosis. 116 Volume rendering allows better demonstration of a 
vascular map in these patients because vessel lumen and mural 
calcifications can be individually defined ; therefore the degree 
of stenosis can be accurately measured. 118 Volume rendering 
also allows color display, which may improve comprehension of 
the 3D relationships of different anatomic structures. 119 

CTA is the imaging technique of choice for the evaluation of 
potential renal donors. 120 Its role is to assess vascular anatomy 
and evaluate for renal pathology (Fig. 9-11). A comprehensive 
examination includes noncontrast images to evaluate for renal 
calculi and vascular calcification and the arterial phase to detect 
vascular anatomic variants and anomalies, nephrographic phase 



Figure 9-11 CT angiogram for evaluation of potential renal 
donor. A. Small accessory right renal artery ( arrow). B. There are also 
two right renal veins ( arrowheads ). 


to detect renal parenchymal abnormalities, and excretory phase 
to evaluate the collecting systems and ureters. 61,104,121,122 Coronal, 
thin slab MIP images are useful for optimal visualization of the 
renal arteries. 123 Because MIP images do not provide spatial 
depth, volume-rendered images are also beneficial (Fig. 9-12). 
It is feasible to scan the renal vasculature with 50 mL of non- 
ionic iodinated contrast material and a saline chase using a dual 
injector on a 16- or 64-slice CT, with excellent results. 14 To 
improve opacification of the ureters, however, a saline bolus or 
diuretics may be beneficial. 124 

LIVER 

Vascular complications are a significant contributor to morbid- 
ity following hepatic surgery. The hepatic surgeon greatly ben- 
efits from vascular mapping of the liver when planning tumor 
resection, laparoscopic surgery, or transplantation (Fig. 9-13). 
Until rather recently, catheter angiography was the standard 
diagnostic method for preoperative planning of hepatic surgery. 
However, its associated morbidity and suboptimal visualization 
of the venous structures have made CTA the new standard in 
many institutions. CTA pro vides exquisite hepatic vascular 
detail and allows evaluation of the liver parenchyma and other 
organs. 55,56 

When planning any type of hepatic surgery or locoregional 
therapy, knowledge of the vascular anatomy variation is essen- 
tial. Accessory and aberrant hepatic venous and arterial branches 
are common and are easily visualized by CTA. 55,125 CTA has been 
shown to be as effective as catheter angiography in planning a 
selective hepatic arterial infusion of chemotherapy. 

MESENTERIC VASCULATURE 

CTA allows excellent visualization of the mesenteric vasculature 
(Fig. 9-14). 126 Aneurysms, thrombosis, stenosis, dissection, and 
inflammatory processes affecting the mesenteric vasculature 



Figure 9-12 Volume-rendered images of CTA performed for 
renal donor evaluation. There are two left renal arteries ( arrows ). 
Also, note the replaced common hepatic artery arising from the 
superior mesenteric artery, as well as a small accessory left hepatic 
artery arising directly from the aorta ( arrowheads). 
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Figure 9-13 Patient with 
metastatic hemangiopericytoma 
evaluated for resection. A. A 

large very vascular hepatic 
mass ( arrows ) is displacing the 
stomach. B. The mass is supplied 
by a replaced left hepatic artery 
( arrow) arising from the left 
gastric artery. Accurate vascular 
mapping resulted in uneventful 
resection of the mass. 



Figure 9-14 CT angiogram of the mesenteric vessels. 


have been evaluated by MDCT. CTA is a robust method for 
evaluation of acute and chronic bowel ischemia (Fig. 9-15). 
However, because of its high temporal resolution, it may be 
necessary to scan the region of interest twice because a “pure” 
arterial phase does not allow evaluation of the venous struc- 
tures. This is necessary because incomplete enhancement of the 
mesenteric venous branches during the late arterial phase may 
mimic thrombosis. 

Atherosclerotic disease is a common cause of chronic mes¬ 
enteric ischemia and is better assessed with CTA than with 
contrast-enhanced MRA because of its high spatial and tem¬ 
poral resolution. 12 Chronic mesenteric ischemia has many 


different nonatherosclerotic causes, such as fibromuscular dys- 
plasia, median arcuate ligament syndrome, many forms of 
vasculitis (including Takayasus arteritis, polyarteritis nodosa, 
and segmental mediolytic arteriopathy), and connective tissue 
diseases, such as Ehlers-Danlos syndrome. CTA is an excellent 
modality when evaluating vasculitides because of its ability to 
assess luminal narrowing, including stenosis and occlusion, 
aneurysmal dilation, and vascular wall changes such as wall 
thickening and enhancement. 1 ' Compression of the celiac axis 
by the median arcuate ligament is referred to as median arcuate 
ligament syndrome and may cause abdominal angina (Fig. 
9-16). Also, this entity has been reported to predispose patients 
who have undergone orthotopic liver transplantation to develop 
hepatic artery thrombosis. Although surgical treatment can 
lead to clinical improvement in symptomatic patients, the 
importance of celiac artery compression in asymptomatic 
patients has not been established. If median arcuate ligament 
syndrome is suspected, imaging should be obtained during 
full inspiration to avoid artifactual stenosis. 128,129 Celiac and 
mesenteric stenoses are hest visualized by sagittal thin slab 
MIP or volume-rendered images (Fig. 9-17). Thin slab coronal 
MIP images also provide an excellent overview of the mesen¬ 
teric vascular structures and the bowel loops. The use of 
neutral oral contrast agents is important when evaluating the 
mesentery to improve visualization of the bowel mucosa. 

Acute mesenteric ischemia is a life-threatening event that 
may have various causes. These include embolic phenomena, 
severe hypoperfusion, thrombosis of stenotic vessels, dissection, 
hypercoagulable States, and vasculitis. As noted, the diagnosis 
of mesenteric venous thrombosis requires delayed images 
to avoid early-phase, incomplete enhancement. Unenhanced 
images are also beneficial because they may show a hyperdense 
thrombus. 7,131 The classic angiographic hallmark of an embolic 
occlusion—the abrupt termination of a vessel (cutoff sign)— 
and a luminal filling defect, indicating a nonocclusive throm¬ 
bus, are both demonstrable with CTA. Mesenteric CTA is 
helpful when evaluating acute superior mesenteric artery 
(SMA) ischemia by localizing the site of occlusion, thus indicat¬ 
ing the underlying cause of ischemia, because thrombosis of the 
SMA typically occurs within 2 cm of its origin, whereas embolic 
occlusions occur more distally. 12 

When evaluating for mesenteric vascular pathology, close 
attention to the morphology of the bowel is important because 
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Figure 9-15 Occlusive 
thrombus in the superior 
mesenteric artery. A. Volume 
rendering shows defect in the 
superior mesenteric artery 
( arrows ). Note the aortic stent 
graft. B. Sagittal reformatted 
image better demonstrates the 
occlusive thrombus ( arrowheads ) 
in the superior mesenteric artery. 




Figure 9-16 Compression of the celiac artery by the median arcuate 
ligament ( arrow ). 


Figure 9-17 Thrombus in the superior mesenteric artery (arrow) in a 
patient with acute abdominal pain. 
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Figure 9-18 CT angiography 
in a patient with recent 
gastrointestinal hemorrhage 
and normal colonoscopy. 

A. Unenhanced CT image shows 
no radiodense material in the 
small bowel. B. Arterial phase of 
CT angiography shows active 
hemorrhage into an ileal loop. 

C. Conventional angiography 
confirms active bleeding from 

a small ileocolic arcade branch. 

D. Successful coil embolization 
of the ileocolic arcade branch. 


thickened bowel loops with pneumatosis or altered enhance- 
ment (hyper- or hypoenhancement of the affected bowel) are 
signs of ischemia. 

CTA has been shown to be a promising first-line modality 
for the diagnosis or exclusion of active GI hemorrhage (see 
Chapter 124). Mesenteric CTA allows accurate localization of 
the bleeding site, thus facilitating interventional planning. 132,133 
CTA may also provide information about causative factors, 
which in cases of lower GI bleeding can direct treatment by 
differentiating among colonic diverticulosis, angiodysplasia, 
neoplasms, and colitis. The diagnosis of active GI bleeding is 
made when hyperattenuating, extravasated contrast material 
is identified within the bowel lumen. An unenhanced scan is 
obtained immediately prior to CTA, and comparison with 
unenhanced images allows for the differentiation of active hem¬ 
orrhage from any preexisting hyperattenuating areas that may 


be present within the bowel lumen at the time of evaluation 
(Fig. 9-18). Coronal MIP reformatted images are useful for 
localizing the site of hemorrhage and are used in conjunction 
with the axial images to evaluate the proximal femoral vascula- 
ture when intravascular treatment is anticipated. Sagittal MIP 
reformats are useful for evaluating the rectum and origins of 
the celiac artery, SMA, and inferior mesenteric artery (IMA). 1 2 3 " 4 

Summary 

CTA is the byproduct of rapid advances in CT technology and 
has replaced diagnostic catheter angiography for many indica- 
tions. Image acquisition and processing techniques can signifi- 
cantly affect diagnostic image quality. A thorough knowledge 
of the scanner hardware and contrast optimization methods is 
therefore essential. 
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Magnetic resonance angiography (MRA) is a noninvasive tech- 
nique that has been used as an alternate to conventional angi¬ 
ography. Noncontrast and contrast-enhanced techniques have 
been used historically to evaluate the visceral vessels. The most 
widely used noncontrast methods include time-of-flight (TOF) 
and phase contrast (PC) MRA, which have been validated most 
extensively for renal MRA. Advances in MR technology have 
facilitated the implementation of three-dimensional, contrast- 
enhanced MRA (CE MRA), which significantly expanded the 
role of MR angiography in imaging of the abdomen. New devel- 
opments have led to time-resolved, contrast-enhanced MRA, 
which in addition to providing static arterial or venous phase 
images, provides hemodynamic information by allowing mul¬ 
tiple rapid 3D acquisitions during the first pass of contrast. In 
addition, biood pool gadolinium contrast allows for steady- 
state imaging of the aorta and visceral vessels. In this chapter, 
we briefly discuss the various MR angiographic techniques, 
with emphasis on contrast-enhanced MR angiography. Included 
are approaches to patient preparation, imaging protocols, and 
image postprocessing techniques used in the evaluation of vis¬ 
ceral vasculature with MRA. Various clinical applications of 
MRA in the abdomen are illustrated through a discussion of 
specific disease entities. 


Magnetic Resonance 
Angiography Techniques 

NONENHANCED MAGNETIC RESONANCE 
ANGIOGRAPHY TECHNIQUES 

Time-of-Flight 

Time-of-flight (TOF) is the oldest MRA technique for the eval¬ 
uation of vasculature. This technique exploits biood motion 
to visualize vascular structures directly without the use of intra- 
venous contrast material. It is performed using a gradient- 
refocused sequence in which the stationary tissues are saturated, 
resulting in low background signal intensity. In contrast, the 
biood moving into the imaging volume is unsaturated, with full 
longitudinal magnetization, which when excited gives a bright 
signal compared to the stationary, saturated background tissues. 
There are limitations with the TOF technique. The most impor- 
tant is that TOF is time- consuming and requires patient coop- 
eration. Long acquisition times limit its use during abreath-hold. 
In addition, this technique is susceptible to in-plane saturation 
and phase dispersion, preventing the application of TOF for 
routine evaluation of the visceral vasculature. TOF may still 
provide diagnostic images in the evaluation of large vessels such 
as the abdominal aorta, proximal portions of the celiac and 
superior mesenteric arteries, large venous structures such as the 
inferior cava (IVC), portal vein, superior mesenteric vein, and 
portosystemic collaterals. 12 Diseased vessels or small arteries 
such as the proper hepatic, gastroduodenal, and branches of the 
superior mesenteric arteries are not well evaluated with this 
technique. 14 The direction of portal venous biood flow can be 
assessed using the TOF technique by simply applying a satura¬ 
tion band over the portal vein. Contrast-enhanced and nonen¬ 
hanced techniques have mainly replaced TOF imaging in the 
abdomen. 

Phase Contrast Technique 

The phase contrast (PC) technique uses phase shifts of the 
flowing protons in the vascular structures to create MRA 
images. Phase shifts of stationary tissues are compensated by 
using bipolar gradient. Two imaging acquisitions are per¬ 
formed, in which the first has a positive bipolar gradient and 
the second has a negative bipolar gradient. The data from 
these two acquisitions are subtracted in k space to eliminate 
phase shift induced by other sequence parameters. The net 
effect is an image of flowing spins. The amount of phase 
difference that remains after subtraction is proportional to the 
velocity of the moving spins. The flow sensitivity can be 
adjusted by setting the velocity encoding value, V(enc). V(enc) 
determines the highest and lowest detectable velocities encoded 
by a phase-contrast sequence. For example, V(enc) = 100 cm/s 
is ideal for a phase contrast MRA with a measurable range 

149 




150 SECTION I General Radiologic Principles 


of flow velocities of ±100 cm/s. PC MRA allows for the func- 
tional assessment of mesenteric circulation and has been shown 
to be helpful for diagnosing mesenteric ischemia. 7 The infor¬ 
mation from phase contrast measurements can be processed 
into magnitude (bright biood and anatomic) images or phase 
contrast (velocity) images. A major disadvantage of the PC 
technique is long acquisition times, requiring patient coopera- 
tion. Because the final image relies on subtraction, patient 
motion can be problematic. Turbulent flow distal to a region 
of stenosis may result in dephasing and signal loss, overesti- 
mating the stenosis grade. As a result of these many limitations, 
this technique is not typically used as a primary imaging tool 
for anatomic assessment of the visceral arteries or portal system. 

Balanced Steady-State Free Precession 

Balanced steady-state free precession (b-SSFP) is a rapid 
imaging technique that provides a very high signal-to-noise 
ratio with T2*/Tl-weighted image contrast. The different 
T2*/T1 ratios of biood and surrounding tissue are beneficial 
for angiographic imaging. 8 This technique is not flow- 
dependent, so venous structures demonstrate as bright a signal 
intensity as arterial structures. Clotted biood is low in signal 
intensity, depending on the clotting stage and composition 
of biood products. b-SSFP is best suited for morphologic 
imaging of the vessels. It allows a rough anatomic preview 
and visualization of background tissues, such as mural throm- 
bus and vascular wall, which may not be optimally evaluated 
when using a contrast-enhanced MRA sequence alone. The 
drawback of this technique is the banding artifacts caused 
by magnetic field inhomogeneity. One solution to this problem 
is to use a very short repetition time (TR) to eliminate 
the artifacts from the regions of interest. Given the high 
signal-to-noise ratio of b-SSFP sequences, the bright signal 
intensity of fat can obscure anatomic structures. In such 
cases, effective fat suppression can be used to improve the 
image quality. 

Other Techniques 

Other procedures for noncontrast MRA are available, such as 
fresh biood imaging (FBI), NATIVE, and flow prep, which are 
based primarily on electrocardiogram (ECG), gated, fast spin- 
echo (FSE) sequences. This general technique relies on high 
signal during diastole and flow void during systole within the 
arteries secondary to differential velocity, which allows for 
images depicting only arteries or veins following subtraction. 
Although in principle this technique seems simple, it requires 
expertise on the part of the technologist and, because it relies 
on differential flow between systole and diastole, it does not 
perform well in the setting of severe disease. ECG-gated FSE 
sequences have been used primarily for peripheral vascular 
disease and aortic imaging, with little published experience in 
mesenteric imaging. 

In addition to ECG-gated FSE sequences, another new tech¬ 
nique is the quiescent-interval single-shot (QISS) sequence. 
This has demonstrated promise for peripheral vascular disease 
and also may be used to image the abdominal aorta and origins 
of the major visceral vessels. 9 QISS is an ECG-gated slice selec- 
tive 2D b-SSFP sequence that uses a tracking saturation pulse 
to eliminate venous signals. Images are acquired during the 
quiescent interval, coinciding with arterial inflow during systole. 
This new technique has yet to be thoroughly tested for applica- 
tion in mesenteric MRA. 


CONTRAST-ENHANCED MAGNETIC 
RESONANCE ANGIOGRAPHY TECHNIQUES 

CE MRA is the preferred MR technique for anatomic evaluation 
of the arterial and venous systems in the abdomen and pelvis. 
The image contrast is based on the differences in the TI relax- 
ation time of biood and the surrounding tissues. Gadolinium 
chelate is administered to significantly shorten the TI relaxation 
time of biood and Tl-weighted images are obtained, often with 
precontrast images obtained for reference and subtraction. 
Conventional 3D CE MRA techniques requiring bolus timing 
often provide good anatomic detail. Time-resolved techniques 
minimize the need for bolus timing and allow for the assess¬ 
ment of flow dynamics using high temporal resolution. Steady 
State high resolution imaging with biood pool agents can 
provide exquisite anatomic detail not previously attainable with 
extracellular agents. 

Conventional Three-Dimensional Contrast- 
Enhanced Magnetic Resonance Angiography 

CE MRA requires bolus timing with pre- and postcontrast 3D 
spoiled gradient-echo technique (3D SPGR/3D fast low-angle 
shot [FLASH]) using very short echo times (TEs) and repetition 
times (TRs) in combination with a relatively high excitation flip 
angle (25 to 40 degrees). No special preparation for the scan is 
required. Some studies indicate that a mesenteric MRA is better 
performed postprandially because there is increased splanchnic 
circulation. 

After the patient is positioned supine on the table and cen¬ 
tered for the midabdomen, the basic imaging protocol for mes¬ 
enteric MRA generally starts with multiplane scout images of 
the abdomen. Coronal and axial true fast imaging with steady- 
state precession (FISP; balanced SSFP) images of the abdomen 
are acquired to provide anatomic assessment of the outer wall 
of the vessel and an additional set of localizers to position 
the subsequent test bolus and 3D MRA slab. A precontrast 3D 
MRA sequence is performed in the coronal plane for most 
applications; consider sagittal for celiac and superior mesenteric 
pathologies such as the median arcuate ligament or superior 
mesenteric artery (SMA) syndrome. To achieve the best image 
quality, use the shortest possible TR to shorten the acquisition 
time and a minimized TE to decrease the dephasing artifact and 
T2* effects. An appropriate flip angle is between 25 and 40 
degrees. The thicknesses of slabs and sections vary, depending 
on the patient, to cover all the mesenteric vessels, including the 
hepatic arteries, superior mesenteric arteries, and branches. 
One should aim for a slice thickness of 1 to 1.5 mm after inter¬ 
polation; however, for larger vessels, thicker slices may be suf¬ 
ficient and allow greater coverage. 

If using the test bolus technique (see later), a timing bolus 
sequence (turbo FLASH sequences: acquisition speed = 1 
image/s) of the abdominal aorta is performed in the sagittal 
plane using a test injection of gadolinium chelate (~l-2 mL, 
injected at a rate of 2-3 mL/s). If there is an aortic aneurysm, 
the estimated contrast arrival time should be timed at the distal 
part of the aneurysm. After the administration of contrast (0.1- 
0.2 mmol/kg, 2-3 mL/s) at an appropriate delay time (as calcu- 
lated, or automatically triggered) followed by a saline flush 
solution of 15 to 20 mL at the same rate, two imaging sets are 
consecutively acquired postcontrast. The imaging time for each 
sequence should be less than 20 to 25 seconds to permit breath 
holding. 
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Contrast Material Dosage and Injection Rate. Appropriate 
timing of contrast material injection is critical in obtaining a 
good conventional 3D CE MRA, without significant venous 
contamination, for evaluation of the arterial system. The volume 
of contrast material and chasing saline solution, delivery rate, 
and scan delay time are important parameters that are to be 
adj usted to optimize image quality. 

The arterial and venous enhancement pattern after the rapid 
contrast injection is shown in Figure 10-1. 10 To achieve excellent 
image contrast and signal-to-noise ratio, the imaging sequence 
has to be timed so that the acquisition of the central portion of 
the k space (low-frequency data lines) corresponds with the 
plateau phase of maximum concentration of contrast material 
in the vessels of interest. If the central portion of the k space is 
filled prior to the peak of the contrast concentration, ringing or 
banding artifacts occur (Fig. 10-2). However, if images are 
acquired too, late venous contamination may obscure the arte¬ 
rial anatomy. 

Injection rate and duration of injection also have a signifi¬ 
cant effect on the pattern of arterial enhancement. A faster 
injection rate leads to a sharper arterial peak and higher 
maximum arterial signal intensity, whereas a slower injection 
rate results in a lower and broader arterial peak and lower 
maximum arterial signal intensity. 0 Contrary to the arterial 
enhancement pattern, the degree of venous enhancement does 
not vary substantially with the injection rate but primarily 
depends on the total dose of contrast material when using an 
extracellular contrast agent. Thus, a larger amount of contrast 
material leads to higher intravascular signal intensity when per- 
forming gadolinium-enhanced portography or venography. 11 
The time to peak for venous enhancement is longer with a 
slower injection rate, and image acquisition should be delayed 
proportionally to obtain the best contrast enhancement in the 
venous structures. 

As the technique of CE MRA imaging was first introduced, 
the images were acquired as non-breath-holds, with acquisi¬ 
tion times of 3 to 5 minutes. Under these circumstances, 
the gadolinium chelate was preferably infused at a slow uniform 
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Figure 10-1 Arterial and venous enhancement pattern after a 
bolus injection. For the best MR angiographic quality to be achieved 
without venous contamination, the data at the center of k space 
should be acquired during peak arterial enhancement, when there is 
still no contrast in the venous structures. The transit time is a delayed 
time after the bolus injection to when the data at center of k space is 
acquired. 


rate over the entire scan duration to prolong the window 
of preferential arterial to venous enhancement. 12 Now, high¬ 
speed gradient MR systems and improved sequences permit 
shorter acquisition times, typically shorter than 20 seconds, 
which allows data acquisition during the first pass of contrast 
material in a single breath-hold. Therefore a rapid bolus 
injection with an automatic MR-compatible power injector 
is preferred. 

Many different approaches have been used to optimize 
the injection rate and dosage of contrast material for MR 
angiography. The dosage of extracellular contrast agents used 
for performing abdominal MR angiography usually varies 
from a single to a triple dose (0.1 to 0.3 mmol/kg). Although 
some studies have shown that a single dose of contrast is 
sufficient for diagnostic assessment of the aorta and its major 
branches with CE MRA, 13 ' 15 some investigators have reported 
that image quality, vessel delineation, and confidence in diag- 
nosis improve with the use of a higher dose (double 16,17 or 
triple dose 18 ). However, double- and triple-dose methods have 
fallen out of favor because of the association of nephrogenic 
systemic fibrosis with gadolinium contrast agents. 19 With regard 
to injection rate, a faster injection allows for a greater degree 
of preferential arterial to venous enhancement, 10 and the 
interval between arterial and venous peaks tend to be longer 
with a higher injection rate. 11 Hence, venous contamination 
is diminished with a high-rate injection protocol. For mes¬ 
enteric MRA, we use a single dose and inject at a rate of 
2 to 3 mL/s, followed by a 20-mL normal saline flush at 
the same rate. 

Bolus Timing Methods. Because the image quality of CE MRA 
depends primarily on the distribution and concentration of 
gadolinium during the acquisition of the center of the k space, 
proper timing is paramount to achieving a good MRA image, 
particularly when using fast imaging techniques. There are 
several ways to synchronize the arterial peak enhancement with 
the center of k space data acquisition. 



Figure 10-2 Ringing or banding artifact. The image demonstrates 
ringing or banding artifacts ( arrows ), which occur when the central 
portion of k space is filled prior to the peak of the contrast 
concentration during rapid changing of the contrast concentration. 
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“Best Guess” Technique. This is the simplest timing method; 
it is performed by using an estimated contrast travel time from 
the injection site to the vascular structure of interest with 
sequential (linear) order of k Space acquisition. The variation 
in contrast travel time depends on age, gender, injection site, 
injection rate, and other clinical parameters, such as cardiac 
output status and vascular anatomy. In general, the estimated 
contrast travel time from an antecubital vein to the abdominal 
aorta is approximately 15 to 18 seconds in a healthy young 
patient and 20 to 25 seconds in a healthy older patient. In 
patients with decreased cardiac output or a large aortic aneu- 
rysm, the estimated contrast travel time may vary widely, from 
25 to 50 seconds. 20 

Test Bolus Technique. This is a more precise timing method 
performed by injecting a small amount of contrast material 
(1 to 2 mL) followed by normal saline flush (10 to 20 mL) 
at the same injection rate as in the planned contrast-enhanced 
MRA study. The vascular structure of interest is imaged 
with a timing bolus acquisition (single-slice, fast 2D gradient- 
echo sequence) acquired at a rate of one image every second. 
Time to peak of contrast enhancement is determined visually 
or by drawing a region of interest over the vessel. when 
using a sequential (linear) order of k space acquisition in 
the 3D MRA sequence, the scan delay time is calculated as 
follows: 

Imaging delay time or scan delay 

= (time to peak of contrast enhancement) 

+ (injection duration time/2) 

- (time to center of k space) 

If a centrically reordered k space acquisition sequence is 
used, the estimated scan delay is equal to the time to peak 
of contrast enhancement. This technique is robust and reli- 
able and offers the advantage of making sure that the intra- 
venous access is in good working condition before the main 
contrast bolus is injected. The drawback of this technique is 
that there is no guarantee that the imaging bolus will behave 
identically to the test bolus because of the differences in the 
total volume of injection, especially in the setting of poor 
cardiac function. 

Automatic Triggering Technique. The automatic triggering 
technique (SmartPrep, GE Medical Systems, Waukesha, Wis.; 
ABLE, Siemens, Munich, Germany) is another technique to 
optimize the imaging delay time by automatically synchroniz- 
ing the bolus arrival and image acquisition. In this technique, 
a tracker volume is placed over the desired vascular structure, 
typically at a level slightly proximal to the area of interest. The 
signal level of the tracker volume is obtained repeatedly and 
rapidly using a tracker sequence during the contrast injection. 
When the signal intensity reaches a threshold value (usually 
2-3 standard deviations [SDs] or 15%-30% above the mean 
signal level), the 3D MRA sequence (3D SPGR sequence with 
centric reordering of k space) is triggered. In general, there is 
a 4- to 5-second delay between the detection of bolus and the 
start of 3D acquisition, which allows contrast to reach the peak 
and also gives enough time to suspend respiration. This method 
ensures that peak arterial and central k space data acquisition 
occur simultaneously. 21 The disadvantages of this technique is 
that if the size of the tracker volume (~2 x 2 x 2.5 cm) is 
larger than the arterial structure of interest and overlaps an 


adjacent vascular structure, the bolus may be missed or inap- 
propriately timed. 

Magnetic Resonance Fluoroscopy. Magnetic resonance fluo- 
roscopy (CARE bolus, Siemens) is a fluoroscopic triggering 
technique. Similar to the automatic triggering technique, the 
entire volume of contrast is injected. Using a fast 2D gradient- 
echo technique, rapid images are acquired in real time over the 
vessel of interest. As the contrast arrives in the vessel of interest, 
the 3D MRA sequence is triggered by the operator. The operator- 
triggered approach has some advantages. For example, in the 
evaluation of cases with asymmetric flow patterns, or in cases 
in which there is displacement of the monitoring plane because 
of patient motion, an experienced operator can adapt and initi- 
ate the triggering accordingly. 22 

3D Time-Resolved, Contrast-Enhanced Magnetic 
Resonance Angiography 

This allows for the rapid acquisition of volumetric data sets 
throughout the contrast bolus, which are then commonly dis¬ 
played as sequential 3D subtracted maximum intensity projec- 
tions. To make time-resolved MRA feasible, k space filling must 
occur in a few seconds or less. Bolus timing becomes less impor- 
tant because multiple phases of contrast are obtained and an 
arterial phase without venous contamination can be selected for 
review. Capturing multiple phases of contrast provides hemo- 
dynamic information similar to that obtained with digital sub- 
traction angiography (DSA), adding new diagnostic capabilities 
not previously available with conventional 3D CE MRA. 

In TR MRA, reduction in acquisition time is achieved 
through spatial and temporal undersampling of k space and 
subsequent Fourier interpolation and/or k space sharing. 
Multiple proprietary algorithms for k space filling have been 
developed to allow rapid volumetric data acquisition including 
TRICKS, 23 TREAT, 24 and TWIST. 25 In general, the periphery of 
k space (high spatial frequencies) is undersampled relative to 
the center of k space (low spatial frequencies), which maintains 
contrast resolution at the expense of spatial resolution. During 
sequence optimization, the primary trade-off is spatial versus 
temporal resolution. The background structures and vessel 
location do not change substantially during a contrast bolus, so 
undersampling, interpolating, or k space sharing can be used to 
maintain spatial resolution while reducing acquisition time. 
The high-contrast resolution volumetric datasets can then be 
displayed as maximum intensity projections and viewed in a 
sequential manner to evaluate hemodynamics. Temporal reso¬ 
lutions on the order of 2 to 4 seconds are optimal for capturing 
the hemodynamics of the mesenteric arterial system. Our 
current method uses k space sharing using TWIST, with an 
injection of the entire contrast bolus at 2 mL/s, followed by the 
acquisition of TR MRA over multiple measurements (usually 
spanning at least 2.5 minutes). Because this method relies on 
subtraction, it can be repeated at multiple stations or with split 
boluses, if needed. If a biood pool agent is used, pre- and post- 
contrast traditional 3D CE MRA sequences can be obtained in 
addition to TR MRA to provide higher resolution subtractions 
and maximum intensity projections (MIPs). The addition of 
fat-suppressed, Tl-weighted, postcontrast sequences, such as a 
2D FLASH (perhaps better suited for patients in whom bowel 
pathology is sought to limit motion blurring), or a 3D volumet¬ 
ric interpolated breath-hold examination (VIBE), may provide 
further anatomic detail of organs of interest. 
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Steady-State, High-Resolution, Contrast-Enhanced 
Magnetic Resonance Angiography 

This is now feasible with the advent of biood pool gadolinium 
contrast agents. Gadofosveset trisodium (Ablavar) is a U.S. 
Food and Drug Administration (FDA)-approved MR imaging 
(MRI) biood pool contrast agent, specifically designed for MRA 
and approved for aortoiliac occlusive disease. After intravenous 
administration, Ablavar is 80% to 96% bound strongly but 
reversibly to serum albumin, resulting in a long intravascular 
elimination half-life. According to studies performed in rabbits 
and nonhuman primates, Ablavar is eliminated primarily 
through the renal system, and its intravascular half-time is 
approximately 2 to 3 hours. 26,27 The binding of Ablavar to 
plasma proteins exhibits TI relaxivity 6 to 10 times higher than 
that of extracellular gadolinium chelate compounds. This 
results in a strong persistent intravascular TI shortening, giving 
an acquisition window of approximately 1 hour. Thus, these 
biood pool contrast agents allow excellent vascular enhance- 
ment during dynamic and steady-state MRA. 28 Moreover, the 
longer imaging window facilitates the higher spatial resolution 
MR acquisition than would be possible with conventional 
extracellular gadolinium chelate contrast agents. This longer 
imaging window is also more forgiving in cases in which first- 
pass bolus timing is suboptimal. 

Biood pool gadolinium agents may prove to be the ideal 
contrast agent for mesenteric MRA. This is because they func- 
tion as well as extracellular agents in conventional 3D CE 
MRA and time-resolved MRA while providing improved opaci- 
fication of venous structures for venography and allowing 
steady-state, high-resolution, 3D MRA. A sample mesenteric 
MRA protocol with a biood pool agent starts with a variable 
scout and then a partial half-Fourier acquisition single-shot 
turbo spin-echo (HASTE), with a coronal breath-hold and 
axial non-breath-hold. Then b-SSFP with fat saturation in the 
coronal and axial planes is obtained to provide background 
anatomic detail, including vessel walls and the presence of an 
intraluminal or intramural thrombus. Precontrast 2D FLASH 
with fat saturation in the axial plane with breath holding, and 
precontrast 3D spoiled gradient-echo images with breath 
holding in a coronal plane, with the posterior end of the slab 
positioned just behind the aorta, are obtained for subtraction 
with subsequent steady-state, high-resolution sequences. A test 
bolus or preferred bolus timing method is performed. Then 
a single dose of Ablavar is administered at 1 to 2 mL/s with 
an MR-compatible power injector. Two sequential 3D spoiled 
gradient-echo images with breath holding in a coronal plane 
are obtained postcontrast. 3D spoiled gradient-echo images 
with breath holding are then obtained in a sagittal plane (for 
celiac and superior mesenteric artery indications). Finally, 2D 
FLASH with fat saturation in an axial plane with breath holding 
is performed for high-resolution, steady-state postcontrast 
images. Postprocessing is performed to create subtraction 
images from pre- and postcontrast sequences, and 3D MIPs 
are reconstructed (Fig. 10-3A). 29 

Image Postprocessing and Display 

3D contrast-enhanced MRA produces a contiguous volume of 
image data so that it can be easily reformatted in any desired 
plane or reconstructed using various 3D reconstruction algo- 
rithms for better demonstration of targeted vessels. 



Figure 10-3 Reconstruction techniques. A. Thick MIP 
reconstructions from subtracted steady-state CE MRA with Ablavar 
show normal venous and artery anatomy. B. Curved MPR of the CE 
MR portography in a different patient demonstrates an extensive 
thrombus in the portal vein (PV) and superior mesenteric vein (SMV). 


SUBTRACTION 

This is a simple postprocessing technique that allows elimina¬ 
tion of the background tissue signal such as fat. To achieve 
subtraction, postcontrast images are subtracted from the pre¬ 
contrast images, resulting in a new subtracted dataset. The 
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subtracted dataset can be further postprocessed using any of the 
techniques described here. 

MULTIPLANAR REFORMAT 

Multiplanar reformat (MPR) is the reconstruction of images in 
arbitrary orientations, such as orthogonal, oblique, or curved 
planes. This method allows the viewer to slide through a given 
volume in any plane in real time. These reformatted slices 
remain thin, eliminating overlapping structures and unfolding 
tortuous vessels. The reformatted images frequently provide 
better demonstration and additional diagnostic information, 
particularly in the evaluation of complex anatomic structures 
or areas that are traditionally difficult to evaluate on axial source 
images (Fig. 10-3B). For best MPR results, images should be as 
close to isotropic (the same size in all three voxel dimensions) 
as possible. This can be achieved easily during high-resolution, 
steady-State imaging with Ablavar. It should be noted, however, 
that the acquisition time of isotropic 3D datasets is long and 
generally cannot be acquired during a single breath-hold. The 
motion related to respiration does create significant blurring or 
distortion of the anterior half of the abdomen, but the aorta 
and proximal visceral vessels are generally well depicted because 
they are less susceptible to motion during respiration. 

MAXIMUM INTENSITY PROJECTION 

Maximum intensity projection (MIP) is the projection of pixels 
with highest intensity onto an arbitrarily oriented plane. MIP 
images have an aspect similar to that of conventional angio- 
grams and are commonly used for angiographic display because 
vascular signal is much greater than background signal. The 
image data can be reconstructed in a full-volumetric MIP (Figs. 
10-4 to 10-6) or subvolumetric MIP (Figs. 10-7 and 10-8), in 
which only a small portion of the slab is reconstructed. The 
thickness of the slab and desired viewing plane can be adjusted. 
A drawback of MIP images is the lack of depth information, so 
that objects lying in the same projection plane of high-intensity 
structures cannot be visualized. 30 For example, stationary tissues 
that have greater signal intensity than vascular structures, such 
as fat, hemorrhage, or metallic susceptibility artifact, can lead 
to mapping of these nonvascular structures to the projection 
image and cause a discontinuity in the vessel signal, potentially 
mimicking stenosis or occlusion. 31 On the other hånd, eccentri- 
cally located stenoses may remain undetected/ 2 Careful evalu- 
ations with multiple angle projections, as well as use of the 
subvolumetric MIP reconstruction technique, can help mini- 
mize the chance of diagnostic errors incurred by full-volumetric 
MIP images. Given the potential pitfalls, MIP images should be 
used as a road map, whereas source images and MPR are used 
preferably for definitive diagnosis. 17,30,33 

SHADED SURFACE DISPLAY 

Shaded surface display (SSD) is the three-dimensional display 
of a surface from a series of contiguous slices using variable 
threshold settings. The 3D objects can be rotated and tilted in 
real time. The unwanted overlying structures can be easily elim- 
inated using volume segmentation and confmement. Because 
SSD allows 3D visualization, it provides a clear 3D understand- 
ing of the patient’s anatomy for improved surgical and treat- 
ment planning (Figs. 10-9 and 10-10). 



Figure 10-4 Visceral artery aneurysms. A. Full volumetric coronal 
MIP image with contrast-enhanced abdominal MRA in an 18-year-old 
woman who presented with a duodenal hemorrhage reveals multiple 
aneurysmal dilation of the superior mesenteric artery. B. Sagittal thick 
MIP subtraction images from MRA with Ablavar demonstrate an 
isolated celiac aneurysm in a patient with a history of aortic dissection. 
C. Axial thin MIP images with abdominal MRA demonstrate fusiform 
dilation of the celiac trunk and hepatic artery in a different patient. 


VOLUME RENDERING 

Volume rendering (VR) is another 3D visualization tool. In 
contrast to SSD, not only is the surface displayed, but VR also 
allows the entire range of signal intensity within a volume data 
set to be illustrated. Objects with high signal intensity are 
opaque, and objects with low signal intensity are transparent. 
Thus, tissue differentiation is more feasible and the internal 
structures that would normally be hidden when using SSD can 
be demonstrated using VR. The display parameters, including 
window width, window level, opacity, and brightness, can be 
manipulated to obtain the optimal visualization of the areas of 
interest. 


Clinical Applications of Abdominal 
Magnetic Resonance Angiography 

CHRONIC MESENTERIC ISCHEMIA 

Chronic mesenteric ischemia (CMI) is a gradual occlusive 
process, mostly caused by atherosclerotic changes of the 
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Figure 10-5 Carcinoid tumor encasing superior mesenteric 
artery. Subvolumetric MIP reconstruction (A) and 3D shaded 
surface display (B) of the subtracted MRA data demonstrate 
severe narrowing of the distal superior mesenteric artery (white 
arrows ) The tumor is not clearly demonstrated with the subtracted 
data. However, source nonsubtraction MRA data (C) show the 
tumor encasing the distal superior mesenteric artery (yellow 
arrows ) Also note the lack of depth information in the MIP image, 
whereas the SSD provides clear 3D anatomic information. 
However, SSD does not demonstrate a streak of contrast through 
the encasing tumor because it is eliminated during the 
postprocessing technique. 
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Figure 10-6 Inferior vena cava and iliac vein thrombosis. A. Coronal full volumetric MIP reconstruction of contrast-enhanced MR venography 
demonstrates no opacification of the inferior vena cava. B. Coronal reformatting reveals an extensive thrombus within the inferior vena cava and 
left iliac vein ( arrows ). 
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Figure 10-7 Celiac artery dissection. A. Axial spoiled gradient-echo postgadolinium MRI image demonstrates a dissecting flap within the 
celiac trunk. B. In a different patient, coronal thick MIP reconstruction from subtraction abdominal MRA with Ablavar demonstrates a celiac artery 
aneurysm with isolated celiac dissection. 



Figure 10-8 Segmental arterial mediolysis. Transaxial thin MIP postgadolinium spoiled gradient-echo images in this 51-year-old man 
demonstrated multifocal narrowing and beaded irregularity of the celiac axis (A), with aneurysmal dilation and dissection of the superior 
mesenteric artery (B). 
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Figure10-9 Median arcuate 
ligament syndrome. Sagittal MIP 
reconstruction of abdominal MRA 
(A) and surface-rendered sagittal 
reconstructions (B) in a 29-year- 
old man demonstrate external 
superior indentation with 
narrowing of the celiactrunk 
(anterior arrow) with poststenotic 
dilation caused by median arcuate 
ligament (posterior arrow) 
compression. C. Sagittal MIP 
reconstruction after median 
arcuate ligament release and 
reconstruction shows resolution of 
the celiac stenosis (arrow). 



Figure 10-10 Portal hypertension with spontaneous splenorenal 
shunt. Full volumetric axial MIP image with 3D contrast-enhanced MR 
portography reveals a large portosystemic collateral pathway from the 
splenic to left renal vein, secondary to portal hypertension. 


splanchnic arteries." 4 " The bowel remains viable but its biood 
supply is inadequate to support its metabolic and functional 
demands. The classic symptoms of CMI include postprandial 
abdominal pain, weight loss, and food avoidance. 36 The diag- 
nosis of CMI is made by a combination of appropriate clinical 
symptoms and the demonstration of significant stenosis in two 
or three of the three main mesenteric vessels. 37 Contrast- 
enhanced 3D MRA pro vides anatomic information similar to 
that of conventional angiography (Figs. 10-11 and 10-12). Its 
effectiveness in evaluation of mesenteric circulation has been 
well documented. 38 ' 4 A 100% sensitivity of CE 3D MRA to 
detect stenoses of the celiac artery (CA) and SMA was reported 


in a prospective study of 125 patients. Meaney and colleagues 38 
reported a sensitivity of 100% and specifkity of 87% in the 
overall detection of visceral artery stenosis. Unfortunately, its 
accuracy is lower in evaluation of the small peripheral branches. 
Shirkhoda and associates 9 found that correct assessment was 
obtained in 75% of first-order branching, 60% of second-order 
branching, and 50% of third-order branching vessels of the 
SMA. 

Mesenteric circulation is often supported by extensive 
arterial collateral vessels that develop over time, because the 
occlusive process is gradual in onset. Thus, the significant 
stenosis of two or three of the major mesenteric vessels can be 
seen in patients who are completely asymptomatic. 34,36 Many 
investigators 5 have proposed MR flow quantification using 
cine phase contrast MRI for the diagnosis of CMI. It allows 
for the functional evaluation and quantification of mesenteric 
vascular flow, which can be measured separately in the main 
mesenteric arteries 5,6 (CA, SMA, and inferior mesenteric artery 
[IMA]) or superior mesenteric vein. 6,7 In healthy volunteers, 
there is an expected postprandial increase in mesenteric biood 
flow, whereas there is diminished postprandial flow augmenta- 
tion in the diseased patient. The greatest difference in flow rates 
between normal and diseased patients is achieved when mea- 
surements are made 30 minutes postprandial. 

MEDIAN ARCUATE LIGAMENT SYNDROME 

Median arcuate ligament syndrome (see Fig. 10-9) results from 
compression of the celiac artery by the median arcuate ligament 
and is a well-documented anatomic variant, seen in 12.5% to 
49.7% of patients 41,42 and resulting in intestinal angina in some 
cases. 43 The clinical symptoms include postprandial pain and 
an abdominal bruit on physical examination. The compression 
of the celiac axis varies with respiration. During inspiration, the 
aorta and celiac axis move downward with the abdominal 
viscera, whereas in expiration, the vessels move cephalad, result¬ 
ing in maximal external compression. As a result, the MRA 
images obtained during end-expiration may accentuate the 
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Figure 10-11 Chronic 
mesenteric ischemia. Coronal 
(A) and sagittal (B) MIP 
reconstruction with abdominal 
MRA demonstrates 
atherosclerotic changes of the 
abdominal aorta and segmental 
occlusion at the origin of the 
superior mesenteric artery [arrow) 
in a 65-year-old man. Note 
that the distal part of the 
superior mesenteric artery is 
revascularized by collaterals 
arising from the left marginal 
artery ( arrowhead ). 




Figure 10-12 Acute celiac and superior mesenteric artery 
bypass graft occlusion. A. Sagittal MIP reconstructions with 
abdominal MRA in a 67-year-old man demonstrate abrupt 
termination of the celiac bypass graft without flow, either in the 
hepatic artery or superior mesenteric bypass graft. B. Postcontrast 
spoiled gradient-echo image demonstrates occlusion of the SMA 
bypass graft and infarction of the left lobe of the liver. 



celiac artery compression and can give rise to a potential inter¬ 
pretation pitfall. Thus, when median arcuate ligament syn- 
drome is suspected on the basis of end-expiratory imaging, 
findings should be correlated with the clinical history and phys- 
ical examination or confirmed with end-inspiration imaging. 
In general, MRA should be performed at end-inspiration in 
patients suspected of having intestinal ischemia. 44 

SPLANCHNIC ARTERY DISSECTION 

Splanchnic artery dissection (including the celiac axis, hepatic 
artery, SMA, and splenic artery) (see Fig. 10-7) can be 


spontaneous and isolated, 45-47 but most occur secondary to dis¬ 
section of the aorta. The extension of aortic dissection into 
abdominal branch vessels can lead to visceral organ ischemia. 
There are two types of visceral artery involvement. More com- 
monly, the intimal flap extends into the visceral artery, separat- 
ing the vessel into two lumens, one of which is supplied by the 
true lumen and the other by the false lumen. In these cases, 
thrombosis of the false lumen or compression of the true lumen 
can lead to luminal compromise, resulting in ischemia and 
infarction. Less often, the branching arteries may be supplied 
exclusively by the false lumen. In these cases, compromise of 
vascular supply to the internal organs occurs less frequently. 4 
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VISCERAL ARTERY ANEURYSMS 

Visceral artery aneurysms (see Fig. 10-4) are uncommon; nev- 
ertheless, they hold a high clinical significance because of their 
potential for rupture, resulting in life-threatening hemorrhage. 
Formerly, the most commonly affected vessel was believed to be 
the splenic artery. 45 However, an increasing incidence of hepatic 
artery pseudoaneurysms has recently been reported because of 
the increased use of percutaneous diagnostic and therapeutic 
procedures. 50 The other commonly affected vessels, in decreas- 
ing order, include the superior mesenteric, celiac, gastric, gas- 
troepiploic, ileocolic, and pancreatoduodenal arteries. 50,51 When 
an aneurysm is thrombosed, it can be overlooked on MRA MIP 
images. This potential pitfall can be avoided by reviewing the 
MRA source images. 

SEGMENTAL ARTERIAL MEDIOLYSIS 

Segmental arterial mediolysis (SAM), initially described as 
segmental mediolytic arteritis, 52,53 occurs because of mediolysis 
in the muscular arteries of the abdomen, with subsequent 
separation of the muscular layer from the adventitia. Radio- 
logically, it manifests as arterial dilation, a single aneurysm or 
multiple aneurysms creating a string of beads, dissecting hema- 
tomas, arterial stenosis, and arterial occlusion (see Fig. 10-8), 
which occur segmentally in single or grouped abdominal arter¬ 
ies. Diagnosis is often made after a clinical presentation of 
intra-abdominal hemorrhage from an aneurysm rupture or 
as an incidental finding. It has been proposed that SAM is a 
precursor to fibromuscular dysplasia 55 because of its pattern 
of distribution, but there is no definitive evidence linking the 
two entities. 54 


EVALUATION OF HEPATIC VASCULATURE 

This is frequently requested for pre- and post-transplantation 
assessment and to evaluate for postprocedural complications 
(Fig. 10-13; see Fig. 10-10). Although basic anatomic variants 
and thrombus can be assessed with standard postcontrast 
spoiled gradient-echo imaging, MRA of the hepatic vasculature, 
including arteries, portal vein, and hepatic veins, is feasible and 
may provide additional information when unexpected pathol- 
ogy is encountered or for living donor pre-explantation evalu- 
ation. For this indication, the recipient and donor should be 
preoperatively evaluated for anatomic variations that might 
alter the surgical approach or exclude patients for whom surgery 
is not feasible. For example, in recipients, the small-caliber 
native hepatic artery increases the surgical complexity of creat¬ 
ing a patent and durable anastomosis between the donor and 
recipient artery. 5 A stenosed celiac artery might precipitate 
post-transplantation ischemia and require an arterial bypass. A 
replaced or accessory left hepatic artery arising from a left 
gastric artery has to be ligated at its origin during removal of 
the native liver to prevent bleeding. CE MRA is also an excellent 
method for preoperative portal vein assessment (MR portogra- 
phy), including evaluation of portal hypertension, portosys- 
temic shunts, portal vein thrombosis, and portal vein invasion 
by tumors. 

For evaluation of living related liver donors, MRI can be used 
as the sole imaging technique for preoperative evaluation. Other 
than detection of liver lesions and biliary anomalies, MRA of 
the hepatic vasculature is needed to determine the patency and 
anatomy of the hepatic arteries, portal veins, and hepatic veins. 
Although not all vascular variants are surgically significant, 
there are some features that one should take into consideration 



Figure 10-13 Budd Chiari syndrome and portosystemic 
shunts. A. Coronal MIP reconstructions from subtracted steady- 
state MRA with Ablavar demonstrate lack of visualization of the 
hepatic veins with a large superior mesenteric vein to gonadal 
vein varix in the setting of Budd Chiari syndrome. B. Axial 2D 
postgadolinium spoiled gradient-echo steady-state image through 
the liver shows absence of normal hepatic veins. 


A 
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prior to surgery, especially in patients at risk for liver failure. 
For example, the origin and location of the artery supplying 
segment 4 (middle hepatic artery) of the liver should be identi- 
fied preoperatively because it should be leff intact in the donor 
to prevent parenchymal damage to the medial segment of the 
liver. Thus, if the middle hepatic artery arises from the right 
hepatic artery, this variant may not be important for an adult 
to child liver donor because only the lateral segment of the left 
lobe would be taken. On the other hånd, in an adult to adult 
liver donor, for whom the right lobe of the liver would be taken 
out, the resection line typically crosses the arterial supply of 
segment 4, leading to ischemic damage of the residual liver. 
Similarly, for left lobe donors, the replaced left hepatic artery 
arising from the left gastric artery should be identified preop¬ 
eratively. For portal venous variations, such as the trifurcation 
of portal veins into right anterior, right posterior, and left portal 
venous branches, is a surgically significant Ånding that has 
to be evaluated preoperatively before contemplating surgical 
resection. Hepatic venous anatomic variants such as accessory 
hepatic veins and the anatomy of the hepatic venous confluence 
should be evaluated preoperatively because accidental transec- 
tion can result in bleeding and atrophy of the supplied hepatic 
segment. 57 

MAGNETIC RESONANCE PORTOGRAPHY 

This was formerly performed with nonenhanced MRA using 
TOF and phase contrast techniques (see Fig. 10-6). These tech- 
niques are primarily limited by long data acquisition time, 
motion, flow artifacts, and in-plane saturation effects. Alterna- 
tively, CE MR portography is excellent for the evaluation of the 
portal venous system and various pathologic conditions, such 
as portosystemic shunt, portal vein thrombosis, cavernous 
transformation, and tumor invasion of the portal vein (Fig. 
10-14). 58 The principle of contrast-enhanced MR portography 



Figure 10-14 Normal contrast-enhanced portal venography. 

Coronal subvolumetric MIP reconstruction of the 3D contrast- 
enhanced MR portography scan demonstrates normal opacification of 
the portal, splenic, and superior mesenteric veins. 


is to image a high concentration of contrast material circulating 
in the portal venous system. Boeve and co-workers 59 found that 
optimal portal venous enhancement is mostly achieved at 
30 seconds after maximum arterial enhancement. Practically, 
after gadolinium injection, three or four 3D MRA datasets are 
obtained. The first dataset acquired after contrast administra¬ 
tion is usually an arterial phase, which can be used as a mask 
for image subtraction. Contrast-enhanced 3D MR portograms 
can then be created by reconstructing images of the portal phase 
(usually the second or third 3D dataset acquired after contrast 
administration) with MIP. A subtraction technique can be used 
to eliminate arterial enhancement when such enhancement 
conceals the portal venous anatomy. 60 

The major limitation of CE MR portography is its inability 
to provide hemodynamic data regarding flow direction in 
the portal venous system. Portal venous flow direction can 
be assessed by using phase contrast MRA or 2D gradient- 
echo TOF sequences with a saturation band placed across 
the proximal aspect of the portal vein, with another satura¬ 
tion band placed transversely above the hepatic dorne to 
eliminate signal within the hepatic artery. In normal hepa- 
topetal flow, the distal portal vein beyond the first saturation 
band should lose the signal intensity. Bright signal intensity 
beyond the first saturation band indicates an abnormal hepa- 
tofugal flow. 61 

DISEASES OF THE INFERIOR VENA CAVA 

Diseases of the IVC (see Fig. 10-6) and iliac veins can be evalu¬ 
ated with the 2D TOF technique with a superior traveling satu¬ 
ration band to suppress the arterial signal. Many prior studies 62 ' 65 
have shown high accuracy and high sensitivity of TOF MRA for 
detecting thrombosis in the abdominal and pelvic vessels. 3D 
CE MR venography (MRV) is also a sensitive technique for 
evaluation of the IVC. The best delineation of venous structures 
is obtained by using a biood pool contrast agent and imaging 
during the steady State. This technique allows for higher spatial 
resolution images to evaluate for venous stenosis, webs, and 
neoplasms. Also, 3D data can be reconstructed into any desired 
plane to achieve the best anatomic delineation, especially when 
acquired as a 3D isotropic dataset. 

Magnetic Resonance 
Angiography Pitfalls 

MRA has several potential pitfalls. Some diagnostic problems 
are caused by improper scan technique. For example, inap- 
propriate positioning of the imaging volume may produce 
false-positive occlusion of the vessels by elimination of struc¬ 
tures from the imaging volume. Banding or ringing artifacts 
result from suboptimal timing when the center of k space data 
is acquired before the peak of contrast enhancement. This can 
result in a dark signal with the vessel and can mimic dissec- 
tion or occlusion of the vessel. Some MRA pitfalls result from 
subtraction and reconstruction techniques. For example, the 
aneurysm with a mural thrombus may be misinterpreted as 
a normal vessel because MIP images only depict the opacified 
lumen. Also, MIP may cause overestimation or underestima- 
tion of stenosis because of partial volume effects or poor spatial 
resolution. Because MIP is generated by projecting only the 
pixel with the highest attenuation along a ray projected through 
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the dataset, the signal intensity within the volume-averaged 
pixels may simply be below the MIP threshold and may be 
erroneously excluded from the final image, resulting in an 
overestimation of the stenosis. Conversely, if the stenotic 
segment extends equally into two pixels, the signal intensity 
would be averaged over the two pixels, and each pixel would 
appear in the MIP image as part of the lumen, resulting in 
underestimation of the stenosis. 66,67 Metallic artifacts from 
vascular stents and surgical clips may obscure the adjacent 
vascular structures and simulate stenosis. However, most MRA 
interpretation pitfalls can be avoided by cautiously reviewing 
the source images. 
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From the 1970s to 1990s, the abdominal radiograph tradition- 
ally served as the initial radiologic means of evaluating patients 
with suspected abdominal pathology. During the past two 
decades, however, computed tomography (CT) has become the 
major imaging procedure in patients with suspected acute 
abdominal pathology. 1 When abdominal radiography was 
performed as a screening test, the diagnostic yield of this exami¬ 
nation was low and most abnormalities that were detected were 
nonspecific. 4 ' In a review of 1780 screening abdominal radio- 
graphs, important abnormalities were fo und in only 10% of 
cases. 5 No clinically significant disease would have been missed 
if abdominal radiographs had been obtained only in patients 
with a strong clinical suspicion of disease and/or moderate to 
severe abdominal symptoms. Abdominal radiographs have the 
greatest value in patients in whom bowel obstruction or per- 
foration, urinary calculi, or bowel ischemia is suggested on 
clinical grounds. 2 9 In patients with mild or nonspecific 
symptoms, however, abdominal radiographs have a low diag¬ 
nostic yield. The major value of a normal abdominal series is 
the exclusion of bowel obstruction or free air secondary to 
bowel perforation. 9 Despite the increasing use of CT and the 
declining role of abdominal radiography, this examination is 
still performed in many patients, especially those who have 
undergone recent surgery and those who have some form of 
catheter, tube, or drain in the abdomen. Emergency department 
physicians may also order abdominal radiographs in patients 
with a low clinical suspicion of disease to ensure that a major 
abdominal disorder is not overlooked and to calm a concerned 
patient. 

Technique 

STANDARD PROJECTIONS 

An anteroposterior radiograph taken with the patient in a 
supine position is the most common plain film examination 
of the abdomen (Fig. 11-1). Whether one uses conventional 
film or digital techniques, the patient should be positioned 


comfortably on his or her back, without rotation of the pelvis. 
Maximal relaxation of the abdominal musculature is important 
in reducing artifact caused by motion; this is facilitated by sup- 
porting and slightly flexing the patient s knees. The film or held 
of view for digital imaging should be positioned with its lower 
edge at the symphysis pubis and the x-ray beam centered at the 
iliac crest. Both the lung bases and symphysis pubis should be 
included on the radiograph. The exposure is made during 
expiration and should begin 1 to 2 seconds after respiration 
is suspended. 10 

Delineation of intra-abdominal soft tissues on abdominal 
radiographs depends on the inherent contrast provided by soft 
tissues, fat, and intraluminal gas. Subject contrast on the radio¬ 
graph is caused by differential attenuation of the x-ray beam in 
the patient. " Most abdominal radiographs are taken using 
routine equipment exposed at a low kilovoltage (60-75 kV), 
depending on the size of the patient. A short exposure time is 
desir able to avoid motion unsharpness. Also, an increase in 
peak kilovoltage increases scattered radiation, which degrades 
soft tissue contrast. Thus, the lowest possible peak kilovoltage 
that can penetrate the patient and has an acceptable exposure 
time should be used. With conventional films, a reciprocating 
(Potter-Bucky) grid and careful collimation are used to reduce 
scatter. 10 In males with reproductive potential, gonadal shield- 
ing should be used if the gonads lie within 5 cm of the primary 
beam and if such shielding does not compromise the clinical 
objectives of the examination. 

Portable abdominal radiographs may be obtained in hospi- 
talized, extremely ill patients; however, these radiographs are 
usually of lower quality than standard abdominal radiographs 
obtained in the radiology department. Such patients are usually 
too ill to breath-hold, and most portable x-ray units have fixed 
milliampere settings, which may necessitate using techniques of 
higher peak kilovoltage, resulting in reduced contrast. In addi¬ 
tion, a stationary grid, rather than a Potter-Bucky grid, must be 
used to control scatter, and when these grids are poorly posi¬ 
tioned, the image may be degraded secondary to grid cutoff. 
Whenever possible, abdominal radiographs should therefore be 
obtained using standard x-ray equipment in the radiology 
department. 

SUPPLEMENTAL PROJECTIONS 

In addition to the standard anteroposterior supine view, other 
projections may help in specific clinical situations and are ffe- 
quently used as part of a routine abdominal series. In patients 
with abdominal pain, upright posteroanterior abdominal or 
chest radiographs may be useful to facilitate detection of small 
amounts of free intraperitoneal air, small bowel obstruction, 
and unsuspected thoracic disease that is causing abdominal 
pain (Fig. 11-2; see Fig. 11-IB). 
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Figure 11-1 Normal supine and 
upright abdominal radiographs. 

A. Supine abdominal radiograph 
shows a normal bowel gas pattern 
with gas in the stomach (large 
white arrow), small bowel ( small 
white arrow), colon ( large white 
arrowheads), and rectum ( black 
arrowhead). The hepatic angle 

(curved white arrow) is outlined 
by extraperitoneal fat, and the 
posteromedial surface of the right 
lobe of the liver is outlined by 
perirenal fat ( small white 
arrowheads). The left psoas 
muscle (black arrow) is also seen. 

B. Upright abdominal radiograph 
shows a normal air-fluid level in 
the stomach (large white arrow). 
Note the hepatic angle (small 
white arrow), posteromedial 
surface of the right lobe of the 
liver (arrowheads), left psoas 
muscle (large black arrows), and 
splenic tip (small black arrow). 

C. Axial CT scan of the upper 
abdomen shows fat outlining the 
wall of the stomach (St) and 
spleen (S). D. Another more 
caudad axial CT scan shows the 
posteromedial surface of the right 
lobe of the liver outlined by 
perirenal fat (arrows). 



An upright abdominal radiograph is often ordered on a 
routine basis, but some authors believe that it does not contrib- 
ute significant information in many patients. Mirvis and col- 
leagues reviewed the emergency department radiographs of 252 
patients, which included supine and upright abdominal radio¬ 
graphs and upright chest radiographs. 6 The upright abdominal 
radiographs did not contribute to the treatment of any patients 
with acute abdominal conditions in their series. The authors 
concluded that this view could be omitted to reduce the time 
and cost of the examination without sacrificing important diag- 
nostic information. However, upright abdominal radiographs 
may be helpful in patients with suspected bowel obstruction 
who have a gasless abdomen on supine radiographs to assess 
the appearance of gas and fluid in the small bowel further (see 
Fig. 11-2A and B). Alternatively, this information could be 
obtained on abdominal radiographs taken with the patient in 
the lateral decubitus position. For extremely ill patients who 
cannot stand easily, a lateral decubitus view may be more helpful 
than a suboptimal upright radiograph. 

Miller and Nelson showed that when a perforated viscus is 
suspected on clinical grounds, a specific sequence of exposures 
is most likely to demonstrate extraluminal gas. 12 They recom- 
mended that the patient be placed in the left side down position 
for at least 10 minutes before a left lateral decubitus view is 
obtained. This allows gas to rise and accumulate over the right 
margin of the liver and, occasionally, beneath the iliac crest. If 
the patient is unable to stand, an abdominal radiograph should 


be obtained with the patient in the left lateral decubitus posi¬ 
tion with a horizontal beam, using a short exposure technique. 
This results in underpenetration of the abdominal viscera but 
good visualization of extra-alimentary gas between the non- 
dependent lateral abdominal wall and liver (Fig. 11-3). If the 
patient is able to stand, the table is tilted upright and an upright 
posteroanterior chest radiograph is obtained. In one study, 
lateral chest radiographs were found to be superior to frontal 
radiographs in detecting subtle pneumoperitoneum. 1 Radio¬ 
graphs of the abdomen in upright and supine positions are 
also obtained to complete the so-called perforation series (see 
Fig. 11-2C and D). 14 Even tiny amounts of free air can be 
detected with use of the proper technique (see Fig. 11-2E). 
Some authors have reported that upright posteroanterior chest 
radiographs are more sensitive for detecting pneumoperito¬ 
neum than upright abdominal radiographs. 12 This difference 
in sensitivity probably occurs because the x-ray beam is cen¬ 
tered at the iliac crest on abdominal radiographs, so that it 
penetrates air beneath the diaphragm obliquely rather than 
tangentially, making small gas collections more difficult to 
detect. The higher exposure techniques required to penetrate 
the abdomen also result in excessive penetration at the lung 
interface, sometimes obscuring small collections of free intra- 
peritoneal air. Nevertheless, most experts believe that upright 
and supine abdominal radiographs are a useful part of the 
abdominal series for detecting intra-abdominal disease in these 
patients. 14,15 
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Figure 11-2 Value of upright abdominal radiograph in patients with small bowel obstruction or intestinal perforation. A. Supine 
abdominal radiograph shows a relatively gasless abdomen in a patient with signs and symptoms of intestinal obstruction. B. Upright radiograph 
shows multiple tiny air-fluid levels ( arrows ) caused by fluid-filled loops of dilated small bowel with trapping of air superiorly in these loops 
(producing the string of pearls sign). The patient was found at surgery to have a closed loop small bowel obstruction due to adhesions. 

C. Supine abdominal radiograph in another patient with abdominal pain shows no evidence of pneumoperitoneum. Note residual contrast 
material in the colon from a prior study. D. Upright abdominal radiograph in the same patient as in C shows a large amount of free 
intraperitoneal air ( arrows ) beneath both hemidiaphragms. E. Upright radiograph in another patient shows a tiny amount of free air ( arrows ) 
between the liver and right hemidiaphragm. 
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Figure 11-3 Value of left 
lateral decubitus radiograph 
of the abdomen in a patient 
with pneumoperitoneum. 

A. Coned-down view of the right 
upper quadrant from a supine 
abdominal radiograph shows a 
vague radiolucency in the right 
lateral portion of the abdomen 
(arrow) but no definite free 
intraperitoneal air. B. Coned- 
down view of the right upper 
quadrant from a left lateral 
decubitus radiograph shows 
obvious free intraperitoneal air 
( arrows ) between the liver and 
right lateral abdominal wall. 



Additional projections such as prone, oblique, lateral, or 
coned views may be helpful in some clinical situations for better 
defming and localizing mass lesions, calcifications, or hernias. 
When distal colonic obstruction is suspected, prone abdominal 
radiographs are more helpful than supine radiographs because 
colonic gas occupies the more anterior transverse and sigmoid 
segments of the colon with the patient in the supine position 
(Fig. 11-4A, C, and D). As a result, a distal colonic obstruction 
may be difficult to distinguish from an ileus or pseudo- 
obstruction on supine and upright views of the abdomen. In this 
situation, a prone radiograph (Fig. 11-4B) or right lateral decu¬ 
bitus radiograph (Fig. 11-4E) may be useful because abdominal 
radiographs in these positions allow gas to hil the rectosigmoid 
colon if no mechanical obstruction is present. 16 

Normal Anatomy 

Abdominal soft tissue planes and visceral surfaces are visible 
on abdominal radiographs because of the natural contrast 
created by surrounding fat. The best visualized interfaces are 
those that are smoothly marginated and oriented in a sagittal 
or transverse plane tangential to the incident x-ray beam. 
Familiarity with the location of abdominal organs and the 
most commonly visualized tissue planes is helpful for identify- 
ing normal anatomic structures and recognizing and localizing 
pathologic processes. 

PERITONEAL CAVITY 

Liver 

In the normal adult, the liver occupies the right upper quadrant 
of the abdomen. It measures 20 to 22 cm in its greatest trans¬ 
verse dimension and 15 to 17 cm in its greatest vertical 


dimension near its right lateral border. 1 There is considerable 
variation in the normal shape of the liver. 18 With its most cepha- 
lad portion lying just beneath the dorne of the right hemidia- 
phragm, the superior aspect of the liver is commonly S-shaped 
or concave. The inferior edge is usually triangular, with its apex 
directed caudad toward the right lower quadrant. Between 4% 
and 14% of the population has a prominent inferior extension 
of the right lower lobe, also known as RiedeVs lobe. This lobe 
usually extends caudally below the iliac crest and does not by 
itself indicate hepatomegaly. 

Although intraperitoneal fat is not always present around the 
liver, the right inferior edge of the liver (hepatic angle) is often 
visible on abdominal radiographs because it indents the extra- 
peritoneal fat in the parietal peritoneum (Fig. 11-5; see Fig. 
11-1). 18 This fat consists of posterior pararenal fat laterally and 
perirenal fat medially. The perirenal fat may outline not only 
the medial aspect of the hepatic angle but also the more cepha- 
lad portion of the posteromedial surface of the right lobe of the 
liver (see Fig. 11-1A). The hepatic angle may be obscured by 
effusions or biood that infiltrate the retroperitoneal fat or by 
ascites that displaces the liver edge away from the adj acent fat 
(Fig. 11-6). 19 The posterior edge of the liver is visible on abdom¬ 
inal radiographs (see Fig. 11-1), whereas the anterior and left 
lateral margins of the liver are not. Because it is the anterior 
margin of an enlarged liver that is palpated on physical exami- 
nation, a discrepancy may arise between clinical and radio- 
graphic measurements of the liver. On abdominal radiographs, 
hepatomegaly may be diagnosed by elevation of the right hemi- 
diaphragm, visualization of the entire liver (not just a RiedeFs 
lobe) extending into the lower abdomen, inferior displacement 
of the hepatic flexure of the colon, and lateral displacement of 
the lesser curvature of the stomach by an enlarged left lobe of 
the liver. 20 
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Figure 11-4 Value of prone 
and right lateral decubitus 
abdominal radiographs in 
patients with suspected colonic 
obstruction. A. Supine 
abdominal radiograph shows 
dilated colon to the level of the 
sigmoid with some stool but a 
paucity of gas in the rectum. 

Note residual barium in sigmoid 
diverticula. B. Prone abdominal 
radiograph in the same patient as 
in A shows gas in the sigmoid 
colon (small arrows) and rectum 
(large arrow), confirming that the 
patient does not have a distal 
colonic obstruction. C, D. Supine 
abdominal radiographs in another 
patient with abdominal distention 
show marked colonic dilation, 
with a paucity of gas in the 
rectum. E. Right lateral decubitus 
radiograph in the same patient as 
in C and D shows gas in the 
rectum (arrow), confirming that 
the patient does not have a distal 
colonic obstruction. 


Gallbladder 

The gallbladder occupies a shallow fossa on the inferior surface 
of the liver between the right and left lobes and is not usually 
visualized on abdominal radiographs. The gallbladder lies 
superior and lateral to the duodenal bulb and gastric antrum 
and superior to the proximal transverse colon. Occasionally, the 
fundus of the gallbladder may be visualized in normal patients 
if it indents the surrounding fat (Fig. 11-7; see Fig. 11-5A). Only 
about 15% of gallstones are sufficiently calcified to be seen on 
abdominal radiographs, so the abdominal series is a poor 
screening study for gallbladder disease. 

Spleen 

The spleen occupies the left upper quadrant of the peritoneal 
cavity beneath the left tenth rib and hemidiaphragm, postero- 
lateral to the gastric fundus (see Figs. 11-IB and 11-5) A 1 The 


normal adult spleen measures 12 cm in length and 7 cm in 
width. 20 The lower edge of its inferolateral surface often indents 
extraperitoneal fat, and the lower medial aspect is adjacent to 
the left kidney and may be outlined by perirenal fat, enabling it 
to be visualized on abdominal radiographs (see Figs. 11-1B and 
C and 11-5). The bulk of the spleen, however, extends medially 
behind the stomach, where it is not visible on abdominal radio¬ 
graphs, so splenomegaly cannot always be diagnosed on these 
radiographs. Nevertheless, an enlarged spleen should be sus¬ 
pected when abdominal radiographs show elevation of the left 
hemidiaphragm, medial displacement of the gastric air bubble, 
or the splenic tip below the left costal margin. 20 

The most inferior surface of the spleen abuts the phrenico- 
colic ligament, a thick peritoneal fold that marks the anatomic 
splenic flexure of the colon. The left lateral pleural recess may 
extend inferiorly along the lateral margin of the spleen to the 
splenic tip. 21 
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Figure 11-5 Gallbladder, liver f spleen, and stomach. A. Supine abdominal radiograph shows the galIbladder ( small black arrows), hepatic 
angle ( large black arrowhead), splenic tip ( white arrowhead), and stomach ( large black and white arrows). Note the partially visualized right 
kidney ( small black arrowheads). B. Coronal CT scan of the abdomen shows the hepatic angle ( large arrow) outlined by perirenal fat, splenic tip 
(small arrow), psoas muscles ( arrowheads), and kidneys. L, liver; K, kidney; Sp, spleen; St, stomach. 



Figure 11-6 Intraperitoneal fluid (hemorrhage) in paracolic gutters. A. Supine abdominal radiograph in a patient with a traumatic liver 
laceration shows a large amount of fluid in both paracolic gutters ( arrows) displacing bowel medially from the flank stripes. Also note loss of the 
hepatic angle normally outlined by extraperitoneal fat. The bleeding was controlled by embolization of the liver (note the radiopaque coil 
overlying the liver). B. Axial CT scan of the abdomen confirms the presence of ascitic fluid displacing adjacent bowel ( arrows) from the paracolic 
gutters. 


Stomach 

The stomach usually contains air and fluid, so it can be recog- 
nized in the left upper quadrant by its characteristic location 
and the configuration of its rugal folds (see Fig. 11-1A). When 
the patient is in the supine position, gas in the stomach rises 
to the anteriorly located antrum, while fluid gravitates to the 
fundus. When the fluid-filled fundus is visible on abdominal 


radiographs, it can occasionally be mistaken for a soft tissue 
mass (see Fig. 11-5A). However, confusion may be eliminated 
by the use of upright radiographs, which allow gas to enter the 
gastric fundus (see Fig. 11-IB). The stomach is a valuable land¬ 
mark for identifying Space-occupying lesions in surrounding 
structures such as the spleen laterally, the liver medially, and 
the lesser sac and pancreas posteriorly (see Figs. 11-IB and C 
and 11-5). 17 




Figure 11-7 Paracolic gutters and lateral conal fascia. Coned- 
down view from supine abdominal radiograph shows the left and 
right paracolic gutters between the transversalis fascia ( arrowheads ) 
and lateral conal fascia (large arrows). Small arrows denote the 
gal Ibladder. 


Small Intestine 

The small bowel and its associated mesentery occupy the central 
portion of the peritoneal cavity. 17 Although transit time 
through the small bowel is sufficiently rapid to prevent swal- 
lowed air from accumulating in normal small bowel loops, 
these loops may be visible on abdominal radiographs when 
they contain small amounts of gas (see Fig. 11-1A). In contrast, 
large amounts of air and fluid in a dilated small bowel indicate 
prolonged transit time caused by mechanical obstruction or 
an adynamic ileus. Scattered gas and fluid within normal to 
minimally dilated small bowel loops may occur in a variety of 
normal or pathologic conditions, including gastroenteritis, 
pancreatitis, inflammatory bowel disease, and aerophagia. 
Unfortunately, considerable interobserver variation occurs in 
interpretation of small bowel gas. The term nonspecific gas 
pattern has been used to describe abdominal radiographs 
showing more than the average amount of small bowel gas, 
without a clear indication of bowel obstruction. However, this 
term is vague or even misleading and is not helpful to the 
referring physician; therefore, it should not be used. Instead, 
radiologists should provide a clear description of the radio- 
graphic Åndings and the most reasonable diagnostic consider- 
ations. The gas-filled small bowel is distinguished from the 
colon by its more central location, smaller caliber, and typical 
mucosal folds, also known as the valvulae conniventes (see Fig. 
11-1A). When visualized, the small bowel folds are usually thin 
and extend across the entire lumen of the bowel. 

Colon 

The adult colon usually contains some gas and fecal material 
and frames the abdomen, with the small bowel located more 
centrally. The more anterior transverse and sigmoid segments 
usually contain the greatest amount of gas when the patient is 
in the supine position. Unlike the valvulae conniventes of the 
small bowel, the colonic haustral folds are more widely spaced 
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and usually do not cross the entire lumen (see Fig. 11- 1A). 
The caliber of the colon varies from 3 to 8 cm, with the largest 
diameter found in the cecum. Persistent cecal diameters of 9 to 
10 cm or more may indicate a risk of impending perforation 
from mechanical obstruction or ileus. 22 

The sigmoid and transverse colon are intraperitoneal struc- 
tures suspended by the sigmoid mesentery and transverse 
mesocolon, respectively. Conversely, the ascending and descend- 
ing colon and rectum are retroperitoneal structures, fixed to the 
posterior abdominal wall. In about 20% of the population, the 
cecum and a variable portion of the ascending colon have a 
persistent mesentery. 23 In such cases, the cecum is mobile and 
its position is more anterior and medial than usual. Although 
most of these patients are asymptomatic, this anatomic varia¬ 
tion predisposes to an ileus, cecal bascule, and cecal volvulus. 24 
The sigmoid colon is an intraperitoneal structure, but sigmoid 
diverticula are frequently oriented toward the sigmoid mesen¬ 
tery, so rupture of a diverticulum (with subsequent diverticuli- 
tis) usually results in the development of retroperitoneal gas 
rather than free intraperitoneal air. 23 

On upright abdominal radiographs, air-fluid levels in the 
bowel can be interpreted as a sign of bowel obstruction. 
However, air-fluid levels in the small bowel and colon may 
occur in nonobstructive conditions and in normal patients. 
Air-fluid levels are particularly common in the right side of the 
colon after cathartic preparation. 

Potential Intraperitoneal Spaces 

The peritoneal reflections from the posterior abdominal wall 
over the viscera give rise to potential spaces in which biood, 
fluid, or pus may localize in the peritoneal cavity. 17 In the 
normal abdomen, these compartments are not directly visible 
on abdominal radiographs, but their location can be inferred 
from the location of adjacent organs. The right subphrenic 
space is located between the right hemidiaphragm and liver. 
It is above the superior reflection of the right coronary liga¬ 
ment and continuous around the lateral edge of the liver with 
the right subhepatic space. The anterior subhepatic space lies 
just above the transverse colon and mesocolon and anterior 
to the right kidney and duodenum. The posterior subhepatic 
space, also known as Morisons pouch, continues posteriorly 
and superiorly to the inferior reflection of the coronary liga¬ 
ment. On abdominal radiographs, Morisons pouch overlies 
the superior pole of the right kidney. 1 This is the most depen- 
dent portion of the upper peritoneal cavity with the patient 
in the supine position and is a frequent site of abscess forma¬ 
tion. The subhepatic space is continuous with the right para¬ 
colic gutter between the ascending colon and properitoneal 
fat. The right paracolic gutter is deeper and wider than the 
left paracolic gutter. Fluid and abscesses are often visible here 
and can be recognized on abdominal radiographs by separa¬ 
tion of the ascending and descending colon from the properi¬ 
toneal fat (see Fig. 11-6). The left subphrenic space is separated 
from the right subphrenic space by the falciform ligament, 
which is a right midclavicular line structure in most patients. 
This space surrounds the left lobe of the liver and spleen and 
is limited inferiorly by the phrenicocolic ligament. Below the 
phrenicocolic ligament, the shallow left paracolic gutter extends 
inferiorly into the portion of the pelvis lateral to the descend¬ 
ing colon (see Fig. 11-7). 

The lesser sac of the peritoneal cavity is a potential space in 
the midabdomen, extending into the left upper quadrant. It is 
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Figure 11-8 Lesser peritoneal sac. A. Axial CT scan of the abdomen in a patient with acute pancreatitis shows fluid posterior to the stomach 
in the lesser sac, extending into the superior medial recess ( large white arrow). The fluid is contained on the left by the gastrosplenic ligament 
(small arrows). B. The boundaries of the lesser sac ( arrowheads ) are well delineated on a supine abdominal radiograph in another patient 
with gas in the lesser sac because of an abscess. The superior recess of the lesser sac extends toward the diaphragm just to the right of the 
spine. The foramen of Winslow is denoted by open arrows. A nasogastric tube is present in the stomach. S, spleen; St, stomach. (Courtesy 
Susan M. Williams, MD, Omaha.) 


bounded superiorly by the left coronary ligament, posteriorly 
by the pancreas, anteriorly by the stomach, lesser omentum, and 
gastrocolic ligament, and inferiorly by the transverse colon and 
mesocolon 7 (Fig. 11-8). Its left lateral horders are formed by 
the gastrosplenic and splenorenal ligaments. The lesser sac 
opens into the right subhepatic space via the foramen of 
Winslow at a site just posterior and superior to the duodenal 
bulb, beneath the free margin of the hepatoduodenal ligament. 
Dodds and associates described the lesser sac as an area defined 
by placing the right hånd over the epigastrium, with the thumb 
extended over the midline toward the hilus of the liver and the 
fingers directed toward the hilum of the spleen. 26 The thumb 
represents the extension of the superior medial recess and the 
palm and fingers represent the main portion of the lesser sac. 
Space-occupying lesions or fluid collections in the lesser sac 
may displace the transverse colon inferiorly and the stomach 
superiorly, anteriorly, laterally, or medially (see Fig. 11-8). 

RETROPERITONEUM AND ABDOMINAL WALL 

The anatomy of the retroperitoneal space has been well 
described by Meyers. 1 It is posterior to the parietal peritoneum 
and anterior to the transversalis fascia. The retroperitoneal 
space is divided into three distinet compartments—the perire- 
nal space, posterior pararenal space, and anterior pararenal 
space. 

Perirenal Space: Kidneys and Adrenal Giands 

The kidneys, adrenal giands, and abundant fat are located 
within the left and right perirenal spaces, which are confined by 
the anterior and posterior layers of renal fascia. It is the perire¬ 
nal fat that allows visualization of some or all of the renal 
outlines on abdominal radiographs in most patients (see Fig. 
11-5). On the other hånd, the adrenal giands are small and not 
discernible unless they are calcified as a result of previous hem- 
orrhage or granulomatous disease (Fig. 11-9). The upper half 
of the psoas muscle and the medial aspects of the hepatic and 



Figure 11-9 Diaphragmatic erus and calcified adrenal giand. 

Supine abdominal radiograph shows a calcified right adrenal giand 
(black arrow) and left diaphragmatic erus ( white arrow). The right 
diaphragmatic erus is partially visualized just medial to the calcified 
right adrenal giand. 


splenic angles are visualized on abdominal radiographs because 
of perirenal fat. Obliteration of the perirenal fat by inflamma¬ 
tion, biood, or urine therefore obscures visualization of these 
structures. The medial perirenal space is continuous with the 
aorta and often hils with biood in patients with ruptured 
abdominal aortic aneurysms. 7 The anterior and posterior 
layers of perirenal fascia fuse laterally to form the lateroconal 
fascia, which continues laterally and ventrally to fuse with the 
parietal peritoneum along the lateral abdominal wall. In patients 
with abundant fat, the lateroconal fascia may be visible on 
abdominal radiographs as a thin line separating the posterior 
pararenal and anterior pararenal fat (Fig. 11-10). 28 
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Figure 11-10 Lateroconal 

fascia. A. Supine abdominal 
radiograph shows the lateroconal 
fascia ( arrow ) along the paracolic 
gutter as a thin white line 
extending from the liver tip to 
the right lower quadrant. B. Axial 
CT scan shows the lateroconal 
fascia (arrow), which is composed 
of the anterior and posterior 
layers of the perirenal fascia that 
fuse laterally. The ascending 
colon (AC) is contained within 
the anterior pararenal space. 

K, kidney. 


Posterior Pararenal Space 

The posterior pararenal space is located posterior to the poste¬ 
rior perirenal and lateroconal fascia and is anterior to the trans¬ 
versalis fascia lining the abdominal wall (see Figs. 11-7 and 
11-10). 17 This space contains a variable amount of fat, but no 
organs. Medially, the posterior pararenal space originates at the 
lateral margin of the psoas muscle and is not continuous across 
the midline. Laterally, the posterior pararenal fat extends around 
the flank, joining the properitoneal fat of the lateral abdominal 
wall to form the so-called flank stripe (Fig. 11-11). The width 
of the flank stripe is variable and depends on body habitus. The 
posterior pararenal fat is continuous inferiorly with extraperi- 
toneal fat in the pelvis. 

Anterior Pararenal Space: Ascending and 
Descending Colon , Duodenum, and Pancreas 

The anterior pararenal space, which lies anterior to the peri¬ 
renal space and lateroconal fascia, contains the ascending 
and descending colon, retroperitoneal duodenum, and pan¬ 
creas (see Fig. 11-10). 1 In most patients, the ascending and 
descending colon can be identified by intraluminal fecal mate- 
rial and gas medial to the flank stripes (see Fig. 11-1). Semi- 
solid fecal material in the cecum and ascending colon often 
has a characteristic bubbly appearance. The retroperitoneal 
duodenum is usually not visible on abdominal radiographs 
unless it is filled with gas because of an ileus, proximal small 
bowel obstruction, or pancreatitis. The pancreas is also not 
visualized on abdominal radiographs because it has undulat- 
ing, lobulated horders that are not outlined by fat. The normal 
location of the pancreas may be recognized on abdominal 
radiographs, however, if there is pancreatic calcification because 
of chronic pancreatitis (Fig. 11-12). 

Psoas Muscle 

The psoas muscle arises from the T12-L5 vertebrae and extends 
inferiorly to join the iliac muscle below the iliac crest. It 
continues as the iliopsoas muscle to the lesser trochanter. 17 
Perirenal fat superiorly and posterior pararenal fat below the 
level of the kidneys outline the lateral margin of the psoas 
muscle. In about 75% of patients, the psoas muscle is seen 



Figure 11-11 Flank stripe. Supine coned-down view of the left side 
of the abdomen shows the flank stripe ( arrows ) outlined by 
properitoneal fat just lateral to the descending colon. This fat is 
contiguous with the retroperitoneal fat in the posterior pararenal 
space. When there is no fluid in the left paracolic gutter, it is only a 
few millimeters in width. 


to extend from the diaphragmatic crura to its junction with 
the iliac muscle (Fig. 11-13; see Fig. 11-1A and B). 29,30 Fluid 
in the adj acent retroperitoneal fat may cause obliteration of 
the margin of the psoas muscle. Loss of one or both shadows 
of the psoas muscle is a common finding on abdominal 
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Figure 11-12 Pancreatic calcification. Supine abdominal 
radiograph shows multiple calcifications outlining the pancreas 
( arrows ) caused by chronic pancreatitis. The pancreas normally is not 
visible on abdominal radiographs. 



Figure 11-13 Psoas muscles. Supine abdominal radiograph shows 
both psoas muscles (arrows). The lateral margins of the psoas muscle 
extend inferiorly from the diaphragmatic crura to just below the 
iliac crest. The medial margins of the psoas muscles are also 
demonstrated. Note perivesical fat over the dorne of the biadder 
( arrowheads). K, kidney. 


radiographs when there is a ruptured abdominal aortic aneu- 
rysm, with biood infiltrating the perirenal and posterior para- 
renal spaces. 

The psoas muscle is optimally visualized when its lateral 
margin is straight and almost parallel to the x-ray beam. Non- 
visualization of the psoas margin on abdominal radiographs 


must be interpreted with caution. A lumbar scoliosis may result 
in nonvisualization of the psoas shadow. 30 Rotation of the 
spinal column causes the psoas muscle on the concave side 
of the spine to assume a more flattened, horizontal configura- 
tion. The margin is then more perpendicular to the incident 
x-ray, so it may not be visible on abdominal radiographs. This 
phenomenon occurs not only in patients with a structural 
scoliosis but also in those with a positional scoliosis when 
muscle spasm causes contraction of the muscles in the flank. 
When there is a limited amount of retroperitoneal fat, the 
peritoneal cavity extends posteriorly, so fluid-filled bowel loops 
may come to lie directly adjacent to the psoas muscle, obscur- 
ing its margin. Occasionally, the kidney may also cause seg¬ 
mental nonvisualization of the psoas muscle, particularly in 
patients with an enlarged spleen that displaces the kidney 
medially. 30 Thus, retroperitoneal or intraperitoneal disease, 
scoliosis, or even a normal variation can obscure the psoas 
margin. 

Quadratus Lumborum Muscle 

Lateral and parallel to the psoas muscle is the lateral margin of 
the quadratus lumborum muscle, often seen to extend to its 
origin at the iliac crest. The quadratus lumborum muscle is part 
of the posterior abdominal wall and lies dorsal to the transver¬ 
salis fascia, which passes between it and the psoas muscle. 17 
However, visualization of the quadratus lumborum muscle 
depends on the integrity of the posterior pararenal fat, which 
outlines its lateral margin. 

Diaphragmatic Crura 

The diaphragmatic crura may outline retroperitoneal fat that 
is continuous with the origin of the psoas muscle (see Fig. 
11-9). The crura are hest seen on abdominal radiographs 
when the x-ray beam is centered near the level of the dia- 
phragmT 1 Occasionally, posterior pararenal fat continues supe- 
riorly beneath the diaphragm, simulating pneumoperitoneum. 
In such cases, a left lateral decubitus view should differentiate 
pneumoperitoneum from pararenal fat because the lucency 
associated with fat is not affected by changes in patient 
position. 

PELVIS 

Delineation of the various muscles and visceral structures in the 
pelvis is highly variable and depends on a variety of factors, 
including the amount of extraperitoneal pelvic fat, bowel con- 
tents, degree of biadder distention, position of the patient, and 
body habitus. As a result, these structures are not always identi- 
fied, even in the absence of pelvic disease. 

Piriformis Muscle 

The piriformis muscle is in the superolateral posterior aspect 
of the pelvis. 17 Its inferior margin can be visualized as a 
smooth convex interface passing from the sacrum to the 
greater sciatic foramen (Fig. 11-14). Just caudal to the piri¬ 
formis muscle, the sciatic nerve passes out of the pelvis. 
Internal hernias can extend through the greater sciatic foramen 
into the buttocks; these hernias may contain bowel, biadder, 
or ureter. 

Obturator Internus Muscle 

The obturator internus muscle abuts the lateral pelvic side- 
wall and surrounds the greater portion of the obturator 
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foramen. It originates from the pubic ramus, ischium, and 
pelvic wall, and its tendon exits the pelvis at the lesser 
sciatic foramen, just below the sacrospinous ligament. The 
obturator internus muscle may be identified on abdominal 
radiographs as a result of subperitoneal fat that surrounds 



Figure 11-14 Piriformis muscle. Coned-down view of the pelvis 
from a supine abdominal radiograph shows the inferior margins of the 
piriformis muscles bilaterally ( large arrows). Inferior to the piriformis 
muscles is the edge of the sacrospinous ligament and associated 
coccygeus muscles ( small arrows ) outlining the roof of the ischiorectal 
fossa. The perineum forms the medial boundary of the ischiorectal 
fossa ( arrowheads ). 


it superiorly and ischiorectal fat that surrounds it inferiorly, 
below the origin of the levator ani muscle (Fig. 11-15). The 
obturator canal is located at the superolateral aspect of the 
obturator foramen; this canal transmits the obturator vessels 
and nerve." Hernias may occur at this site, particularly in 
older women (Fig. 11-16). These hernias often produce 
characteristic neuralgia in the thigh secondary to nerve 
compression. 32 ' 34 

Sacrospinous Ligament and Coccygeus Muscle 

The edge of the sacrospinous ligament and associated coccygeus 
muscle are outlined by underlying ischiorectal fat. 17 These 
structures are located just inferior to the piriformis muscle and 
may be seen as a smooth band arching from the tip of the 
sacrum to the ischial spine (see Fig. 11-14). 

Ischiorectal Fossa 

The left and right ischiorectal fossae are wedge-shaped, subcu- 
taneous fatty masses, with their bases at the perineum and their 
apices at the junction of the obturator internus and levator ani 
muscles. 1 They are often visible on abdominal radiographs (see 
Fig. 11-14). 

Gluteus Maximus Muscle 

The gluteus maximus muscle forms the posterior border of the 
ischiorectal fossa. 17 The medial edge of this muscle is outlined 
by subcutaneous fat, so it often appears on abdominal radio¬ 
graphs as a smooth line extending inferiorly and laterally from 
the tip of the sacrum. 

Pelvic Viscera 

The superior and lateral aspects of the urinary biadder are 
outlined by perivesical fat (Fig. 11-17; see Fig. 11-13). The 
uterus may also be visible in the pelvis just above this fat, 
particularly if the fundus is anteverted and indents the adjacent 
fat. This perivesical fat can be used to help identify fluid in 



Figure 11-15 Obturator internus muscles. 

A. Coned-down view of the pelvis from a supine 
abdominal radiograph shows the obturator 
internus muscles (arrows). B. Axial CT scan of 
the pelvis shows the superior portion of the 
obturator internus muscles ( arrows ) outlined by 
extra-peritoneal fat. C. Axial CT scan more 
caudally shows the obturator internus muscles 
(white arrows ) outlined by ischiorectal fat. The left 
and right ischiorectal fossae are bounded by the 
levator ani muscles ( black arrows ) and obturator 
internus muscles. 
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Figure 11-16 Obturator hernia causing small bowel obstruction. A. Axial CT of the pelvis in an older woman shows a left obturator hernia 
(arrow ). Also note the left obturator internus muscle ( arrowhead ). B. Coronal CT of the pelvis shows the left obturator hernia ( arrow ), with dilated 
small bowel ( arrowheads ) proximal to the obstructing hernia. 



Figure 11-17 Ascites demarcated by perivesical fat. A. Coned-down view of pelvis from a supine abdominal radiograph shows evidence of 
ascites with increased density above the perivesical fat ( arrows ). Also note how the small bowel is displaced medially by ascitic fluid in the 
abdomen. B. Increased density is again seen in the paravesical spaces above the biadder on a supine abdominal radiograph in another patient with 
ascites. Note how the top of the biadder is outlined by perivesical fat ( arrowheads ). C. Axial CT of the pelvis in the same patient as in B confirms the 
presence of ascites ( black arrows ) around the biadder (B). Also note fluid ( arrowheads ) behind the biadder, surrounding the uterus (U). 


the pelvis (see Fig. 11-17). Prostatic calculi will identify the 
position of the prostate giand, which is caudal to the urinary 
biadder and usually not seen on abdominal radiographs. Pos- 
terior to the biadder and uterus, the rectum can usually be 
recognized by the presence of intraluminal gas and stool (see 
Fig. 11-1). 
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Even with the widespread availability of cross-sectional imaging 
studies, abdominal radiography remains a common imaging 
test in modern radiology practice. Although CT and ultrasound 
provide more information about acute abdominal conditions, 
abdominal radiography has the advantages of relatively low cost 
and ease of acquisition and can readily be performed on acutely 
ill or debilitated patients, so it remains a valuable study for the 
trained and perceptive observer. The abdominal radiograph has 
also been called a KUB—kidneys, wreters (which are not visible), 
and Madder. The term flat plate of the abdomen is dated and 
refers to a time when glass plates were used to produce images. 
Other terms include plain film of the abdomen and abdominal 
plain film, but with the widespread use of digital imaging and 
picture archiving communication systems (PACS) for interpre¬ 
tation of the images, abdominal radiograph has become the 
most appropriate term. 
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A wealth of diagnostic information can be obtained from 
correct interpretation of abdominal radiographs, and several 
excellent texts are available on the subject. 13 This chapter 
focuses on the abnormalities of gas and soft tissues that can be 
detected on abdominal radiographs. 

Normal Bowel Gas Patterns 

The intestinal tract in adults usually contains less than 
200 mL of gas. Intestinal gas has three sources—swallowed 
air, bacterial production, and diffusion from the biood. In 
the supine patient, gas rises and accumulates in anteriorly 
placed segments of intestine, including the antrum and body 
of the stomach, transverse colon, and sigmoid colon. Gas 
may also be present in the remaining colon, particularly the 
rectum. Radiographic evaluation of intestinal gas should 
include the following: (1) identifkation of the bowel seg¬ 
ments containing gas; (2) assessment of the caliber of these 
segments; (3) assessment of the most distal point of passage 
of gas; and (4) evaluation of the bowel contour outlined 
by gas. 

The normal bowel gas pattern is readily visible on supine 
abdominal radiographs (Fig. 12-1). The first collection of 
gas encountered from the top of the radiograph is usually 
in the antrum and body of the stomach. Gas may also be 
seen in the transverse colon immediately inferior to the 
stomach. Gas in the ascending and descending portions of 
the colon usually occupies the lateral margins of the peri- 
toneal cavity. The sigmoid colon occupies the inferior aspect 
of the abdomen and is often recognized by its characteristic 
shape and haustral folds. Rectal gas occupies a midline posi¬ 
tion in the pelvis and generally extends to the level of the 
pubic symphysis. The gas-filled small bowel tends to occupy 
the central portion of the abdomen and has a smaller caliber 
than the colon. 

Although the location of intestinal gas is helpful in differen- 
tiating colon from small bowel, recognition of intestinal folds 
is also important. Haustral folds in the colon are normally 2 to 
3 mm in width and occur at intervals of 1 cm, whereas the 
circular small bowel folds (also known as plicae circulares) are 
1 to 2 mm in width and occur at intervals of 1 mm. In general, 
the small bowel is smaller than 3 cm in diameter and the colon 
is smaller than 5 cm in diameter. 

Intestinal gas is a natural contrast agent for the interpreta¬ 
tion of abdominal radiographs. When the patient is in the 
supine position, the gastric antrum and body tend to distend 
with air. A long narrowed segment of air-filled stomach may 
indicate an inflltrating process such as linitis plastica. Gastric 
ulcers and masses are also occasionally visible (Fig. 12-2A). In 
the colon, gas may outline a narrowed lumen from ulcerative 
or granulomatous colitis, thickened haustral folds from isch- 
emia (Fig. 12-2B), or even a polypoid or annular carcinoma 
(see Fig. 12-5A). 
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Abnormal Bowel Gas Patterns 

GASTRIC OUTLET OBSTRUCTION 

Gastric outlet obstruction may be manifested on abdominal 
radiographs by a dilated stomach containing air, fluid, and/or 
debris. The amount of gastric distention depends not only on 
the degree of obstruction, but also on the duration of obstruc¬ 
tion, position of the patient, and frequency of emesis. A dilated, 
air-filled stomach is usually recognized without difficulty 
because of its characteristic shape and location associated with 



Figure 12-1 Normal bowel gas pattern. The most superior 
collection of intestinal gas is contained in the stomach ( large arrows). 
Gas and stool outline the ascending and transverse colon ( small 
arrows). Gas can also be seen in a portion of the small intestine 
(curved arrow). 



inferior displacement of the transverse colon. Occasionally, a 
massively dilated, fluid-filled stomach can mimic the appear- 
ance of ascites or hepatomegaly. A small amount of air is almost 
always present within the stomach, however, so an upright 
radiograph of the chest or abdomen should demonstrate an 
air-fluid level within the gastric lumen. 

The distal gastric antrum and pyloric region are the usual 
sites of gastric outlet obstruction. The most common causes of 
obstruction include acute edema and spasm from an ulcer in 
the distal antrum or pyloric channel or chronic antral narrow- 
ing secondary to scarring from a previous ulcer. Other causes 
of gastric outlet obstruction include an infiltrating antral car- 
cinoma and, less commonly, scarring from granulomatous 
disease, radiation, or previous caustic ingestion. 

Not all patients with gastric distention have mechanical 
obstruction. The stomach may also be dilated because of gas- 
troparesis or gastric atony from diabetes (gastroparesis diabeti- 
corum), which is almost always associated with a peripheral 
neuropathy. 4 Other causes of gastric dilation include morphine 
and other narcotic agents, hypokalemia, uremia, porphyria, lead 
poisoning, and previous truncal vagotomy. Pancreatitis or gas¬ 
tritis may also result in reflex gastric atony, and general anes- 
thesia may occasionally cause marked gastric dilation. 

Patients with obstructive lesions in the duodenum may also 
present with Åndings of gastric outlet obstruction. The duode¬ 
num may be filled with fluid, so it is not readily visible on 
supine radiographs. Leff lateral decubitus views of the abdomen 
may allow air to enter the dilated duodenum, indicating that 
the obstruction is distal to the pylorus. When fluoroscopic 
barium studies are performed in patients with suspected gastric 
outlet obstruction, the duodenum should be carefully examined 
if the stomach appears normal. 

ADYNAMIC ILEUS 

The term adynamic ileus refers to dilated bowel in the absence 
of mechanical obstruction. It is used synonymously with the 
terms paralytic ileus and nonobstructive ileus. A more specific 
term, postoperative ileus , is limited to patients in whom recent 
abdominal surgery is responsible for this condition. All these 
terms refer to a State of decreased or absent intestinal peristalsis, 
causing swallowed air to accumulate in dilated bowel. 5 An ady¬ 
namic ileus is typically manifested on abdominal radiographs 

Figure 12-2 Abnormal bowel contours. A. Gas 

in the stomach outlines a mass ( white arrows ) on 
the lesser curvature, with an irregular central gas 
collection ( black arrows) representing a large 
benign ulcer with surrounding edema. B. Air in the 
transverse colon outlines thickened haustral folds 
(arrows) in a patient with colonic ischemia. 

(A courtesy Timothy J. Cole, MD, Richmond, VA.) 
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by a dilated small bowel and colon, with multiple air-fluid levels 
on upright or horizontal beam decubitus views, so the presence 
of a dilated colon allows this condition to be differentiated from 
mechanical small bowel obstruction, in which only the small 
bowel is affected (see later, “Small Bowel Obstruction”). Some- 
times, however, an adynamic ileus is confmed to the small 
bowel, mimicking the findings of small bowel obstruction (Fig. 
12-3), so the absence of colonic distention in no way excludes 
this condition. Apart from recent abdominal surgery, an ady¬ 
namic ileus may result from a wide variety of causes, including 
electrolyte imbalances, sepsis, generalized peritonitis, blunt 
abdominal trauma, and infiltration of the mesentery by tumor. 6 

O ther patients may have a localized ileus (also known as a 
sentinel ileus) related to acute inflammatory conditions in adja- 
cent areas of the abdomen, including the right lower quadrant 
in patients with appendicitis, left lower quadrant in patients 
with diverticulitis, right upper quadrant in patients with chole- 
cystitis, and mid upper abdomen or left upper quadrant in 
patients with pancreatitis. 

Figure 12-3 Postoperative 
ileus mimicking small bowel 
obstruction. A. Supine 
abdominal radiograph shows 
multiple loops of dilated small 
bowel with a paucity of colonic 
gas. B. Upright radiograph shows 
differential air-fluid levels. 

Although the radiographic 
findings are suggestive of small 
bowel obstruction, this patient 
had a postoperative ileus 
involving the small bowel (note 
the longitudinal row of skin 
Staples from recent abdominal 
surgery). 


SMALL BOWEL OBSTRUCTION 

Small bowel obstruction is often difficult to diagnose on 
abdominal radiographs. False-positive and false-negative rates 
of 20% have been reported in the diagnosis of small bowel 
obstruction based solely on the radiographic findings. The 
diagnostic sensitivity can be increased by correlating the radio¬ 
graphs with the presence or absence of bowel sounds. Sequen- 
tial radiographs over 12 to 24 hours may be helpful in 
demonstrating an evolving obstructive pattern. 

When the small intestine becomes completely obstructed, 
accumulation of swallowed air and intestinal secretions causes 
proximal dilation of bowel. At the same time, intestinal peri- 
stalsis progressively eliminates bowel contents distal to the 
site of obstruction within 12 to 24 hours. As a result, small 
bowel obstruction is typically characterized on supine abdomi¬ 
nal radiographs by dilated, gas-filled small bowel loops larger 
than 3 cm in diameter, with little or no gas in the colon or 
small bowel distal to the site of obstruction (Fig. 12-4A). 



Figure 12-4 Small bowel 
obstruction. A. Supine 
radiograph shows dilated 
small bowel loops in the upper 
abdomen, with a paucity 
of colonic gas. B. Upright 
radiograph demonstrates multiple 
air-fluid levels. Small amounts of 
gas trapped between small bowel 
folds in the left midabdomen 
( arrows ) produce the string of 
pearls sign. 
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Upright and decubitus abdominal radiographs typically reveal 
multiple air-fluid levels in the dilated small bowel because of 
accumulation of gas and fluid proximal to the obstruction 
(Fig. 12-4B). 

In his classic work on the acute abdomen, Frimann- 
Dahl stated that the presence of air-fluid levels at two dif- 
ferent heights in the same loop of small bowel indicates a 
hyperperistaltic small intestine and is therefore a sign of 
small bowel obstruction. 8 However, subsequent investigators 
have fo und that differential air-fluid levels may be present 
in any tubular viscus containing air and fluid. Thus, air- 
fluid levels should be recognized as a nonspecific Ånding 
that can be seen with a mechanical obstruction or ady- 
namic ileus. 

As small bowel obstruction progresses, gas-filled small 
bowel loops proximal to the site of obstruction become more 
dilated and tend to have a horizontal orientation in the central 
portion of the abdomen, producing a classic stepladder appear- 
ance. However, the amount of gaseous distention of these 
loops depends not only on the degree of obstruction, but 
also on the duration of obstruction, amount of air swallow- 
ing or emesis, and use of nasogastric suction for decompres- 
sion. In some patients with small bowel obstruction who 
swallow relatively little air, supine abdominal radiographs may 
be unrevealing, whereas upright or decubitus abdominal 
radiographs (i.e., horizontal beam views) will show multiple 
air-fluid levels within small bowel loops proximal to the site 
of obstruction. In other patients, small amounts of gas trapped 
between the small bowel folds on upright or decubitus 
abdominal radiographs may be recognized by tiny bubbles 
of gas lined up along the nondependent surface of the bowel, 
also known as the (string of pearls or string of beads sign 
(see Fig. 12-4B). This sign is seldom seen in patients with 
an advnamic ileus and should therefore suggest a mechanical 

small bowel obstruction . Finally, when patients swallow little 
or no air, abdominal radiographs may reveal multiple tubular, 
sausage-shaped soft tissue densities representing fluid-filled 
loops of small bowel without any intraluminal gas in the 
small bowel or colon, producing a so-called gasless abdomen. 
In general, the absence of colonic gas should suggest the 
possibility of a developing small bowel obstruction because 
gas is normally present in the colon in the absence of 
obstruction. 

Most small bowel obstructions are caused by postoperative 
adhesions. Such adhesions may occur as early as 1 week after 
surgery, but more typically there is a remote history of surgery. 
In the absence of a surgical history, an obstructing hernia 
should be suspected. Of these hernias, 95% are external (ingui- 
nal, femoral, umbilical, or incisional). The presence of air-filled 
bowel below either pubic ramus should suggest the possibility 
of an obstructing inguinal hernia. Other less common causes of 
small bowel obstruction include small bowel tumors, ectopic 
gallstones, acute appendicitis and, occasionally, intestinal para¬ 
sites or bezoars. 9-13 

It may not be possible to distinguish mechanical obstruction 
from an adynamic ileus on the basis of a single set of abdominal 
radiographs. If immediate surgery is not contemplated, further 
radiographic work-up with computed tomography (CT) is 
usually indicated. 14 This topic is discussed in detail in Chapter 
46. Barium studies may also be helpful when abdominal radio¬ 
graphs reveal findings of low- grade or partial small bowel 
obstruction. 


COLONIC ILEUS 

Acute colonic pseudo-obstruction (also known as Ogilvie’s syn- 
drome) was first described in 1948 by Ogilvie, 15 who postulated 
that progressive colonic dilation is caused by interruption 
of sympathetic innervation with unopposed parasympathetic 
innervation of the colon. The most common clinical presenta- 
tion is acute abdominal distention, usually occurring within 10 
days of the onset of the precipitating pathologic process. Intra- 
abdominal inflammation, alcoholism, cardiac disease, burns, 
retroperitoneal disease, trauma, and pregnancy with spontane- 
ous delivery or cesarean section have been described as causes 
of Ogilvie’s syndrome. 16-19 

Abdominal radiographs may reveal marked colonic disten¬ 
tion, which is typically confined to the cecum, ascending colon, 
and transverse colon. Occasionally, however, gas may extend to 
the level of the sigmoid colon. The underlying clinical condition 
and rapid onset of colonic distention usually suggest the diag- 
nosis of colonic pseudo-obstruction, but a limited contrast 
enema may be required to rule out obstructing lesions in the 
colon. 

Prediction of impending perforation of the cecum, as judged 
by cecal diameter, is fraught with difficulty because the risk of 
cecal perforation depends not only the degree of distention, but 
also on the duration—that is, the risk is considerably less in 
patients with long-standing cecal distention than in those with 
an acute increase in cecal caliber. Although some authors have 
indicated that a cecal diameter of 9 to 12 cm suggests impend¬ 
ing perforation, cecal diameters of 15 to 20 cm are commonly 
observed in patients who recover spontaneously from Ogilvie’s 
syndrome. 18,20-22 Serial radiographs showing a change in cecal 
diameter at 12- to 24-hour intervals may be more helpful than 
a single radiograph showing a dilated cecum. Intravenous (IV) 
neostigmine is sometimes used for the initial treatment of these 
patients. 23 24 Prolonged cecal distention beyond 2 to 3 days 
should prompt colonoscopic or surgical decompression. The 
presence of intramural gas in the region of the dilated cecum 
should strongly suggest infarction and impending perforation. 

COLONIC OBSTRUCTION 

More than 50% of colonic obstructions are caused by annular 
carcinomas of the colon. 26 The obstruction usually occurs in 
the sigmoid colon, where the bowel tends to have a narrower 
caliber and the stool is more solid. Conversely, cecal carcinomas 
and those in the ascending colon are less likely to cause obstruc¬ 
tion because of the wider caliber of the bowel and more liquid 
character of the stool. 

Colonic obstruction is typically manifested on abdominal 
radiographs by dilated, gas-filled loops of colon proximal to the 
site of obstruction and a paucity or absence of gas in the distal 
colon and rectum (Fig. 12-5A). Air-fluid levels may be seen on 
upright or decubitus views (Fig. 12-5B). Abdominal CT may be 
performed to confirm the presence of obstruction and deter- 
mine its underlying cause (Fig. 12-5C). In patients with a com- 
petent ileocecal valve, the colon (especially the cecum) may 
become markedly dilated, and little or no gas may be seen in 
the small bowel. As the cecal diameter increases, the risk of 
perforation also increases. In various series, colonic perforation 
has been reported in as many as 7% of all large bowel obstruc¬ 
tions and 2% of obstructing colonic carcinomas. 28-30 Perfora- 
tions sometimes occur at the site of obstruction, but usually 
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Figure 12-5 Colonic obstruction 
resulting from colonic carcinoma. 

A. Supine radiograph shows 
dilated colon with a soft tissue mass 
( arrows ) in the sigmoid colon. 

B. Upright radiograph shows 
air-fluid levels in the colon proximal 
to the site of obstruction. C. CT 
confirms sigmoid colon cancer 
(arrows). 


result from progressive ischemia in the dilated colon or cecum 
proximal to the obstruction." 1 

An incompetent ileocecal valve allows gas to reflux into the 
small bowel, decompressing the colon, so the radiographic find- 
ings can mimic those of small bowel obstruction. Nevertheless, 
the distinction between colonic obstruction and small bowel 
obstruction has important implications because orally admin- 
istered barium can inspissate above an unsuspected colonic 
obstruction. Abdominal CT or a single-contrast barium enema 
should therefore be considered in any patient with apparent 
obstruction of the distal small bowel on abdominal radiographs 
(especially an older patient who has no prior history of abdomi¬ 
nal surgery) to rule out an underlying colonic or cecal carci¬ 
noma as the cause of obstruction. 

CLOSED LOOP OBSTRUCTION 

A closed loop obstruction refers to a segment of bowel that is 
obstructed at two points. Closed loop obstructions usually 
involve the small bowel and are caused by adhesions, internal 
hernias, or volvulus. The Åndings on abdominal radiographs 
are often nonspecific. Occasionally, there may be a dispropor- 
tionately dilated, gas-filled loop of small bowel that has the 


appearance of a coffee bean. Persistence of the dilated loop on 
sequential radiographs over several days should increase 
concern for a closed loop obstruction. Vascular compromise 
may lead to edema and thickening or effacement of the folds 
within this loop. If the obstructed segment filis with fluid, a 
rounded soft tissue density outlined by intra-abdominal fat 
produces a pseudotumor appearance. A history of intermittent, 
crampy abdominal pain replaced by steady, unrelenting pain 
should suggest a closed loop obstruction with vascular compro¬ 
mise. Nevertheless, a definitive diagnosis can be made only at 
surgery. 

VOLVULUS 

Any segment of intestine that has a mesenteric attachment has 
the potential to undergo a volvulus. Some patients may have 
intermittent intestinal twists associated with recurrent episodes 
of abdominal pain or emesis. If the twist is greater than 360 
degrees, it is unlikely to resolve spontaneously. In some cases, 
air and intestinal contents may enter the twisted segment of 
bowel, producing abdominal distention and pain. The risk of 
vascular compromise in the twisted segment is more important 
than the mechanical effects of the volvulus. Severe vascular 
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compromise may result in necrosis and perforation of bowel, 
causing sepsis and death. Gastric volvulus is discussed in 
Chapter 34. Colonic volvulus may involve different segments of 
the colon, as discussed in the following sections. 

Sigmoid Volvulus 

Sigmoid volvulus constitutes 60% to 75% of all cases of colonic 
volvulus. Overall, sigmoid volvulus accounts for 1% to 2% of 
all intestinal obstructions in the United States. In some areas 
of South America and Africa, the incidence of sigmoid volvulus 
is extraordinarily high, reportedly because of a high-fiber diet 
and the resultant large, bulky stools, producing a chronically 
dilated, elongated sigmoid colon that predisposes patients to 
this type of volvulus. The incidence of sigmoid volvulus also 
appears to be higher in people living at higher altitudes in South 
America and Africa. In the United States, sigmoid volvulus 
tends to occur in older men and residents of nursing homes and 
mental hospitals, in whom chronic constipation and obtunda- 
tion from medication are predisposing factors for gaseous dis- 
tention of the sigmoid colon and stretching of the sigmoid 
mesocolon. 

Patients with sigmoid volvulus typically present with abdom- 
inal pain and distention resulting from colonic obstruction. 
Obstipation and vomiting are also common Åndings. The 
symptoms are usually acute, but they may have a gradual onset 
in some patients. 

Findings on abdominal radiographs are diagnostic of 
sigmoid volvulus in about 75% of patients with this condition. 
The classic radiographic appearance consists of a massively 
dilated loop of sigmoid colon that has an inverted U configura- 
tion and absent haustral folds and extends superiorly above the 
transverse colon into the left upper quadrant beneath the left 
hemidiaphragm (even elevating the diaphragm), with air-fluid 
levels in both the ascending and descending limbs of this loop. 
However, the dilated bowel can be in the midline or can even 
extend into the right upper quadrant (Fig. 12-6). Although 
there often is associated dilation of the more proximal colon, 
disproportionate dilation of the sigmoid in relation to the 
remaining colon and extension of the sigmoid colon superiorly 
above the transverse colon are important diagnostic features for 
differentiating sigmoid volvulus from simple colonic obstruc¬ 
tion. 3 The apposed inner walls of the sigmoid colon may occa- 
sionally form a dense white line that points toward the pelvis. 
The absence of rectal gas is also an important differentiating 
feature. If prone or decubitus views of the pelvis show free 
passage of gas into the rectum, sigmoid volvulus therefore is 
extremely unlikely. 

A contrast enema may occasionally be required in patients 
with suspected sigmoid volvulus. A low-pressure barium enema 
performed without inflation of a rectal balloon should demon- 
strate smooth, tapered narrowing, or beaking, at the rectosig- 
moid junction with associated obstruction. 

Patients with sigmoid volvulus sometimes can be success- 
fiilly treated by placement of a rectal tube for decompression of 
the dilated sigmoid loop. Patients who have persistent sigmoid 
dilation despite rectal tube placement and those who develop 
recurrent sigmoid volvulus may require surgical resection of the 
sigmoid colon for definitive treatment of this condition. 

Cecal Volvulus 

The term cecal volvulus refers to a condition caused by a rota¬ 
tional twist of the right colon on its long axis associated with 
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Figure 12-6 Sigmoid volvulus. Supine abdominal radiograph in 
a patient with sigmoid volvulus shows a massively dilated loop of 
sigmoid colon extending superiorly into the right upper quadrant and 
elevating the right hemidiaphragm, with no gas seen in the rectum. 


mobility of the ascending colon, so the cecum flips into the 
midabdomen or left upper quadrant. Cecal volvulus can occur 
only when the right colon is incompletely fused to the posterior 
parietal peritoneum, an embryologic variant present in 10% to 
37% of adults. These patients have a persistent mesentery 
on the ascending colon and, because of its greater mobility, the 
ascending colon can twist on its mesentery, producing a volvu¬ 
lus. Nevertheless, it should be recognized that the vast majority 
of patients with this embryologic variant never develop cecal 
volvulus. The term cecal volvulus is actually a misnomer because 
the twist is distal to the ileocecal valve. Cecal volvulus is less 
common than sigmoid volvulus, accounting for 2% to 3% of 
all colonic obstructions and about one third of all cases of 
colonic volvulus. 

The characteristic findings of cecal volvulus, which are 
present on abdominal radiographs in about 75% of patients, 
consist of a markedly dilated, gas-filled cecum containing a 
single air-fluid level in an ectopic location (Fig. 12-7), usually 
with the cecal apex in the left upper quadrant. The medially 
placed ileocecal valve may produce a soft tissue indentation, so 
the gas-filled cecum has the appearance of a coffee bean or 
kidney. Usually, little gas is seen distally in the colon. If the 
ileocecal valve is incompetent, refluxed gas in the small bowel 
may erroneously suggest a small bowel obstruction. The diag- 
nosis may be confirmed by a contrast enema or abdominal CT 
scan showing the typical beaking at the point of the volvulus in 
the mid-ascending colon. 38 Cecal volvulus may occur in a 
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Figure 12-7 Cecal volvulus. 

A. Supine abdominal radiograph 
shows a markedly dilated viscus 
in the left upper quadrant, 
representing the obstructed 
cecum. Also note multiple loops 
of dilated small bowel. B. Upright 
radiograph shows the caput of 
the cecum superiorly (small thick 
arrows) and ileocecal valve (thin 
arrow), with a single air-fluid level 
in the dilated cecum. 



variety of settings, including colonoscopy, barium enema, 
obstructive lesions in the distal colon, and pregnancy. 39-41 

In 1938, Weinstein described a condition known as cecal 
bascule, which involved folding of the right colon without 
twisting, so the cecum occupied a position in the midabdo- 
men. 42 The term bascule is derived from bascula , the Latin word 
for “scale.” 1 The point at which the ascending colon is folded 
represents the fulcrum of the scale. This entity also requires a 
persistent mesentery on the ascending colon. 43 The concept of 
a cecal bascule was challenged by Johnson and colleagues, 25 who 
believed that these patients have a focal adynamic ileus of the 
cecum. Of their patients, 20% had cecal perforation. They 
emphasized that the duration of cecal distention was more 
important than cecal diameter in predicting impending perfo¬ 
ration. Whether cecal bascule represents an actual anatomic 
folding of the right colon or an adynamic ileus is not as impor¬ 
tant as the recognition that a dilated, ectopically located cecum 
may be a source of abdominal symptoms and potential cecal 
perforation. 

Cecal volvulus should be differentiated from a prolonged 
colonic ileus in bedridden patients with a persistent mesentery 
on the ascending colon because the anteriorly located cecum in 
these patients may become disproportionately dilated, mimick- 
ing the appearance of a cecal volvulus. This has been described 
as cecal pseudovolvulus. Unlike patients with true cecal volvu¬ 
lus, however, cecal pseudovolvulus is associated with diffuse 
colonic distention, so it is usually possible to differentiate these 
conditions on the basis of the radiographic Åndings. 

Transverse Colon Volvulus 

Volvulus of the transverse colon is an uncommon condition, 
accounting for only about 4% of all cases of colonic volvulus in 
the United States. 33 As with sigmoid volvulus, elongation of the 
transverse mesocolon and close approximation of the hepatic 


and splenic flexures may allow the transverse colon to twist on 
its mesenteric attachment. Failure of normal flxation of the 
mesentery may lead to increased mobility of the ascending 
colon and hepatic flexure, predisposing these patients to volvu¬ 
lus of the transverse colon. 44,45 Compression of the duodenoje- 
junal junction at the root of the mesentery may cause severe 
vomiting. Mortality rates as high as 33% have been reported in 
these individuals. 46 

Abdominal radiographs are usually not helpful for patients 
with volvulus of the transverse colon and may erroneously 
suggest sigmoid volvulus. A barium enema may confirm the 
diagnosis if it shows typical beaking and obstruction at the 
level of the transverse colon. Two separate air-fluid levels can 
sometimes be seen in the dilated transverse colon, a Ånding 
that helps differentiate volvulus of the transverse colon from 
cecal volvulus. 

Splenic Flexure Volvulus 

Splenic flexure volvulus is the least common type of colonic 
volvulus. Postoperative adhesions, chronic constipation, and 
congenital or postsurgical absence of the normal peritoneal 
attachments of the splenic flexure may predispose patients to 
this uncommon condition. 47 " 50 Abdominal radiographs may 
reveal a dilated, featureless, air-filled loop of bowel in the left 
upper quadrant that is separate from the stomach, with air-fluid 
levels in the transverse colon and cecum. When a splenic flexure 
volvulus is suspected, a single-contrast barium enema may be 
performed for a more definitive diagnosis. 

Appendicitis 

The development of acute appendicitis requires obliteration of 
the appendiceal lumen, usually by a concretion that may be 
visible on abdominal radiographs. The concretion has been 
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called a fecalith or coprolith, but the preferred term is appendi- 
colith. This concretion forms around a nidus such as a piece of 
vegetable matter. Inspissated feces and calcium salts may adhere 
to the nidus, so it eventually reaches a size that occludes the 
appendiceal lumen. Accumulation of mucus proximal to the 
obstruction may distend the appendix, causing inflammation, 
ischemia, and perforation. 

Some investigators believe that abdominal radiographs are 
of little value in patients with suspected appendicitis. 51 Nev- 
ertheless, such radiographs are frequently obtained as the first 
imaging study in patients presenting to the emergency room 
with right lower quadrant pain. 

MAJOR SIGNS OF APPENDICITIS 

Signs of appendicitis on abdominal radiographs include the 
following: 

Appendicolith. The presence of an appendicolith is the single 
most helpful sign of appendicitis on abdominal radiographs. 
Appendicoliths are fo und in about 10% of patients with acute 
appendicitis, typically appearing as round or ovoid calcified 
densities that are frequently laminated (Fig. 12-8). Most appen¬ 
dicoliths range from 1 to 2 cm in size, but some may be as large 
as 4 cm. 53 ' 56 They are usually in the right lower quadrant but 
can also be located in the pelvis or even in the right or left upper 
quadrant. The presence of an appendicolith has important 
implications for patients with appendicitis because it indicates 
a greater likelihood of superimposed perforation and abscess 
formation. 



Figure 12-8 Acute appendicitis with partial small bowel 
obstruction. Supine abdominal radiograph shows a laminated 
appendicolith ( arrows ) in a patient with appendicitis. Also note a 
paucity of bowel gas in this region and dilated small bowel more 
proximally because of associated small bowel obstruction. 


Abnormal Bowel Gas Pattern. About 25% of patients with 
appendicitis have an abnormal bowel gas pattern, usually an 
adynamic ileus, but occasionally a partial or even complete 
small bowel obstruction may be present (see Fig. 12-8). 5 An 
adynamic ileus occurs as a response to focal inflammation and 
may be localized to the right lower quadrant (also known as a 
sentinel ileus). Air-fluid levels in the jejunum have also been 
described in up to 50% of cases. 58 A dilated transverse colon 
may also be seen as an early sign of appendiceal perforation. 59 
Mechanical obstruction may occur if the terminal ileum is com- 
pressed by the appendix or narrowed by adhesive bands. 

Abnormal Cecum and Ascending Colon. Localized inflamma¬ 
tion and edema may cause thickening of the cecal wall and 
widening of haustral folds in this region. An air-fluid level may 
also be present in the cecum on upright or decubitus abdominal 
radiographs, but this finding is transient and nonspecific. 

Extraluminal Soft Tissue Mass. A soft tissue mass can be 
found in up to one third of patients with perforation. It may be 
caused by some combination of edema, fluid, and abscess for¬ 
mation in the right lower quadrant. The presence of mottled or 
loculated extraluminal gas within this soft tissue mass should 
strongly suggest an abscess. 

Gas in the Appendix. This sign has been described as one of 
acute appendicitis, even though the pathophysiology of the 
disease would more likely result in an absence of appendiceal 
gas. 60 Usually, an air-filled appendix is a normal finding, simply 
reflecting the position of the appendix in relation to the cecum, 
because an ascending retrocecal appendix is more likely to 
contain gas. 61 

Free Intraperitoneal Air. A ruptured appendix rarely may lead 
to the development of a small amount of free intraperitoneal 
air. The obstructed appendiceal lumen prevents larger collec- 
tions of gas from escaping into the peritoneal cavity, except in 
the case of a ruptured gas-containing abscess. 62,63 

Obliteration of Normal Fat Planes. Inflammation and edema 
may alter the water content of surrounding fat and obscure the 
normal fat planes of the psoas muscle, obturator muscle, or 
properitoneal flank stripe. This finding is nonspecific and is 
usually associated with other signs of appendicitis on abdomi¬ 
nal radiographs. 

Scoliosis of the Lumbar Spine. Some patients with appendici¬ 
tis may develop a lumbar scoliosis as a result of splinting. This 
finding is nonspecific, however, and can be related to patient 
positioning. 

Surgeons have long believed that false-negative laparotomies 
are acceptable in some patients with right lower quadrant 
pain because of the serious, potentially life-threatening com- 
plications of untreated acute appendicitis. However, cross- 
sectional imaging studies such as CT and ultrasound have 
significantly improved the preoperative diagnosis of appen¬ 
dicitis (see Chapter 56). 

Toxic Megacolon 

Toxic megacolon, or toxic dilation of the colon, may be diag- 
nosed on the basis of a dilated colon on abdominal radiographs 
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in patients with fever, tachycardia, and hypotension. Toxic 
megacolon is traditionally associated with ulcerative colitis, 
but it can also occur in patients with granulomatous colitis, 
amebiasis, cholera, pseudomembranous colitis, cytomegalovi- 
rus colitis, and ischemic colitis. Toxic megacolon develops in 
5% to 10% of patients with ulcerative colitis, but in only 2% to 
4% of patients with granulomatous colitis. 64 ' 67 The duration of 
the underlying disease has no relationship to the development 
of toxic megacolon. In faet, 70% of patients with toxic mega¬ 
colon develop this complication during their first episode 
of colitis. 

When toxic megacolon is suspected on clinical grounds, it is 
important to assess not only the degree of colonic dilation on 
abdominal radiographs, but also the appearance of the colonic 
mueosa outlined by air and the presence or absence of free 
intraperitoneal air. In general, the transverse and ascending 
portions of the colon tend to become disproportionately dilated, 
but this is more a reflection of their anterior position within 
the abdomen or their underlying capacity to dilate than of a 
greater predisposition to disease. 68 The upper limit of normal 
for the diameter of the transverse colon is about 6 cm, whereas 
the diameter of the transverse colon typically ranges from 6 to 
15 cm in patients with toxic megacolon (Fig. 12-9). 69 A nodular 
mueosa may be visible in the dilated transverse colon as a result 
of inflammatory pseudopolyps in patients with ulcerative colitis 
(see Fig. 12-9). 70 

Colonic perforation occurs in 30% to 50% of patients 
with toxic megacolon and is associated with a high mortality 
rate. 66,71 Thus, a delayed diagnosis of toxic megacolon on 



Figure 12-9 Toxic megacolon. There is marked colonic distention 
in a patient with ulcerative colitis and toxic megacolon. Note the 
nodular mucosal contour ( arrows) in the transverse colon. 


abdominal radiographs may have disastrous consequences for 
these individuals. An inereased amount of gas in the small 
bowel in patients with severe colitis has also been associated 
with an inereased likelihood of developing this condition. 7 

The diagnosis of toxic megacolon usually is made based on 
a combination of the clinical and plain film findings, so a con- 
trast enema does not need to be performed in these patients. 
Although some patients with suspected toxic megacolon have 
undergone barium enemas, most authors believe that such 
examinations are contraindicated because of the risk of perfo¬ 
ration. 7 " When toxic megacolon is suspected, CT may be per¬ 
formed to depict the underlying colitis and detect life-threatening 
complications such as colonic perforation. 74 

Pneumoperitoneum 

The presence of free intraperitoneal air (also known as pneu¬ 
moperitoneum) is an important radiographic observation that 
usually indicates bowel perforation in patients with an acute 
abdomen. A classic experimental study by Miller and Nelson 
showed that as little as 1 mL of free air can be detected below 
the right hemidiaphragm on properly exposed upright chest 
radiographs. 75 They emphasized the importance of placing the 
patient in the left lateral decubitus position for 15 to 20 minutes 
before obtaining a radiograph with the patient in an upright 
position to maximize the possibility of detecting small amounts 
of free air. Radiographs obtained in midinspiration or midex- 
piration are even more likely to reveal subtle findings of pneu¬ 
moperitoneum. 76 Chest radiographs obtained with the patient 
in an upright position are ideal for demonstrating free air 
because the x-ray beam strikes the diaphragms tangentially at 
their highest point. A posteroanterior view is usually obtained, 
but a lateral view of the chest may be even more sensitive. 
Although properly performed upright chest radiographs are 
extremely sensitive for detecting pneumoperitoneum, abdomi¬ 
nal CT has been shown to be even more sensitive for detecting 
tiny amounts of free air in patients with acute trauma. 8 

In contrast, upright abdominal radiographs result in an 
oblique view of the hemidiaphragms that may obscure free air 
because the x-ray beam is centered more inferiorly. Left lateral 
decubitus views of the abdomen are better for detecting small 
amounts of free air interposed between the free edge of the 
liver and lateral wall of the peritoneal cavity. Care should be 
taken to include the upper abdomen, because air rises to the 
highest point in the abdomen, which frequently is beneath the 
lower ribs. Radiographs obtained with the patient in the right 
lateral decubitus position can also be helpful, but gas in the 
stomach or colon may obscure small amounts of free air. A 
cross-table lateral view of the abdomen with the patient in a 
supine position may demonstrate free air in those who are 
physically unable to roil onto their sides. Not surprisingly, 
CT also is more sensitive in detecting free air than left lateral 
decubitus radiographs. 9 

Upright or left lateral decubitus abdominal radiographs are 
based on the principle that air rises to the highest point in 
the peritoneal cavity. If, however, horizontal beam views cannot 
be obtained in patients who are too sick or debilitated to 
stand or lie on their side, the radiologist must be able to 
recognize indirect signs of free intraperitoneal air on supine 
abdominal radiographs. In one study, one or more signs of 
pneumoperitoneum were present on these radiographs in 59% 
of patients. 80 
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MAJOR SIGNS OF FREE AIR 

Major signs of free air on supine abdominal radiographs include 
the following: 

Rigler’s Sign. Gas normally outlines only the luminal surface 
of the bowel. Gas on both sides of the bowel, however, may 
outline the bowel wall as a thin linear stripe (Fig. 12-1 OA). Since 
its original description by Rigler in 1941, 81 this sign has been 
recognized as an important finding of pneumoperitoneum, but 
a moderate amount of free air must be present in the abdomen. 
Extraluminal air trapped between adjacent loops of bowel may 
also have a characteristic triangular appearance in patients with 
pneumoperitoneum (Fig. 12-1 OB). Overlapping loops of small 
bowel in the central abdomen can mimic Rigler’s sign, so it is 
helpful to evaluate the periphery of the radiograph. A pseudo- 
Rigler’s sign may also result from Mach bands, a phenomenon 
in which there is the perception of a line at the interface between 
two areas of differing density (e.g., gas and soft tissue). However, 
the perceived line has almost no discernable thickness, whereas 
the bowel wall has a measurable thickness of 1 mm or more in 
patients with a true Rigler’s sign. 80 Still other patients may have 
a pseudo-Rigler’s sign caused by faint residual oral contrast 
material (usually from recent abdominal CT) coating the 
luminal surface of the bowel, so the increased density of the wall 
creates the erroneous impression that gas is present on both 
sides of the wall. 

Increased Lucency in the Right Upper Quadrant. Air accu- 
mulating superiorly in the free space between the anterior 
aspect of the liver and the abdominal wall may cause increased 
lucency in the right upper quadrant (Fig. 12-11A). Depending 
on the habitus of the patient, the lateral border of the air col- 
lection may be linear. Small collections of air may be seen as 
subtle rounded lucencies overlying the liver. 82 Linear collections 
of gas may also be seen in the subhepatic space, although the 
latter finding must be differentiated from subhepatic fat. 

Visualization of the Undersurface of the Diaphragm. Air 

may be trapped anteriorly in the cupola of the diaphragm, 
permitting visualization of the undersurface of the central 
portion of the diaphragm or diaphragmatic muscle slips later¬ 
ally. These findings depend on the amount of air present and 
on the orientation of the diaphragm. 83,84 


Air in Morison’s Pouch (Posterior Hepatorenal Space). Mori- 
son’s pouch is an intraperitoneal recess bounded anteriorly by 
the liver and posteriorly by the right kidney. In the supine 
position, fluid may gravitate to this space. Air escaping from 
a perforated viscus may become loculated in this space because 
of surrounding inflammation. Air in Morison’s pouch is char- 
acterized radiographically by a linear or triangular collection 
of gas in the medial aspect of the right upper quadrant outside 
the expected location of the bowel (Fig. 12-1 IB). 85 ' 87 The gall- 
bladder may also be visualized. 88 

Outline of the Normal Peritoneal Ligaments. Larger amounts 
of free air may occasionally outline the falciform ligament (Fig. 
12-1 IC) or extrahepatic segment of the ligamentum teres in the 
right upper quadrant, the lateral umbilical ligaments (inverted 
V sign) in the lower abdomen, and the urachus. 89-92 

Foothall Sign. Originally described by Miller in infants, this 
sign is caused by a large amount of free air Alling the oval¬ 
shaped peritoneal cavity, resembling an American football. 93 
Occasionally, this sign may be seen in adults. 

Air in the Lesser Sac of the Peritoneal Cavity. Intraperitoneal 
air that traverses the foramen of Winslow may become trapped 
in the lesser sac. Such gas may be manifested by an ill-defined 
lucency above the lesser curvature of the stomach. 94 

The presence of pneumoperitoneum does not always indi- 
cate an acute abdominal condition. Various causes of free air 
are listed in Table 12-1. 

Pneumoretroperitoneum 

Gas that enters the retroperitoneal spaces (also known as pneu¬ 
moretroperitoneum) can usually be distinguished from intra¬ 
peritoneal gas. Because retroperitoneal gas is bound by fascial 
planes, it tends to collect in a linear fashion along the margins 
of the kidneys and psoas muscles and along the medial under¬ 
surface of the diaphragms (Fig. 12-12). Meyers has described 
the various pathways in which retroperitoneal gas can travel. 95 
Perforation of the retroperitoneal portions of the intestines, 
such as the duodenum, ascending and descending colon, and 
rectum, usually accounts for this finding. In patients with 
sigmoid diverticulitis, gas can extend laterally along the leff 
margin of the psoas muscle or, if the perforation involves the 



Figure 12-10 
Pneumoperitoneum with 
Rigler # s sign. A. Close-up view 
of the right upper quadrant 
in a patient with massive 
pneumoperitoneum shows a 
sharp liver edge (white arrows) 
with air outlining both sides of 
the bowel wall (black arrows). 

B. Extraluminal air trapped 
between adjacent loops of bowel 
has a characteristic triangular 
configuration (arrows). 
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Figure 12-11 Other signs of 
pneumoperitoneum on supine abdominal 
radiographs. A. Increased radiolucency ( arrows) 
is seen in the right upper quadrant. This finding 
is caused by air interposed between the anterior 
abdominal wall and the liver. B. Air collecting in 
Morison's pouch is seen as a triangular 
collection of gas in the medial aspect of the 
right upper quadrant (arrows). C. Air outlines the 
falciform ligament as a thin, vertically oriented 
density in the right upper quadrant (arrows). 


Causes of Pneumoperitoneum 


BOWEL 

Perforation of benign ulcer 
Perforation of neoplasm 
Perforation of appendix 
Jejunal diverticulitis 
Diverticulitis of sigmoid colon 
Pneumatosis cystoides intestinalis 
Pneumatosis coli 
Foreign body perforation 

TRAUMA 

Abdominal surgery 
Anastomotic leak 
Peritoneal tap 
Endoscopy or biopsy 
Penetrating injury 

Percutaneous endoscopic gastrostomy 

FEMALE GENITAL TRACT 

Rubin test 

Sexual intercourse or cunnilingus 
Pelvic examination 

Athletic activities such as water skiing 


root of the sigmoid mesocolon, along both margins of the psoas 
muscle. 

The location of retroperitoneal gas may provide a clue to its 
site of origin. Gas escaping from duodenal perforations tends 
to be confmed to the right anterior pararenal Space. Gas may 
also extend medially across the anterior aspect of the psoas 
muscle, sparing its lateral margin. Less commonly, gas may 
enter the perirenal space and outline the right kidney. Duodenal 
ulcers, iatrogenic duodenal injuries, and blunt abdominal 
trauma are all possible causes of perforation of the extraperito- 
neal portion of the duodenum. 96 

Gas from a rectal perforation may be confined to the peri- 
rectal space or may extend into the anterior and posterior ret¬ 
roperitoneal spaces and even superiorly into the mediastinum. 97 
Iatrogenic trauma is a common cause of rectal perforation. 
Radiologists should always be aware of the potential risk of rectal 
perforation when insufflating aballoon during barium enemas. 98 

Pneumobilia 

Gas in the bile duets, or pneumobilia , is characterized radio- 
graphically by thin, branching, tubular areas of lucency in the 
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Figure 12-12 Retroperitoneal air in a patient with retroperitoneal perforation after endoscopy. A. Retroperitoneal air is manifested by 
linear gas collections ( arrows ) dissecting along the right margin of the psoas muscle in the upper retroperitoneum to the undersurface of the 
medial aspect of the right hemidiaphragm. B. CT confirms the retroperitoneal location of this extraluminal air (arrows). (Courtesy Laura R. 
Carucci, MD, Richmond, VA.) 



Figure 12-13 Pneumobilia. Air is seen collecting centrally in the 
biliary tree ( arrows ) in a patient who had a choledochojejunostomy. 


central portion of the liver (Fig. 12-13). This central location is 
explained by the flow of bile from the periphery of the liver 
toward the porta hepatis. 

Pneumobilia almost always results from some type of com- 
munication between the bile duets and intestine. One of the 
most common causes is a surgically created biliary enteric fistula 
such as a choledochojejunostomy or cholecystojejunostomy 
(see Fig. 12-13). The most common nonsurgical cause of a 
choledochoduodenal fistula is a penetrating duodenal ulcer," 
and the most common nonsurgical cause of a cholecystoduo¬ 
denal fistula is a gallstone eroding into the duodenum. In some 
patients with a cholecysto duodenal fistula, a patent cystic duet 
may allow air to enter the intrahepatic bile duets."" If the 
ectopic gallstone is 2.5 cm or larger in diameter, it may obstruct 
the small bowel, usually at or near the ileocecal valve, and 
produce a so-called gallstone ileus; this is actually a misnomer 
because these patients have mechanical small bowel obstruction 
caused by a gallstone impacted in the distal ileum. The classic 


triad (also known as Rigler s triad) of air in the biliary tree, small 
bowel obstruction, and an ectopic calcified gallstone is almost 
diagnostic of gallstone ileus on abdominal radiographs. 102 An 
incompetent sphineter of Oddi, recent sphineterotomy or 
sphincteroplasty, anomalous insertions of the biliary tree, recent 
passage of a common duet stone, and infestation of the biliary 
tract by Ascaris are other causes of pneumobilia. 103,104 

The radiographic appearance of pneumobilia is sufficiently 
characteristic to allow a confident diagnosis on the basis of the 
Åndings on abdominal radiographs. Occasionally, periportal fat 
or fat around the ligamentum teres hepatis may be manifested 
by a faint lucency over the liver, but its appearance is different 
from that of pneumobilia. 105,106 The most important consider- 
ation in the differential diagnosis of pneumobilia is the presence 
of gas in the portal venous system (see later, “Portal Venous 
Gas”). 

Portal Venous Gas 

Portal venous gas was originally described in adults by Susman 
and Senturia in 1960. This ominous radiographic Ånding is 
manifested by thin, branching, tubular areas of lucency that 
occupy the periphery of the liver and extend almost to the liver 
surface (Fig. 12-14). The peripheral location of the gas reflects 
the hepatopetal flow of biood in the portal venous system away 
from the porta hepatis. In advanced cases, air can be seen out- 
lining the more centrally located main portal vein, but this 
fmding is less common. A left lateral decubitus radiograph of 
the abdomen may facilitate visualization of portal venous gas. 
Unless the gas has been introduced iatrogenically by vascular 
catheterization, endoscopic manipulation, or other iatrogenic 
causes, the source of the gas is almost invariably the intestine. 
Intraluminal intestinal air can breach a damaged mueosa, enter 
the bloodstream, and eventually reach the portal venous system 
of the liver. 

The most important cause of portal venous gas is intestinal 
ischemia or infaretion. In adults with ischemic bowel disease, 
death often occurs shortly after portal venous gas has been 
observed. 108,109 The fmding of portal venous gas should there- 
fore lead to a careful search for gas in the wall of the bowel 
caused by intestinal infaretion (see later, “Intramural Gas”). 

Portal venous gas may occasionally have benign causes. Dik¬ 
tion of the stomach and small bowel may allow air to enter the 
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Figure 12-14 Portal venous gas. Tiny, branching gas collections 
( arrows ) are seen extending toward the periphery of the liver. 


intestinal mucosa, eventually reaching the liver. 110 Nonfatal 
cases of portal venous gas have also been described in patients 
with diverticulitis and inflammatory bowel disease and in 
patients who have undergone a double-contrast barium enema 
or colonoscopy for inflammatory bowel disease. 111 ' 114 Traumatic 
injury to the common bile duet as a complication of endoscopic 
retrograde cholangiopancreatography (ERCP) and endoscopic 
sphineterotomy has also been reported as a benign cause of 
portal venous gas. 115 Portal venous gas has even been described 
as a transient finding on Doppler ultrasound during the early 
postoperative period after liver transplantation. 116 

Hepatic Arterial Gas 

Gas in the hepatic artery has been reported anecdotally in a 
patient in whom the hepatic artery was ligated for the treatment 
of an unresectable hepatic adenoma. 1 The smaller caliber of 
the hepatic artery and relative paucity of intrahepatic branches 
should differentiate this finding from portal venous gas. Hepatic 
arterial gas may be reported more frequently as the use of 
aggressive interventional radiographic techniques inereases for 
the treatment of hepatic neoplasms. 

Intramural Gas (Pneumatosis) 

Gastric emphysema is a relatively benign form of pneumatosis 
usually resulting from iatrogenic injury to the mucosa at endos- 
copy or inereased intraluminal pressure in the stomach associ- 
ated with gastric outlet obstruction. 118,119 This condition is 
characterized by linear collections of gas in the wall or stomach. 
In contrast, emphysematous gastritis is a rare fulminant variant 
of phlegmonous gastritis; hemolytic Streptococcus is the most 
commonly implicated organism. 120,121 Underlying causes of 
this life-threatening condition include ingestion of caustic sub- 
stances, severe gastroenteritis, and gastroduodenal surgery that 



Figure 12-15 Infarcted bowel with intramural gas. Linear gas 
collections ( arrows ) are seen in the wall of several dilated small bowel 
loops in a patient with bowel infaretion. 


compromises the vascular supply of the stomach. 120,121 Emphy¬ 
sematous gastritis is characterized by cystic, bubbly collections 
of gas in the gastric wall that have a very different appearance 
than that of the linear intramural collections seen in gastric 
emphysema. 

Gas in the wall of the small bowel, which is termed pneuma¬ 
tosis intestinalis, is characterized by two radiographic patterns— 
a bubbly appearance or thin, linear streaks of gas. 122 The bubbly 
appearance of intramural gas is easily mimicked by fecal mate- 
rial within the colon. In patients with this form of pneumatosis, 
close inspection may reveal small bubbles of gas outside the 
confines of the bowel, leading to the correct diagnosis. In con¬ 
trast, linear gas collections tend to be more readily apparent and 
should always be considered an important finding on abdomi¬ 
nal radiographs, regardless of their location (Fig. 12-15). In 
combination with portal venous gas (see earlier, “Portal Venous 
Gas”), linear gas collections in the intestinal wall are almost 
always a sign of bowel infaretion in adult patients. 123 Other 
fmdings of bowel ischemia or infaretion on abdominal radio¬ 
graphs include dilation of bowel and nodular thickening or 
thumbprinting of the bowel wall. CT may also reveal character- 
istic fmdings in patients with bowel ischemia or infaretion. 124,125 
Pneumatosis is particularly well shown by CT, but does not 
always indicate infaretion of the bowel unless the pneumatosis 
is associated with portomesenteric venous gas. 126 The linear 
pattern of pneumatosis identified on CT is more likely to be 
associated with transmural bowel infaretion than the bubbly 
pattern. 127 

Pneumatosis cystoides intestinalis and pneumatosis coli are 
rare benign conditions characterized by multiple gas-filled cysts 
or blebs in the wall of the small bowel and colon, respectively. 
The cysts appear radio gr aphically as grapelike clusters of gas, 
usually segmental in distribution (Fig. 12-16). These cystic col¬ 
lections may protrude into the bowel lumen, giving the small 
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bowel or colon a scalloped appearance on barium studies. In 
the large intestine, the left colon tends to be involved more 
frequently than the right colon. Despite the dramatic radio- 
graphic tindings, affected individuals may have mild abdominal 
pain or may even be asymptomatic. The cysts often resolve 
spontaneously, but oxygen inhalation therapy has been used to 
facilitate resolution of these lesions. 



Figure 12-16 Pneumatosis coli. Multiple rounded, grapelike 
collections of gas ( arrows ) are seen in the wall of the sigmoid colon in 
a patient with benign pneumatosis coli. 


Abscesses 

Although CT is the most definitive radiologic test for diagnos- 
ing abscesses, abdominal radiographs may also be helpful for 
these patients. 120,131,132 An abscess may be manifested by an 
extraluminal soft tissue mass that displaces adjacent bowel or 
by an extraluminal collection of gas. The most characteristic 
finding on abdominal radiographs is a mottled or bubbly gas 
collection within the abscess (Fig. 12-17A). Other patients may 
have a single rounded or ovoid collection of gas with an air- 
fluid level on horizontal beam views. Fecal material can mimic 
the appearance of a mottled gas collection but usually is distin- 
guished by its location within the colon. A gastric or small 
bowel bezoar can also mimic an abscess. 

Infections of any intra-abdominal or retroperitoneal struc- 
ture can result in the production of gas. Correlation of a linear 
or bubbly gas collection with knowledge of the anatomy is 
usually sufficient to localize the structure involved. The abdom¬ 
inal radiograph may be the initial study to suggest a gas- 
forming process, but CT is generally more useful in assessing 
the extent of disease and cause of the underlying pathology 
(Fig. 12-17B). 133 

Normal Soft Tissue Structures 

The ability to discern the edge of intra-abdominal organs on 
abdominal radiographs obtained with the patient in a supine 
position depends on the differences in x-ray attenuation 
between water density, fat density, and air. Intraperitoneal and 
retroperitoneal fat are present in varying degrees in even the 
thinnest patients. The liver, spleen, kidneys, psoas muscles, and 
urinary biadder can often be readily demonstrated because of 
surrounding fat (Fig. 12-18). In patients with sufficient fat, the 
serosal surface of the stomach may also appear as a faint edge. 
This subtle radiographic observation should not be confused 
with the much more distinet appearance of the serosa when it 
is outlined by air in patients with pneumoperitoneum. Fluid- 
filled loops of small and large bowel may also appear as tubular 
densities on a backdrop of abdominal fat. Recognition of organs 
is important because an abnormal contour or size of these 
organs may be the first indication of intra-abdominal disease. 

Figure 12-17 Lesser sac abscess secondary to 
panereatitis. A. A mottled collection of gas 
( arrows ) is present in the left upper abdomen. 

B. CT shows gas and fluid ( arrows ) in the abscess 
cavity in a patient with panereatitis. 
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Soft Tissue Abnormalities 

LIVER 

Liver size was estimated on abdominal radiographs by Pfahler 
as early as 1926. 134 Measurements of the liver on upright 
abdominal radiographs have been found to be reliable in detect- 
ing hepatomegaly. 135 The inferior tip of the liver usually does 
not extend below the iliac crest, except in asthenic individuals. 
Generalized hepatic enlargement tends to displace the hepatic 
flexure and transverse colon inferiorly and the stomach to the 
left (Fig. 12-19). O ther signs of hepatic enlargement include the 
following: (1) extension of the inferior edge of the liver beyond 



Figure 12-18 Normal soft tissue planes outlined by fat. The liver 
edge (large white arrows), left renal outline (small white arrows), 
margins of the psoas muscles (small black arrows), and splenic tip 
(large black arrow) can be identified. 


the right margin of the psoas muscle; (2) displacement of the 
duodenal bulb below the L2 vertebral body or to the left of the 
midline; (3) inferior displacement of the right kidney; (4) 
enlargement or marked rounding of the hepatic angle; (5) ele¬ 
vation of the right hemidiaphragm, with decreased motion on 
respiration; (6) inferior or lateral displacement of the stomach 
with left lobe enlargement; and (7) anterior displacement of 
the duodenal bulb on lateral radiographs with caudate lobe 
enlargement. 136 139 A small liver may result in reversal of some 
of these Åndings, with the right kidney higher than the left, the 
stomach displaced upward and to the right, and the duodenal 
bulb displaced above the level of the right 12th rib. 

SPLEEN 

Brogdon and Cros have found that the inferior tip of the spleen 
can be seen on abdominal radiographs in 44% of patients who 
had no evidence of splenomegaly. 140 The superior margin of the 
spleen normally lies just beneath the left hemidiaphragm, and 
its lateral edge approximates the lateral abdominal wall. As the 
spleen increases in size, its tip extends inferiorly below the 12th 
rib (Fig. 12-20). Displacement of the splenic flexure of the colon 
is an uncommon Ånding because the splenic flexure usually lies 
anterior to the spleen. A markedly enlarged spleen may also 
displace the stomach medially and anteriorly. 

KIDNEYS 

Because of surrounding fat, the renal outlines are visible on 
most abdominal radiographs. Moel studied 100 men and 100 
women from 20 to 49 years of age and found that the average 
renal length on abdominal radiographs was 13.0 cm for men 
and 12.5 cm for women. 141 Estimates of renal size must also take 
into account the foreshortening of the kidney that occurs 
because of angulation of this structure in normal individuals. 
Because of its retroperitoneal location, an enlarged kidney does 
not displace intra-abdominal organs, except in extreme cases. 
Renal cysts or tumors that produce contour abnormalities in 
the kidney may be readily apparent. 
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OTHER STRUCTURES 

Retroperitoneal fat and intraperitoneal fat that permit visualiza- 
tion of adjacent water-density organs are helpful for evaluating 
contiguous pathologic processes in the abdomen. Surrounding 
inflammation may cause the fat to become edematous, so it 
takes in more water and approximates soft tissue density, thus 
obliterating contiguous planes. These changes are exemplified 
in patients with appendicitis because the normal margin of the 
psoas muscle and properitoneal fat planes demarcating the 



Figure 12-20 Splenomegaly. Supine abdominal radiograph shows 
marked splenic enlargement ( arrows ) with displacement of bowel 
inferiorly. 


internal oblique, external oblique, and transversalis muscles of 
the abdomen may be obliterated. Although loss of these fat 
planes is an important sign of inflammation, it seldom occurs 
as an isolated finding, so it should be interpreted with caution 
and in conjunction with other signs of abdominal disease. 

ASCITES 

Because of the widespread use of abdominal CT and ultra- 
sound, less emphasis is now placed on the Åndings of ascites on 
abdominal radiographs. It is still important to recognize these 
signs, however, because abdominal radiography is frequently 
one of the first imaging studies performed in patients with 
abdominal distention. In general, only large amounts of ascites 
can be identified on abdominal radiographs (Fig. 12-21). 

Major Signs o f Ascites 

Major signs of ascites on abdominal radiographs include the 
following: 

Obliteration of the Inferior Edge of the Liver. This sign can 
be extremely helpful (see Fig. 12-21A). Proper technique with 
the use of low kilovoltage is essential. The liver edge may be 
preserved in patients with loculated ascites, and excessive feces 
in the hepatic flexure of the colon may falsely obliterate the liver 
edge. 142 

Widening of the Distance Between the Flank Stripe and 
Ascending Colon. This distance is normally 2 to 3 mm, but 
may increase as fluid hils the right paracolic gutter. 

Medial Displacement of the Lateral Edge of the Liver 
(Hellmer’s Sign). This finding usually requires a large amount 
of ascites and is more common with malignant ascites than with 
cirrhosis, probably because the fat content of the cirrhotic liver 
approximates the density of ascites. 143 

Fluid Accumulation in the Pelvis. Intraperitoneal fluid tends 
to accumulate in the most inferior intraperitoneal recess, also 
known as the pouch of Douglas or cul de sac. A distended 


Figure 12-21 Ascites. A. The normal liver edge is 
obscured. The bowel loops are centrally located in the 
abdomen, and there is separation of bowel loops. B. CT 
confirms the presence of perihepatic ascites. 
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biadder or rectum may impress centrally on this fluid, causing 
symmetric bulges that have been described as dog ears. 

Separation of Bowel Loops. This sign is seldom seen as an 
isolated finding and requires a large amount of ascites (see Fig. 
12-21A). It can easily be mimicked by a disproportionately large 
amount of fluid and smaller amount of air in juxtaposed bowel 
loops. 
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The abdomen is a closely packed space containing numerous 
conduits and organs related to each other in a complex spatial 
arrangement. Each of these structures is subject to a unique 
range of diseases, all having specific causes and characteristic 
manifestations. However, the Spectrum of Åndings on abdomi¬ 
nal radiographs is surprisingly limited. Important signs include 
displacement, enlargement, or atrophy of organs, distention of 
bowel, extraluminal gas, and calcification in parenchymal and 
supporting tissues. In many cases, the pattern of calcium depo¬ 
sition is the most informative and distinctive radiographic 
finding. 

Calcification may occur in the wall of biood vessels or other 
conduits, the lumen of hollow structures, and the solid sub- 
stance of viscera or neoplasms. Despite the variety of causes of 
abdominal calcification, a systematic evaluation of the morpho- 
logic features, location, and mobility of an abnormal opacity 
usually narrows the diagnostic considerations to just a few likely 
possibilities. In many cases, analysis of the appearance of an 
abdominal calcification on abdominal radiographs provides 
sufficient information for an unequivocal diagnosis without 
need for additional examinations. In other cases, careful assess- 
ment of the morphology, location, and mobility of an abdomi¬ 
nal calcification helps focus the choice and sequence of 
subsequent imaging examinations. 

Physiology 

The precipitation of calcareous substances requires an alkaline 
medium and high local concentrations of ionic calcium. The 
term metastatic calcification refers to the deposition of calcium 
salts in normal tissues as the result of hypercalcemia and 
an elevated pH. Although the stomach and kidneys are the 
most frequent sites of metastatic calcification in the abdomen, 
the degree of parenchymal opacification in these organs is 
usually too faint to be detected on abdominal radiographs. 
The most common cause of radiographically detectable meta¬ 
static calcification is chronic renal failure with secondary 


hyperparathyroidism. 1 As a result of this pathologic process, 
diffuse opacification of the kidneys is often accompanied by 
osteomalacia or osteoporosis. 

The term dystrophic calcification refers to a phenomenon, 
far more frequent than metastatic calcification, that occurs 
despite normal serum levels of calcium. Dystrophic calcifica¬ 
tion may be caused by trauma, ischemia, infarction, or other 
pathologic processes, resulting in a predisposition to calcium 
deposition. In some tumors, the rapid breakdown of lipids 
releases fatty acids that bind calcium with particular avidity. 
Mucin-producing adenocarcinomas of the gastrointestinal 
(GI) tract possess a glycoprotein similar in Chemical con- 
figuration to cartilage and share with it an affinity for cal¬ 
cium aggregation. 2 Although some structures in the abdomen 
have a propensity for dystrophic calcification, the mecha- 
nisms and kinetics of calcium deposition have not been fully 
elucidated. 

Some devitalized or degenerative tissues are also associ- 
ated with new bone formation. However, ossification is less 
common than dystrophic calcification. Calcified osteoid 
may be found as an isolated finding, or it may coexist 
with adjacent areas of calcium deposition that lack the his- 
tologic structure of bone. In either case, local tissue 
damage appears to be the precipitating factor. Ossification 
may occur in ovarian or retroperitoneal ter atomas (Fig. 
13-1), abdominal scars, particularly after gastric surgery or 
suprapubic biadder catheterization and, rarely, colonic and 
retroperitoneal neoplasms. 

Papillary serous cystadenocarcinomas of the ovary often 
contain a distinctive form of calcification characterized by a 
psammomatous or cloudlike opacity attributable to intracel- 
lular deposition of calcium salts in the lesion (Fig. 13-2). 3 In 
contrast, dystrophic calcification associated with other meta¬ 
static tumors is caused by extracellular precipitation of calcium 
salts. Psammomatous and dystrophic calcification may be man¬ 
ifested by amorphous, poorly outlined areas of increased 
density. When this finding occurs, the distribution of calcified 
metastases may narrow the differential diagnosis, sometimes 
leading to an unequivocal diagnosis. 

Morphology 

The recognition of specific abdominal calcifications has been 
aided by the attribution of vivid descriptive names to particular 
radiopacities. For example, a “staghorn calculus” is a large, 
branching opacity in the renal pelvis. Such appellations are 
highly evocative and easily remembered; however, they do not 
help generate a differential diagnosis from among the many 
causes of abdominal calcification. Unfortunately, most surveys 
of abdominal calcification have relied primarily on such descrip¬ 
tive designations and have failed to emphasize diagnostic fea¬ 
tures that might help organize the various opacities into 
categories with shared character istics. 
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In this chapter, a logical scheme is presented for classifying 
almost all abdominal calcifications. They may be distinguished 
radiographically on the basis of various morphologic features, 
including contour, border, sharpness, marginal continuity, and 
internal architecture. Consideration of these features permits a 
grouping of calcifications into one of four classes: (1) concre- 



Figure 13-1 Retroperitoneal teratoma. Both teeth ( arrows ) and 
bone ( arrowhead) are visualized. Note the cortex and trabecula in the 
disordered pattern of ossification. 



Figure 13-2 Ovarian papillary serous cystadenocarcinoma. 

Patches of psammomatous calcification ( arrow ) are seen in the left 
abdomen in an intraperitoneal metastasis. 


tions; (2) conduit wall calcification; (3) cystic calcification; 
and (4) solid mass calcification. In the following sections, the 
distinguishing features of each class are discussed in detail. 
Potential pitfalls and notable exceptions are also considered. 

CONCRETIONS 

Concretions are precipitates removed from solution in a liquid 
medium inside a vessel or hollow viscus. They often contain a 
central nidus, composed of an insoluble substance such as an 
inorganic foreign body, ingested vegetable matter, thrombus, or 
focal collection of pus and cellular debris. In pelvic veins and 
in the GI and genitourinary tracts, concretions are likely to 
calcify. They can be brightly or faintly opaque; the radiographic 
density depends on the size of the opacity and amount of 
calcium per unit volume. Concretions do not have a common 
shape. Biliary calculi are usually oval or rounded, whereas gall- 
stones are often faceted (Fig. 13-3). Ureteral and pancreatic 
stones often have jagged edges, but in hollow viscera such as the 
urinary biadder and gallbladder, the concretions usually have 
smooth margins. 

A sharply defined, continuous external margin is a unifying 
feature of concretions. Stones are almost always characterized 
by an uninterrupted edge of calcification throughout their 
entire perimeter, with no lucent gaps along the interface with 
the surrounding medium. This unique feature permits 



Figure 13-3 Biliary stones. Numerous stones are seen in the 
gallbladder ( straight white arrow), cystic duet ( black arrow), and 
common bile duet ( curved white arrow). Note how the stones have 
faceted margins. 
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Figure 13-4 Ovarian vein phleboliths. Numerous phleboliths, 
each having a central lucency, are located within a dilated right 
ovarian vein. 


differentiation of small stones with radiolucent centers from 
calcified vessels seen on end. The circumferential opacification 
of the perimeter of large stones also helps distinguish them 
from calcified cysts. 

Concretions may vary greatly in their internal architecture. 
A stone may be homogeneously dense, a pattern often encoun- 
tered in urinary calculi, or it may contain a slightly eccentric 
area of lucency, an appearance typical of phleboliths (Fig. 13-4). 
Concentric laminations are characteristic of gallstones, biadder 
concretions, and appendicoliths (Fig. 13-5). Each of these 
various internal configurations has a certain predictability and 
uniformity. A central lucency is often present. Stones seldom 
have a mottled, speckled, or patchy appearance. The deposition 
of calcium on only one surface of the stone is extremely rare. 

Unlike calcified solid lesions or cysts, which are pathologic 
tumefactions that distort or displace normal organs and sup- 
porting structures, stones tend to be confined within preexist- 
ing vessels or fluid-filled viscera. When multiple stones are 
present, they may outline the course of a hollow tube or the 
dimensions of a distensible reservoir. Concretions appearing 
outside expected anatomic locations are unusual, such as mul¬ 
tiple phleboliths in a hemangioma, ectopic gallstones in the 
distal small bowel in a patient with gallstone ileus, and appen¬ 
dicoliths from a ruptured appendix in the peritoneal cavity. 

CONDUIT WALL CALCIFICATION 

Conduits are fluid-conducting hollow tubes. In the abdomen, 
they include the ureter, urethra, vas deferens, pancreatic duets, 
bile duets, and vascular structures. The vast majority of 



Figure 13-5 Lamellated appendicolith. Note the continuous 
margin of calcification, parallel lamina, and small medial bulge along 
the edge of this concretion. 



Figure 13-6 Conduit wall calcification in the vas deferens. 

Marginal opacities are seen en face and in profile. 


conduit wall calcifications are located in the aorta and its 
branches. The tubular configuration characteristic of conduits 
is readily appreciated if the calcification is extensive and 
circumferential. When the vessel is parallel to the radiographic 
beam, a ringlike density is often observed (Fig. 13-6). In 
contrast to calculi, conduit wall calcifications often have gaps 
in the opaque ring. Because calcification in conduit walls is 
not uniform, alternating radiopaque and radiolucent areas 
may be seen along the course of the vessel. Internal radi- 
opacities are not a feature of conduit wall calcifications, so 
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Figure 13-7 Calcification of the renal arteries and their intrarenal 
branches. These opacities have the typical configuration of conduit 
wall calcification. 


the presence of central radiopaque areas brighter than the 
periphery of the agglomeration of a radiodensity should 
suggest another class of abdominal calcifications. Even when 
there is profuse mural calcification, the lateral walls of the 
conduit provide a longer path for the x-ray beam to traverse 
than the anterior or posterior walls, so they appear more 
opaque than the vessel wall oriented en face. As a result, a 
conduit wall calcification is usually manifest by parallel linear 
opacities when the vessel is aligned along the course of the 
x-ray beam or by a circle of radiopacity when the beam is 
directed perpendicular to the course of the conduit. A mar¬ 
ginal branching pattern may be observed at the bifurcation 
of the abdominal aorta or in the intrarenal arteries (Fig. 
13-7). Calcification of narrow-caliber vessels occasionally 
produces a stringlike appearance. In the female pelvis, cal¬ 
cification of the uterine artery may be evident by a horizontal 
or slightly undulating linear opacity or by a series of cur- 
vilinear stringlike densities. 

Conduit wall calcification is clearly distinguishable only if 
deposition of calcium is extensive. A single fleck of calcification 
can simulate a small calculus or even a thin piece of cortical 
bone, particularly in the renal pelvis. Conversely, the lateral 
margin of the transverse process of a lumbar vertebra can 
mimic calcification in the renal artery. However, the lateral 
margin of the transverse process has a vertical orientation, 
whereas the renal artery is oriented horizontally (see Fig. 13-7). 

Conduit wall calcification is usually found at the expected 
location of vessels. Thus, it is not seen at the lateral margin of 
the spleen or in other peripheral locations. As arteries become 
tortuous and dilated, however, their walls may eventually be 
displaced several centimeters or more from their expected loca¬ 
tion. Hence, the wall of a dilated calcified aorta may be seen to 
overlie the midline, or even to lie to the right of the spine on 
abdominal radiographs. 

CYSTIC CALCIFICATION 

Cystic calcification is characterized by the deposition of calcium 
in the wall of abnormal fluid-filled masses, a category encom- 
passing true epithelial cysts, pseudocysts, and aneurysmally 
dilated arteries. Despite the diversity of cystic structures in the 
abdomen, cystic calcification exhibits remarkably uniform 
radiographic findings. 

A cystic pattern of calcification is characterized by the pres¬ 
ence of a smooth arcuate rim of radiopacity in the wall of the 
cyst (Fig. 13-8). Although opacities may be present in cysts and 



Figure 13-8 Large echinococcus cyst in the liver. Note how the 
calcified wall of the cyst is flattened inferiorly. 


conduits, the calcified rims of almost all cysts have a larger 
diameter than those of most conduits. Unlike stones, this calci¬ 
fied rim is often incomplete, and in many cases only a small 
section of the wall contains radiographically visible calcium. 
Moreover, morphologically uncomplicated cysts have only a 
single encircling wall, so when calcified, they do not have a 
laminated appearance. Cysts need not be perfectly round; some 
can be compressed on one side, producing an ovoid configura¬ 
tion (see Fig. 13-8). 

The configuration of cysts depends on their location. They 
may displace and distort adjacent structures, or they themselves 
may be displaced by nearby solid organs or vessels. Usually, the 
differentiation of cystic calcification from the diffuse opacifica- 
tion of solid masses is not difficult. Nevertheless, solid uterine 
leiomyomas may contain curvilinear calcifications at their 
margins, mimicking the appearance of cystic calcification. 

Unlike concretions and conduit wall calcifications, which 
appear at expected locations, the cystic pattern of calcification 
may be found almost anywhere in the abdomen. Cystic calcifi¬ 
cation usually occurs in abdominal aortic aneurysms. It is gen¬ 
erally associated with conduit wall calcification in contiguous 
sections of the aorta and in the common iliac arteries. Cystic 
calcification may also occur in aneurysms of the splenic artery 
in the left upper quadrant. Also, cystic calcification is encoun- 
tered in a variety of urinary tract lesions, including aneurysms 
of the renal artery, echinococcus cysts, perirenal hematomas, 
multicystic kidneys, adrenal cysts, and renal carcinomas. Echi- 
nococcal cysts are the most common cause of cystic calcification 
in the liver, but a calcified gallbladder (i.e., a so-called porcelain 
gallbladder) may occasionally produce similar findings. 1 Other 
causes of cystic calcification in the lower abdomen include mes- 
enteric cysts, calcified appendiceal mucoceles, and calcified 
benign tumors of the ovary. 

SOLID MASS CALCIFICATION 

Of all the classes of abdominal calcification, solid mass 
calcification includes the greatest variety of pathologic 
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Figure 13-9 Calcified mesenteric nodes. Mottled interior and Figure 13-10 Calcified uterine leiomyomas. Two uterine fibroids 

slightly irregular margins are typical of lymph node calcification. are manifested by poorly defined, flocculent calcifications admixed 

with irregular lucencies. 


abnormalities. Solid masses may appear as mottled densities 
with scattered radiolucencies on a calcified background, an 
appearance typical of calcified mesenteric lymph nodes (Fig. 
13-9). A whorled configuration with incomplete bands and 
ares of calcification is a feature of uterine leiomyomas. Calci¬ 
fied leiomyomas may also be manifested by numerous floc¬ 
culent densities superimposed on a radiolucent background. 
Solid calcifications share the unifying feature of a nongeo- 
metric inner architecture and an irregular, often incomplete 
margin. 

Calcified solid masses can be located anywhere in the 
abdomen. Calcified mesenteric lymph nodes are usually found 
in middle-aged or older individuals who at one time in life were 
infeeted by tuberculosis, even if they are now purified protein 
derivative-negative and exhibit no other manifestations of the 
disease. They tend to be located in a broad arc along the course 
of the mesentery of the small bowel from the left upper quad- 
rant to the right lower quadrant of the abdomen. Multiple calci¬ 
fied nodes are often present, and individual nodes may vary 
widely in diameter. 

Uterine leiomyomas are the most common calcified solid 
masses in the female pelvis. Some patients have multiple leio¬ 
myomas that may become calcified as they grow to enormous 
sizes (Fig. 13-10). Although leiomyomas are usually located in 
the pelvis, they may occasionally be found almost anywhere in 
the abdomen (Fig. 13-11). 

All other types of solid mass calcification are mueh less 
common than calcified mesenteric lymph nodes or calcified 
uterine leiomyomas. A solid pattern of calcification may occa¬ 
sionally be found in adenomas, hamartomas, and carcinomas 
of the kidney as well as in tuberculous and chronic pyogenic 
abscesses of the kidney. Calcified pancreatic masses are rare and 
are usually associated with benign or malignant cystadenomas. 
Small, discretely outlined, calcified densities in the liver and 
spleen usually represent granulomas. In contradistinction, 
poorly defined radiopaque areas in the liver should be consid- 
ered an indication of calcified metastases from colonic carci- 
noma until proven otherwise. 



Figure 13-11 Multiple calcified leiomyomas. This patient has 
different patterns of calcification in leiomyomas extending from the 
pelvis to the midabdomen. 


DIFFICULTY IN CLASSIFICATION 

This classification scheme can be applied broadly to deter- 
mine the nature of most abdominal calcifications. However, 
some cannot be separated into one of the four classes. If 
the density is too faint to have a definite inner architecture 
or margin, morphologic analysis is not possible. In addition, 
if the calcification is extremely small, a concretion may be 
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Figure 13-12 Two calcification patterns in pancreatic lithiasis. A. A conglomerate of stones filling larger duets in the pancreatic head could 
be mistaken for calcification in conduits. B. Pancreatic stones can be seen throughout the panereas. Each stone is located within a duet, but the 
cumulative appearance suggests diffuse acinar opacification. 


difficult to distinguish from a solid opacity. Other calcifica- 
tions may have an appearance suggestive of more than one 
morphologic class. For example, a collection of pancreatic 
stones clustered together may resemble a solid mass, although 
the area of radiopacity actually represents innumerable intra- 
ductal concretions with irregular margins (Fig. 13-12). Thus, 
one must be aware of potential pitfalls in the classification 
of abdominal calcifications. Nevertheless, a specific abdomi¬ 
nal calcification can usually be classified into one of the 
four morphologic categories with a reasonable degree of 
confidence. 

Location 

The location of abdominal radiopacities also provides impor- 
tant clues about their identity. Most calcifications in the right 
upper quadrant are related to the gallbladder or right kidney. 
Gallstones are often multiple and are frequently laminated. 
Gallbladder wall calcification is mueh less common but can be 
clearly recognized by its marginal arcuate configuration. A 
transverse orientation and conduit morphologic features indi- 
cate calcification of the renal artery. Stones in the renal pelvis 
and ureters have a range of specific appearances and are ori¬ 
ented along the course of the urinary tract. 

In both upper quadrants, adrenal calcification may assume 
various forms, including the solid opacities of calcified granu- 
lomas and eggshell calcification of cysts and pheochromo- 
cytomas. Multiple calcifications Crossing the midline of the 
upper abdomen are character istic of pancreatic lithiasis. Cal¬ 
cified mesenteric lymph nodes may also cross the midline 
but are usually situated more inferiorly along an oblique 
path extending from the leff midabdomen to the right lower 
quadrant. 

Appendicoliths typically appear as a single or tight grouping 
of several laminated calcifications in the right lower quadrant. 
However, the appendix may be located anywhere between the 
lower pelvis and right upper quadrant, so the diagnosis of an 
appendicolith should not be exeluded simply because the con- 
cretion is found at a considerable distance from its expected 
location in the right iliae fossa. 

In the lower abdomen and pelvis, calcifications that appear 
as concretions should arouse suspicion of ureteral calculi; 


however, a small ureteral stone is often difficult to distinguish 
from a phlebolith on a single radiograph. Reference should 
therefore be made to previous or subsequent radiographs. 
Calculi may move freely within the ureteral lumen, whereas 
pelvic phleboliths are fixed in position unless displaced by 
an enlarging extraperitoneal mass. Biadder stones are usually 
readily recognizable by their location and configuration. 
Because of their protean manifestations, however, calcified 
uterine leiomyomas may be confused with other calcified 
lesions in the pelvis, such as ovarian tumors and mesenteric 
lymph nodes. Cystic teratomas of the ovary can frequently 
be recognized by the presence of teeth and bone, which are 
often accompanied by a large homogeneous lucency, indicat- 
ing fat within the tumor. 

Mobility 

The movement of abdominal calcifications, during a single 
examination or over a longer period, provides additional 
information that may lead to a specific diagnosis. Gravity, 
respiration, peristaltic activity, and growth of masses may all 
result in changes in location. Stones located in a fluid medium 
may undergo layering on abdominal radiographs obtained 
in upright or decubitus projections. Such manipulation of 
position may be helpful in the diagnosis of gallstones or of 
calculi in hydronephrotic sacs. Epiploic appendices that have 
become amputated or appendicoliths that lie free in the 
peritoneal cavity may exhibit a great range of movement on 
sequential radiographs. Whereas mesenteric nodes move 
slightly with positional changes, ovarian teratomas may move 
considerably as the biadder filis and empties (Fig. 13-13). 
Because of the effeets of peristalsis, stones in the lumen of 
the GI tract and pelvicaliceal system can migrate on succes¬ 
sive radiographs. Consideration of this migration is particularly 
important in diagnosing ectopic gallstones and in differen- 
tiating distal ureteral calculi from stones in pelvic veins (Fig. 
13-14). When images are obtained over a period of weeks 
or months, enlargement or shrinkage of abdominal masses 
may be recognized by the movement of calcifications or 
ossifications that lie within or adjacent to these lesions. Even 
pelvic phleboliths can be displaced by hematomas or other 
masses. 4 
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Figure 13-13 Mobility of ovarian dermoid. A. When the biadder is full, the tumor rises into the lower abdomen. B. When the biadder has 
been emptied, the calcified mass overlies the sacrum. 



Figure 13-14 Mobility of ureteral calculus. A. A phlebolith (arrow) and ureteral calculus ( arrowhead) are morphologically identical on the 
initial abdominal radiograph. B. However, the venous stone (arrow) maintains a fixed position, whereas the ureteral stone ( arrowhead) has 
migrated distally on a subsequent radiograph. 
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The pharynx is the crossroads of respiration, speech, and swal- 
lowing. During respiration, the pharynx is an active conduit for 
the passage of air from the nasopharynx to the laryngeal aditus. 
During speech, the pharynx functions as a resonating chamber, 
changing size and shape to alter sounds. During swallowing, the 
pharynx directs the bolus into the esophagus and prevents the 
bolus from entering the tracheobronchial tree. Disorders of the 
pharynx may therefore be manifested by respiratory, speech, or 
swallowing dysfunction. Patients may complain of dysphagia, 
odynophagia, choking, or a feeling of a lump in the throat not 
associated with swallowing (a globus sensation). Soft palate 
insufficiency may be suggested by nasal regurgitation or a nasal 
voice quality. Recurrent pneumonia, asthma, chronic bronchi- 
tis, or coughing may indicate pharyngeal dysfunction. In this 
chapter, the focus is on the anatomy of the pharynx as a basis 
for understanding structural and motility disorders. The neu- 
rologic anatomy necessary for understanding motility disorders 
is presented in Chapter 15. 

Anatomy 

LOCATION 

The pharynx is a funnel-shaped tube of skeletal muscle extend- 
ing from the cranial base to the lower margin of the cricoid 
cartilage (Fig. 14-1). The pharynx lies anterior to the vertebral 
bodies of the cervical spine, prevertebral muscles, and loose 
connective tissue of the retropharyngeal Space. 2 The pharynx 
is confmed laterally by the muscles of the neck, lateral portions 
of the hyoid bone and thyroid cartilage, and carotid sheath (Fig. 
14-2). The pharynx and larynx are intimately related (Fig 14-3), 
in embryologic origin and anatomically. The epiglottis and 


remainder of the supraglottis are of pharyngeal, not laryngeal 
origin. 

BASIC STRUCTURES AND MUCOSAL 
SURFACE PATTERNS 

The shape of the pharynx is determined by the underlying 
musculature, laryngeal cartilages, and supporting skeleton. 3 
Although the nasopharynx is primarily a respiratory tract struc- 
ture, certain nasopharyngeal structures participate in the act of 
swallowing. The eustachian tube connects the middle ear with 
the nasopharynx, allowing equilibration of air pressures on the 
internal and external aspects of the tympanic membrane during 
swallowing. 4 During breathing, however, the eustachian tube is 
closed. The eustachian tube cartilage bulges into the lateral 
nasopharyngeal wall at the torus tubarius. 5 A C-shaped promi- 
nence is seen radiographically near the torus tubarius (Fig. 
14-4). 6 The salpingopharyngeal fold overlying the salpingopha- 
ryngeal muscle courses inferiorly from the torus along the 
lateral pharyngeal wall to the level of the soft palate. 7 The pos- 
terior nasopharyngeal wall has a variably nodular surface 
because of underlying adenoidal tissue. 8 

The vertical (pharyngeal) surface of the base of the tongue 
is variably nodular because of underlying lymphoid tissue of 
the lingual tonsil (see Fig. 14-1A). 9 The median glossoepiglottic 
fold overlies the glossoepiglottic ligament, which courses from 
the base of the tongue to the epiglottis. The median glossoepi¬ 
glottic fold divides the Space between the tongue and the epi¬ 
glottis into two sacs, the valleculae (Fig. 14-5; see Fig. 14-1). The 
lateral glossoepiglottic folds form the lateral walls of the val¬ 
leculae. The pharyngoepiglottic folds course from the postero- 
lateral portion of the valleculae into the lateral pharyngeal wall 
(Fig. 14-6). 1 These folds overlie the paired stylopharyngeal 
muscles and form the posterior lateral wall of the valleculae. 
The valleculae are spaces at rest but disappear during swallow¬ 
ing when the epiglottis inverts and the Space behind the base of 
the tongue communicates freely with the remainder of the 
oropharynx. 10 

The tonsillar fossa forms part of the lateral oropharyn- 
geal wall. Each tonsillar fossa is bounded anteriorly by a 
palatoglossal fold (anterior tonsillar pillar; Fig. 14-7) and 
posteriorly by a palatopharyngeal fold (posterior tonsillar 
pillar) overlying the palatopharyngeal muscle (see Figs. 14-7 
and 14-1l). 3,10 

The rounded epiglottic tip rises above the level of the val¬ 
leculae (see Fig. 14-IB and 14-5). 10,11 The aryepiglottic folds 
connect the epiglottis with the mucosa overlying the muscular 
processes of the arytenoid cartilages (see Fig. 14-5). Occasion- 
ally, round bulges are seen in the lower aryepiglottic folds, 
reflecting the small cuneiform and corniculate cartilages embed- 
ded in these folds. 


207 




208 SECTION III Pharynx 



Figure 14-1 Basic structures of the normal pharynx. A. Double-contrast radiograph in the frontal view shows the contours of the superior 
surface of the tongue ( black arrow), tonsillar fossa (right tonsillar fossa [wh/te arrow]), valleculae (left vallecula [v]), and lateral wall ( open arrow) 
of the piriform sinus (right piriform sinus [p]). The median glossoepiglottic fold ( arrowhead) divides the space behind the tongue base into the 
two valleculae. The surface of the base of the tongue (T), seen en face, has a reticular appearance because of the underlying lingual tonsil. 

B. Double-contrast radiograph in the lateral view (during phonation) shows the contours of the soft palate (s), base of the tongue (t), 
epiglottis (e), valleculae (v), posterior pharyngeal wall (arrow), barium pooling in the lower piriform sinus (p), and collapsed region of the 
pharyngoesophageal segment ( arrowheads ). Note the relative height of the soft palate with the Cl vertebral body and the thickness of the space 
behind the barium-coated pharyngeal mucosa, composed of pharyngeal musculature, fascial planes and prevertebral muscles, and anterior 
longitudinal ligament. (B from Rubesin SE, Jones B, Donner MW: Contrast pharyngography: The importance of phonation. AJR 148:269-272, 
1987.) 
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Figure 14-2 Laryngeal cartilages. Plain radiograph with patient in a 
lateral position shows the hyoid bone (H), tip of the epiglottis (E), 
calcified thyroid cartilage (T), calcified superior cornu of the thyroid 
cartilage ( arrows ), and calcified cricoid cartilage (C). The soft palate (S) 
and base of tongue (BT) are identified. The lower hypopharynx is 
devoid of air. A small amount of air is seen in the laryngeal ventricle. 
Note the normal width of the soft tissue posterior to the pharyngeal 
air column. 


The shape of the hypopharynx is created primarily by its 
relationship to the posteriorly protruding larynx (see Figs. 14-3 
and 14-6B). Protrusion of the larynx into the pharynx creates 
two grooves in the anterior lateral hypopharynx—the piriform 
sinuses (recesses), pear-shaped structures that open posteriorly 
into the hypopharynx (see Fig. 14-6). Each piriform sinus 
is bounded medially by the aryepiglottic fold and mucosa over- 
lying the muscular process of the arytenoid cartilage and later¬ 
ally by the hyoid bone, thyrohyoid membrane, and thyroid 
cartilage. 1,3 

The lower end of the hypopharynx is collapsed, except 
during passage of a bolus. The posterior portion of the larynx 
(including the arytenoid cartilages, arytenoid muscles, and 
cricoid cartilage) protrudes deeply into the lower hypopharynx 
(see Fig. 14-3). The upper esophageal sphincter (formed pre- 
dominantly by the cricopharyngeal muscle) is tonically con- 
tracted at rest, closing the pharyngoesophageal segment (see 
Fig. 14-1). 12 As a result, the lower hypopharynx is markedly 
constricted in an anteroposterior direction and is often not 
appreciated on a frontal radiograph. The arcuate lower border 
of the hypopharynx seen on the frontal view reflects only the 
protrusion of the larynx into the hypopharynx (see Fig. 14-3). 3 

The squamous mucosa of the lateral and posterior pharyn¬ 
geal walls is closely apposed to the longitudinally striated inner 


longitudinal muscle layer and its aponeurosis. Only a thin 
tunica propria separates the epithelium from the muscle or 
elastic tissue of the aponeurosis. On double-contrast views, lon¬ 
gitudinally oriented lines may therefore be seen in the lateral 
and posterior pharyngeal walls, reflecting apposition of epithe¬ 
lium to muscle (Fig. 14-8). 3 

Transversely oriented lines are seen on the anterior hypopha- 
ryngeal wall, where redundant squamous mucosa and submu- 
cosa overlie the muscular processes of the arytenoid cartilages 
and cricoid cartilage. Transverse lines and tissue bulging from 
the anterior wall of the pharyngoesophageal segment had previ- 
ously been described as a postcricoid venous plexus. 1 However, 
these radiographic Åndings are mainly caused by redundant 
mucosa and submucosa on the anterior hypopharyngeal wall 
(Fig. 14-9). 3 Demonstration of the redundant postcricoid 
mucosa on a pharyngogram identifies the location of the crico¬ 
pharyngeal muscle. 

DIVISIONS 

The pharynx is arbitrarily divided into three parts—the naso- 
pharynx (epipharynx), oropharynx (mesopharynx), and laryn- 
gopharynx (hypopharynx). 14 The nasopharynx is primarily a 
respiratory tract structure continuous anteriorly with the nasal 
cavity. The superior and posterior walls of the nasopharynx 
abut the basisphenoid and basilar part of the occipital bone. 
The nasopharynx is separated inferiorly from the oropharynx 
by the soft palate (see Figs. 14-4 and 14-7). The velopha- 
ryngeal portal is the opening between the nasopharynx and 
oropharynx. 15 

The oropharynx and hypopharynx are the divisions of the 
pharynx that participate in swallowing. The oral cavity opens 
into the oropharynx at the palatoglossal isthmus at the level of 
the anterior tonsillar pillars (palatoglossal folds; see 14-7A). The 
oropharynx lies posterior to the oral cavity, extending cranio- 
caudally from the soft palate to its arbitrary division from the 
hypopharynx at the level of the hyoid bone. The three divisions 
of the pharynx are arbitrary because the soft palate and hyoid 
bone change position with phonation, swallowing, and respira¬ 
tion. Therefore, a better dividing line between the oropharynx 
and hypopharynx is the pharyngoepiglottic fold (see Fig. 14-6), 
a mucosal fold overlying the stylopharyngeal muscle. 1,16 The 
base of the tongue (see Fig. 14-IB) forms the lower anterior wall 
of the oropharynx. 

The hypopharynx lies behind and lateral to the larynx, 
extending from the level of the pharyngoepiglottic fold to the 
lower border of the cricopharyngeal muscle at the level of the 
inferior margin of the cricoid cartilage. The hypopharynx com- 
municates with the larynx at the laryngeal aditus, formed by the 
epiglottis, aryepiglottic folds, and mucosa overlying the muscu¬ 
lar process of the paired arytenoid cartilages (see Fig. 14-5B). 
The hypopharynx communicates with the cervical esophagus at 
the pharyngoesophageal segment, whose walls are surrounded 
by the posterior lamina of the cricoid cartilage and cricopha¬ 
ryngeal muscle (see Fig. 14-9). 

MUSCLES 

Pharyngeal function depends on coordinated, sequential con- 
traction of the extrinsic muscles of the pharynx, which arise 
from the skuli base, neck, tongue, mandible, and hyoid bone, 
and the intrinsic skeletal muscles of the pharynx and larynx 



Figure 14-3 Relationship of larynx to pharynx. A. In a patient with laryngeal penetration, barium coats the false vocal cords (right false vocal 
cord, F), the true vocal cords (right true vocal cord, T), and the laryngeal ventricle (right laryngeal ventricle, black arrow). As the larynx protrudes 
into the midhypopharynx, arcuate lines (white arrows ) are formed. B. The relationship of the barium-coated laryngeal vestibule ( small white 
arrows) to the laryngeal ventricle ( small black arrows) is shown. Note the angle of the laryngeal ventricle atop the true vocal cords and the tilt of 
the true vocal cords; the posterior portion of the cords is cranial to the anterior commissure. The anterior walls of the right piriform sinus ( large 
white arrows ) and left piriform sinus ( large black arrows ) are seen as anteriorly convex lines. The mucosa (m) overlying the muscular process 
of the arytenoid cartilages lies below the aryepiglottic fold (open arrow). The lower hypopharynx ( arrowhead) is closed at rest. E, epiglottis. 

(B from Rubesin SE, Glick SN: The tailored double-contrast pharyngogram. Crit Rev Diagn Imaging 28:133-179, 1988.) 



Figure 14-4 Salpingopharyngeal fold. Lateral view of the 
nasopharynx during phonation after intranasal instillation of 1 mL of 
barium shows the salpingopharyngeal folds ( long black arrows ). The 
paired salpingopharyngeal folds overlie the salpingopharyngeal 
muscles. The eustachian tube orifices (one orifice identified by short 
black arrow) are manifested as barium-coated, C-shaped lines. The 
posterior wall of the nasopharynx is slightly irregular because of the 
underlying adenoidal lymphoid tissue (A). The soft palate (sp) and one 
palatopharyngeal fold ( white arrow) are also demonstrated. 



Figure 14-5 Folds of the valleculae. Spot radiograph with the patient 
in a frontal position. The folds of the epiglottis and valleculae are 
accentuated by edema caused by chronic radiation changes. The 
median glossoepiglottic fold ( black arrowhead) divides the retroglottic 
space into the two valleculae (right vallecula [V]). The pharyngoepiglottic 
folds ( large white arrow identifies the left pharyngoepiglottic fold) 
overlie the paired stylopharyngeal muscles and form part of the 
posterior wall of the valleculae. Also shown are the epiglottictip (E) and 
left aryepiglottic fold ( black arrow). Barium coats the laryngeal surface of 
the epiglottis as a result of laryngeal penetration. The interarytenoid 
notch ( white arrowhead) lies between swollen mucosa overlying the 
muscular processes of the arytenoid cartilages. 
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Figure 14-6 Pharyngoepiglottic folds. A. Spot image obtained in the lateral projection shows the paired pharyngoepiglottic folds ( thick 
arrows) coursing as oblique lines across the lateral wall of the pharynx. The pharyngoepiglottic fold overlies the stylopharyngeal muscle, which 
extends from the styloid process to the posterior wall of the valleculae (v). The uvular tip (u) is seen. The anterior walls of the piriform sinuses 
(thin arrows) are well visualized. The mucosa overlying the musclular processes of the arytenoid cartilages ( open arrow) is demonstrated. 

B. Posterior view of pharynx opened from behind. On the viewer's left, the mucosa has been left intact. The epiglottis rises above the level of 
the valleculae, hidden in this posterior view. The uvula (u), palatopharyngeal fold (p), piriform sinus ( left dot), and laryngeal surface of the 
epiglottis ( uppermost dot) are seen en face. The pharyngoepiglottic fold ( white arrowhead) separates the oropharynx from the hypopharynx. 
Bulges in the aryepiglottic fold overlie the cuneiform and corniculate cartilages ( short black arrows). The circumvallate papillae ( short white arrow) 
form a V-shaped protuberance along the base of the tongue. On the viewer's right, the mucosa has been removed. The palatopharyngeal 
muscle (P) forms the palatopharyngeal fold. This muscle has been retracted laterally. The stylopharyngeal muscle ( long white arrow) underlies the 
pharyngoepiglottic fold. The thyroid cartilage forms the lateral boundary of the pharynx. Its superior horn (open black arrow) and posterior 
border of the right lamina ( open white arrow) form the lateral boundary of the piriform sinus. The thyrohyoid membrane ( long black arrow) and 
internal branch of the superior laryngeal nerve ( black arrowheads) are identified. The transverse arytenoid muscle ( single dot on viewer's right), 
posterior cricoarytenoid muscle ( two adjacent dots ), and suspensory ligament of the esophagus (s) are identified. (B from Rubesin S, Jesserun J, 
Robertson D, et al: Lines of the pharynx. Presented at the 71 st Scientific Assembly and Annual Meetinq, Radioloqical Society of North America, 
Chica go, 1985.) 


(Fig. 14-10; Table 14-1). 1 The pharynx and larynx are sus- 
pended as a unit from the skuil base, tongue, mandible, and 
hyoid bone. The suspensory muscles of the hyoid bone (the 
suprahyoid muscles) include the following (with their cranial 
nerve innervations in parentheses): from the tongue, mandible, 
or both, the anterior belly of the digastric muscle (V3), genio- 
hyoid muscle (XII, via Cl-2), hyoglossal muscle (XII), and 
mylohyoid muscle (V3); and from the skuil base, the posterior 
belly of the digastric muscle (VII) and stylohyoid muscle 
(VII). 14 ' 16,18 The major function of the suprahyoid muscle gro up 
related to swallowing is to elevate and fix the hyoid bone, a 
motion that contributes to elevating and widening the pharynx, 
tilting the epiglottis, and opening the pharyngoesophageal 
segment during passage of a bolus. 16 

The soft palate is formed by an interweaving of muscles from 
the skuil base (tensor veli palatini and levator veli palatini), 
tongue (palatoglossus muscle), and pharynx (palatopharyngeal 
muscle) (Fig. 14-11; see Fig. 14-7B). 1,16,19 The musculus uvulae 
is the only intrinsic muscle of the soft palate. 

The tendon of the tensor veli palatini (V) forms the fibrous 
skeleton of the anterior portion of the soft palate. 16 This muscle 


depresses the anterior soft palate during swallowing. The levator 
veli palatini (X) suspends the midportion of the soft palate (see 
Figs. 14-7A and 14-11). During swallowing, the levator veli 
palatini pulis the mid-soft palate superiorly and posteriorly. 19 
The palatopharyngeal muscle (X) depresses the posterior lateral 
part of the soft palate, elevates the pharynx, and constricts the 
faucial isthmus. The palatoglossus muscle (X) pulis the soft 
palate and tongue toward each other. The musculus uvulae (X) 
shortens, thickens, and elevates the uvula. 

The thyrohyoid muscle (XII, via C1-2) courses from the 
hyoid bone to the thyroid cartilage (see Fig. 14-10). Its major 
function is approximation of the hyoid bone and thyroid carti¬ 
lage, an action that is partly responsible for closing the laryngeal 
vestibule. 16,20 The infrahyoid depressors include the sternohyoid 
(Cl-3), sternothyroid (Cl-3), and omohyoid (Cl-3) muscles. 16 

Epiglottic tilt is accomplished via contraction of the supra¬ 
hyoid muscles, thyrohyoid muscle, and intrinsic epiglottic mus- 
culature. 10,14,21 Contraction of the suprahyoid gro up pulis the 
hyoid bone superiorly and anteriorly up underneath the man¬ 
dible. Hyoid motion pulis on the hyoepiglottic ligament that 
courses from the inferior anterior hyoid bone to the petiole 
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Figure 14-7 Tonsillar fossa. A. Lateral drawing demonstrates the tonsillar fossa during soft palate (S) elevation by phonation. The palatine 
tonsil (T) is surrounded by the palatoglossal fold (anterior tonsillar pillar; short arrow) and palatopharyngeal fold (posterior tonsillar pillar; long 
arrow). The salpingopharyngeal fold is also shown ( arrowhead ). B. Sagittal view of the nasopharynx and oropharynx after removal of the overlying 
mucosal layer demonstrates the muscles of the soft palate and tonsillar fossa. The palatoglossus muscle (PG) pulis the midtongue and mid-soft 
palate together and forms the palatoglossal fold. The palatopharyngeal muscle (P) forms the palatopharyngeal fold and constricts the lateral 
posterior pharyngeal space. The levator veli palatini (L) pulis the midportion of the soft palate (SP) superiorly and posteriorly. The relationship 
between the tensor veli palatini (T) and pterygoid hamulus (H) is shown. The salpingopharyngeal muscle (S) arises from the eustachian tube 
cartilage and forms the salpingopharyngeal fold. Also shown is the superior constrictor muscle (C). The anterior arch of the first cervical vertebra 
(Cl) is identified. (A from Rubesin SE, Rabischong R, Bilaniuk LT, et al: Contrast examination of the soft palate with cross- sectional correlation. 
RadioGraphics 8:641-665, 1988.) 



Figure 14-8 Lines of the pharynx. The longitudinal ly striated mucosa ( white arrow) reflects close apposition of the squamous mucosa to the 
underlying longitudinal muscle layer of the pharynx. Arcuate lines of the anterior hypopharyngeal wall are identified ( black arrows). 
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Figure 14-9. The postcricoid 
"defect." A. During swallowing, 
redundant mucosa along 
the anterior wall of the 
pharyngoesophageal segment 
just posterior to the cricoid 
cartilage may create an 
undulating or plaquelike contour 
( arrows ) To rule out a subtle 
stricture, web, or infiltrating 
lesion, the radiologist must be 
certain that this mucosal 
nodularity changes size and 
shape and flattens during 
swallowing. B. Vertically oriented, 
low-power photomicrograph just 
posterior to the cricoid cartilage 
(C). The squamous epithelium has 
an undulating contour (arrows). 
The tunica propria is thick, with 
abundant fat and several minor 
salivary giands (H&E stain; xlO). 


(lower tip) of the epiglottis. 16 Hyoid motion thus pulis the lower 
epiglottis anteriorly and superiorly, tilting the epiglottis toward 
a horizontal position, as if the epiglottis were on a fulcrum. 
Contraction of the paired aryepiglottic and oblique arytenoid 
muscles pulis the epiglottic tip inferiorly. Contraction of the 
thyroepiglottic muscles pulis the sides of the epiglottis and ary¬ 
epiglottic folds laterally. 16 

Closure of the laryngeal aditus is not accomplished by epi¬ 
glottic inversion alone. Thyrohyoid muscle contraction pulis 
the hyoid and thyroid cartilage together. Closure of the vocal 
cords and thyroarytenoid muscles helps close the laryngeal ves¬ 
tibule. 20 Contraction of the transverse arytenoid muscle and 
aryepiglottic-oblique arytenoids pulis together and elevates the 
mucosa overlying the muscular processes of the arytenoid 
cartilages. 16 

The muscular tube of the pharynx is surrounded by the buc- 
copharyngeal fascia. 14 The buccopharyngeal fascia is separated 
from the prevertebral muscles and fascia by the retropharyngeal 
space. The retropharyngeal Space is an important site for the 
spread of malignant and inflammatory processes. 

The muscular tube of the pharynx is formed by two layers, 
the inner longitudinal layer and outer circular (constrictor) 
layer. The constrictor muscle layer (X) forms a ring that is 
incomplete anteriorly. During swallowing, the constrictor 
muscles contract sequentially to help propel the bolus into the 
esophagus. 12 Contraction of the superior constrictor muscles 
also apposes the lateral pharyngeal wall with the soft palate, 
closing the lateral portion of the velopharyngeal portal. 22 23 On 
a lateral view of the pharynx, the location of each paired con¬ 
strictor muscle can be approximated by visible structures. The 


superior constrictor extends from the level of the soft palate 
toward the mid and lower base of tongue. The lower portion of 
the middle constrictor angles slightly superiorly from the level 
of the hyoid bone; the upper portion of the middle constrictor 
is about one-and-a-half vertebral bodies superior to the level of 
the hyoid bone. The upper border of the thyropharyngeal 
muscle is just above the continuation of a line of the hyoid bone 
posteriorly; the lowermost fibers extend to the level of redun¬ 
dant mucosa behind the cricoid cartilage. The redundant 
mucosa posterior to posterior lamina of the cricoid cartilage 
identifies the location of the unpaired cricopharyngeal muscle. 

The inner longitudinal muscle layer (see Figs. 14-5 through 
14-7) includes the stylopharyngeal muscle (IX), salpingopha- 
ryngeal muscle (X), and palatopharyngeal muscle (X). 1,16 
During swallowing, contraction of the inner longitudinal 
muscles helps pull the pharynx up and over the descending 
bolus of food. 18 The palatopharyngeal muscle also constricts the 
posterior portion of the pharynx, channeling the bolus into the 
hypopharynx and helping prevent nasal regurgitation. Transfer 
of the bolus through the pharynx results from the pressure of 
the bolus itself (gravity), closure of the palatoglossal isthmus, 
velopharyngeal portal and laryngeal aditus, tongue base retrac- 
tion, elevation of the pharynx up over bolus, and contraction 
of the constrictor muscles. 24 

The pharyngoesophageal segment is tonically contracted at 
rest. 12 Opening of the pharyngoesophageal segment (see Fig. 
14-9) is caused by gravity and muscular contractions superior 
to it. Signals via the recurrent laryngeal nerve cause the crico¬ 
pharyngeal muscle to relax. Elevation of the pharynx and larynx 
by the suprahyoid musculature, intrinsic pharyngeal elevators, 
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Figure 14-10 Lateral view of the muscles of the pharynx. The superficial muscles, nerves, arteries, and veins have been removed. The 
suspensory and constrictor muscles of the normal pharynx are demonstrated. The hyoid bone is suspended anteriorly by the geniohyoid muscle 
(g), mylohyoid muscle (m, cut in cross section), hyoglossus muscle (h), and anterior belly of the digastric muscle (resected; not shown). The 
tendon connecting the anterior and posterior belly of the digastric muscle is shown [arrow). The hyoid bone is suspended posteriorly by the 
stylohyoid ligament, stylohyoid muscle, and posterior belly of the digastric muscle (d) (resected; not shown). The thyrohyoid muscle and ligament 
suspend the thyroid cartilage from the hyoid bone. The overlying depressors of the hyoid bone, the omohyoid and sternohyoid muscles, have 
been resected. The paired constrictor muscles of the pharynx (superior, middle, and inferior) have a C shape when viewed from above and are 
incomplete anteriorly. The superior constrictor muscle originates at the pterygoid plate and hamulus, at the pterygomandibular raphe with the 
buccinator muscle, and in the longitudinal muscles of the tongue; it joins its partner posteriorly along the median raphe of the pharynx. The 
middle constrictor muscle originates on the greater and lesser horns of the hyoid bone and along the lower stylohyoid ligament; it joins its 
partner posteriorly at the median raphe of the pharynx. The thyropharyngeal muscle (upper portion of the inferior constrictor muscle) originates 
from the oblique line of the thyroid cartilage; it joins its partner in the posterior median raphe. The lower portion of the inferior constrictor 
muscle, the cricopharyngeal muscle, arises from the lateral surface of the cricoid cartilage, encircles the pharynx, and inserts on the opposite side 
of the cricoid cartilage. The cricopharyngeal muscle is a C-shaped muscle without a partner and has no posterior midline raphe. (From Rubesin 
S, Jesserun J, Robertson D, et al: Lines of the pharynx. Presented at the 71 st Scientific Assembly and Annual Meeting , Radiological Society of 
North America, Chicago, 1985.) 



and thyrohyoid muscle pull the anterior wall of the pharyngo- 
esophageal segment (the postcricoid mucosa) superiorly and 
anteriorly. Pressure (weight) of the bolus, tongue base retrac- 
tion, and constrictor muscle contraction help push the pharyn- 
goesophageal segment open. 12 

Principles of Technique 

PREPARATION OF PATIENTS 

High-density barium adheres to dry pharyngeal mucosa. 25 
Despite continuous salivary secretion, the pharynx should 
therefbre be made as dry as possible during the examination. 
As a result, patients are instructed not to eat or drink after 
midnight on the day of the examination. 9 In the morning, 
regular oral medications may be taken with small amounts of 
water, but insulin-dependent diabetics should not take their 
insulin on the morning of examination. Oral antacid medica¬ 
tions impair barium coating and should also be avoided. If 


possible, the patient should refrain from activities that stimulate 
salivary secretion, such as sucking throat lozenges, smoking, or 
chewing gum. In some inpatients, in whom the swallowing 
study focuses on the pharyngeal function, we allow patients to 
rinse their mouths with water if their mouths are dry. 

COMPONENTS OF ROUTINE EXAMINATION 

Contrast examination of the pharynx may be dangerous in 
patients with suspected airway obstruction, especially in those 
with acute epiglottitis. 27,28 Lateral radiographs of the neck 
should therefore be obtained if airway obstruction is suspected. 
Lateral radiographs are also obtained for suspected foreign 
bodies (Fig. 14-12), fistulas, abscesses, perforations, or palpable 
neck masses. 

Routine examination of the pharynx and esophagus includes 
the following: (1) videofluoroscopy or DVD recording of the 
oral, pharyngeal, and esophageal phases of swallowing; (2) 
double-contrast spot images of the pharynx, esophagus, and 
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m. 
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Sternohyoid, 
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gastric cardia; and (3) single-contrast and mucosal relief views 
of the esophagus (Table 14-2). 29 3 The examination is tailored 
to the patient’s clinical history, symptoms, and initial Auoro- 
scopic Åndings. The pharyngoesophagogram is an interactive 
study; if a motility disorder is the major radiographic Ånding, 
dynamic techniques (e.g., videoAuoroscopy, DVD recording) 
are emphasized. 35 If a structural abnormality is the major radio¬ 
graphic Ånding, double-contrast spot images become more 



Figure 14-11 Muscles of the soft palate. The muscles forming the 
soft palate are viewed from behind, looking toward the tongue (To), 
nasal cavity, and sphenoid bone (S). The levator veli palatini (L) joins 
its partner (I; partly resected in drawing) from the opposite side to 
form a sling, which supports the mid-soft palate. The tensor veli 
palatini (T) forms a tendon that hooks around the pterygoid hamulus 
(H) to join its partner from the other side, forming the fibrous 
skeleton of the anterior soft palate. The musculus uvulae (mU), 
palatopharyngeal muscle (P), and eustachian tube cartilage (ETC) are 
also shown. (From Rubesin SE, Rabischong P, Bilaniuk LT, et al: 
Contrast examination of the soft palate with cross- sectional 
correlation. RadioGraphics 8:641-665, 1988.) 


important. Both static and dynamic images are routinely 
obtained for the following reasons: (1) structural disorders 
oAen alter pharyngeal motility; (2) structural features of motil¬ 
ity disorders are often well demonstrated on static images; and 
(3) structural lesions and motility disorders may coexist. 

The oral and pharyngeal phases of swallowing should ini¬ 
tially be evaluated if symptoms suggest an oral or pharyngeal 
disorder. If the clinical history and symptoms suggest thoracic 
esophageal disease, however, I only give one swallow of high- 
density barium in the frontal and lateral positions and then 
proceed to evaluate the esophagus. The radiologist should 
remember that the subjective sensation of dysphagia often 
cannot be localized accurately, and esophageal lesions may 
cause referred dysphagia to the neck or suprasternal region. 5 
Furthermore, patients may have an esophageal disorder that 
secondarily affects pharyngeal function or a disease that involves 
both the pharynx and esophagus. Finally, some patients have 
more than one abnormality in the pharynx or esophagus, or in 
both. 
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Figure 14-12 Scout radiograph prior to barium swallow. A lateral 
radiograph was obtained in a patient who swallowed a needle while 
sewing. The needle ( arrow) lies adjacent to the posterior pharyngeal 
wall, with its sharp tip superiorly. The bulbous end of the needle is 
trapped just above the closed pharyngoesophageal segment. 


View 

Technique 

Organ 

Erect, left 
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*lf no laryngeal penetration or esophageal obstruction. 

LPO, left posterior oblique with respect to table top; 

PE, pharyngoesophageal; RAO, right anterior oblique with respect 
to table top. 


DOUBLE-CONTRAST INTERPRETATION 

The principles of double-contrast interpretation for studying 
the pharynx are the same as those for studying structures 
elsewhere in the gastrointestinal (GI) tract. 25 The double- 
contrast examination requires adequate mucosal coating, a 
sufficient number of projections, and varying degrees of 
luminal distention. 

Mucosal Coating 

Adequate mucosal coating depends primarily on two factors, 
dry pharyngeal mucosa and properly prepared high-density 


Figure 14-13 Radiograph of the pharynx with the patient in a 
right lateral position, facing the examiner. The lateral view is the 
best view to demonstrate the vertical surface of the tongue (T), 
epiglottic tip ( arrowhead) and aryepiglottic folds, anterior walls of the 
piriform sinuses (long arrows), and posterior pharyngeal wall (short 
arrows). Opening of the pharyngoesophageal segment is shown only 
during swallowing. This static radiograph shows that swallowing is 
abnormal because barium filis the laryngeal ventricle and coats the 
proximal trachea; it does not demonstrate why barium entered the 
larynx. 


barium (250% w/v). If the barium is too thin, the barium is of 
insufficient radiodensity to outline the pharyngeal mucosa. If 
the barium is too thick, mucosal coating may be patchy or 
obscure mucosal detail. Barium that is too viscous may be 
unable to wash and serub the mucosa, resulting in artifactual 
strands of mueus. Several swallows of high-density barium may 
be needed in each projection to achieve uniform coating. 

Projections 

The lateral view best demonstrates the tonsillar fossa en face 
and the contours of the soft palate, base of the tongue, posterior 
pharyngeal wall, epiglottis, aryepiglottic folds, anterior hypo- 
pharyngeal wall, and region of the cricopharyngeal muscle in 
profile (Fig. 14-13; see Figs. 14-IB and 14-3B). 25 The lateral 
view is also crucial for evaluating penetration of barium into 
the laryngeal vestibule (Fig. 14-14). In contrast, the frontal view 
shows the surface of the tongue base en face and the contours 
of the median and lateral glossoepiglottic folds, tonsillar fossa, 
valleculae, and hypopharynx in profile (see Figs. 14-1A and 14- 
3A). Oblique views are valuable in some patients for demon- 
strating the obliquely oriented aryepiglottic folds, anterior walls 
of the piriform sinuses, and region of the pharyngoesophageal 
segment. 32,37 Spot images obtained in frontal and lateral pro¬ 
jections are adequate for most examinations. If a portion of the 
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pharynx is not well seen in frontal and lateral projections, 
however, the patient is turned and oblique views are obtained. 

Distention 

Adequate distention is important for the demonstration of 
mucosal surface and contour. The pharynx cannot be distended 
by the use of effervescent agents or tube insufflation, as in other 
regions of the GI tract. Instead, pharyngeal distention is achieved 
with phonation (the long vowel sounds “eee” or cc ooo”) or some 
form of modified Valsalva maneuver (biowing against pursed 
or closed lips or whistling). 38,39 

Phonation with “eee” expands the pharynx, resulting in 
better visualization of the soft palate, tonsillar fossa, base of the 
tongue, valleculae, epiglottic tip, aryepiglottic folds, and mucosa 
overlying the muscular processes of the arytenoid cartilages on 
the lateral view (see Fig. 14-IB). 39 The distal 2 cm of hypophar- 
ynx, however, remain collapsed during phonation because the 
pharyngoesophageal sphincter remains contracted and the 
larynx impresses on this region. In contrast, the distal 2 cm of 
the hypopharynx, pharyngoesophageal segment, and proximal 
cervical esophagus is optimally distended during swallowing 
and therefore best visualized during the dynamic phase of the 
examination (see Fig. 14-9). 

Pharyngeal distention on the frontal view is best obtained 
with a modified Valsalva procedure (Fig. 14-15). 3 The patient 
is asked to whistle or blow air out of the mouth (as if biowing 
out a candle) or to blow out against pursed lips. To optimize 
visualization of pharyngeal structures, the patient is positioned 
so that the mandible and hard palate are superimposed over the 
occiput. Flexion or extension of the neck, or protrusion or 
retraction of the tongue, may improve visualization of various 
anatomic structures such as the uvula, epiglottic tip, and lateral 
walls of the hypopharynx. 



Figure 14-14 Laryngeal penetration. In an image obtained during 
swallowing, barium can be seen entering the laryngeal vestibule 
(white arrow). Note apposition of the hyoid bone (h) to the calcified 
edge of the thyroid cartilage ( black arrow). (From Laufer I, Levine MS 
[eds]: Double-Contrast Gastrointestinal Radiology, 2nd ed. 
Philadelphia, WB Saunders, 1992.) 



Figure 14-15 Modified 
Valsalva maneuver. A. During 
quiet inspiration, the right true 
cord (T) and false vocal cords 
are open. The pharynx is mildly 
distended. Note arcuate lines in 
the collapsed midhypopharynx 
(arrow). B. During a modified 
Valsalva, marked distention of the 
oral cavity and pharynx occurs. 
Note ballooning of the tonsillar 
fossae (left tonsillar fossae [TF]). 
Lateral pharyngeal pouches 
(left pouch, short thick arrow) 
protrude from the region of 
the thyrohyoid membrane. The 
lateral hypopharynx protrudes 
posterolaterally ( long thin arrow) 
from the confines of the ala of 
the thyroid cartilage ( short thin 
arrow). The lower hypopharynx, 
which was not apparent during 
inspiration, is now visible ( open 
arrow). Protrusion of the lower 
hypopharynx is a sign of muscular 
weakness. (From Rubesin SE, 

Glick SN: The tailored double- 
contrast pharyngogram. Crit Rev 
Diagn Imaging 28:133-179, 1988.) 
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MOTILITY EXAMINATION 

DVD recording and videofluoroscopy are the best methods 
for studying pharyngeal motility. 29,30,40 Spot radiographs or 
rapid-sequence digital images are not adequate for detecting 
functional abnormalities. The dynamic portion of the pha- 
ryngoesophagogram focuses on patient posture and self- 
feeding, bolus holding anteriorly at the lips and posteriorly 
at the palatoglossal isthmus, tongue motion, hyoid, laryngeal, 
and pharyngeal elevation, soft palate elevation, formation of 
Passavant’s cushion, pharyngeal constrictor motion, epiglottic 
tilt, laryngeal penetration, and cricopharyngeal muscle activ- 
ity. 31,32,40 ' 45 An analysis of motility disorders is presented in 
Chapter 15. 

POSITION OF THE PATIENT 

The patient is first examined in the upright lateral position, 
which is the best position for visualizing entry of barium into 
the laryngeal vestibule during swallowing (penetration) or 
normal breathing (aspiration). If unable to stand, the patient is 
strapped and seated in a swallowing chair or on the footboard 
of the fluoroscope in a lateral position. If unable to sit, the 
patient is placed on the fluoroscopic table in as lateral a position 
as possible. Dentures are leff in place because denture removal 
may alter swallowing dynamics. If a portable or fixed C-arm 
fluoroscope is available, patients may be studied while they are 
confmed to a wheelchair or lying on a stretcher. 42 Although the 
lateral view is the predominant position of the patient, the 
frontal view should be performed, even in debilitated patients. 
The frontal position demonstrates asymmetry of pharyngeal 
contraction and of epiglottic tilt (Fig. 14-16). Spot radiographs 
are performed in the frontal position, even in patients with 
motor disorders, because they may provide clues to the cause 
of a motor disorder (Fig. 14-17). 35 

CHOICE OF CONTRAST AGENTS 

In general, the pharynx manipulates a cohesive bolus more 
readily than a liquid bolus. 26,43 ' 45 Less laryngeal penetration is 
seen with thicker than thinner substances. Therefore, the pha¬ 
ryngeal phase of swallowing is usually safer with barium 
pudding than with thick barium and safer with thick barium 
than with thin barium. The caveat to “thick is safer” is that thin 
liquids are cleared from the pharynx better than thick liquids. 
Therefore, if the major abnormality is poor pharyngeal contrac¬ 
tion leading to stasis in the piriform sinus (and epiglottic tilt is 
normal), a thin liquid is safer. 

I usually begin an examination with thick, high-density 
barium because this barium best demonstrates morphologic 
characteristics of the pharynx. High-density barium is more 
visible during a review of dynamic images than thin barium. If 
a motility disorder is seen during fluoroscopy, swallows of thin 
barium are videotaped or digitally recorded in the lateral and 
frontal projections after double-contrast imaging of the pharynx 
and esophagus. Epiglottic motility is better assessed with thin 
barium because thick barium often obscures the epiglottic tip. 
Thin barium is also valuable because some patients show laryn¬ 
geal penetration only with thin barium, not with thick barium 
or barium pudding. 

If the examination is only concerned with the pharynx, I 
then often proceed to barium pudding or a thicker liquid 



Figure 14-16 Asymmetric pharyngeal contraction demonstrated 
on frontal view during swallowing. Inbowing of the uppermost left 
lateral hypopharyngeal wall (large arrow) is the result of a normally 
contacting left thyropharyngeal muscle. The uppermost right lateral 
hypopharyngeal wall balloons outwardly at the level of the thyrohyoid 
membrane (small arrow), indicating lack of upper thyropharyngeal 
contraction. 


(so-called nectar or honey) to stress the oral phase of swallow¬ 
ing or improve the pharyngeal phase. If the pharyngeal phase 
appears normal, I often stress the pharynx next with thin 
barium. 

In general, the pharynx can manipulate small nonphysio- 
logic boluses (2-5 mL) more safely than larger physiologic 
boluses (8-10 mL). 46,47 I routinely ask outpatients to “take a 
normal-sized swallow of barium.” If there are clinical signs of 
abnormal pharyngeal function, the patient should therefore be 
given small boluses first and then larger boluses. If I want to 
control the bolus size, measured amounts of barium are given 
with a teaspoon or small plastic measuring cup. Swallowing 
through a straw is relatively dangerous in a patient with abnor¬ 
mal oral bolus control and should be avoided until the patient 
is determined to be swallow-safe or to test if the patient is able 
to drink through a straw. 

For the patient who is massively aspirating barium, the clini¬ 
cal status of the patient determines the number of barium swal¬ 
lows deemed safe for the examination. If there is aspiration of 
barium to or below the carina, the examination should gener¬ 
ally be discontinued. Even with massive aspiration, views of one 
swallow in the lateral projection and one swallow in the frontal 
projection are usually obtained. A suction apparatus should be 
available for prompt removal of barium that enters the distal 
trachea. 
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Figure 14-17 Abnormal 
epiglottic tilt caused by 
squamous cell carcinoma 
involving right aryepiglottic fold 
and the mucosa overlying the 
muscular process of the right 
arytenoid cartilage. A. During 
swallowing, tilt of the epiglottis 
(E) is diminished on the right 
(arrow). B. Frontal spot 
radiograph shows a small mass 
(arrow) and thickening of the 
aryepiglottic fold (a) and nodular 
mucosa ( open arrow). A small 
squamous cell carcinoma was 
found to involve the aryepiglottic 
fold and mucosa overlying the 
muscular process of the right 
arytenoid cartilage. (From Rubesin 
SE: Pharyngeal dysfunction. 

In Gore R [ed]: Syllabus for 
Categorical Course on 
Gastrointestinal Radiology. 

Reston, VA, American College 
of Radiology, 1991, pp 1-9.) 


THERAPEUTIC EXAMINATION 

A therapeutic examination of the pharynx may be performed 
to use modifications of swallowing that prevent or diminish 
laryngeal penetration and educate patients about their swallow¬ 
ing function. 47 ' 49 This examination is usually performed in con- 
junction with a swallowing therapist from the department of 
rehabilitation medicine or speech pathology. During the thera¬ 
peutic examination, various types of boluses, head positions, 
and breathing techniques are used to determine which foods 
can be safely swallowed. The swallowing team selects a tech- 
nique based on a specific abnormality seen at fluoroscopy. Most 
strategies to improve swallowing are temporary measures while 
a treatable cause of the swallowing problem is discovered or the 
patient recovers from a cerebrovascular accident, surgery, or 
radiation ther apy. 26 

Compensatory Techniques 

Compensatory techniques control bolus flow but do not 
improve swallowing physiology. These techniques include the 
following: (1) changes in posture; (2) increased sensory input; 
and (3) alterations in food volume or consistency. 48 Eliminating 
food consistencies that are difficult to swallow is a short-term 
strategy used while a patient recovers from a swallowing disor- 
der. Continuation of swallowing in a limited fashion may help 
improve muscular function and give the patient some pleasure, 
although not necessarily maintaining adequate hydration or 
nutrition. The therapist tests the patient s ability to manage 
barium boluses of progressively larger size and of varying vis- 
cosity. If a patient has reduced tongue motion, strength, or 
coordination, a thin liquid is easier to swallow. If premature 


spillage of the bolus from the oral cavity to the oropharynx is 
observed, a thick liquid or cohesive bolus (e.g., a barium 
pudding) may improve the timing between the oral and pha¬ 
ryngeal phases. A cohesive bolus may also decrease laryngeal 
penetration if there is poor timing between the oral and pha¬ 
ryngeal phases, abnormal epiglottic tilt, or abnormal glottic 
closure. Conversely, a thin liquid improves pharyngeal clearance 
if there is stasis in the piriform sinuses, thereby diminishing 
overflow aspiration. Although the use of thin liquids diminishes 
stasis, this practice results in decreased bolus control or laryn¬ 
geal penetration in patients with abnormal epiglottic tilt or 
abnormal laryngeal closure. Thin liquids may also improve 
swallowing function in patients with isolated pharyngoesopha- 
geal segment dysfunction. 

Postural techniques alter oral and pharyngeal relationships 
and redirect bolus flow. Commonly used head positions include 
chin-up, chin-down, and head rotation. When there is poor 
transfer of the bolus from the oral cavity to the oropharynx, the 
chin-up position causes gravity to help the bolus fail into the 
oropharynx. This position requires a relatively normal pharyn¬ 
geal phase of swallowing to prevent laryngeal penetration. 

The chin-down (chin tuck) position is used for patients with 
premature spill, abnormal tongue push, laryngeal penetration 
resulting from abnormal epiglottic tilt, or poor opening of the 
pharyngoesophageal segment. If the bolus prematurely spilis 
from the oral cavity, tucking the chin widens the valleculae, 
providing a Space for the prematurely spilled bolus to pool 
rather than enter the laryngeal vestibule. The chin tuck position 
also improves tongue push because the tongue is positioned 
more posteriorly. The chin tuck position also narrows the laryn¬ 
geal aditus by elevating the larynx and pharynx and tilting the 
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epiglottis posteriorly, diminishing laryngeal vestibule penetra¬ 
tion caused by abnormal epiglottic tilt. Finally, the chin tuck 
position pulis the anterior wall of the pharyngoesophageal 
segment anteriorly, helping improve clearance through a pha¬ 
ryngoesophageal segment that opens abnormally. 

Rotating the head toward one side narrows the pharynx on 
that side and redirects the bolus toward the opposite swallowing 
channel. Head rotation is used for patients with unilateral pha- 
ryngeal paresis or asymmetric epiglottic tilt to guide the bolus 
away from the weak side. The head is turned toward the side of 
weakness. Head rotation may be combined with the chin tuck 
maneuver. 

Therapeutic Techniques 

Therapeutic techniques improve motion or strength of a struc- 
ture or coordination of the timing of oral and pharyngeal 
events. 47,49 These include range of motion or muscle- 
strengthening exercises, tactile stimulation, and swallowing 
maneuvers. 


Swallowing maneuvers include the supraglottic swallow, 
supersupraglottic swallow, Mendelsohn maneuver, and effortful 
swallow. Such maneuvers require a patient to have enough cog- 
nitive and physical ability to follow the instructions for per- 
forming these examinations. 

Both a supraglottic and supersupraglottic swallow may be 
tried in patients who have laryngeal penetration because of 
abnormal timing between the oral and pharyngeal phases of 
swallowing or abnormal closure of the laryngeal vestibule. In 
a supraglottic swallow, the patient takes a bolus into the mouth, 
takes a breath through the nose, consciously holds the breath, 
swallows, and then exhales or coughs. This sequence closes the 
true vocal cords before and during the swallow. Exhaling or 
coughing after the swallow helps expel any part of the bolus 
that has entered the laryngeal vestibule. A supersupraglottic 
swallow is similar to a supraglottic swallow but uses a con¬ 
sciously “hard” breath-hold, which closes the true vocal cords 
and tilts the arytenoids forward to help close the laryngeal 
aditus. 
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Analysis of the Functional Aspects 
of Swallowing 

In reviewing the pharyngeal swallow, the slow motion, reverse, 
and stop-frame capabilities of videofluorography are essential. 
With these capabilities, the movement of individual structures 
can be analyzed, first in isolation and then in combination with 
other structures, including the tongue, palate, epiglottis, hyoid 
bone, larynx, and cricopharyngeus. Esophageal peristalsis 
should also be evaluated, but discussion of this subject is beyond 
the scope of this chapter. 

Familiarity with the anatomy, radiographic anatomy, and 
physiology of the pharynx and related structures is a necessity 
for abnormalities to be appreciated. Any lack of movement or 
abnormalities indicating compensation or decompensation 
must be noted. 

Two important principles must be considered when review¬ 
ing pharyngeal studies: 

1. Dynamic imaging is vital. Pharyngeal contraction occurs 
much faster than esophageal contraction (12-25 cm/s vs. 
1-4 cm/s), which is why dynamic imaging is essential 
when examining the pharynx. In addition, an abnormality 


such as a web or laryngeal penetration may be visible on 
only one or two frames at 30 frames/s. 

2. The entire swallowing chain must be examined. Such 
extensive examination is necessary because the level of 
symptoms is not a reliable indicator of the site of the 
abnormality, 1 several lesions could be causing dysphagia, 
and esophageal disease may result in pharyngeal disease. 2 

NEUROPHYSIOLOGIC CONTROL 
OF SWALLOWING 

Swallowing involves the close cooperation of many muscles, six 
cranial nerves (trigeminal, facial, glossopharyngeal, vagus, 
spinal branch of accessory, and hypoglossal) and the first, 
second, and third cervical nerves (through the ansa cervicalis). 
Afferent sensory information is integrated in the swallowing 
center in the brain stem, and efferent signals originate in the 
motor ganglia of the cranial nerves; movements are then 
effected peripherally. 3 8 

The vagus nerve (cranial nerve [CN] X) supplies motor 
efferent fibers to all the intrinsic pharyngeal muscles (constric- 
tors, palatopharyngeus, and salpingopharyngeus), except the 
stylopharyngeus, which is supplied by the glossopharyngeal 
nerve (CN IX). The vagus nerve also supplies motor efferent 
fibers to all the palatal muscles, except the tensor veli palatini, 
which is supplied by the trigeminal nerve (CN V). The trigemi¬ 
nal nerve also supplies the anterior digastricus and mylohyoi- 
deus. The facial nerve (CN VII) supplies the posterior digastricus 
and stylohyoideus. Although the vagus nerve carries the efferent 
fibers that innervate the striated pharyngeal musculature, most 
of these fibers probably emerge from the brain stem in the 
bulbar part of the accessory nerve (CN XI). 

Pharyngeal branches of the glossopharyngeal and vagus 
nerves and rami of the sympathetic trunk and superior cervical 
ganglion form a plexus in the connective tissue outside the 
constrictor muscles (the pharyngeal plexus). In this plexus, 
autonomic (parasympathetic and sympathetic) and afferent 
and efferent branchial fibers intermingle and branch into the 
muscles and the mucosal lining. Damage to this plexus can 
produce dysphagia. 9,10 

Pharyngeal sensation, including sensation of the tonsil and 
postsulcal part of the tongue, appears to be mediated by the 
glossopharyngeal nerve. This nerve also supplies motor inner- 
vation to the stylopharyngeus and parasympathetic secretomo- 
tor fibers to the parotid giand. 

FUNCTIONAL COMPONENTS OF SWALLOWING 

Oropharyngeal Phase 

Tongue and Palate. Swallowing begins with the lips engulfing 
the bolus (Figs. 15-1 and 15-2). The bolus is then manipulated 
by the tongue and teeth until it is judged “swallowable.” Two 
positions of the bolus preparatory to swallowing have been 
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Figure 15-1 Line drawing of the normal swallow (lateral view). A. The bolus is held in the oral cavity by apposition of the soft palate and 
back of the tongue. B. As the bolus is presented to the oropharynx, the soft palate ( short arrow) elevates to appose Passavant's cushion ( long 
arrow) to prevent nasopharyngeal regurgitation. C. As the bolus passes through the pharynx, the beginning of the posterior pharyngeal stripping 
wave ( yellow arrow) can be seen. The epiglottis ( black arrow ) is tilted to cover the laryngeal aditus, which is completely closed. D. As the bolus 
descends farther, the back of the tongue, soft palate, and pharyngeal stripping wave (arrow) continue to seal the nasopharyngeal inlet, the 
epiglottis remains tilted, and the larynx remains closed. The cricopharyngeus has opened completely to allow unimpeded bolus passage. E. As 
the bolus descends past the cricopharyngeal level, the tongue base begins to move forward, and the soft palate begins to elevate. F. As the 
bolus passes into the thoracic esophagus, the tongue base moves forward, the epiglottis flips up, and the larynx returns to its resting, open 
position. (From Donner MW, Bosma JF, Robertson DL: Anatomy and physiology of the pharynx. Gastrointest Radiol 10:196-212, 1985.) 


identified: the tipper type (in which the bolus is held in the 
midline groove of the tongue) and the dipper type (in which 
the bolus is held anteriorly underneath the tongue in the floor 
of the mouth). 11 

The back of the tongue blade and soft palate form a seal that 
prevents premature leakage into the pharynx before swallowing 
(see Figs. 15-1A and 15-2A). Weakness, atrophy, or resection of 
the tongue or soft palate can lead to aspiration before swallow¬ 
ing because of leakage of the bolus into the open, unprotected 
larynx. Viewed in the frontal position, unilateral leakage indi- 
cates decompensation on one side only. 

As the bolus is propelled into the oropharynx by an upward 
backward movement of the tongue, the soft palate elevates to a 
right angle to appose the posterior pharyngeal wall, with Pas- 
savant’s cushion moving anteriorly to complete the seal of the 
palatopharyngeal isthmus. Passavant’s cushion results from 
focal contraction of the upper fibers of the superior pharyngeal 
constrictor muscle (Fig. 15-3; see also Figs. 15-IB, 15-2B, 
15-1 OA, 15-11A, and 15-1 IB). Tongue thrust (involving first the 
blade and then the base of the tongue), combined with pharyn¬ 
geal constriction and intrabolus pressure, result in bolus 
propulsion. 


Pharynx. The constrictor stripping wave can be observed at 
the tail of the bolus in the lateral position as a progressive 
forward movement of the posterior pharyngeal wall (see Figs. 
15-IC to F and 15-2C to E). In the frontal position, the 
wave can be appreciated as the lateral walls of the pharynx 
converge to the midline, completely obliterating the pharyngeal 
cavity behind the bolus. Unilateral weakness results in asym- 
metry on the frontal view, with one side moving to the 
midline and the other remaining still or bulging during the 
swallow. Sometimes, the contracting normal side can displace 
the bolus across to the atonic side, so the bolus passes down 
the paralyzed side. The contracting normal side may be mis¬ 
inter preted as a mass, whereas the abnormality is actually 
on the noncontracting bulging side. Contraction of the con¬ 
strictor muscles may be affected by intrinsic disease of the 
pharyngeal muscles (e.g., polymyositis), neuromuscular dis- 
orders (e.g., amyotrophic lateral sclerosis, cerebrovascular 
accident [CVA]), or local factors (e.g., scarring, radiation, 
cervical spine disease). Large osteophytes in the cervical spine 
may hinder or prevent epiglottic tilt. 12 Diseases that restrict 
laryngeal elevation (e.g., radiation, head and neck surgery) 
may compound the problem. 
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Figure 15-2 The normal swallow. A to F. A series of stop-frame prints from a cinepharyngoesophagogram shows the normal swallow as it 
appears on the dynamic imaging study in the lateral position. The epiglottis ( arrowheads ) and stripping wave ( arrow) are identified. Note that the 
superior and posterior surfaces of the soft palate have been coated by intranasal injection of barium. F. The epiglottis is beginning to re-elevate 
but has not yet returned to its resting position, b, Bolus; p, Passavant's cushion; u, soft palate. 


Laryngeal Dynamics and Hyoid Elevation 

Respiration is suspended during swallowing and resumes after 
swallowing. As the bolus enters the oropharynx, the larynx 
begins to elevate, the hyoid bone moves upward and forward, 
and the true vocal folds, false vocal folds, and laryngeal vestibule 
close inferiorly to superiorly, with the vestibule closing last. 
Laryngeal elevation begins simultaneously with elevation of the 


hyoid bone but continues for a short time after the hyoid bone 
has reached its peak elevation. Laryngeal movement can be 
appreciated by observing the hyoid bone rising to appose the 
angle of the mandible. There is an excellent review of laryngeal 
dynamics by Curtis. 13 A direct correlation exists between hyoid 
bone excursion and bolus volume, with larger volumes produc- 
ing more elevation. 14 Hyoid bone elevation may occur in one 
step (20%) or in two steps (80%), whereas descent occurs in 
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Figure 15-3 Multiple stop-frame prints from four 
different patients show multiple decompensations. 

A. Somewhat magnified view of the lateral oropharynx 
and nasopharynx demonstrates incomplete elevation 
of the soft palate (u) and marked nasopharyngeal 
regurgitation ( arrows ). B. There is unilateral leakage over 
the back of the tongue ( arrows ) into the left vallecula (V) 
and then into the piriform sinus (P). C. Lateral view shows 
marked laryngeal penetration into the widely open larynx 
(arrowheads ) and incomplete elevation of the hyoid bone 
(arrows); normally, the hyoid elevates almost to the angle 
of the mandible (M). D. There is marked retention in the 
valleculae (V) and piriform sinuses (PS) after swallowing 
and overflow aspiration ( arrows ) into the larynx and 
trachea (T). (B from Jones B, Don ner MW: Interpreting 
the study. In Jones B, Donner MW [eds]: Normal and 
Abnormal Swallowing: Imaging in Diagnosis and Therapy. 
New York, Springer-Verlag, 1991, p 60.) 


one step, simultaneously with return of the epiglottis to the 
upright position. 15 

A recent review of the literature of hyoid and laryngeal kine- 
matics 16 has revealed a large variability in the values reported 
for superior hyoid displacement, varying from 5.8 17 to 
25.0 mm. 18 Anterior displacement similarly ranged from 7.6 19 
to 18 mm. Another recent study 21 has correlated hyoid dis¬ 
placement with cervical spine height (measuring from the 
anteroinferior border of C4 to the anteroinferior border of C2) 
and compared Åndings in men and women. When adjusted for 
height, the upward movements of the hyoid and larynx were 
similar in magnitude in men and women. 

Epiglottic Tilt 

Epiglottic tilt deflects food and liquid into the lateral food chan- 
nels away from the larynx; when completely inverted, the epi¬ 
glottis covers the laryngeal aperture. In many people, this 
movement occurs in two steps; the first movement (to a hori- 
zontal position) is probably a passive one caused by elevation 


of the hyoid bone and the second movement (to complete 
inversion) is probably caused by contraction of the thyroepi- 
glotticus. 22 In a minority of people, the epiglottis fails to invert, 
tilting only to the horizontal or oblique position. In the frontal 
view, the completely inverted epiglottis produces a seagull- 
shaped filling defect. Flow of the bolus into the lateral food 
channels may also produce a flow defect, or pseudomass. 

Cricopharyngeal Opening 

Pharyngeal constriction must be coordinated with crico¬ 
pharyngeal relaxation and opening. The cricopharyngeus 
must relax and open completely to allow unimpeded bolus 
passage. 23 38 Opening of the lumen at the pharyngoesophageal 
junction results from several actions: (1) cricopharyngeal relax¬ 
ation; (2) superior and anterior movement of the larynx, result¬ 
ing in traction on the anterior wall of the lumen; (3) pharyngeal 
constriction, producing thrust; and (4) intrabolus pressure, 
producing thrust. Thus, cricopharyngeal prominence is often 
observed in patients with pharyngeal paresis or a frozen larynx. 
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Figure 15-4 Cricopharyngeal prominence. Frontal 
(A) and lateral (B) radiographs show prominence of the 
cricopharyngeus ( arrows ). Note the jet effect below the 
narrowing ( arrowheads ), simulating a stenotic lesion, 
especially on the lateral view. The lumen of the cervical 
esophagus is actually dilated because the patient had 
achalasia. (From Jones B, Donner MW, Rubesin SE, et al: 
Pharyngeal findings in 21 patients with achalasia of the 
esophagus. Dysphagia 2:87-92, 1987.) 



In such cases, the pharyngeal milieu, rather than the muscle 
itself, is abnormal. 

Radiographically, one normally observes luminal opening, 
not cricopharyngeal relaxation; a radiographic report therefore 
should not comment on cricopharyngeal relaxation but only on 
cricopharyngeal opening. Cricopharyngeal achalasia is a mano- 
metric term referring to complete failure of cricopharyngeal 
relaxation, an unusual entity. Other common conditions associ- 
ated with cricopharyngeal prominence include Zenker’s diver- 
ticulum, advanced age, gastroesophageal reflux, and other 
esophageal motility disorders (e.g., diffuse esophageal spasm, 
achalasia; Fig. 15-4). 2 The resulting luminal compromise may 
be minimal or marked. In severe cases, there may be a horizon- 
tal bar. The luminal narrowing can be treated by endoscopic 
bougienage. 

Pharyngeal Residue 

The normal swallow should clear most of the bolus from the 
mouth and pharynx. (An exception is high-density barium 
designed to coat the gastrointestinal [GI] tract). A study by 
Dej aeger and colleagues in 1997 39 studied mechanisms involved 
in postdeglutition residue in older adults and found that reten¬ 
tion in the valleculae and piriform sinuses was related to mark¬ 
edly reduced pharyngeal shortening, a low tongue-driving 
force, and diminished amplitude of pharyngeal contraction. 
Retention in the valleculae only is related to a low tongue- 
driving force and in the piriform sinuses only is related to 
reduced pharyngeal shortening. 

Prevention of Aspiration 

Many mechanisms pro teet the larynx from aspiration (see Figs. 
15-3 and 15-11). Laryngeal elevation and closure of the vocal 
folds, arytenoid cartilages, and laryngeal vestibule all contrib- 
ute, as does epiglottic tilt. 40 Thus, a frozen larynx can result in 
aspiration. 


If aspiration is observed, all factors that prevent aspiration 
should be analyzed and the following questions asked: 

• Does the epiglottis tilt, and does the larynx (hyoid bone) 
elevate adequately? 

• Do the vocal cords and laryngeal vestibule close? 

It should also be noted when the aspiration occurs in rela¬ 
tion to swallowing. Laryngeal penetration or aspiration through 
the vocal folds may occur during swallowing, before swallowing 
(premature leakage from the mouth), or after swallowing (over¬ 
flow aspiration of a retained bolus in the pharynx, or regurgi- 
tated of refluxed material). The timing and causes of aspiration 
have potential therapeutic implications. 

Another important observation is whether the aspirated 
material precipitates a cough; this needs to be conveyed to the 
referring physician in the radiologic report. Some patients with 
chronic aspiration are silent aspirators, presumably because of 
loss of laryngeal sensation. Bedside evaluation of these patients 
for aspiration is notoriously unreliable. In faet, the so-called 
bedside evaluation underestimates the possibility of aspiration 
in many patients. 41 ' 44 

The important role that the mouth can play in aspiration 
was underestimated until two important studies highlighted the 
role of oral decompensation alone in aspiration. 45,46 Feinberg 
and Ekberg studied a group of 50 patients with known aspira¬ 
tion; they found that aspiration was the result of oral decom¬ 
pensation alone in 23 patients, a combination of oral and 
pharyngeal decompensation in 17 patients, and pharyngeal 
decompensation alone in 10 patients. 45 The same authors 
studied oral decompensation in 75 patients who survived a 
near-fatal choking episode. 46 Abnormalities were found on vid- 
eography in 58 of these 75 patients. Oral stage dysfunetion was 
the predominant Ånding in 32 patients, with pharyngeal abnor¬ 
malities in 19 and cricopharyngeal abnormalities in 28. 

Reduced vertical excursion of the hyoid or larynx may con- 
tribute to incomplete airway closure and the risk of aspiration. 47 
Reduced anterior displacement may result in reduced upper 
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esophageal sphincter (UES) and cricopharyngeal (CP) opening, 
contributing to piriform sinus residue. 48 

Adaptation, Compensation, 
and Decompensation 

The pharynx is an extremely flexible organ that must adapt to 
its various functions, including respiration, speech, and swal- 
lowing. In addition, the pharynx adapts to different stimuli, 
such as the size and consistency of the bolus and temperature 
of ingested liquids and food; the pharynx compensates when 
one of its parts is defective. The process of adjustment of normal 
swallowing to different stimuli is called adaptation. 49 The 
pharynx must adjust to the bolus, which may vary in volume, 
temperature, consistency, viscosity, and elasticity. The effect of 
different boluses can be seen with videofluoroscopy by watch- 
ing the difference between a swallow of thin liquid barium and 
a swallow of the same volume of barium paste. 50 


The effect of a carbonated bolus on the physiology of the 
swallow has been investigated. 51 Carbonated liquids reduced 
penetration, aspiration, and pharyngeal retention, and pharyn¬ 
geal transit time was shorter. 

When signs of compensation are visible on dynamic studies, 
swallowing is already impaired. 49 Some types of compensation 
for impaired swallowing may be conscious and voluntary. For 
example, a patient may change the types of foods eaten, perhaps 
omitting solid food and substituting puréed food, or may even 
restrict the diet to liquids only. Certain postures such as flexing 
the neck (chin tuck) or turning the head may help a patient 
swallow more effectively, reducing laryngeal penetration or 
aspiration and clearing any retained bolus. 

Swallowing can be considered to have five distinet stages, 
each of which has a characteristic pattern of compensation and 
decompensation. 49 The five stages include the following: 

1. Control of the junetion of the mouth and pharynx (pala- 
toglossal seal; Fig. 15-5) 

2. Closure of the palatopharyngeal isthmus (Fig. 15-6) 





Figure 15-5 Control of the junetion of the mouth and pharynx. A. Leakage from the back of the mouth is prevented in the normal patient 
when the soft palate abuts the posterior portion of the tongue. B. Deficiency of the tongue caused by atrophy, weakness, incoordination, or 
postsurgical defeet may be compensated by downward displacement of the palate [arrow), with the palate "kinking" to appose the tongue. 

D. Conversely, palatal deficiency is compensated by upward displacement of the tongue (arrow). Note that the bolus is held further forward in 
the mouth under these circumstances. C, E. Decompensation, in which there is premature leakage of oral contents into the pharynx (arrow), with 
the potential for overflow aspiration. (From Buchholz DW, Bosma JF, Donner MW: Adaptation, compensation, and decompensation of the 
pharyngeal swallow. Gastrointest Radiol 10:235-240, 1985.) 



Figure 15-6 Closure of palatopharyngeal isthmus during swallowing. A. Normal closure, in which the soft palate has elevated to a right 
angle to abut Passavant's cushion. B. Deficiency of the pharyngeal palate may be compensated by inereasing convergence of the pharyngeal 
constrictor muscles (arrow), resulting in a very prominent Passavant's cushion. C. Decompensation results in nasopharyngeal regurgitation 
through the palatopharyngeal isthmus (arrow). (From Buchholz DW, Bosma JF, Donner MW: Adaptation, compensation, and decompensation of 
the pharyngeal swallow. Gastrointest Radiol 10:235-240, 1985.) 
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Figure 15-7 Compression of the bolus. A. Normal compression. B. Deficiency of the constrictor muscles may be compensated by increased 
upward and posterior displacement of the tongue and larynx ( arrow ). D. Deficiency of the tongue in bolus compression may be followed by 
more anterior displacement of the constrictor wall (arrow), resulting in a very prominent pharyngeal stripping wave. C, E. Decompensation 
caused by inadequate bolus compression results in bolus retention in the valleculae and piriform sinuses after swallowing, with the potential for 
overflow aspiration. (From Buchholz DW, Bosma JF, Donner MW: Adaptation, compensation, and decompensation of the pharyngeal swallow. 
Gastrointest Radiol 10:235-240, 1985.) 



Figure 15-8 Closure of the larynx. A. The normal condition, in which the larynx is elevated and closed, and the epiglottis (arrow) is completely 
tilted down to cover the entrance to the laryngeal aditus. B. With deficiency of epiglottic tilting or glottic closure, there may be increased 
upward and anterior displacement of the larynx (arrow). Under these circumstances, the arytenoid masses may be enlarged as a sign of 
compensation (not illustrated). C. Failure of compensation results in penetration of bolus (arrow) into the laryngeal vestibule, and even through 
the incompletely closed cords, with aspiration. (From Buchholz DW, Bosma JF, Donner MW: Adaptation, compensation, and decompensation of 
the pharyngeal swallow. Gastrointest Radiol 10:235-240, 1985.) 


3. Compression of the bolus (Fig. 15-7) 

4. Closure of the larynx (Fig. 15-8) 

5. Opening of the pharyngoesophageal segment (Fig. 15-9) 

During the first stage, for example, downward placement of 

the soft palate may compensate for deficiencies of the tongue 
(resulting from atrophy, weakness, or surgical resection). Con- 
versely, upward displacement of the tongue may compensate for 
weakness of the soft palate (see Figs. 15-5 to 15-9 for compensa¬ 
tion occurring during other stages of swallowing). Another 
compensatory phenomenon is the development of a deeper 
pharyngeal stripping wave, which may be observed in the pres- 
ence of a partially obstructing lesion in the cervical esophagus, 
such as a web or cricopharyngeal bar. 

Any radiographic Åndings of compensation must be com- 
municated to the referring physician so the patient can be 
informed that swallowing is impaired The patient can then 
be instructed to take additional care when eating or drinking 
quickly—for example, in a restaurant or in other social 
situations. 


Functional Aspects of 
Zenker's Diverticulum 

Zenker’s diverticulum is a pulsion diverticulum located at 
the level of the pharyngoesophageal junction; the most 
common site is between the oblique and horizontal fibers 
of the cricopharyngeal muscle through a triangular area known 
as Killian’s dehiscence (Fig. 15-10). It is a posterior diver¬ 
ticulum that may fill during or after swallowing and, if large, 
may flop to one side or the other. Once swallowing is com¬ 
pleted, the diverticulum may empty back into the pharynx, 
filling the piriform sinuses. This often precipitates a second 
swallow but also places the patient at risk for overflow 
aspiration. 

The pathogenesis of Zenker’s diverticulum remains unclear, 
but incoordination between pharyngeal contraction and cri¬ 
copharyngeal opening may be a contributing factor. 0 Mano- 
metric and cineradiographic studies have demonstrated 
premature sphincter closure in some patients with Zenker’s 
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Figure 15-9 Opening of the pharyngoesophageal segment. A. Normal opening of pharyngoesophageal segment. B. Deficiency of upward 
laryngeal displacement, which contributes to opening of the pharyngoesophageal segment, results in flexion of the neck and/or forward 
thrusting of the jaw during swallowing. C. Failure of compensation results in poor pharyngoesophageal segment opening, with retention of the 
bolus in the piriform sinuses and the risk of overflow aspiration. (From Buchholz DW, Bosma JF, Donner MW: Adaptation, compensation, and 
decompensation of the pharyngeal swallow. Gastrointest Radiol 10:235-240, 1985.) 



Figure 15-10. Zenker's diverticulum. A. Lateral view shows a small diverticulum (Z) above a very prominent cricopharyngeus ( large white arrow) 
causing luminal narrowing of at least 50%, with a jet of barium ( arrowheads ) below it. The cervical esophageal lumen is actually abutting the 
spine ( small white arrows). Also note nasopharyngeal regurgitation ( black arrow) and marked degenerative changes in the cervical spine. B. After 
swallowing, Zenker's diverticulum (Z) remains filled. C. Frontal view in another patient shows emptying of the diverticulum (Z) back into the 
pharynx ( arrows ) after swallowing, placing this patient at risk for overflow aspiration. Also note the buccal pouch on the left side ( arrowhead ). 

(From Jones B, Donner MW [eds]: Normal and Abnormal Swallowing: Imaging in Diagnosis and Therapy. New York, Springer-Verlag, 1991.) 


diverticulum. Other studies performed in patients with fully 
developed diverticula, however, have shown that the timing of 
pharyngeal contraction and cricopharyngeal relaxation may be 
normal. 

Cook and associates demonstrated decreased compliance 
of the UES in a group of patients with Zenker’s diverticu¬ 
lum, in whom inadequate sphincter opening resulted in 
increased intrabolus pressure. 58 Shaw and co-workers sub- 
sequently demonstrated that with cricopharyngeal myotomy 
and pouch ablation, the intrabolus pressure fell and full 
UES opening was restored. 59,60 They also observed structural 
abnormalities in muscle strips of the cricopharyngeus in 14 
patients with Zenker’s diverticulum. 61 They found type 1 


fiber predominance and greater fiber size variability. The 
muscles also demonstrated fibroadipose tissue replacement 
and fiber degeneration. These studies suggest that decreased 
UES compliance may have a major role in the development 
of Zenker’s diverticulum. 

Gastroesophageal reflux may also contribute to the develop¬ 
ment of Zenker’s diverticulum. 62 ' 65 In an analysis of 67 patients 
with Zenker’s diverticulum, 63 were found to have esophageal 
pathology such as gastroesophageal reflux, spasm, or hiatal 
hernia (T. Karaho, unpublished data, 1998). 

Radiologically, Zenker’s diverticulum is usually associated 
with prominence of the cricopharyngeus or a cricopharyngeal 
bar. Esophageal disease may produce prominence of the 
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cricopharyngeus, perhaps with decreased compliance, which 
in turn may raise intrapharyngeal and intrabolus pressure, 
necessitating more forceful contraction, with eventual bulging 
through a congenitally weak area. Further studies are necessary 
(including those addressing the early developmental stages of 
Zenkers diverticulum) before the pathophysiology can be fully 
understood. 

Interrelationships 

ESOPHAGEAL DISTENTION AND 
THE CRICOPHARYNGEUS 

Intraluminal foreign bodies lodged in the hypopharynx or 
upper esophagus may produce cricopharyngeal spasm. 66 In cats, 
it has been shown that stimulation of afferent receptors in the 
hypopharynx or upper cervical esophagus evokes reflex con¬ 
traction and spasm in the cricopharyngeal muscle, with an 
increase in intraluminal pressure in the sphincter segment. 
Similarly, esophageal distention by liquids or an intraluminal 
balloon in humans results in elevated pressure in the sphincter 
segment. 67 ' 69 

GASTROESOPHAGEAL REFLUX AND 
THE CRICOPHARYNGEUS 

There are variable reports in the manometric literature as to 
whether acid bathing the esophagus produces a rise in pressure 
in the UES. In the 1970s, studies in human volunteers using 
perfused catheters reported elevated pressures in the sphincter 
segment after infusion of the esophagus with saline or acid. 70,71 
The doser the infusion was to the UES, the greater the increase 
in pressure. In the late 1980s, a study using a modified sleeve 
sensor compared UES pressures in normal persons and patients 
with esophagitis 2 ; this study reported no UES response to acid 
reflux or acid perfusion. Another manometric study using 
solid-state catheters has shown many interactions among the 
lower esophageal sphincter, gastroesophageal reflux, intra- 
esophageal pressure changes, and changes in pressure in the 
UES. 73 

Several reflexes have been described, primarily by Shaker and 
co-workers 74 ' 78 : 

1. UES contractile response to gastroesophageal reflux. 
Torrico and colleagues compared UES pressure changes 
in normal Controls and patients with reflux esophagitis 73 ; 
most of the Controls and patients with reflux esophagitis 
had a significant increase in UES pressures in response to 
reflux episodes. 

2. UES contractile response. Mechanical stimulation of the 
pharynx in cats and water stimulation in humans 75 results 
in an increase in UES resting tone. As little as 0.1 mL of 
water produced this reflex. 

3. Esophagoglottal closure reflex. Esophageal distention 
during gastroesophageal reflux could overwhelm the 
UES, with the potential for overflow aspiration. A reflex 
has been described in humans 78 and cats 6 in which 
esophageal distension resulted in reflex closure of the 
glottis. 

4. Pharyngoglottal adduction reflex. An injection of minute 
amounts of water into the pharynx resulted in brief 
closure of the vocal folds. This was thought to be a protec- 
tive reflex to prevent aspiration. 78 


SWALLOWING-RELATED REFLEXES 

Many cardiorespiratory reflexes are related to swallowing, 
resulting from laryngeal, pharyngeal, or esophageal stimulation. 
Examples include syncope, change in heart rate, apnea, and 
bronchoconstriction leading to asthma. 79 ' 83 A review of 
swallowing-related reflexes is referenced for further reading. 84 

Functional Changes After 
Radiation Therapy 

Radiotherapy with or without chemotherapy is a common 
treatment for head and neck cancers. Dysphagia is a common 
result of the treatment. Approximately 80% of patients being 
treated with radiotherapy develop mucositis. 85 Mucositis is 
most marked over the arytenoids, but the epiglottis and poste - 
rior pharynx are also affected. Endothelial vasculitis results in 
localized ischemia, which in the long term may result in 
fibrosis. 

Several studies of the long-term effect of radiation therapy 
on swallowing have been reported. 86,87 Abnormalities included 
paresis of constrictor muscles, bolus retention, laryngeal pen¬ 
etration, and aspiration, often silent. Absent epiglottic tilt was 
common. Incomplete cricopharyngeal opening and reduced 
tongue base retraction was present. 

Logemann and colleagues 88 reported on swallowing disor- 
ders in the first year after radiation and chemoradiation in 
48 patients. Chemoradiation resulted in fewer functional swal- 
lows than radiation alone. The authors compared pretreatment 
videofluoroscopic swallowing study (VFSS) results with fmd- 
ings at 3 months and 12 months. All 48 patients had abnormal 
swallows pretreatment, probably related to the presence of 
the tumor. The most frequent abnormalities were reduced 
tongue base retraction, reduced tongue strength, and a delay 
in pharyngeal triggering. Other Åndings included delayed 
laryngeal closure and reduced laryngeal elevation. Two other 
studies compared the effects of chemoradiation on voice and 
swallowing. 89,90 

Postradiation xerostomia often compounds swallowing dif- 
ficulties. One study compared the fmdings in 15 cancer 
patients and 20 Controls. 91 Patients with xerostomia took 
almost twice as long to chew a shortbread cookie, but the 
duration of swallowing was unaffected. For liquid barium 
and paste, timing measures were the same for Controls and 
for patients with xerostomia. Attempts are being made to 
modify radiotherapy regimens (organ preservation regimens) 
by collimating the radiation to avoid the pharyngeal constric- 
tors and spare the parotids, so xerostomia is not as common 
a problem. 

Aging and Swallowing 

Swallowing in older individuals is called presbyphagia. 92 Pres- 
byphagia may be considered under two separate categories: 
(1) the effects of the normal aging process on swallowing 
(primary presbyphagia); and (2) the effects on swallowing 
of other diseases that affect older adults, such as CVAs and 
Parkinsons disease (secondary presbyphagia). 

Prevalence studies have shown that the incidence of dys¬ 
phagia is 12% to 13% in teaching hospitals and as high as 
59% in nursing homes. 93 Up to 74% of nursing home residents 
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were reported to have feeding disorders. 94,9 Although there is 
little loss of functional motor neurons before 60 years of age, 
a striking and progressive depletion of functioning motor 
neurons occurs after this age, with subsequent deterioration 
of connective tissue, loss of elasticity, and atrophy of fat. In 
the oropharynx, the suspensory ligaments of all structures 
become lax, resulting in premature leakage, low positioning 
of the hyoid, squaring of the valleculae, and expansion of the 
pharyngeal cavity. 97-101 Loss of pliability may also result in 
incomplete inversion of the epiglottis and incomplete closure 
of the larynx. 102 

In one study, defective closure of the laryngeal vestibule 
with laryngeal penetration was found in 70 of 101 patients 
over 80 years of age. 103 Thus, laryngeal penetration in older 
adults may be a normal finding. The laryngeal epithelium 
appears to become less sensitive to aspirated material with 
increasing age, which may explain why silent aspiration 
can be a problem. 104 In addition, airway protection may be 
further compromised by medications for depression, anxiety, 
or Parkinsons disease. One study found no significant change 
in the velocity of peristalsis with increasing age. 10 However, 
the oral and pharyngeal phases may become uncoupled, result¬ 
ing in delayed initiation of pharyngeal contraction and early 
cricopharyngeal closure. With aging, there is also a decrease 
in how long the pharyngoesophageal segment remains open 
to allow bolus passage. 98 

Borgstrøm and Ekberg studied swallowing function in an 
asymptomatic gro up of 56 patients ranging from 72 to 93 years 
of age. 105 Normal deglutition (as defrned in younger persons) 
was found in only 16% of patients. Oral abnormalities were 
found in 63%, pharyngeal abnormalities in 25%, and pharyn¬ 
goesophageal segment abnormalities in 39%. 

A review of dysphagia in older adults is recommended for 
further reading. 106 A discussion of changes in esophageal motil- 
ity that occur with increasing age is beyond the scope of this 
chapter. 

Neurologic Disease and the Pharynx 

Neuromuscular disorders may cause dysphagia by affecting 
the afferent or efferent limbs of the swallowing reflex and 
by producing abnormalities at many levels, including the 
cerebral cortex, cranial nerve nuclei in the brain stem, cranial 
nerves themselves, pharyngeal plexus, neuromuscular junc- 
tion, muscles, or sensory feedback mechanisms. 107-115 Dyspha¬ 
gia can be a minor or major symptom; occasionally, it may 
be the predominant or only complaint. For example, acute 
onset of dysphagia may signal focal brain stem stroke, and 
chronic dysphagia may be the presenting symptom of an 
unrecognized neuromuscular disease such as amyotrophic 
lateral sclerosis. At the Johns Hopkins Swallowing Center, 
approximately 30% of patients have dysphagia in the setting 
of neuromuscular disease; dysphagia was the predominant 
or only symptom in 10% of these patients. (B. Jones, per¬ 
sonal observation). 

CEREBROVASCULAR ACCIDENT 

Formerly, it was thought that a unilateral abnormality of one 
corticobulbar tract did not produce a major swallowing deficit 
because each corticobulbar tract supplies both sides of the brain 
stem with cortical input. Despite the supposed bilateral 


representation of swallowing, however, dysphagia occurs in 
20% to 40% of patients with cerebrovascular accidents, 110-118 
including those with unilateral strokes. Robbins and co-workers 
have challenged the theory of bilateral representation of swal¬ 
lowing. 11 ' 1 u They studied patients with unilateral cortical 
strokes (as diagnosed by computed tomography [CT]) and 
compared swallowing abnormalities in the group with infarcts 
in the right cerebral cortex to those in the group with infarcts 
in the left cerebral cortex. Initiation of the pharyngeal phase of 
swallowing was delayed in all patients. However, patients with 
left cortical strokes showed impaired oral stage function, diffi- 
culty initiating coordinated motor activity, and apraxia, whereas 
pharyngeal pooling, penetration, and aspiration were more 
prominent in patients with right cortical strokes. 

In 1990, Alberts and associates studied the sensitivity of 
magnetic resonance imaging (MRI) for CVA. 121 They found 
that 1.5-T imaging was positive in 66 of 71 patients with 
CVAs. They also evaluated the occurrence of aspiration after 
CVA in 38 patients and correlated the incidence of aspiration 
with the site of the lesion. 122 The highest frequency of aspira¬ 
tion was found in large vessel pontine lesions (80%). Pontine 
infarctions of the middle cerebral artery (MCA), posterior 
cerebral artery (PCA), or cerebellum (large vessel) resulted 
in aspiration in approximately 66% of patients. Periventricular 
small vessel disease resulted in aspiration in slightly less than 
half (48%). 

Two reviews on swallowing and functional MRI are sug- 
gested to the reader. 123 124 MRI, however, is not infallible and 
may be negative in patients with focal strokes. 125,126 

Wallenbergs syndrome is a CVA involving the medulla 
(lateral medullary infarction) in the distribution of the poste¬ 
rior inferior cerebellar artery. Traditional teaching had stressed 
that the resulting pharyngeal paresis was unilateral, but two 
studies found that the deficit is actually bilateral. 1 Lateral 
medullary infarction can also lead to aphagia. 129 

AMYOTROPHIC LATERAL SCLEROSIS 
(LOU GEHRIG'S DISEASE) 

Amyotrophic lateral sclerosis, also known as motor neuron 
disease or Lou Gehrig’s disease, can result in bulbar palsy, pseu- 
dobulbar palsy, or a combination of both. The disease may 
produce a wide Spectrum of abnormal Åndings, including 
muscle weakness and atrophy of the lips, tongue, palate, and 
pharyngeal constrictors, with various degrees of retention of 
secretion. 130-134 Weakness of the intrinsic laryngeal muscles leads 
to airway penetration and aspiration. The tongue, hyoid, and 
larynx are weak and ptotic in the upright position. The patient 
will often compensate by holding the head and neck in a posi¬ 
tion of sustained extension (swan neck) to help maintain the 
airway and facilitate swallowing. 

MULTIPLE SCLEROSIS 

Corresponding to the course of the disease itself, swallowing 
impairment in multiple sclerosis is relapsing and remitting. 1 
The radiographic appearance depends on the location and 
extent of the demyelinization process. Abnormalities may vary 
from diffkulty initiating swallowing to episodes of choking on 
liquids or sticking of solid particles. Sensory loss may com¬ 
pound the problem, and symptoms may be minimal or absent, 
even in the presence of severe decompensation. 
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NEURODEGENERATIVE DISORDERS 

Parkinsons disease is associated with dysphagia in as many as 
50% of patients. Delayed initiation of swallowing and oral 
transfer problems predominate. The findings include lingual 
tremor or rocking, squeezing of the bolus between the tongue 
and palate, piecemeal deglutition, and hesitancy to propel the 
bolus into the pharynx. 138 ' 141 

Huntingtons disease, 142,143 progressive supranuclear 
palsy, 144 ' 146 and Alzheimer’s disease 147 may also produce dyspha¬ 
gia and feeding difficulties. The oropharyngeal findings simu- 
late those of Parkinsons disease. Dementia, other cognitive 
problems, and uncontrolled movements may complicate feeding 
and rehabilitation. 

Similarly, dystonia and dyskinesia may result in dysphagia 
or feeding difficulties because of involuntary localized muscle 
contractions. 148 In dystonia, the tonically contracted tongue, 
positioned in a tight mass in the back of the oral cavity, 
produces a characteristic appearance, the so-called fisted 
tongue. To swallow, the patient tilts his or her head into 
extreme extension and appears to decant the bolus into the 
pharynx by gravity. 148 

MYASTHENIA GRAVIS AND 
RELATED DISORDERS 

Myasthenia gravis 149,150 and the Eaton-Lambert myasthenic- 
myopathic syndome 151 are myoneural junction disorders with 
diminished release or inadequate binding of acetylcholine. In 
addition to ocular and proximal limb weakness, there may 
be dysphagia or choking, characteristically appearing late in 
the day. Slowing of swallowing or decompensation after repeti- 
tive swallowing may suggest the diagnosis during dynamic 
imaging. 

The Eaton-Lambert myasthenic-myopathic syndrome (car- 
cinomatous neuropathy) is usually seen with oat cell carcinoma 
of the lung but has also been reported in association with car¬ 
cinoma of the breast, prostate, stomach, and rectum. 1 Diplo- 
pia, dysarthria, and dysphagia may accompany weakness of 
muscles of the trunk, pelvis, and shoulder girdle, the most 
common sites affected. 

Botulism also affects transmission at the myoneuronal junc¬ 
tion and may result in dysphagia. Interestingly, botulin toxin 
has been used to treat a variety of dystonias, including torticol- 
lis; dysphagia may occur as a side effect in a small number of 
patients because of diffusion of the toxin into the soft tissues of 
the neck and pharyngeal musculature. 152 

FAMILIAL DYSAUTONOMIA 
(RILEY-DAY SYNDROME) 

A characteristic finding is delayed cricopharyngeal opening 
with airway penetration. 15 " 

Diseases of the Muscle 

Diseases prominently affecting muscles may be caused by 
inflammatory disease (e.g., polymyositis, dermatomyositis, 
sarcoidosis) 154 metabolic or endocrine disease (e.g., mito- 
chondrial myopathy or ragged red fiber disease), 155,156 dys- 
thyroid myopathy (e.g., hypothyroidism, hyperthyroidism), 
or muscular dystrophy. 157 Polymyositis or myopathy may 


also be caused by a prolonged course of steroid therapy. 
Muscular dystrophies affecting the pharynx include myo- 
tonic dystrophy, Duchenne’s muscular dystrophy, and 
oculopharyngeal dystrophy. 158 ' 161 There is bilateral pharyn¬ 
geal paresis with bolus retention; the cricopharyngeus may 
be prominent but closes with normal timing. The use of 
chilled barium accentuates the abnormalities in myotonic 
dystrophy. 161 

Infections 

Viral infections of the nervous system may cause dysphagia. For 
example, a patient with bulbar poliomyelitis can present with 
pharyngeal paralysis, aspiration, and disturbance of vasomotor 
control when motor neurons in the medullary reticular forma¬ 
tion, especially those in or near the nucleus ambiguus, are 
involved. Acute bulbar poliomyelitis is now rare in countries 
with mass vaccination but is still seen in areas where vaccina¬ 
tion is not widespread. 

A postpolio syndrome has been described, with symptoms 
of increasing weakness beginning 20 or more years after the 
acute attack of poliomyelitis; symptoms may include 
dysphagia. 162 ' 166 In a minority of patients, these symptoms are 
progressive; this has been called postpolio progressive muscle 
atrophy. 162 ' 166 

Buchholz and Jones reported 13 patients with a remote 
history of acute poliomyelitis and dysphagia. 164 None of these 
13 patients reported progressive dysphagia, and constrictor 
weakness was fo und in 11. Subsequently, Jones and co-workers 
reviewed the dynamic imaging studies of 20 patients with 
dysphagia and a remote history of polio. 165 Multiple abnor¬ 
malities were present in these patients, including atrophy of 
prevertebral soft tissue, pharyngeal paresis or paralysis with 
bolus retention after swallowing, incomplete or absent epiglot- 
tic tilt, laryngeal penetration or aspiration, a cricopharyngeal 
bar, palatal weakness, incomplete laryngeal closure, and poor 
or absent laryngeal elevation (Fig. 15-11). 

Sonies and Dalakas evaluated 32 postpolio patients with vid- 
eofluoroscopy and ultrasound; 18 of these patients did not 
report dysphagia. 166 Despite the lack of symptoms, 17 of 18 
patients had abnormalities of oropharyngeal function of 
varying severity. 

Medications 

Medications may cause localized pill-induced pharyngitis or 
esophagitis. 16 They may also induce or aggravate myasthenia 
gravis, dystonia, and myopathy or neuropathy. 168 ' 180 More than 
30 medications in current clinical use may interfere with neu- 
romuscular transmission, including antibiotics such as neomy- 
cin, streptomycin, and some tetracycline and immunosuppressive 
agents, such as adrenocorticotropic hormone (ACTH), predni- 
sone, and azathioprine. Sedatives, antipsychotic drugs, and anti- 
depressants may produce extrapyramidal symptoms and signs 
of muscle spasm or dystonia or may unmask a latent neuro- 
muscular disease. Ideally, such medications should be tempo- 
rarily stopped for several days before a swallowing study. 
Tryptophan use has been associated with the development of 
an eosinophilia-myalgia syndrome. 18118 " Studies suggest that 
this association is caused by a Chemical constituent related to 
the specific manufacturing conditions rather than to the tryp¬ 
tophan itself. 183 
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Figure 15-11 Postpolio dysphagia. A. Lateral view 
shows incomplete elevation of the soft palate (U) and 
minimal nasopharyngeal regurgitation (open arrow). 
Passavant's cushion is not evident. The bolus is past the 
epiglottis ( solid arrows), which has remained almost 
completely upright, and there is incomplete elevation 
of the hyoid bone (h), which has not moved anteriorly. 

B. There is bulging of the pharynx, so it is overlapping the 
cervical spine ( black arrows ) with laryngeal penetration 
(white arrow). There is prominence of the cricopharyngeus 
( arrowhead) and poor distention of the cervical esophagus 
below the cricopharyngeus. Also note nasopharyngeal 
regurgitation ( open black arrow). C. Frontal view shows 
asymmetric distention, with the left piriform sinus (PS) 
bulging much more than the right because of pharyngeal 
constrictor weakness. There is a small amount of barium 
in the laryngeal vestibule (arrow) and a moderate 
pseudomass effect caused by a flow defect ( arrowheads). 
D. After passage of the bolus, there is marked retention 
in the left piriform sinus (PS), which is larger than the right, 
and mild retention in the right piriform sinus. There is also 
asymmetric retention in the vallecula on the left side (V). 
Barium is also seen in the laryngeal vestibule and ventricle 
(arrow). 
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Pharyngeal Pouches and Diverticula 

LATERAL PHARYNGEAL POUCHES 
AND DIVERTICULA 

The lateral pharyngeal wall may protrude beyond the normal 
expected contour of the pharynx in areas unsupported by 
muscle layers. The upper anterolateral pharyngeal wall is poorly 
supported in the region of the posterior and superior portions 
of the thyrohyoid membrane. 1 This region is bounded superi- 
orly by the greater cornu of the hyoid bone, anteriorly by the 
thyrohyoid muscle, posteriorly by the superior cornu of the 
thyroid cartilage and stylopharyngeal muscle, and inferiorly by 
the ala of the thyroid cartilage. 2 This unsupported part of the 
thyrohyoid membrane is perforated by the superior laryngeal 


artery and vein and the internal laryngeal branch of the supe¬ 
rior laryngeal nerve. 1 

Patients with lateral pharyngeal pouches usually have no 
symptoms. Approximately 5% of people with lateral pharyngeal 
pouches complain of dysphagia, choking, or regurgitation of 
undigested food. 3 ' 5 Lateral pharyngeal pouches are extremely 
common, and the frequency of their occurrence increases with 
age. 1 The pouches are usually bilateral. 

On frontal views during swallowing, pouches appear as tran¬ 
sient, hemispheric, contrast-filled protrusions from the lateral 
hypopharyngeal wall, below the hyoid bone and above the calci- 
fied edge of the thyroid cartilage (Fig. 16-1). The junction of 
the ala of the thyroid cartilage and thyrohyoid membrane is 
seen on frontal views as a notch in the lateral pharyngeal wall. 2 
On double-contrast frontal views in which a modified Valsalva 
maneuver is performed, the pouches are seen as hemispheric, 
barium-coated protrusions above the notch in the lateral pha¬ 
ryngeal wall. 2 On lateral views, the pouches are seen as oval ring 
shadows (occasionally with an air-contrast level) below the 
hyoid bone at the level of the valleculae, just behind the epiglot- 
tic plate, along the anterior hypopharyngeal wall. 1 Barium that 
is retained in pouches during swallowing spilis into the ipsilat- 
eral piriform sinus after the bolus passes. This delayed spill may 
result in dysphagia or a choking sensation because of overflow 
aspiration. 4,5 

In contrast, lateral pharyngeal diverticula are persistent pro¬ 
trusions of pharyngeal mucosa, usually through the thyrohyoid 
membrane or, rarely, through the tonsillar fossa. 12 The diver¬ 
ticula are lined by nonkeratinizing squamous epithelium sur- 
rounded by loose areolar connective tissue, with many vascular 
spaces. 3 These protrusions are commonly found in those who 
have increased intrapharyngeal pressure (e.g., wind instrument 
players, glass blowers, people with severe sneezing episodes). 
Clinical symptoms may include dysphagia, choking, cough, 
hoarseness, regurgitation of undigested food, or a painless neck 
mass. Radiographically, the diverticula are persistent, barium - 
filled sacs of various sizes connected to a bulging lateral hypo¬ 
pharyngeal wall by a narrow neck (Fig. 16-2). They are usually 
unilateral. 

LARYNGOCELES 

A lateral pharyngeal diverticulum is a protrusion of nonke¬ 
ratinizing squamous mucosa originating in the pharynx. A 
laryngocele is a protrusion of ciliated pseudostratified colum¬ 
nar epithelium and loose areolar connective tissue arising 
from saccular dilation of the appendix of the laryngeal ven- 
tricle. 6,/ If saccular dilation of the appendix is confmed by 
the thyroid cartilage, it is termed an internal laryngocele. 
If the dilation extends above the thyroid cartilage and 
through the thyrohyoid membrane, the sac is termed external 
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Figure 16-1 Lateral pharyngeal pouches. Frontal view of the 
pharynx obtained as the bolus is passing through the lower pharynx 
and pharyngoesophageal segment. Barium is retained in the right 
and left lateral pharyngeal pouches ( arrows ). The pouches protrude 
through the region of the thyrohyoid membrane. 


laryngocele. A combination of internal and external laryngo- 
cele is termed a mixed laryngocele. 

Patients with laryngoceles and those with lateral pharyngeal 
diverticula have similar symptoms and physical findings. Most 
patients are asymptomatic and in the fifth to sixth decade of 
life. 6 Patients with external or mixed laryngoceles may have a 
compressible lateral neck mass. Patients with internal laryngo¬ 
celes may complain of hoarseness, dysphagia, or choking. 
Laryngoceles are seen in patients with increased intralaryngeal 
pressure, such as glass blowers and wind instrument players. 

Frontal radiographs in patients with an external laryngocele 
may show an air-filled sac above and lateral to the ala of the 
thyroid cartilage. Lateral radiographs may show the air-filled 
sac anterior to the epiglottic plate, in contrast to a lateral pha¬ 
ryngeal diverticulum, which lies posterior to the epiglottic 
plate. 1 External and internal laryngoceles do not hil with barium 
on pharyngograms. However, barium studies may reveal 
enlargement of the aryepiglottic fold with a smooth overlying 
mucosa. 

BRANCHIAL CLEFT CYSTS, BRANCHIAL CLEFT 
FISTULAS, AND BRANCHIAL POUCH SINUSES 

In the 4-week-old embryo, paired grooves of ectodermal origin, 
termed branchial clefts, appear on both sides of the neck 
region. 6,8 Branchial ridges (arches) lie between the branchial 
clefts. Four outpouchings from the pharynx grow to meet the 
branchial clefts. The pharyngeal outpouchings are of endoder- 
mal origin and are termed branchial pouches. The first branchial 
cleft forms the external auditory meatus. The second branchial 
cleft forms the middle ear, eustachian tube, and floor of the 
tonsillar fossa. The third and fourth branchial pouches form the 
piriform sinuses. 8 



Figure 16-2 Lateral pharyngeal diverticula. A. Frontal view shows a round saclike structure (open arrow) protruding from the left lateral 
pharyngeal wall. This lateral pharyngeal diverticulum contains an air-contrast level. A right lateral diverticulum is faintly seen as a bilobed 
structure ( solid arrows). V, Left vallecula. B. Lateral view shows that the left lateral pharyngeal diverticulum ( open arrow) is behind and at the level 
of the vallecula (V). In this slightly tilted view, the bilobed right lateral pharyngeal diverticulum ( short arrows) is faintly seen. Long arrows indicate 
the aryepiglottic folds. E, epiglottic tip. (A and B modified from Rubesin SE, Glick SN: The tailored double-contrast pharyngogram. Crit Rev 
Diagn Imaging 28:133-179, 1988.) 
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Persistence of branchial pouches or clefts results in the for¬ 
mation of sinus tracts or cysts. The most common branchial 
vestige is a cyst arising from the second branchial cleft. A second 
branchial cleft cyst is found at the level of the hyoid bone, deep 
to the sternocleidomastoid muscle. 6 Pathologically, a unilocular 
cyst is lined by keratinizing, stratified, squamous epithelium 
and is filled with desquamated keratinaceous debris. A zone of 
lymphoid tissue surrounds the epithelium. 6 

Patients with second branchial cleft cysts usually present 
between the ages of 10 and 40 years with a painless or fluctuant 
mass in the upper neck along the upper third of the anterior 
border of the sternocleidomastoid muscle. 9 When small, the 
cysts are anterior to the sternocleidomastoid muscle. When 
large, the cysts may extend posteriorly to the sternocleidomas¬ 
toid muscle, displacing the carotid sheath. 

Cross-sectional imaging of noninfected cysts may reveal a 
smooth, thin-walled mass with a homogeneous water core. 10 If 
infected, the wall of the branchial cleft cyst becomes thickened 
and may enhance with the administration of intravenous con- 
trast medium. 10 The second branchial cleft cyst may extend 
between the internal and external carotid arteries at a level 
superior to their bifurcation. Rarely, branchial cleft cysts may 
communicate with the pharynx (branchial cleft fistulas), filling 
with barium during pharyngography. 1 

Branchial pouch sinuses or fistulas are tracts that extend 
from the pharynx and end blindly in the soft tissues of the neck 
(sinus) or extend to the skin (fistulas). These tracts are lined by 
ciliated columnar epithelium. Branchial pouch sinuses arise 
from the tonsillar fossa (second pouch), upper anterolateral 
piriform fossa (third pouch), or lower anterolateral piriform 
sinus (fourth pouch; Fig. 16-3). Many of these fistulas are 
present at birth 9 and communicate with the skin. Sinus tracts 
that end blindly are occasionally seen in adults. 

ZENKER'S DIVERTICULUM 

Zenker’s diverticulum (posterior hypopharyngeal diverticu- 
lum) is an acquired mucosal herniation through an area of 
anatomic weakness in the region of the cricopharyngeal muscle 
(Killians dehiscence). The inferior constrictor muscle is com- 
posed of the thyropharyngeal and cricopharyngeal muscles. The 
thyropharyngeal muscle arises from the lateral ala of the thyroid 
cartilage; it courses laterally and posteriorly to merge with its 
counterpart from the opposite side in a raphe in the posterior 
pharyngeal wall. The cricopharyngeal muscle constitutes the 
lower portion of the inferior constrictor muscle, arising from 
the lateral cricoid cartilage to encircle the lowermost hypophar- 
ynx. The cricopharyngeal muscle has no midline raphe. No 
overlap of fibers exists between the thyropharyngeal and crico¬ 
pharyngeal muscles. Considerable variation is found in the 
arrangement of the muscle bundles of the thyropharyngeal and 
cricopharyngeal muscles. Killians dehiscence has been variably 
described as arising between the thyropharyngeal and cricopha¬ 
ryngeal muscles or between the oblique and horizontal fibers of 
the cricopharyngeal muscle. 1112 This area of weakness occurs in 
one third of patients. 13 

The pathogenesis of Zenkers diverticulum is as controversial 
as the muscular anatomy. Some radiographic and manometric 
studies have suggested that spasm with elevated pressure of the 
upper esophageal sphincter or incoordination and abnormal 
relaxation of the upper esophageal sphincter (achalasia) are 
contributing factors. However, other manometric studies have 



Figure 16-3 Fourth branchial pouch sinus. Spot radiograph of the 
pharynx obtained with patient in a left posterior oblique position 
shows a thin, 1.5-cm barium-fil I ed track (white arrow) arising from the 
anterolateral wall of the lower left piriform sinus. The track has a 
saccular configuration at its termination (black arrow). 


shown the following: (1) there is normal coordination between 
pharyngeal contraction and relaxation of the upper esophageal 
sphincter; (2) the upper esophageal sphincter relaxes com- 
pletely during swallowing (i.e., there is no achalasia); and 
(3) the resting pressure of the upper esophageal sphincter is low 
(i.e., there is no spasm). 14,15 The relationship between gastro- 
esophageal reflux disease and Zenkers diverticulum is also con¬ 
troversial. Almost all patients with Zenker’s diverticulum have 
an associated hiatal hernia, 16,17 and many patients have radio¬ 
graphic evidence of gastroesophageal reflux, reflux esophagitis, 
or both. Whether gastroesophageal reflux predisposes patients 
with a large Killian dehiscence to the formation of Zenker’s 
diverticulum is unknown. 

Zenker’s diverticulum is usually found in older patients who 
have dysphagia, regurgitation of undigested food, halitosis, 
choking, hoarseness, or a neck mass. Some patients with 
Zenker’s diverticulum are asymptomatic. 

During swallowing, Zenker’s diverticulum appears as a pos¬ 
terior bulging of the lowermost hypopharyngeal wall above 
an anteriorly protruding pharyngoesophageal segment (crico¬ 
pharyngeal muscle; Fig. 16-4). The neck of the Zenker’s diver¬ 
ticulum can be very broad during swallowing. At rest, the 
barium-filled diverticulum extends below the level of the crico¬ 
pharyngeal muscle posterior to the proximal cervical esophagus 
(Fig. 16-5). After swallowing, barium in the diverticulum is 
regurgitated into the hypopharynx. In some patients, this regur¬ 
gitation of barium results in overflow aspiration. 
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Figure 16-4 Zenker # s diverticulum during swallowing. The relationship between the mouth of the Zenker's diverticulum and prominent 
cricopharyngeus is demonstrated. A. The bolus approaches the closed pharyngoesophageal segment (arrow), but barium has entered the mouth 
(double arrow) and lumen of the Zenker's diverticulum (Z). The mouth of a Zenker's diverticulum can be very broad, often larger than 1 cm. 

B. Most of the bolus has passed through the pharynx. The pharynx and larynx have continued to rise (~3 mm), and the anterior wall of the 
trachea has been pulled forward slightly. The pharyngoesophageal segment is now open ( double arrow). Redundant mucosa is seen in the 
postcricoid region (arrow). Opening of the pharyngoesophageal segment depends on elevation and anterior movement of the larynx, as well as 
the pressure of the bolus caused by gravity, tongue base thrust, and constrictor muscle contraction. 



Figure 16-5 Zenker's diverticulum. A. Frontal 
view of the pharynx shows a 3- x 4-cm 
barium-filled sac (Z) midline below the tips of the 
piriform sinuses. Barium also coats the vocal cords 
because of an abnormal epiglottic tilt. B. A lateral 
view obtained while the patient is drinking shows 
the Zenker's diverticulum as a barium-filled sac 
(Z) posterior to the cervical esophagus ( white 
arrowhead). The opening of the sac is superior to 
the posterior wall of the pharyngoesophageal 
segment ( double arrow). The pharyngoesophageal 
segment is mildly narrowed. Also note diminished 
epiglottic tilt ( black arrowhead) and laryngeal 
penetration. 
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A true Zenker’s diverticulum may be confused with barium 
trapped above a cricopharyngeal muscle that has closed before 
the pharyngeal contraction wave has passed. This barium, 
trapped between downwardly progressing pharyngeal contrac¬ 
tion and the cricopharyngeal muscle, is termed a pseudo- 
Zenker s diverticulum (Fig. 16-6). Barium may also be trapped 
above early closure of the upper cervical esophagus. Incomplete 
opening and early closure of the cricopharyngeal muscle, and 
early closure of the upper cervical esophagus, have been associ- 
ated with gastroesophageal reflux disease. 18 

The complications of Zenker’s diverticulum include bron- 
chitis, bronchiectasis, lung abscess, diverticulitis, ulceration, 
fistula formation, and carcinoma. 19 Any change in the character 
of dysphagia or bloody discharge in a patient known to have 
Zenker’s diverticulum should suggest a complication. 20 On 
barium studies, irregularity of the contour of Zenker’s diver¬ 
ticulum should suggest an inflammatory or neoplastic compli¬ 
cation. Carcinoma arises in less than 1% of patients with 
Zenker’s diverticulum, 20 but it is usually fatal. 

LATERAL CERVICAL ESOPHAGEAL POUCHES 
AND DIVERTICULA 

The Killian-Jamieson space is a triangular area of weakness in 
the cervical esophagus just below the cricopharyngeal muscle. 
This space is bounded superiorly by the inferior margin of the 
cricopharyngeal muscle, anteriorly by the inferior margin of the 
cricoid cartilage, and inferomedially by the suspensory ligament 
of the esophagus originating from the posterior wall of the 
cricoid cartilage, just before the tendon forms the longitudinal 
muscle of the esophagus. 21,22 


Transient or persistent protrusions of the anterolateral cervi¬ 
cal esophagus into the Killian-Jamieson space are termed lateral 
cervical esophageal pouches or diverticula , respectively. They are 
also known as Killian-Jamieson pouches or Killian-Jamieson 
diverticula. Most patients with Killian-Jamieson diverticula 
are asymptomatic, but some may complain of dysphagia or 
regurgitation. 

These pouches and diverticula are relatively common and 
may be confused radiographically with Zenker’s diverticulum. 
Killian-Jamieson diverticula can be bilateral or unilateral. If 
unilateral, the diverticula are usually found on the lefl side of 
the proximal cervical esophagus. 23 Radiographically, a small 
(3-20 mm in diameter), round to ovoid, smooth-surfaced out- 
pouching is seen just below the level of the cricopharyngeal 
muscle (Fig. 16-7). 23 On frontal views, pouches appear as small, 
round, or ovoid protrusions of the lateral upper esophageal wall 
that are filled late during swallowing and that empty after swal- 
lowing. Diverticula appear on frontal views as saccular protru¬ 
sions that have narrow necks (see Fig. 16-7) and do not empty 
as quickly after swallowing. On lateral views, the anterior wall 
of the sac is anterior to the cervical esophagus, below the level 
of the cricopharyngeal muscle. 23 In contrast, the neck of Zenk¬ 
er’s diverticulum is on the posterior hypopharyngeal wall, and 
the sac extends inferiorly behind the cervical esophagus. 

Pharyngeal and Cervical 
Esophageal Webs 

Webs are thin mucosal folds usually located along the anterior 
wall of the lower hypopharynx and proximal cervical 



Figure 16-6 Pseudo-Zenker's diverticulum. A. During barium drinking, no pouch is seen as the bolus passes through the pharyngoesophageal 
segment. B. A view taken just after the swallows passes shows barium trapped [arrow) above an early-closing cricopharyngeal bar. This barium 
passed through the pharyngoesophageal segment seconds later. 
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Figure 16-7 Killian-Jamieson diverticulum. A. Frontal view of the pharynx shows a barium-filled sac (K) to the left of the cervical esophagus. 
The neck of the diverticulum ( long arrow) is below the level of the cricopharyngeal muscle ( short arrow). B. Lateral view shows the diverticulum 
(K) protruding anterior to the course of the cervical esophagus ( arrows ). (From Rubesin SE: Pharynx. In Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


esophagus. They are usually composed of normal epithelium 
and lamina propria. 24 Some webs show inflammatory changes. 

The cause and clinical significance of webs are controversial. 
Most patients with cervical esophageal webs are asymptomatic. 
The webs are seen as isolated findings in 3% to 8% of patients 
undergoing upper GI barium studies. 25 In one autopsy series, 
16% of patients had incidental cervical esophageal webs. 24 

Some pharyngeal and cervical esophageal webs are associated 
with diseases that cause inflammation and scarring, such as epi- 
dermolysis bullosa or benign mucous membrane pemphigoid. 
Several older northern European series showed an association of 
cervical esophageal webs, iron deficiency anemia, and pharyn¬ 
geal or esophageal carcinoma. 31 This association was termed 
Plummer-Vinson syndrome or Paters on-Kelly syndrome. In the 
United States, no strong association of cervical esophageal webs, 
iron deficiency anemia, and pharyngoesophageal carcinoma has 
been found. Webs in the distal esophagus have been associated 
with gastroesophageal reflux disease. 25 Some cervical esophageal 
webs may also be associated with gastroesophageal reflux. 2 

Some webs are present in the valleculae or lower piriform 
sinus. These vallecular and piriform sinus webs are composed 
of mucosa, lamina propria, and underlying biood vessels. These 
webs are thought to be normal variants in the valleculae and 
piriform sinuses. 32 


Webs appear radiographically as 1- to 2-mm wide, shelflike 
filling defects along the anterior wall of the hypopharynx or 
cervical esophagus (Fig. 16-8). The webs protrude to various 
depths into the esophageal lumen. Webs may extend laterally, 
and a few extend circumferentially. Circumferential webs appear 
as ringlike shelves in the cervical esophagus. With severe luminal 
narrowing, dysphagia may result, especially in patients with 
circumferential cervical esophageal webs. Partial obstruction is 
suggested by a jet phenomenon 33,34 or by dilation of the esopha¬ 
gus or pharynx proximal to the web (see Fig. 16-10). A dynamic 
examination reveals a higher percentage of webs than spot 
images alone. Better demonstration of webs is also achieved 
with the use of large boluses of barium. 28 

Webs may be confused radiographically with redundant 
mucosa in the anterior wall of the pharyngoesophageal segment 
at the level of the cricoid cartilage. This redundant mucosa 
has been termed the postcricoid defect and was previously 
attributed to a venous plexus in this region. 3 However, the 
postcricoid defect is probably related to redundancy of the 
mucosal and submucosal tissue in this area. 2 Webs also should 
not be confused with a prominent cricopharyngeal muscle, 
which appears as a round, broad-based protrusion from the 
posterior pharyngeal wall at the level of the pharyngoesopha¬ 
geal segment. 
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Figure 16-8 Partially obstructing cervical esophageal web. Frontal (A) and lateral (B) views show a circumferential radiolucent ring ( white 
arrows ) in the proximal cervical esophagus. Partial obstruction is suggested by a jet phenomenon ( black arrows), with barium spurting through the 
ring, and by mild dilation of the proximal cervical esophagus (c). The level of the cricopharyngeus is identified ( curved arrow in A). (From Rubesin SE: 
Pharynx. In Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


Inflammatory Lesions of the Pharynx 

Although acute epiglottitis usually affects children between 3 
and 6 years of age, it occasionally causes severe stridor and sore 
throat in adults. Plain radiographic diagnosis of acute epiglot¬ 
titis is important (even in adults) because manipulation of 
the tongue or pharynx may exacerbate edema and respiratory 
distress. Neck radiographs may show smooth enlargement 
of the epiglottis and aryepiglottic folds. Barium studies are con- 
traindicated because they may exacerbate edema, triggering an 
episode of acute respiratory arrest. 3 

Barium studies of the pharynx are usually of limited value 
in patients with acute sore throat caused by viral, bacterial, or 
fungal infection. Such patients usually demonstrate normal 
Åndings on pharyngograms or evidence of nonspecific lym- 
phoid hyperplasia of the palatine or lingual tonsils. 

In immunosuppressed patients with acute dysphagia, barium 
studies are directed toward the esophagus to demonstrate the 
presence, site, and type of esophagitis. However, double-contrast 
examination of the pharynx may demonstrate the plaques of 
Candida pharyngitis or the ulcers of herpes pharyngitis, par- 
ticularly in patients with AIDS (Fig. 16-9). 38 

In patients with chronic sore throat, barium studies may 
help determine whether underlying gastroesophageal reflux and 
reflux esophagitis are present. Inflammatory disorders of the 
pharynx or gastroesophageal reflux can alter pharyngeal eleva¬ 
tion, epiglottic tilt, or closure of the vocal cords and laryngeal 
vestibule. Inflammation-induced dysmotility may result in 
laryngeal penetration and stasis. 


Some diseases with diffuse mucous membrane ulceration 
affect the pharynx. Pharyngeal inflammation and ulceration 
may be seen in patients with Beh^et’s syndrome, Stevens- 
Johnson syndrome, Reiter’s syndrome, epidermolysis bullosa, 39,40 
or bullous pemphigoid. 4 Most of these patients have recurrent 
aphthous stomatitis and oropharyngeal ulceration. With severe 
ulceration, amputation of the uvula and tip of the epiglottis 
may be observed radiographically. 41 Scarring may cause dis- 
tortion of the pharyngeal contours. Severe ulceration with 
subsequent scarring may also be caused by lye ingestion 
(Fig. 16-10). 42 

LYMPHOID HYPERPLASIA OF THE LINGUAL 
AND PALATINE TONSILS 

The lingual tonsil is an aggregate of 30 to 100 follicles along the 
pharyngeal surface of the tongue, extending from the circum- 
vallate papillae to the root of the epiglottis. 43 This lymphoid 
tissue causes the normal surface of the base of the tongue to be 
divided into small nodules of varying size. 

Hypertrophy of the lingual tonsil frequently occurs after 
puberty, as a compensatory response after tonsillectomy, or 
as a nonspecific response to allergies or repeated infection. 43 
Symptoms attributed to lymphoid hyperplasia of the lingual 
tonsil include throat discomfort, a globus sensation, and dys¬ 
phagia. There are no criteria based on size for differentiating 
nodularity of the base of the tongue because of normal lingual 
tonsils from that resulting from reactive lymphoid hyperplasia. 
On frontal radiographs obtained in patients with lymphoid 
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Figure 16-9 Lymphoid hyperplasia of the base of the tongue. 

Frontal view shows large, smooth-surfaced, round to ovoid nodules 
( arrow ) symmetrically distributed over the surface of the base of the 
tongue. 


hyperplasia, multiple smooth, round, or ovoid nodules are sym¬ 
metrically distributed over the surface of the base of the tongue 
(Fig. 16-11). On lateral radiographs, the base of the tongue may 
seem to protrude posteriorly. In lymphoid hyperplasia of the 
palatine tonsils, masslike enlargement of the palatine tonsils is 
seen in the frontal and lateral views (Fig. 16-12). With severe 
lymphoid hyperplasia of the base of the tongue, the nodules 
may extend into the valleculae, along the lingual surface of the 
epiglottis, or even into the upper hypopharynx. Lingual tonsil 
lymphoid hyperplasia can be coarsely nodular, asymmetrically 
distributed, or masslike. However, any asymmetrically distrib¬ 
uted coarse nodularity or mass must be viewed with suspicion. 
The use of endoscopy and magnetic resonance imaging (MRI) 
may help exclude malignancy. 

Benign Tumors of the Pharynx 

A wide variety of benign tumors occur in the pharynx. 6 Non- 
epithelial tumors arising from the supporting tissues of the 
pharynx are rare. 44,45 However, tumor-like cysts of various his- 
tologic types are not uncommonly seen in the pharynx. 46 The 
most common benign lesions are retention cysts of the vallecu¬ 
lae or aryepiglottic folds. 

Symptoms are related primarily to the location and polypoid 
or sessile nature of the lesion. Patients with benign tumors 
of the base of the tongue may be asymptomatic or may 


complain of throat irritation or dysphagia. Aryepiglottic fold 
nodules or mass lesions may cause dysphonia or respiratory 
symptoms such as stridor. Tumors of the epiglottis and ary¬ 
epiglottic folds may also result in dysphagia, coughing, or 
choking because of laryngeal penetration. Rarely, pedunculated 
lesions (e.g., papillomas, lipomas, 47 fibrovascular polyps) may 
be coughed up into the mouth or may cause sudden death 
through asphyxiation. 

Tumors of various histologic types tend to occur at specific 
locations in the pharynx. Retention cysts and granular cell 
tumors are the most common benign tumors of the base of 
the tongue (Fig. 16-13). 48 Ectopic thyroid tissue and thyroglos- 
sal duet cysts may occur at the tongue base but are rare. The 
tumor-like lesions that usually involve the aryepiglottic folds 
are retention cysts and saccular cysts. Retention cysts of the 
aryepiglottic folds are lined by squamous epithelium and filled 
with desquamated squamous debris (Fig. 16-14). In contrast, 
saccular cysts of the aryepiglottic folds arise from the mueus- 
secreting giands of the appendix of the laryngeal ventricle and 
are filled with mueoid secretions. True soft tissue tumors of 
the aryepiglottic folds, such as lipomas, neurofibromas, ham- 
artomas, 45 granular cell tumors, and oncocytomas, are rare. 6 
Laryngeal involvement in neurofibromatosis (von Recklinghau- 
sen’s disease) is rare but usually involves the region of the 
arytenoid cartilage and aryepiglottic folds. 49 Benign tumors 
arising from the minor mueoserous salivary giands are usually 
seen in the oropharynx in the region of the soft palate and 
base of the tongue. Benign cartilaginous tumors involving the 
pharynx (chondromas) usually arise from the posterior lamina 
of the cricoid cartilage. 50 

Regardless of its underlying histologic characteristics, a 
benign pharyngeal tumor usually appears radiographically as 
a smooth, round, sharply circumscribed mass en face and as a 
hemispheric line with abrupt angulation in profile (see Figs. 
16-16 and 16-17). 37,48 Only rarely is a pedunculated polypoid 
lesion (e.g., papilloma, fibrovascular polyp) seen. The benign 
nature of these lesions should be confirmed by endoscopic 
examination. However, submucosal masses are sometimes 
missed at endoscopy. 

Malignant Tumors of the Pharynx 

Radiologists should be as familiar with pharyngeal carcinoma 
as they are with esophageal carcinoma. Squamous cell carci- 
nomas of the head and neck (e.g., tongue, pharynx, larynx) 
constitute 5% of all cancers in the United States, whereas 
esophageal carcinomas constitute only 1% of all cancers. The 
radiologist may be the first physician to suggest a diagnosis of 
pharyngeal carcinoma (Fig. 16-15). Some tumors may be 
detected during barium studies performed for other reasons. 
Patients with pharyngeal symptoms or a palpable neck mass 
may undergo pharyngoesophagography as the initial diagnostic 
examination. In patients with known pharyngeal cancer, a 
contrast examination is of value to assist in planning proper 
work-up and therapy. A barium examination can also be used 
to rule out a second primary lesion in the esophagus. Further- 
more, the examination can detect coexisting structural lesions 
(e.g., prominent cricopharyngeal muscle, Zenker’s diverticu- 
lum, web, stricture) that may be difficult to circumvent safely 
at endoscopy. Barium studies reveal the size, extent, and inferior 
limit of pharyngeal tumors and the degree of funetional impair- 
ment. The barium examination can also show areas behind 
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Figure 16-10 Lymphoid hyperplasia of the palatine tonsils. Frontal (A) and lateral (B) views of the pharynx show bilateral, symmetric 
enlargement of the palatine tonsils ( arrows ). 


bulky tumors that are difficult to visualize by endoscopic 
examination. 

Barium studies allow detection of more than 95% of struc¬ 
tural lesions below the pharyngoesophageal fold. 51 These 
studies are especially valuable in areas of the pharynx that 
are difficult to evaluate by endoscopy (e.g., lower base of the 
tongue, valleculae, lower hypopharynx, pharyngoesophageal 
segment). 

SIGNS AND SYMPTOMS 

The symptoms of pharyngeal carcinoma are nonspecific and 
usually of short duration (<4 months). They include sore throat, 
dysphagia, and odynophagia. Choking or coughing may be 
caused by laryngeal penetration during swallowing or aspira¬ 
tion of barium trapped in ulcerated tumors. Hoarseness occurs 
primarily in patients with laryngeal carcinoma, supraglottic 
carcinoma, or carcinoma of the medial piriform sinus infiltrat- 
ing the arytenoid cartilage or cricoarytenoid joint. A referred 
earache may occur, especially when nasopharyngeal tumors 
block the eustachian tube. 52 Some patients are asymptomatic 
but present with a palpable neck mass. Most patients with squa- 
mous cell carcinoma are 50 to 70 years of age. 52 Almost all 
patients (>95%) are moderate to heavy abusers of alcohol and 
tobacco or have a tumor related to herpes virus. 53 


SQUAMOUS CELL CARCINOMA 

Pathology 

Squamous cell carcinomas represent 90% of malignant lesions 
involving the oropharynx and hypopharynx. 6,53 Most of these 
tumors are keratinizing squamous cell carcinomas. In general, 
they occur in two macroscopic forms: (1) exophytic tumors 
that spread over the mucosa; and (2) infiltrative or ulcerative 
tumors that penetrate deeply into surrounding soft tissue, 
cartilage, and bone. Multiple primary lesions of the oral cavity, 
pharynx, esophagus, and lung are seen in more than 20% of 
patients. 52 Because such a strong association exists between 
head and neck squamous cell carcinoma and esophageal car¬ 
cinoma, 14 ,55 a major goal of a preoperative radiologic study is 
to rule out a synchronous primary esophageal cancer. Between 
1% and 15% of patients with head and neck squamous cell 
carcinoma subsequently develop squamous cell carcinoma of 
the esophagus. 54,55 

Radiographic Findings 

The radiographic findings of pharyngeal cancer include an 
intraluminal mass, mucosal irregularity, and impairment or 
loss of normal mobility or distensibility (Fig. 16-16). 37,56-59 
An intraluminal mass may be manifested radiographically 
by obliteration of the normal luminal contour, extra 
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Figure 16-11 Candida pharyngitis. Lateral view of the pharynx 
shows well-circumscribed plaques ( open arrows ) at the level of the 
epiglottis. Note laryngeal vestibule penetration ( solid arrows ) resulting 
from abnormal pharyngeal motility associated with this inflammatory 
pharyngitis. (From Rubesin SE: Pharynx. In Laufer I, Levine MS [eds]: 
Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia , 

WB Saunders, 1992.) 


barium-coated lines protruding into the expected pharyngeal 
air column, a focal area of increased radiopacity, or a filling 
defect in the barium pool. 38,56,59 Mucosal irregularity may 
be seen as abnormal barium collections resulting from surface 
ulceration or as a lobulated, finely nodular, or granular surface 
texture. 56 Asymmetrical distensibility is seen as flattening of 
the pharyngeal contour caused by fixation of structures by 
infiltrating tumor or by an extrinsic mass impinging on the 
pharynx. 38,58,59 

Cross-sectional imaging studies are the examinations of 
choice for showing spread of tumor into the submucosa, intrin- 
sic muscles, tissues extrinsic to the pharynx, and regional lymph 
nodes. 60 Computed tomography (CT) and MRI may occasion- 
ally reveal lesions (typically submucosal masses) that are not 
visible, even with modern endoscopes. 

Specific Sites 

Nasopharynx. Squamous cell carcinoma is the most common 
histologic type of nasopharyngeal malignant tumor. Many 
nasopharyngeal squamous cell cancers are undifferentiated 
tumors, and many have a reactive lymphoid stroma. The risk 
factors, age of presentation, and histologic type are more varied 
than those of the typical squamous cell carcinoma of the oro- 
pharynx and hypopharynx. In addition to alcohol and smoking 
abuse, poor ventilation, nasal balms, ingested carcinogens, and 
upper respiratory viruses such as the Epstein-Barr virus have 
been implicated as causative factors. 6 

Nasopharyngeal squamous cell carcinoma occurs at a 
relatively young age, with 20% of patients being younger 
than 30 years. 6 Approximately 50% of patients complain of 
hearing loss because of eustachian tube involvement. About 
50% of these patients are asymptomatic and present with a 
neck mass caused by cervical nodal metastases. Other signs 
and symptoms include nasal obstruction, epistaxis, pain, 



Figure 16-12 Scarring caused by lye ingestion. A. On the lateral view, the tip of the epiglottis ( arrow) appears truncated. B. On the frontal 
view, the epiglottis (white arrow) is located inferior to its normal position. A scar in the inferior portion of the left piriform sinus is seen as a fold 
of tissue ( black arrow). 
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Figure 16-13 Retention cyst at the base of the tongue. Lateral 
view shows a smooth-surfaced hemispheric mass ( arrow) protruding 
posteriorly from the base of the tongue. 


headache, and damage to the fifth cranial nerve. The 5-year 
survival rate varies from 76% for patients with localized 
tumors to 10% to 20% for patients with cervical lymph 
node metastases. 

MRI is the method of choice for evaluating tumors of the 
nasopharynx. 61 The radiologist carefully searches for spread to 
the nasal cavity, sinuses, and cranial base, especially for cranial 
nerve involvement. Barium studies are used primarily to evalu- 
ate the symptoms of nasal regurgitation and voice changes 
caused by soft palate insufficiency and to rule out a synchro- 
nous esophageal tumor. 

Palatine Tonsil. Squamous cell carcinoma of the palatine tonsil 
is the most common malignant tumor arising in the pharynx. 6 
Well-differentiated tumors are usually exophytic and easily seen 
on barium studies (Fig. 16-17).' Poorly differentiated tumors 
are frequently of the ulcerative infiltrative type and may be 
obscured on barium studies by the underlying nodular lym- 
phoid tissue of the palatine tonsil. 3 Tonsillar tumors may 
spread to the soft palate, base of the tongue, and posterior pha- 
ryngeal wall. Approximately 50% of patients develop cervical 
nodal metastases. 37 

Base of the Tongue. Squamous cell carcinomas of the base 
of the tongue are poorly differentiated lesions that often 
present as advanced lesions with nodal metastases. 6,62 These 
tumors infiltrate deeply into the intrinsic and extrinsic muscles 
of the tongue. Lymph node metastases are seen ipsilaterally 
or contralaterally in more than 70% of patients. The 5-year 
survival rate is 20% to 40%. 3 Patients with small lesions are 



Figure 16-14 Retention cyst. A smooth-surfaced, well-circumscribed 
mass (arrow) is seen in the region of the mucosa overlying the muscular 
process of the right arytenoid cartilage. This 2.5-cm mass was not 
detected on endoscopy. After a repeat endoscopic examination 
confirmed the presence of the lesion, surgery was performed and 
pathologic evaluation revealed a retention cyst lined by squamous 
epithelium. (From Rubesin SE, Glick SN: The tailored double-contrast 
pharyngogram. Crit Rev Diagn Imaging 28:133-179, 1988.) 


often asymptomatic but present with enlarged cervical nodes. 
Initial results of diagnostic endoscopy may be negative. 63 Small 
or predominantly submucosal lesions may be hidden in the 
valleculae or the recess between the tongue and tonsil (glos- 
sotonsillar recess). Barium, MRI, or CT studies may be 
extremely helpful in detecting clinically occult lesions with 
nodal metastases. 

Radio gr aphically, an exophytic lesion appears as a polypoid 
mass projecting into the oropharyngeal air Space. 03,64 An ulcer- 
ated lesion appears as an irregular barium collection disrupting 
the expected contour of the base of the tongue. Nodules of 
tumor may spread to the palatine tonsil, valleculae, or pharyn- 
goepiglottic fold. Occasionally, a deeply infiltrating, primarily 
submucosal lesion may be manifested by subtle asymmetric 
enlargement of the tongue base. A small plaquelike or ulcerative 
lesion can easily be missed on barium or endoscopic studies but 
can be detected on MRI or CT studies. 

Supraglottic Region. Squamous cell carcinomas that affect the 
epiglottis, aryepiglottic folds, mucosa overlying the arytenoid 
cartilages, false vocal cords, and laryngeal ventricles are defined 
as supraglottic carcinomas. These poorly differentiated or 
undifferentiated tumors spread rapidly to the entire supraglot¬ 
tic region and pre-epiglottic space. Exophytic lesions are more 
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Figure 16-15 Unsuspected soft palate carcinoma. An 80-year-old 
patient with dementia underwent an upper GI examination for 
epigastric pain. Nasal regurgitation was observed during the initial 
double-contrast swallow. Lateral spot image of the pharynx shows 
obliteration of the contour of the lower soft palate, which is replaced 
by a lobulated mass ( solid arrows). Nodular mucosa in the tonsillar 
fossa (open arrow) indicates spread of the tumor into this region. 
(From Rubesin SE, Rabischong P, Bilaniuk LT, et al: Contrast 
examination of the soft palate with cross-sectional correlation. 
RadioGraphics 8:641-665, 1988.) 



Figure 16-16 Radiographic findings in pharyngeal carcinoma. A 

frontal view shows loss of the normal contour of the left piriform 
sinus. Obliteration of the contour indicates that the lateral and inferior 
piriform sinus has been replaced by a soft tissue mass ( black arrows). 
The left aryepiglottic fold ( white arrow) is enlarged and has a nodular 
surface, indicating tumor infiltration. The mucosa overlying the 
muscular process of the left arytenoid cartilage is enlarged ( white 
arrowhead) and deviated medially, Crossing the midline. Thus, the 
hypopharyngeal tumor involves the lateral hypopharyngeal wall, left 
arytenoid region, and left aryepiglottic fold. Barium coating the vocal 
cords results from abnormal epiglottic tilt on the left caused by tumor 
infiltration. 


common (Fig. 16-18). 57,65 Ulcerative lesions may deeply pene- 
trate the tongue and valleculae and invade the pre-epiglottic 
space (Fig. 16-19). 57 These tumors may spread laterally to the 
pharyngoepiglottic folds and lateral pharyngeal walls. Only 
rarely do these tumors extend through the laryngeal ventricles 
into the true vocal cords. Cervical nodal metastases are seen in 
one third to one half of patients. The 5-year survival rate is 
approximately 40%. 

Piriform Sinus. Squamous cell carcinomas of the piriform 
sinuses are advanced lesions that spread quickly and metastasize 
widely. 56 Metastases to cervical lymph nodes are seen in 70% to 
80% of patients. 37 The 5-year survival rate is 20% to 40%. 63 

Tumors involving the medial wall of the piriform sinus have 
a slightly better prognosis than lateral wall tumors 66 because 
medial wall tumors present early with hoarseness when 
they infiltrate the aryepiglottic fold, arytenoid and cricoid 
cartilages, and paraglottic space. 56 Tumors involving the lateral 
wall present later as a neck mass when they infiltrate the 
thyrohyoid membrane, thyroid cartilage, and soft tissues of the 
neck, including the structures of the carotid sheath. 37,67 


Radiographically, an early lesion may appear as a subtle area of 
mucosal irregularity (Fig. 16-20). Advanced lesions are typically 
seen as bulky exophytic masses (Fig. 16-21). Occasionally, infil- 
trative masses are seen. 

Posterior Pharyngeal Wall. Squamous cell carcinomas of the 
posterior pharyngeal wall are typically large fungating lesions 
more than 5 cm in length (Fig. 16-22), often spreading vertically 
into the nasopharynx or cervical esophagus. Approximately 
50% of patients have jugular or retropharyngeal lymphatic 
metastases, or both, at the time of diagnosis. 52 The 5-year sur¬ 
vival rate is approximately 20%. 52 Posterior pharyngeal squa¬ 
mous cell carcinoma is the type of pharyngeal cancer usually 
associated with a synchronous or metachronous malignant 
lesion in the oral cavity, pharynx, or esophagus. 

Postcricoid Area. Postcricoid squamous cell carcinomas are 
rare, except in Scandinavia. 56 In Scandinavia, primary postcri¬ 
coid carcinomas may be associated with iron deficiency anemia 
and cervical esophageal webs, the Plummer-Vinson syndrome. 
In the United States, however, only a rare association has 
been found between iron deficiency anemia and malignant 
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Figure 16-17 Squamous cell 
carcinoma of the right palatine 
tonsil. A. Frontal view shows a 
large polypoid mass ( arrows ) 
protruding into the oropharynx. 
The right lateral wall of the 
tonsillar fossa has been 
obliterated. B. Lateral view shows 
a large tonsillar fossa mass ( white 
arrows ) with a central ulcer ( open 
arrow). Tumor infiltration of the 
posterior pharyngeal wall is 
manifested by enlargement of 
the soft tissue space in this 
region ( black arrows). The soft 
palate (S) is also widened and 
has an irregular contour. (From 
Levine MS, Rubesin SE: Radio- 
logic investigation of dysphagia. 
AJR 154:1157-1163, 1990.) 



Figure 16-18 Polypoid squamous cell carcinoma of the epiglottis. A. Frontal view shows an enlarged, rounded epiglottic tip (open arrow) 
and an enlarged, nodular, left aryepiglottic fold ( long white and black arrows). Note excessive pooling of barium in the valleculae. Laryngeal 
penetration has occurred, coating the laryngeal vestibule. This barium coating shows that the tumor has not spread to the lower right side of 
the epiglottis and right aryepiglottic fold ( short white arrows). B. Lateral view shows a bulbous, enlarged, epiglottic tip (open arrow) and a large 
epiglottic mass ( large arrows) extending down the aryepiglottic fold and along the anterior wall of the laryngeal vestibule. The lower portion of 
the laryngeal vestibule ( small arrows) is not involved by tumor. (From Rubesin SE: Pharynx. In Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 16-19 Ulcerative squamous cell carcinoma of the epiglottis and base of the tongue. Frontal (A), lateral (B), and left posterior 
oblique (C) views show that the epiglottic tip and median glossoepiglottic fold have been destroyed and are not visualized. The normal 
vallecular contour is not seen. Instead, an irregular barium collection is seen in the base of the tongue, with deep penetration into the contour of 
the tongue (short arrows). The tumor is manifest by finely nodular mucosa at the base of the tongue and in the upper right aryepiglottic fold 
(open arrows), as well as on the upper laryngeal surface of the residual epiglottis (long arrow in B). 


pharyngeal tumors. The pharyngoesophageal segment is usually 
involved by direct extension of squamous cell cancer of the piri- 
form sinus, posterior pharyngeal wall, or cervical esophagus. 56 
Radiographically, postcricoid carcinomas appear as annular 
infiltrating lesions that may extend into the lower hypopharynx 
or cervical esophagus (Fig. 16-23). 37 These annular lesions are 
best detected while the pharyngoesophageal segment is fully 
distended with barium on video recordings or rapid-sequence 
spot images obtained during swallowing. 

LYMPHOMA 

Lymphomas of the pharynx represent approximately 10% of 
malignant pharyngeal tumors. 6,68 Almost all pharyngeal lym¬ 
phomas are of the non-Hodgkin s type, arising from Waldeyer’s 
ring (i.e., the adenoids, palatine tonsils, and lingual tonsil). 
Hodgkin s lymphoma involving the pharynx is rare, despite the 
faet that Hodgkin s lymphoma often begins in cervical lymph 
nodes. 69 Pharyngeal involvement occurs in only 1% to 2% of all 
patients with Hodgkin s lymphoma, even those with dissemi- 
nated tumor. 

Most patients with pharyngeal lymphoma are in the fifth to 
sixth decade of life. Approximately 50% of patients have cervi¬ 
cal lymphadenopathy as the initial clinical finding. 68 Cervical 


lymph nodes are involved in more than 60% of patients. 68 At 
the time of diagnosis, only 10% of patients have involvement 
of extranodal sites (lung and bones). Approximately 50% of 
patients have symptoms related to local pharyngeal involve¬ 
ment, including nasal obstruction, earache, sore throat, or a 
lump in the throat. 

The most frequent pharyngeal locations of lymphoma are 
the palatine tonsil (40%-60% of patients), 6,68 nasopharynx 
(18%-28%), 68 and base of the tongue (10%). Approximately 
25% of tumors involve multiple sites. Bilateral involvement of 
the palatine tonsils occurs in 15% of pharyngeal lymphomas. 68 
Lymphomas only rarely arise in the hypopharynx. 

Pharyngeal lymphomas are manifested radiographically as 
lobulated masses involving the nasopharynx, palatine tonsil 
(Fig. 16-24), base of the tongue (Fig. 16-25), or a combination 
of these sites. The normal lymphoid follicular pattern of the 
base of the tongue or palatine tonsil may be effaced by these 
bulging submucosal masses. 

RARE MALIGNANT TUMORS 

Carcinoma of the Minor Salivary Giands 

Benign and malignant tumors arise from the minor mueose- 
rous salivary giands located deep to the epithelial layer of the 
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Figure 16-20 Squamous cell carcinoma of the lateral wall of the 
right piriform sinus. Frontal view shows obliteration of the right lateral 
wall of the piriform sinus. There is a large polypoid mass ( long arrows ) 
protruding into the hypopharynx. The tip of the epiglottis (short arrow) 
is spared. (From Rubesin SE, Glick SN: The tailored double-contrast 
pharyngogram. Crit Rev Diagn Imaging 28:133-179, 1988.) 



Figure 16-21 Early squamous cell carcinoma of the right piriform 
sinus extending into the submucosa. Lateral view of the pharynx 
show a flat area of nodular mucosa (open arrows ) along the lateral 
wall of the right piriform sinus. (From Levine MS, Rubesin SE, Ott DJ: 
Update on esophageal radiology. AJR 155:933-941, 1990.) 



Figure 16-22 Squamous cell carcinoma of the posterior 
pharyngeal wall. Lateral spot image of the pharynx shows a large 
fungating mass ( arrows ) on the posterior pharyngeal wall, extending 
from the level of the uvula to the level of the muscular processes of 
the arytenoid cartilages (a). Note evidence of pharyngeal dysfunction 
with pooling of barium in the valleculae (v), piriform sinus (p), and 
laryngeal vestibule (I). (From Rubesin SE, Glick SN: The tailored 
double-contrast pharyngogram. Crit Rev Diagn Imaging 28:133-179, 
1988.) 


pharynx. Minor salivary giand tumors constitute 20% of all 
salivary giand tumors and have diverse histologic features and 
a diverse clinical course. Of minor salivary giand tumors, 65% 
to 88% are malignant. ’ The most frequent malignant types 
are adenoid cystic carcinoma (35%), solid adenocarcinoma 
(22%; Fig. 16-26), and mucoepidermoid carcinoma (16%). 70 
The most common pharyngeal location of minor salivary giand 
tumors is the soft palate. Palatal salivary giand tumors are 
manifested clinically by painless masses near the junction of 
the hard and soft palates. Palatal salivary giand tumors spread 
to the tongue, submandibular giand, lingual and hypoglossal 
nerves, and mandible. In contrast to squamous cell carcinoma, 
cervical metastases are relatively infrequent, occurring in 
approximately 25% of malignant lesions. 70 Adenoid cystic 
carcinoma has a particular propensity for perineural tumor 
spread. 

Sarcoma 

Malignant fibrous histiocytoma (Fig. 16-27) and synovial sar¬ 
comas of the pharynx are extremely rare. Most patients with 
synovial sarcoma are 20 to 40 years of age and complain of a 
painless neck mass. At initial diagnosis, synovial sarcomas 
appear radiographically as large bulky tumors involving the 
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Figure 16-23 Squamous cell carcinoma of the postcricoid region. A. Lateral spot image obtained during swallowing shows a finely lobulated 
contour of the anterior and posterior walls of the pharyngoesophageal segment ( arrows ). B. Lateral spot image of the pharyngoesophageal 
segment during phonation shows an ulcerated mass. The central ulcer crater ( large white arrow) is filled with barium. The mass is seen as a filling 
defect in the barium pool ( black arrows ) and as an irregular contour of the posterior pharyngeal wall ( medium white arrows ). The mass also 
causes a smooth extrinsic impression on the posterior wall of the trachea ( small white arrows). 


larynx, pharynx, and soft tissues of the neck. 72 A clue that a 
bulky pharyngeal tumor is a sarcoma, not a squamous cell car¬ 
cinoma, is marked enhancement during a CT or MRI examina- 
tion of the neck. 71 

Cartilaginous Tumors 

Primary cartilaginous tumors of the pharynx are extremely 
rare. The pharynx may be invaded secondarily by cartilaginous 
tumors (e.g., chondroma, osteochondroma, chondrosarcoma) 
arising in the larynx. 73 Cartilaginous tumors of the larynx are 
seen mainly in the fourth to sixth decade of life. Patients com- 
plain of hoarseness, poor voice, and dysphagia. Chondroid 
tumors usually arise from the cricoid cartilage. 

Radiographically, a smooth-surfaced mass is usually seen in 
the posterior lamina of the cricoid cartilage, compressing and 
distorting the lower hypopharynx and pharyngoesophageal 
segment. Stippled calcification is seen in a central or peripheral 
location in more than 80% of patients. 6 

Kaposi's Sarcoma 

Kaposi’s sarcoma may arise anywhere in the GI tract in patients 
with AIDS. Kaposi’s sarcoma involving the pharynx may cause 
dysphagia or odynophagia. Radiographically, Kaposi’s sarcoma 


may be manifested by multiple small nodules or plaquelike 
lesions, small submucosal masses with or without central ulcer- 
ation, or larger, bulky polypoid masses. 74 

Pharyngeal Damage from Radiation 

Radiation therapy may be used as a primary or adjunctive form 
of treatment for pharyngeal tumors such as squamous cell car¬ 
cinoma and lymphoma. The pharynx is included within the 
radiation portal during irradiation of tumors of the larynx and 
cervical lymph nodes. In the past, the pharynx was also included 
in the radiation portal during treatment of thyrotoxicosis or 
tuberculous lymphadenitis. 73 

Acute mucositis and edema occur early during the course of 
radiotherapy. Epithelial necrosis and ulceration result in a 
fibrinous exudate. 76 ' 78 Submucosal inflammation also occurs 
early. Over time, the mucosa atrophies and submucosal fibrosis 
may occur. 76 Most chronic radiation damage results from vas- 
cular changes, with thrombosis and fibrosis of capillaries and 
lymphatics and subintimal fibrosis and hyalinization of veins 
and arteries. Vascular damage leads to atrophy of the skin and 
to fibrosis of subcutaneous tissues, submucosal tissues, and 
muscle. 79 The most frequent localization of persistent edema is 
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Figure 16-24 Non-Hodgkin's lymphoma of the palatine tonsil. 

A large lobulated mass is seen in the tonsillar fossa ( arrows ). The 
uvula (u) is identified. 


in the glottis and mucosa overlying the arytenoid cartilages. 
Severe complications such as life-threatening osteomyelitis and 
chondronecrosis may occur. 

Five to 10 days after initial radiotherapy, the patient may 
complain of local discomfort, hoarseness, dryness, dysphagia, 
or a lump in the throat. The peak occurrence of symptoms 
occurs near the end of the typical 6-week course of radiation 
treatment. Most symptoms gradually subside 2 to 6 weeks after 
cessation of radiotherapy. 77 However, a substantial number of 
patients have persistent symptoms. For example, 15% of patients 
have persistent edema after radiotherapy for carcinoma of the 
vocal cord. If the parotid or other salivary giands have been 
damaged, xerostomia may cause persistent dysphagia. Persistent 
edema may suggest a serious underlying complication such as 
persistent carcinoma or the development of osteomyelitis or 
chondronecrosis. 8082 Approximately 50% of patients with per¬ 
sistent edema have recurrent or persistent tumor. 

The radiographic changes of radiation damage are seen in 
almost all patients after radiation therapy, with or without 
surgery. 83 Spot images typically show that the epiglottis and 
aryepiglottic folds are diffusely and smoothly enlarged (Fig. 
16 - 28). 38,84,85 The valleculae may be flattened, and the mucosa 
overlying the muscular processes of the arytenoid cartilages 
may be elevated. Soft tissue atrophy seen with chronic radiation 
change is manifested as a small soft palate and as loss of the 
muscular soft tissue between the barium-coated posterior pha- 
ryngeal wall and vertebral bodies of the cervical spine. Edema 



Figure 16-25 Lymphoma of the base of the tongue and 
epiglottic tip. Lateral view of the pharynx shows a large, lobulated 
mass involving the base of the tongue (large arrows ) and tip of the 
epiglottis (small arrows). Note that the normal contours of the 
valleculae have been obliterated. 


from radiation may be asymmetric, especially in the region of 
the original tumor. The most frequent dynamic Åndings are 
abnormal epiglottic tilt and poor closure of the laryngeal vesti¬ 
bule, resulting in laryngeal penetration, and pharyngeal paresis, 
resulting in stasis in the piriform sinuses, with the potential for 
overflow penetration. 83 Any surface irregularity on a postradia¬ 
tion pharyngogram should suggest the possibility of persistent 
cancer, although radiation-induced ulceration may produce 
identical radiographic findings. 2,84 

Postoperative Pharynx 

The radiologist frequently studies the pharynx in the early and 
remote postoperative periods, testing a patient’s ability to 
swallow and looking for complications. Ideally, the surgeon 
provides a clear description of the postoperative anatomy to the 
radiologist and States what information needs to be obtained 
from the postoperative pharyngogram. In reality, the radiologist 
must be familiar with the numerous operations performed for 
a wide variety of pharyngeal tumors, Zenkers diverticulum, and 
cricopharyngeal achalasia. The radiologist must also have a 
working knowledge of the Spectrum of postoperative complica¬ 
tions associated with these various procedures (Table 16-1). 86 

TOTAL LARYNGECTOMY 

Total laryngectomy is usually performed for advanced malig- 
nant tumors of the larynx, subglottic cancers, and small 
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Figure 16-26 Adenocarcinoma of the minor salivary giands. The 

epiglottic tip ( long arrow) is apposed to the base of the tongue, and 
its vallecular surface is ulcerated. The valleculae are obliterated and 
filled by a lobulated tumor ( short arrows) arising from the tongue 
base. This adenocarcinoma is radiographically indistinguishable from 
a typical squamous cell carcinoma of the base of the tongue. The 
tumor presumably arose in minor salivary giand tissue. 





Figure 16-27 Malignant fibrous histiocytoma of the pharynx. 

Lateral view of the pharynx shows a 3-cm relatively smooth mass 
(arrows ) protruding from the posterior wall of the upper hypopharynx. 
The surface is finely nodular anteriorly. Barium in the laryngeal 
vestibule and trachea resulted from poor closure of the laryngeal 
aditus when the epiglottis (E) was unable to tilt posteriorly. 



Figure 16-28 Radiation changes in the pharynx. A. Frontal view of the pharynx shows smooth, bulbous enlargement of the epiglottis ( large 
black arrow) and flattening of the valleculae (left vallecula, arrowhead). Abnormal pharyngeal motility results in laryngeal penetration. Barium 
coating the laryngeal vestibule demonstrates enlargement of the epiglottis, wide aryepiglottic folds ( small black arrows), elevation of the mucosa 
overlying the muscular process of the arytenoid cartilages ( white arrow), and even edema of the false vocal cords (f). B. Lateral view of the 
pharynx shows smooth, bulbous enlargement of the epiglottis ( large arrow) and elevation of the mucosa overlying the muscular processes of the 
arytenoid cartilages ( small arrow). 
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- Common Postoperative Complications 


Stage 

Voice-Sparing Procedure 

Laryngectomy 

Early postoperative 

Wound breakdown 

Wound breakdown* 

period 

Fistula formation* 

Fistula formation* 

Abscess (wound or fistula) 

Abscess (wound or fistula) 


Aspiration, pneumonia* 

Constrictor dysfunetion* 


Airway obstruction (edema) 

Tongue dysfunetion (partial resection, immobility; rarely, 
hypoglossal nerve damage)* 


Hematoma 

Hematoma 


Mediastinitis 

Mediastinitis 


Thoracic duet or carotid injury from radical neck dissection 

Thoracic duet or carotid injury from radical neck dissection 

Late postoperative 

Hoarseness 

Stricture* 

period 

Aspiration* 

Constrictor dysfunetion* 


Recurrent tumor* 

Recurrent tumor* 


Laryngeal stenosis* 

Stomal stenosis 


Velopharyngeal incompetence* 

Stomal tumor recurrence 


Failure of flap graft 

Failure of flap graft or jejunal graft 

Hypothyroidism 

Hypoparathyroidism 

Abnormal vocalization* 


From Rubesin SE, Eisele DW, Jones B: Pharyngography in the postoperative patient. In Jones B (ed): Normal and Abnormal Swallowing. Imaging 
in Diagnosis and Therapy. New York, Springer, 2003, pp 167-203. 

*Pharyngography is helpful for evaluation. 


carcinomas of the low tongue base and for failed irradiation or 
voice-conserving surgery for laryngeal cancer. 87 88 Early glottic 
or supraglottic cancers are often treated by radiation therapy, 
endoscopic removal, or partial laryngectomy. 89 Cancers of the 
piriform sinuses, lateral and posterior pharyngeal walls, and 
postcricoid region are treated by total laryngectomy with partial 
pharyngectomy or laryngopharyngectomy, depending on the 
degree of retropharyngeal invasion. 

During total laryngectomy, the larynx is removed, along with 
the epiglottic, thyroid, cricoid, and paired arytenoid cartilages. 
The hyoid bone may be removed or spared. Resection of the 
epiglottis, aryepiglottic folds, arytenoid cartilages, and anterior 
walls of the piriform sinuses results in the creation of a 
large gap in the anterior wall of the hypopharynx. Total laryn¬ 
gectomy also disrupts most of the muscles of the pharynx. The 
suprahyoid muscles (mylohyoid, geniohyoid, hyoglossus, and 
stylohyoid) and infrahyoid muscles (thyrohyoid, sternohyoid, 
sternothyroid, and omohyoid) are transected. The thyropha- 
ryngeus and cricopharyngeus are detached from their lateral 
origins on the thyroid and cricoid cartilages, respectively. A 
permanent tracheostoma is necessary. In some patients, the 
ipsilateral thyroid giand and its accompanying parathyroid 
giands are excised. 

The gap in the anterior wall of the pharynx is closed by 
approximating the residual pharyngeal mucosa. The constrictor 
muscles may be joined anteriorly as an additional buttressing 
layer. A myocutaneous or free flap may be necessary to form the 
neopharyngeal tube if there is insufficient mucosa. A neck dis- 
section may also be performed. 

Radiographically, the normal neopharyngeal tube resembles 
an inverted cone with a smooth mucosal surface (Fig. 16-29). 87 
On lateral views, the anterior wall of the neopharyngeal tube 
lies just below the skin of the neck, and the posterior wall 
of the tube abuts the vertebral column. On frontal views, the 
tube is within 0.5 cm of the midline. 89 The epiglottis, ary¬ 
epiglottic folds, and extrinsic mass of the larynx on the 


hypopharynx are no longer present. The hyoid bone may 
also be absent. At the closure site of the base of the tongue 
and anterior neopharyngeal tube, the contour may be angu- 
lated or sacculated. These postoperative sacculations at the 
tongue base are normal and resemble valleculae—hence, the 
term pseudovalleculae. A fold of tissue courses from each 
posterolateral wall of the oropharynx to the new base of the 
tongue, superficially resembling an epiglottis—hence, the term 
pseudo epiglottis. 

The most common complication in the early postoperative 
period is the formation of a pharyngocutaneous fistula, occur- 
ring in 6% to 21% of patients (see Table 16-1). 87,90,91 Fistulas 
develop at sites of mucosal closure, including the junction of 
the neopharyngeal tube with the tongue base, anterior aspect 
of the neopharyngeal tube (Fig. 16-30), margin of the flap (if 
one is used), and near the tracheal stoma. It is unknown whether 
radiation therapy increases the risk of fistula formation. 92 Fis¬ 
tulas may end blindly in the subcutaneous tissue or extend to 
the skin and, rarely, may involve the carotid sheath. Most 
patients have signs of fistula formation within 10 to 14 days 
after surgery, including fever, wound erythema, swelling, and 
increased drainage from the wound. 93 Some patients with fistu¬ 
las are asymptomatic. Most fistulas close spontaneously if 
feeding is delayed. The development of a fistula in the late 
postoperative period should suggest recurrent tumor. Radio¬ 
graphically, fistulas appear as contrast-filled tracks or collec- 
tions arising from the anterior pharyngeal wall or base of the 
tongue. 

Dysphagia is the most common symptom in the remote 
postoperative period. This symptom may be caused by benign 
strictures, retracted thyropharyngeal or cricopharyngeal muscle, 
or recurrent tumor. Some patients have no symptoms because 
they compensate for luminal narrowing by changing their diet 
and chewing patterns. Radiographically, benign strictures have 
a smooth contour and mucosal surface. Fong (>3 cm) sym- 
metric strictures involving a large portion of the neopharyngeal 
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Figure 16-29 Total laryngectomy. A. Frontal view of the neopharynx shows a featureless tube that tapers distally. The tube is wider than 
5 mm in each direction and the mucosa is smooth. The neopharyngeal tube is in the midline. B. Lateral view also shows a tubular structure that 
tapers inferiorly. Just behind the junction of the tongue and neopharyngeal tube, a tubular radiolucency ( arrows ) curves superiorly toward the 
lateral mid-oropharyngeal wall. This is a pair of folds created surgically on each side of the lateral pharyngeal wall. Because these folds mimic 
the course of the epiglottis, they have been termed a pseudoepiglottis. The hyoid bone, valleculae, epiglottis, and piriform sinuses are missing. 
(From Rubesin SE, Eisele DW, Jones B: Pharyngography in the postoperative patient. In Jones B [ed]: Normal and Abnormal Swallowing. Imaging 
in Diagnosis and Therapy, 2nd ed. New York, Springer, 2003, pp 167-204.) 
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Figure 16-30 Leak after total laryngectomy. Lateral view of the 
neopharynx after the patient swallows water-soluble contrast shows a 
linear contrast collection ( short arrow ) just anterior to the anterior wall 
of the neopharyngeal tube. The collection arises from a short track 
(long arrow). A nasogastric tube is in place. A tracheostomy tube is 
seen inferiorly. (From Rubesin SE: Pharynx. In Levine MS, Rubesin SE, 
Laufer I [eds]: Double Contrast Gastrointestinal Radiology, 3rd ed. 
Philadelphia, WB Saunders, 2000, pp 61-89.) 


tube are usually the sequelae of radiation therapy or insufficient 
mucosa at the time of closure (Fig. 16-31). 87 Short (5 mm) 
weblike narrowings usually form at the upper or lower end of 
the closure line and are usually the sequelae of infection or 
fistula formation (Fig. 16-32). 8 Although some benign stric- 
tures have irregular contours, the presence of mucosal nodular- 
ity in the region of a stricture should suggest recurrent tumor. 
Deviation of the neopharyngeal tube from the midline is 
uncommon and should also suggest recurrent tumor. 

After total laryngectomy, most of the muscles of the pharynx 
lose their normal bony or cartilaginous attachments and are 
partially or totally denervated. Dysphagia may result from 
abnormal muscular contraction. The thyropharyngeus and cri- 
copharyngeus muscles, in particular, may not participate in a 
coordinated contraction wave with the spared superior con- 
strictor muscle. Radiographically, abnormal inferior constrictor 
contraction is manifested by a smooth extrinsic mass impres- 
sion on the posterior wall of the neopharyngeal tube (Fig. 
16-33). Unlike recurrent tumor, this impression changes in size, 
shape, and position during swallowing. Stasis of barium and 
dilation of the oropharynx above a prominent cricopharyngeus 
are clues that postoperative dysphagia may be related to abnor¬ 
mal muscular contraction. 


Foreign body impactions often occur in the neopharyngeal 
tube. Patients with head and neck cancers frequently have poor 
dentition or have had teeth removed before radiotherapy. These 
patients may have difficulty chewing vegetables and meats. 
As a result, solid food may become lodged in normal areas 
of postoperative sacculation at the base of the tongue, in 
a neopharynx that contracts poorly, or above strictures 
(Fig. 16-34). 

Recurrent squamous cell carcinoma usually develops within 
2 years after laryngectomy. 9 " Radiographically, recurrent tumor 
may be manifested by a large (>1.5 cm) mass with a nodular or 
ulcerated surface or as a stricture with an irregular contour and 
irregular mucosal surface. 2,86,94 The neopharynx may be devi- 
ated more than 1 cm from the midline, with narrowing of the 
neopharyngeal tube at the site of maximal deviation. 

The hypoglossal nerves that lie superficially on the hyoglos- 
sus muscle may be damaged during surgery. Abnormal tongue 
motion may result from hypoglossal nerve damage, partial 
glossectomy, or postoperative scarring. Complications involv- 
ing the tracheal stoma include stomal stenosis and recurrent 
tumor. Voice rehabilitation may be difficult because of a 
retracted cricopharyngeus, malpositioned tracheoesophageal 
voice prosthesis, gastroesophageal reflux, or esophageal motility 
disorder. 

PHARYNGOLARYNGECTOMY 

Resection of the larynx and hypopharynx may be required if 
cancer involves the posterior pharyngeal wall, postcricoid 
region, or large portions of a piriform sinus. The gap between 
the oropharynx and cervical esophagus may be bridged by a free 
jejunal graft or by a gastric pull-through. A defect in the 
anterolateral neopharyngeal wall may also be closed by a myo- 
cutaneous flap (pectoralis major or trapezius), free flap (radial 
forearm), or cutaneous skin flap (thigh). 96,97 

Radiographically, flaps are atonic segments that form a 
portion of the walls of the pharynx. These flaps often protrude 
as masslike lesions into the expected lumen of the neopharynx. 
Complications of flaps include ischemic necrosis (Fig. 16-35) 
and leaks. Accumulation of hair and cutaneous debris on the 
luminal surface of a cutaneous flap (termed the hirsutepharynx) 
can cause mucosal nodularity and partial obstruction to the 
flow ofliquids (Fig. 16-36). 

In creating a jejunal free flap, a segment of proximal jejunum 
and its vascular arcade are autotransplanted into the neck and 
placed in a peristaltic direction. Jejunal contractions do not aid 
in bolus propulsion, however, because they occur at a slow rate 
of three contractions per minute and are not coordinated with 
swallowing. Clearance of the bolus from jejunal grafts is accom- 
plished by gravity and pressure generated by tongue base push. 98 
Complications of jejunal free grafts include fistula formation 
and ischemia. A normal jejunal free flap radiographically 
appears as a tubular segment of bowel, with a thin valvulae 
conniventes. No acute narrowing, angulation, or tethering of 
the tube should be seen. 

ESOPHAGEAL SPEECH 

Vocalization after total laryngectomy is accomplished by a 
buccal, oropharyngeal, or esophageal speech or voice prosthesis 
placed in a surgically created tracheoesophageal fistula. During 
esophageal speech, the patient swallows air into the esophagus 
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Figure 16-31 Stricture after total laryngectomy. Frontal (A) and lateral (B) views of the neck show diffuse narrowing of the neopharyngeal 
tube ( long arrows). An even tighter weblike area of narrowing ( small arrow) is seen proximally. Long strictures are usually attributed to radiation 
therapy or insufficient tissue to close the neopharynx. (From Rubesin SE: Pharynx. In Levine MS, Rubesin SE, Laufer I [eds]: Double Contrast 
Gastrointestinal Radiology, 3rd ed. Philadelphia, WB Saunders, 2000, pp 61-89.) 
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Figure 16-32 Short stricture after total laryngectomy. Lateral 
view shows a short circumferential stricture (long arrow) of the upper 
neopharyngeal tube. The anterior wall is undulating, caused by 
scarring. A pseudoepiglottis is identified (short arrows). 


Figure 16-33 Incomplete opening of cricopharyngeus after total 
laryngectomy. Lateral view of the neck shows a smooth-surfaced 
protrusion ( arrows ) into the posterior wall of the lower neopharyngeal 
tube. During fluoroscopy, this indentation changed in size and shape 
because of prominence of the lower portion of the thyropharyngeus 
and cricopharyngeus. 



and then expels the air through the cricopharyngeus into the 
neopharynx and oral cavity. The pharyngoesophageal segment 
narrowing varies in length and diameter during normal esopha- 
geal speech. Rapid change of configuration of the cricopharyn¬ 
geus replaces the vibrations of the resected true vocal cords. 

Pharyngoesophagography helps determine the causes of 
failure to attain esophageal speech." Fixation and marked nar¬ 
rowing of the pharyngoesophageal segment may prevent esoph¬ 
ageal speech. 100 Patients who have adequate quality of speech 
but diminished loudness may have a flaccid or strictured pha¬ 
ryngoesophageal segment. 

NECK DISSECTION 

A unilateral or bilateral neck dissection may be performed, 
depending on the initial location and size of the primary tumor 
and presence of clinically or radiographically suspected lymph 
node metastases. The submandibular giand, internal jugular 
vein, spinal accessory nerve, hypoglossal nerve, external carotid 
artery, and sternocleidomastoid muscle may be preserved or 
resected. 

A chylous collection may form in the left lower neck because 
of thoracic duet damage or in the right lower neck because of 
accessory duet damage. Damage or resection of the hypoglossal 
nerve may lead to tongue dysfunetion. Shoulder dysfunetion 
may result from damage or resection of the spinal accessory 
nerve supplying the trapezius muscle. 101 


VOICE-SPARING PROCEDURES 

Horizontal (Supraglottic) Laryngectomy 

During supraglottic laryngectomy, the epiglottis, aryepiglottic 
folds, and false vocal cords are removed. The thyroid cartilage 
is transected at the level of the laryngeal ventricle. 10 The voice 
is conserved because the true vocal cords and arytenoid carti- 
lages are spared. In some patients, one arytenoid cartilage and 
part of the medial wall of the piriform sinus on the side of the 
tumor are resected. 10 " The hyoid bone may be spared or partially 
or fully resected. A cricopharyngeal myotomy may be per¬ 
formed. 103 The remaining portion of the thyroid cartilage and 
larynx are pulled up to the base of tongue (or hyoid, if this 
structure is spared). The free anterior edge of the piriform sinus 
is pulled anteromedially, creating a fold superior to the vocal 
cord. 103 

Radiographically, the epiglottis and aryepiglottic folds are 
absent (Fig. 16-37). Barium penetrating the remaining larynx 
outlines the true vocal cords. On lateral views, the vocal cords 
lie just inferior to the tongue base. Barium etches the mueosa 
overlying the muscular processes of the arytenoid cartilages. 
The folds of the piriform sinus tissue that have been pulled 
superior to the vocal cords are outlined by barium, termed 
pseudocords. 102 The mueosa at the junetion between the tongue 
base and true vocal cords may appear nodular. On frontal 
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Figure 16-34 Foreign body impaction above stricture after total 
laryngectomy. Oblique view of the lower neck shows a 1-crn, finely 
lobulated, radiolucent filling defect (open arrows) in the lower 
neopharyngeal tube trapped above a 3-mm-long by 1- to 
2-mm-diameter stricture ( large arrow). This foreign body proved to be 
a piece of meat. A voice prosthesis is identified ( arrowheads ). 


views, the barium-etched vocal cords and arytenoid cartilages 
are seen. If one arytenoid cartilage has been removed, the 
neolarynx appears asymmetric. A concomitant neck dissection 
may result in ipsilateral flattening of the lateral pharyngeal 
wall. 

Complications in the immediate postoperative period 
include aspiration, fistula formation, and airway obstruction 
caused by postoperative edema. A Zenker’s diverticulum may 
develop (see Fig. 16-37). Edema and fibrosis are manifested 
radiographically by smooth, symmetric or asymmetric enlarge- 
ment of the mucosa overlying the muscular processes of the 
arytenoid cartilages. Fistulas develop in approximately 15% of 
patients. 103 The most common complications in the late post¬ 
operative period are aspiration in over 40% of patients and 
recurrent tumor in up to one third of patients. Recurrent 
tumor is manifested radiographically by a focal mass with a 
nodular mucosal surface. 

Vertical Laryngectomy 

Early glottic carcinomas may be treated by endoscopic surgery, 
radiotherapy, and open surgical procedures. Cancers of 
the anterior portion of the true vocal cords and anterior com- 
missure can be treated by a variety of surgical procedures, 
including cordectomy, vertical partial laryngectomy, and verti¬ 
cal hemilaryngectomy. 105 



Figure 16-35 Partial breakdown of free flap. Oblique view shows 
numerous barium-filled tracks ( arrows ) extending into the interstices 
of the flap. (From Rubesin SE, Eisele DW, Jones B: Pharyngography in 
the postoperative patient. In Jones B [ed]: Normal and Abnormal 
Swallowing. Imaging in Diagnosis and Therapy, 2nd ed. New York, 
Springer, 2003, pp 167-204.) 


Cordectomy. Cancers localized to the true vocal cord or cancer 
with limited extension to the contralateral anterior commissure 
may be treated by cordectomy. 106 The vocal cord and internal 
perichondrium of the thyroid cartilage are resected. 

Vertical Partial Laryngectomy. Vertical partial laryngectomy 
is used to treat glottic cancers with local extension to the 
arytenoid and floor of the laryngeal ventricle or cancers that 
occur after radiotherapy. 107 The cancerous vocal cord and 
approximately one third of the thyroid cartilage on the side 
of the tumor are resected. 107 The epiglottis is preserved, and 
its base is reattached. The false vocal fold on the side of the 
tumor may be reattached to the remaining ipsilateral thyroid 
cartilage. 

Vertical Hemilaryngectomy. The true vocal cord, false vocal 
cord, arytenoid cartilage, and thyroid cartilage on the side of 
the tumor are resected. This procedure is often complicated by 
laryngeal stenosis and aspiration. 

The radiographic Åndings associated with the various forms 
of vertical laryngectomy depend on the extent of surgery. If a 
cordectomy has been performed and no laryngeal penetration 
occurs, the pharynx may appear relatively normal. 108 If a com- 
plete vertical hemilaryngectomy has been performed, aspiration 
usually occurs. The true and false vocal cords and arytenoid that 
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Figure 16-36 Hirsute neopharynx. Oblique view of the neck shows 
that the mucosa of the neopharynx is diffusely nodular (open arrows), 
which was caused by barium coating the skin and hair of this radial 
forearm flap. (From Rubesin SE, Eisele DW, Jones B: Pharyngography 
in the postoperative patient. In Jones B [ed]: Normal and Abnormal 
Swallowing. Imaging in Diagnosis and Therapy, 2nd ed. New York, 
Springer, 2003, pp 167-204.) 


have been removed will be missing from the radiographs. The 
preserved contralateral true and false vocal cords will be etched 
by barium (Fig. 16-38). 

A combination of endoscopy, cross-sectional imaging, 
and barium studies is helpful in the diagnosis of recurrent 
tumor. 15 Recurrent tumor may be manifested radiographi- 
cally by narrowing and irregularity of the residual laryngeal 
vestibule or subglottic region. However, postoperative defor- 
mity caused by edema or granulation tissue can mimic tumor 
recurrence. 

SURGERY FOR TONGUE AND 
OROPHARYNGEAL CANCERS 

Glossectomy 

Surgical approaches to the tongue depend on the size, location, 
and spread of the primary tumor. 110 Small lesions of the ante- 
rior tongue may be resected via a transoral approach. Larger 
lesions may require exposure via a mandibulotomy. Segmental 
mandibular resection is performed for lesions involving the 
mandible. Small lesions of the posterior tongue may be oper- 
ated on via a transhyoid approach. 


Large tumors of the posterior tongue may require near- 
total or total glossectomy. This procedure may include resec¬ 
tion of tissue in the floor of the mouth, retromolar trigone, 
and lateral pharyngeal wall. A skin graft, tissue flap, or 
microvascular free flap can be used. 111 A concomitant crico- 
pharyngeal myotomy may be performed as a drainage pro¬ 
cedure. Approximately one third to one half of the tongue 
can be removed without resulting in significant swallowing 
disability. 112 

During a barium swallow, the radiologist evaluates collec- 
tion and manipulation of the bolus by the residual tongue, stasis 
in the oral cavity, and premature spillage of the bolus into the 
hypopharynx. Abnormal tongue motion may reflect loss of 
tongue volume, adhesions, or damage to the hypoglossal nerve. 
A large proportion of the bolus may remain in the oral cavity. 
Abnormal elevation of the pharynx and larynx and abnormal 
epiglottic tilt may result from surgical transection of various 
suprahyoid muscles. Aspiration is detected in 10% to 33% of 
patients after total glossectomy. 1 Postoperative deformity of 
the tongue is the norm (Fig. 16-39) but is difficult to distinguish 
from recurrent tumor. The diagnosis of recurrent tumor is hest 
made by a combination of direct visualization and cross- 
sectional imaging. 

Malignant Oropharyngeal Lesions 

Surgical approaches to the oropharynx include the transoral 
route, lip splitting with or without mandibulotomy, mandibu¬ 
lotomy, or a transcervical approach. A neck dissection is often 
concomitantly performed. Surgical defects may be filled with a 
skin graft, myocutaneous flap, or free flap. 4 

Portions of the palate may be resected for primary squa- 
mous cell carcinoma, lymphoma, or minor salivary giand 
tumors or for contiguous tumors of the tonsil or retromolar 
trigone region secondarily invading the palate. Soft palate or 
tonsillar resection may result in hypernasal speech or nasal 
regurgitation. Partial palatectomy may also cause premature 
spillage of the bolus from the oral cavity into the oropharynx, 
resulting in poor timing of the swallow, with subsequent 
laryngeal penetration. Postoperative defects in the palate may 
result in an oronasal or sinonasal fistula. Flap or graft break¬ 
down may result in an orocutaneous or pharyngocutaneous 
fistula. If the tongue base has been partially removed or is 
fixed by adhesions, the patient may have difficulty chewing 
or swallowing. 

TRACHEOSTOMY 

Patients with a tracheostomy (with or without laryngectomy) 
may develop dysphagia or aspiration caused by postoperative 
changes in the soft tissues of the neck, resulting in tethering 
of the trachea and pharynx, with subsequent diminished 
laryngeal and pharyngeal elevation. 111,115 The presence of a 
tracheostomy may also result in poor coordination of laryn¬ 
geal closure, with resultant aspiration during swallowing. A 
tracheostomy may also cause desensitization of the cough 
reflux. 

SURGERY FOR ZENKER'S DIVERTICULUM 
AND PHARYNGEAL POUCHES 

Various endoscopic and surgical procedures may be performed 
for treatment of Zenker’s diverticulum. Some procedures alter 
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Figure 16-37 Zenker # s diverticulum developing after horizontal hemilaryngectomy for epiglottic carcinoma. A. Lateral view of the pharynx 
shows that the hyoid bone, valleculae, epiglottis, and aryepiglottic folds are missing. Aspirated barium coats the true vocal cords (V) and anterior 
commissure ( short arrow) that have been pulled up to the base of the tongue. The arytenoids ( long arrows) are markedly elevated. The 
pharyngoesophageal segment is elevated, now opposite the anterior commissure. There is a Zenker's diverticulum (Z) and a prominent 
cricopharyngeal bar ( arrowhead) that were not seen on preoperative images. B. Frontal view shows the prominent masslike arytenoids ( white 
arrows). Folds of tissue arising from the lateral pharyngeal wall (right lateral fold identified by black arrow) have been pulled medially to cover 
the true vocal cords. The Zenker's diverticulum is a 1.5-cm midline ovoid barium collection (Z). (From Rubesin SE, Eisele DW, Jones B: 
Pharynqoqraphy in the postoperative patient. In Jones B [ed]: Normal and Abnormal Swallowinq. Imaqinq in Diaqnosis and Therapy, 2nd ed. 

New York, Springer, 2003, pp 167-204.) 



Figure 16-38 Vertical hemilaryngectomy. A. Frontal view shows that the right false (f) and right true (t) vocal cords remain. The presence of 
barium in the right vallecula (V) indicates that at least part of the epiglottis has been preserved. In contrast, the absence of the left vallecula 
indicates that the left side of the epiglottis has been resected. The left true and false vocal cords and left aryepiglottic fold are missing and have 
been resected. The remaining portion of the left side of the hypopharynx is dilated with barium stasis inferiorly in the pharyngoesophageal 
segment. B. Lateral view shows the epiglottic tip (E) and right vallecula (V). The anterior commissure is coated with aspirated barium, and one 
vocal cord (t) and arytenoid (arrow) remain. A kissing artifact is seen in the lower hypopharynx. 
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Figure 16-39 Partial glossectomy. A large barium-coated defect 
(black arrows ) is seen at the tongue base. This defect and associated 
tongue dysfunction resulted in premature spill of the bolus into the 
oropharynx. The contralateral portion of the base of the tongue is 
intact ( white arrow). It is impossible to determine whether there is 
recurrent tumor in the nodular tissue lining the tongue defect. 
Radiation-induced, smooth-surfaced enlargement of the soft palate 
(S) and epiglottis (E) is seen. Nasal regurgitation results in barium 
coating the superior surface of the soft palate. Soft palate elevation is 
abnormal because a gap remains between the soft palate and 
posterior pharyngeal wall, despite phonation. Passavant's cushion 
(open arrow) is demonstrated. Abnormal soft palate elevation may 
have resulted from scarring related to surgery or prior radiation 
therapy. (From Rubesin SE, Eisele DW, Jones B: Pharyngography in 
the postoperative patient. In Jones B [ed]: Normal and Abnormal 
Swallowing. Imaging in Diagnosis and Therapy, 2nd ed. New York, 
Springer, 2003, pp 167-204.) 


the prominent cricopharyngeus, whereas others involve the 
diverticulum itself. The most successful procedure combines 
diverticulectomy with cricopharyngeal myotomy. 

Endoscopic dilation of the prominent cricopharyngeus has 
been performed 116 but is often unsuccessful because the upper 
esophageal sphincter is not damaged enough to improve hypo- 
pharyngeal clearance and because the pouch is left intact. Surgi- 
cal cricopharyngeal myotomy alone also has a poor success 
rate. 117 

Transection of the cricopharyngeus may be performed endo- 
scopically in debilitated and older patients who are poor opera¬ 
tive candidates. 118 The anterior lip of a specially designed 
endoscope is placed into the lumen of the pharyngoesophageal 
segment, and the posterior lip of the endoscope is inserted into 
the diverticulum. 119 The endoscopist then divides the posterior 


wall of the pharyngoesophageal segment between the lumen of 
the pharyngoesophageal segment-cervical esophagus and the 
lumen of the Zenker’s diverticulum. The Zenker’s diverticulum 
is left intact, but the prominent cricopharyngeus is transected. 
On a postoperative pharyngogram, the Zenker’s diverticulum 
that remains intact should have less barium filling because there 
is improved drainage through an opened pharyngoesophageal 
segment. The barium-air level in the diverticulum should be 
lower in comparison to that in preoperative studies. The pha¬ 
ryngoesophageal segment should also open to a greater degree 
than was seen preoperatively. 

Diverticulopexy is a surgical procedure performed in high- 
risk patients that avoids opening the pharynx. The apex of the 
Zenker’s diverticulum is suspended from the prevertebral fascia 
superior to the diverticulum. 120,121 A cricopharyngeal myotomy 
is performed. Although the diverticulum may partially hil 
during swallowing, it drains through the damaged cricopharyn¬ 
geus, diminishing the risk of aspiration. 

The most successful approach for the treatment of Zenker’s 
diverticulum is diverticulectomy with cricopharyngeal myot¬ 
omy. An extended myotomy is performed, including division of 
the lowermost thyropharyngeus. The Zenker’s diverticulum is 
excised without removing the mucosa of the pharyngoesopha¬ 
geal segment. During postoperative pharyngography, the 
Zenker’s diverticulum should not be seen. The pharyngoesoph¬ 
ageal segment should open widely. In one series, however, 3 of 
13 patients had a continued saclike outpouching at the site of 
surgical excision. 122 Postoperative pharyngography may dem- 
onstrate unsuspected leaks and a characteristic beaklike post¬ 
operative deformity. 122 

CRICOPHARYNGEAL MYOTOMY 

Cricopharyngeal myotomy is used as an isolated drainage 
procedure in patients with an abnormally functioning pha¬ 
ryngoesophageal segment caused by a global pharyngeal 
motor disorder or Zenker’s diverticulum. 121123 Cricopharyn¬ 
geal myotomy facilitates drainage from a neuromuscularly 
impaired pharynx, as does pyloroplasty in patients who 
develop abnormal gastric emptying because of vagotomy. 
Cricopharyngeal myotomy is not indicated in patients with 
globus symptoms alone. 1 Because the upper esophageal 
sphincter normally prevents reflux of esophageal contents 
into the pharynx, surgical destruction of the sphincter can 
sometimes lead to aspiration of esophageal contents into the 
lungs. The surgeon therefore balances the risk of aspiration 
caused by pharyngeal stasis in an untreated patient with a 
neuromuscularly compromised pharynx with the risk of aspi¬ 
ration of esophageal contents from a cricopharyngeal myot¬ 
omy. Given the operative risks of cricopharyngeal myotomy, 
some physicians have been injecting botulinum toxin into 
the cricopharyngeus as an alternative form of treatment for 
ameliorating symptoms. 

After cricopharyngeal myotomy, pharyngography should 
demonstrate less stasis of barium in the hypopharynx. The 
cricopharyngeal bar should be absent, and there should be 
decreased or no luminal narrowing of the pharyngoesophageal 
segment in comparison to that in the preoperative pharyngo¬ 
gram. Complications include incomplete myotomy manifested 
as a persistent cricopharyngeal bar, fistula or abscess formation, 
and vocal cord paralysis because of recurrent laryngeal nerve 
damage. 
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There are different ways to perform an upper gastrointestinal 
(GI) barium study. In Chapter 2, a technique was described 
that relies primarily on barium filling and mucosal relief 
(i.e., single-contrast technique). The method described in this 
chapter relies primarily on double contrast, although it is 
actually a biphasic technique that combines the advantages of 
single and double contrast. Individual fluoroscopists generally 
develop their own routines and variations. Nevertheless, the 
techniques discussed in this chapter are representative of a 
reasonable approach for performing double-contrast upper GI 
examinations. 1,2 

General Principles 

Double-contrast upper GI studies are designed to coat the 
mucosal surface with a thin layer of high-density barium 
while the lumen is distended with gas. The routine examina- 
tion should include the thoracic esophagus, stomach, and 
duodenum as far as the duodenojejunal junction. The exami- 
nation should be performed quickly to maintain optimal 
mucosal coating and prevent barium filling of the duodenum 
and small bowel from obscuring the stomach. It is not critical 
that each segment of the upper GI tract be examined in 
anatomic sequence. For example, it may be preferable to 
examine the antrum, pylorus, and duodenum before significant 
overlap with the small bowel has occurred. Similarly, when 
the pharynx needs to be evaluated, it may be preferable to 


perform this portion of the examination after the upper GI 
study has been completed. The technical and logistic details 
of the examination should also be tailored for individual 
studies based on the following: (1) the patient’s presenting 
symptoms; (2) the anatomic configuration of the esophagus, 
stomach and duodenum; and (3) the specific abnormalities 
observed at fluoroscopy. 

Components 

BARIUM SUSPENSIONS 

For the double-contrast examination, we use high-density 
250% w/v barium (E-Z-HD; Bracco Diagnostics, Monroe 
Township, NJ). The preparation of the barium suspension is 
critical because slight deviations in concentration may impair 
the quality of mucosal coating and create artifacts. 3 

EFFERVESCENT AGENTS 

Various effervescent agents are available in powder, granular, or 
liquid form. 4 These agents release 300 to 400 mL of carbon 
dioxide on contact with fluid in the stomach. 

HYPOTONIC AGENTS 

The use of a hypotonic agent to relax the stomach and duode¬ 
num results in a better examination and allows the examiner 
additional time to achieve optimal mucosal coating. In the 
United States, the only suitable hypotonic agent is glucagon; an 
intravenous injection of 0.1 mg usually produces transient 
hypotonia of the stomach. 5 In some patients, this hypotonic 
effect delays barium filling of the duodenum for several minutes, 
prolonging the examination. Anticholinergic agents may also be 
used to induce GI hypotonia, 6 but these agents are contraindi- 
cated in patients with glaucoma, cardiac disease, and urinary 
retention. 

RADIOGRAPHIC COMPONENTS 

In modern radiology practice, fluoroscopic GI examinations 
are generally performed with digital fluoroscopy and spot 
imaging. 7 The advantages of a digital system—better contrast 
resolution, shorter exposures, and faster examinations—more 
than compensate for a small decrease in spatial resolution. 
The study is reviewed at a computer workstation, 8 with post- 
processing of the images for optimal interpretation. 9 Afterward, 
the studies are archived on a central picture archiving and 
Communications system (PACS), enabling easy electronic 
retrieval of prior studies for comparison with the current 
examinations. 
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Routine Technique 

Selected views from a normal double-contrast upper GI study 
are shown in Figure 17-1. We begin with a short review of 
the patient’s history and symptoms. Special care is taken to 
ask whether the patient has had any previous surgery and 
whether the patient is taking any ulcerogenic medications. The 
examination usually starts with an intravenous injection of 
0.1 mg of glucagon. After this injection, the patient ingests an 


effervescent agent followed by 10 mL of water to facilitate the 
release of carbon dioxide in the stomach. The patient then 
stands in the leff posterior oblique position and is asked to 
gulp the contents of a cup containing 120 mL of high-density 
barium as rapidly as possible while double-contrast views of 
the esophagus are obtained in rapid succession. These views 
should include the distal esophagus and gastroesophageal junc- 
tion. Barium is often seen cascading into the gas-filled stomach 
(see Fig. 17-1A). 



Figure 17-1 Representative images from a normal double-contrast upper GI study. A. Upright double-contrast view of the esophagus 
showing the distal esophagus with barium cascading ( arrow) into the gas-filled stomach. B. Supine left posterior oblique view of the stomach 
showing normal areae gastricae in the gastric antrum and body and normal rugal folds along the greater curvature of the body. C. Right lateral 
view of the stomach with minimal filling of the duodenum. This view is particularly helpful for evaluating the cardia and retrogastric region. 

D. Semiupright right posterior oblique view of the high lesser curvature, upper body, and fundus. E. Supine left posterior oblique view of 
the duodenum showing the smooth, featureless appearance of the bulb. (D and E from Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 17-2 Flow technique. With barium flowing across the 
dependent surface of the stomach, two polypoid lesions ( arrows ) are 
identified on the posterior wall. This AIDS patient had biopsy-proven 
Kaposi's sarcoma in the stomach. 


table Routine Upper Gastrointestinal Technique: 
17-1 Double Contrast 


Position Purpose 


Upright, LPO 
Supine, LPO 
Supine 
Supine, RPO 
Right side down 
lateral 

Supine, LPO 

Supine and supine 
obliques 

Semiupright, RPO 

Prone, RAO 
Prone or prone, 
RAO 
Upright 

Recumbent 


Esophagus, double contrast 

Stomach, antrum and body, double contrast 

Stomach, antrum and body, double contrast 

Stomach, antrum and body, double contrast 

Stomach, cardia and fundus, double contrast 

Antrum, pylorus, duodenal bulb and sweep, 
double contrast 

Antrum and body, flow technique 

Stomach, high lesser curvature and fundus, 
double contrast 

Esophagus, function and barium filling 

Antrum and duodenum, compression 

Antrum, lesser curvature, and duodenum, 
compression 

Test for gastroesophageal reflux 


LPO, left posterior oblique; RAO, right anterior oblique; RPO, right 
posterior oblique. 


After the esophagus has been examined, the table is lowered 
into the horizontal position, and the patient is turned a full 
circle to achieve adequate barium coating of all surfaces of the 
stomach. Supine, left posterior oblique, and right posterior 
oblique views of the gastric antrum and body are then obtained 
(see Fig. 17-IB). The patient is next placed in the recumbent 
right side down position for a double-contrast view of the 
gastric cardia and fundus (see Fig. 17-IC). The patient is then 
placed in the semiupright, right posterior oblique position for 
a view of the high lesser curvature, upper body, and fundus 
(see Fig. 17-ID) and then in the supine, left posterior oblique 
position for double-contrast views of the duodenal bulb and 
sweep (see Fig. 17-1E). Flow technique is subsequently per- 
formed by slowly rotating the patient from side to side to 
manipulate a thin pool of barium over the posterior (depen¬ 
dent) gastric wall. Flow technique is extremely valuable for 
demonstrating shallow protruded or depressed lesions on the 
dependent surface (Fig. 17-2). 10 

After the double-contrast phase of the study has been com¬ 
pleted, the patient is placed in a prone, right anterior oblique 
position and asked to take discrete swallows of a thin, low- 
density barium suspension to evaluate esophageal motility (see 
Chapter 18). The patient then rapidly gulps thin barium for 
single-contrast views of the optimally distended thoracic 
esophagus. Prone and upright compression views of the barium- 
filled stomach and duodenum are then obtained. Finally, the 
fluoroscopist tests for spontaneous gastroesophageal reflux or 
reflux induced by a Valsalva maneuver to increase intra- 
abdominal pressure. If there is no evidence of gastroesophageal 
reflux with this maneuver, a water siphon test is performed to 
increase the sensitivity of the fluoroscopic examination for 
reflux. 11 Our routine double-contrast upper GI study is sum- 
marized in Table 17-1. 

Anatomic Considerations 

Although the normal anatomy of the upper GI tract is well 
known, several anatomic variations that are particularly well 


demonstrated by the double-contrast technique should be 
stressed. 

ESOPHAGUS 

The normal mucosal surface of the esophagus is smooth 
and featureless (Fig. 17-3A). When the esophagus is partially 
collapsed, the normal longitudinal folds are seen as smooth, 
straight structures no more than 1 to 3 mm in width (Fig. 
17-3B). In some patients, fine transverse folds may also be 
observed in the esophagus because of transient contraction 
of the longitudinally oriented muscularis mucosae (Fig. 
17-3C). These folds are almost always found to be associated 
with gastroesophageal reflux. 12 In contrast, focally spiculated 
transverse folds may be detected as a normal variant in the 
upper thoracic esophagus at the junction of the striated and 
smooth muscle near the level of the aortic arch (Fig. 17-3D); 
these are thought to result from localized weakening of the 
amplitude of peristalsis in this region. 13 Finally, in older 
patients, small nodules may be visible on the mucosal 
surface of the esophagus because of glycogenic acanthosis, 
a common degenerative condition of no clinical significance 
(Fig. 17-4). 14 

The esophagus may be indented by normal extrinsic impres- 
sions from the aortic arch, left main bronchus, and heart 
(Fig. 17-5A). A smooth, gently sloping indentation may also 
be seen on the right posterolateral wall of the upper thoracic 
esophagus between the thoracic inlet and aortic arch in about 
10% of patients (see Chapter 25). 15 This indentation represents 
a normal anatomic variant resulting from an unusually promi¬ 
nent right inferior supra-azygous recess of the mediastinum 
abutting the esophagus. This variation should not be mistaken 
for adenopathy or other masses in the mediastinum imping- 
ing on the esophagus. 15 In contrast, abnormal impressions 
may be caused by enlargement of normal structures such as 
the heart and aorta or by abnormal structures such as enlarged 
lymph nodes, mediastinal masses, or large vertebral osteophytes 
(Fig. 17-5B). 
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Figure 17-3 Normal esophagus. A. Double-contrast view. In the upright, left posterior oblique projection, the esophagus is thrown off 
the spine. Note the smooth, featureless appearance of the esophagus. B. Longitudinal folds. With the esophagus partially collapsed, the normal 
longitudinal folds are seen. C. Transverse folds. These transverse folds are thought to result from contraction of the longitudinally oriented 
muscularis mucosae and are almost always associated with gastroesophageal reflux. D. Spiculation of the upper thoracic esophagus caused by 
focally prominent, spiculated transverse folds. (C from Gohel VK, Edell SK, Laufer I, et al: Transverse folds in the human esophaqus. Radioloqy 
128:303-308, 1978.) 


STOMACH 

The surface of the stomach can be studied at several levels. The 
rugal folds are hest seen when the stomach is incompletely 
distended and are most prominent along the greater curvature 
of the gastric body (Fig. 17-6A). Because rugal folds contain a 
submucosal core, any process (e.g., inflammatory cells or 
tumor) that infiltrates the submucosa may cause the folds to 
become thickened. Conversely, as the normal rugal folds 
are effaced with greater distention, a fine mucosal pattern, 
also known as the areae gastricae, can be visualized by 


double-contrast technique (see Fig. 17-IB) and, occasionally, by 
single-contrast technique (see Fig. 17-6A). 16 This reticulonodu- 
lar mucosal pattern can become distorted by inflammatory or 
neoplastic lesions and also serves as a marker of the quality of 
mucosal coating. The areae gastricae are more likely to be visu¬ 
alized in older patients because of thinning of the mucous gel 
layer in the stomach with aging. Enlarged areae gastricae are 
sometimes observed in patients with increased acid secretion or 
chronic Helicobacter pylori gastritis. 18 In other patients, fine 
transverse folds (also known as gastric striae) are seen in 
the gastric antrum as a sign of chronic antral gastritis 
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Figure 17-4 Glycogenic acanthosis. Small nodules ( arrows) are 
seen on the mucosal surface of the midesophagus in an 
asymptomatic patient. These nodules result from a benign 
degenerative condition known as glycogenic acanthosis. 


(Fig. 17-6B). 19 In thin patients, the posterior wall of the stomach 
may be impressed by normal retrogastric structures (e.g., spleen 
and pancreas) that should not be mistaken for pathologic mass 
lesions (Fig. 17-6C). The gastric cardia may also be recognized 
on double-contrast views of the fundus by the presence of three 
or four stellate folds radiating to a central point at the gastro- 
esophageal junction (also known as the cardiac rosette), some- 
times associated with a hooding fold (Fig. 17-7). 20 In patients 
with ligamentous laxity and a small hiatal hernia, these ana- 
tomic landmarks may no longer be present. The cardiac rosette 
can also be distorted or obliterated by malignant tumors involv- 
ing the cardia (see Chapters 26 and 32). 

DUODENUM 

The surface of the duodenal bulb is usually quite smooth. In 
some patients, do uble-contrast studies may reveal a fine feath- 
ery or velvety surface in the bulb, probably representing a 
normal villous pattern (Fig. 17-8A). 2 In other patients, double- 
contrast studies may reveal small angular filling defects near the 
base of the duodenal bulb, a finding that is characteristic of 
heterotopic gastric mucosa (Fig. 17-8B). 22 Still other patients 
may have a smooth round or ovoid mass with a central barium 
collection at the superior duodenal flexure (Fig. 17-8C). 
Although the appearance may resemble that of an ulcer with a 
surrounding mound of edema or even an ulcerated submucosal 
mass (i.e., a bulFs-eye lesion), this finding actually results from 
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Figure 17-5 Extrinsic impressions on the esophagus. A. Normal 
impressions: 1, aortic arch; 2, left main bronchus; 3, heart; and 4, 
esophageal hiatus. B. Abnormal extrinsic impression on the posterior 
wall of the esophagus caused by a large thoracic osteophyte. 

a normal anatomic variant in which there is an infolding 
of redundant mucosa at the superior duodenal flexure, also 
known as the duodenal pseudolesion or flexural fallacy. 23 Occa- 
sionally, the duodenal bulb contains tiny barium collections 
(Fig. 17-8D) representing normal pits in the duodenal mucosa 
that should not be mistaken for duodenal erosions. 24 However, 
these mucosal pits are not surrounded by radiolucent halos of 
edematous mucosa, whereas true erosions in the duodenum 
almost always have a varioliform appearance with surrounding 
mounds of edema. Finally, symmetric filling defects may be 
observed at the base of the duodenal bulb (abutting the medial 
and lateral margins of the pylorus) as a result of prolapsed 
antral mucosa, a finding of little or no clinical significance. 

In the descending duodenum, the anatomy of the major 
papilla of Vater is particularly well demonstrated on double- 
contrast studies. 25 The major papilla is located on the medial 
wall of the descending duodenum and is usually associated with 
a longitudinal fold and a hooding fold (Fig. 17-9A). In contrast, 
the minor papilla is located on the anterior wall of the descend¬ 
ing duodenum just proximal to the major papilla and is 
therefore best seen when the patient is in the prone position 
(Fig. 17-9B). 

Variations in Technique 

ANTERIOR WALL LESIONS 

Routine double-contrast technique with the patient in a supine 
or supine oblique position is best for detecting protruded or 
depressed lesions on the posterior (dependent) wall of the 

















274 SECTION IV Esophagus 



Figure 17-6 Normal surface patterns of the stomach. A. Prone compression 
views of the stomach with high-density barium show the rugal folds as branching, 
linear filling defects. Also note the fine reticular pattern of the areae gastricae. 
(See also Fig. 17-1 B.) B. Gastric striae in the distal antrum. Note the fine 
transverse folds traversing the distal antrum. C. Normal retrogastric impressions 
in a thin woman. The more superior extrinsic impression is caused by the spleen 
and the more inferior one is caused by the pancreas. 
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Figure 17-7 Normal cardia and 
its variations. A. Well-anchored 
cardia appears as a circular 
elevation with centrally radiating 
folds (the cardiac rosette). 

B. Stellate folds without 
the surrounding elevation caused 
by laxity of the ligamentous 
attachments. C. Further 
weakening of the ligaments 
with obliteration of the cardiac 
rosette. Note the crescentic line 
(arrow) Crossing the area of 
the esophageal orifice. D. Severe 
ligamentous laxity with gastric 
folds converging superiorly 
(arrow) in a tiny hiatal hernia 
above the esophageal hiatus of 
the diaphragm. (From Laufer I, 
Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd 
ed. Philadelphia, WB Saunders, 
1992.) 


gastric antrum or body. In contrast, protruded or depressed 
lesions on the anterior wall may be seen as ring shadows etched 
in white on do uble-contrast views obtained with the patient in 
the supine position. Such lesions are usually visualized as filling 
defects (protruded lesions) or barium collections (depressed 
lesions) on compression views obtained with the patient in the 
prone position (Fig. 17-10). Do uble-contrast examination of 
the anterior wall of the stomach can also be performed with the 
patient in the prone position, turned slightly to the left, with 
the head of the table lowered. 26 Similarly, the anterior wall of 
the duodenum can be studied by double contrast with the 
patient in the prone position (see Fig. 17-9B). 

POSSIBLE PERFORATION 

When perforation of any portion of the GI tract is suspected 
because of underlying disease, surgery, or other iatrogenic 
causes, a water-soluble contrast agent such as diatrizoate meglu- 
mine and diatrizoate sodium (Gastroview; Mallinckrodt Phar- 
maceuticals, St. Louis) should be used. 2 If no extravasation of 
contrast material is demonstrated, the examination should be 
completed with high-density barium because the better defini¬ 
tion achieved with this type of barium enables visualization of 
small leaks that cannot be detected with a water-soluble con¬ 
trast agent. 28 

PARTIAL GASTRECTOMY 

After partial gastrectomy for ulcer disease or tumor, the double- 
contrast examination must be modified to compensate for the 


absence of a pylorus (Fig. 17-11). 29 Important modifications 
include an increase in the dose of glucagon to at least 0.5 mg to 
delay emptying of barium from the remaining stomach and a 
smaller dose of an effervescent agent because there is less 
stomach to distend. In addition, the examination should not be 
started with the patient in the upright position because rapid 
emptying of barium in this position may prevent adequate visu¬ 
alization of the gastric remnant. Details of the examination are 
discussed in Chapter 35. 

GASTRIC OUTLET OBSTRUCTION 

When gastric outlet obstruction is suspected, the patient should 
initially be examined in the upright position to determine 
whether there is a fluid level in the stomach. If a fluid level 
is present, a single-contrast barium study should be performed 
to delineate the site and nature of the obstruction. In such 
cases, high-density barium should be used rather than thin 
barium, because high-density barium is more likely to traverse 
retained fluid or debris in the stomach and reach the site of 
obstruction. 

ESOPHAGEAL VARICES 

Esophageal varices are discussed in detail in Chapter 25. Esoph¬ 
ageal varices are typically manifested by thickened, tortuous, or 
serpiginous longitudinal folds that are best demonstrated with 
the patient in the recumbent position, with coating of the 
esophageal mucosa by high-density barium or barium paste 
and the esophagus partially collapsed. 30 
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Figure 17-8 Normal surface patterns of the 
duodenum. A. A fine velvety pattern is seen in the 
duodenal bulb. B. Angular filling defects represent 
heterotopic gastric mucosa in the duodenal bulb. 

C. The flexural pseudolesion (arrow) results from 
infolding of a heaped-up area of redundant mucosa 
at the superior duodenal flexure. D. Multiple punctate 
collections of barium in the duodenal bulb represent 
normal mucosal pits. 







17 Barium Studies of the Upper Gastrointestinal Tract 277 



Figure 17-9 Descending duodenum. A. The descending 
duodenum is seen through the gas-filled antrum with the patient in 
the left posterior oblique position. Note the major papilla ( arrow ) and 
its associated folds. B. Prone view shows the major papilla ( short 
arrow) on the medial wall of the descending duodenum, with 
the minor papilla ( long arrow) seen anteriorly above this level. (B from 
Laufer I, Levine MS [ed]: Double Contrast Gastrointestinal Radiology, 
2nd ed. Philadelphia, WB Saunders, 1992.) 



Figure 17-10 Examination of the anterior wall of the stomach. 

The rugal folds on the anterior wall of the stomach are clearly seen 
with the patient in the prone position. The fundus is filled with gas. 
(From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal 
Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 



Figure 17-11 Postoperative stomach. A. Double-contrast view showing the normal postoperative appearance after a partial gastrectomy 
(Billroth II). B. Double-contrast view of the gastrojejunal anastomosis after a partial gastrectomy (Billroth II). 
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Motility Disorders of the Esophagus 

DAVID J. OTT I MARC S. LEVINE 


CHAPTER OUTLINE 


Normal Esophageal Anatomy 
Normal Esophageal Physiology 
Radiographic Evaluation 

Esophageal Motility Disorders 

Primary Motility Disorders 
Nonspecific Esophageal Motility Disorder 
Secondary Motility Disorders 

Motility disorders of the esophagus are an important cause of 
esophageal complaints, especially when symptoms are not read- 
ily explained by a structural abnormality. An understanding of 
esophageal anatomy and physiology is required for proper 
radiographic evaluation of normal and abnormal esophageal 
function. This chapter reviews the normal anatomy and physi¬ 
ology of the esophagus before discussing the radiographic eval¬ 
uation of esophageal motility and the various esophageal 
motility disorders. 

Normal Esophageal Anatomy 

The esophagus is a muscular tube measuring 20 to 24 cm 
in length; it is composed of outer longitudinal and inner 
circular muscle fibers and is lined by stratified squamous 
epithelium. 1 Striated muscle predominates in the upper third 
of the esophagus, with smooth muscle in the lower two thirds. 
The transition from striated to smooth muscle varies but 
usually occurs at the level of the aortic arch. 1,2 Although this 
transitional zone is not evident on barium esophagography, 
certain motility disorders (e.g., collagen vascular diseases) may 
selectively involve the striated or smooth muscle portions of 
the esophagus. 

Opening and closing of the upper and lower ends of the 
esophagus are regulated by the upper esophageal sphincter 
(UES) and lower esophageal sphincter (LES), respectively. The 
UES is located at the pharyngoesophageal junction and is 
formed primarily by the cricopharyngeal muscle, the horizontal 
portion of the inferior pharyngeal constrictor. The LES is not a 
distinet muscular entity but is defined manometrically as a 
high-pressure zone measuring 2 to 4 cm in length in the esoph- 
agogastric region. 1,3 This physiologic sphincter corresponds in 
location to the anatomic esophageal vestibule. 3,4 

Normal Esophageal Physiology 

In the resting State, the esophageal body is normally collapsed, 
and the UES and LES are closed to prevent retrograde flow of 
esophageal and gastric contents. 15 The major function of the 
esophagus is the transport of solids and liquids from the oral 


cavity to the stomach. The chief mechanism of bolus transport 
is esophageal peristalsis, which is assisted by gravity in the 
upright position. Radiographic evaluation of esophageal peri¬ 
stalsis is therefore usually performed with the patient recum- 
bent to eliminate the effeet of gravity. 

Primary esophageal peristalsis is initiated by swallowing. A 
rapid wave of inhibition (not apparent radiographically) is fol- 
lowed by a slower wave of contraction, which traverses the 
entire esophagus (Fig. 18-1). Relaxation of the UES occurs 
within 0.2 to 0.3 second of the initiation of swallowing, and 
relaxation of the LES occurs several seconds later. 1,5,6 The LES 
remains relaxed as the oncoming bolus approaches the distal 
esophagus, returning to its contracted State shortly after the 
bolus reaches the stomach. The primary peristaltic contraction 
wave propagates through the esophagus in 6 to 8 seconds. 

Secondary peristalsis and nonperistaltic contractions (NPCs) 
are other types of esophageal functional activity. 9 Secondary 
peristalsis is initiated by local esophageal stimulation or disten- 
tion, but is otherwise similar to primary peristalsis, propagating 
aborally. In contrast, NPCs (also known as tertiary contrac¬ 
tions) are not propagated aborally. They typically involve the 
smooth muscle segment of the esophagus, occurring spontane- 
ously or during swallowing. NPCs may be single or multiple, 
simultaneous or repetitive, and feeble or strong. Severe NPCs 
may narrow or obliterate the esophageal lumen, producing a 
character istic corkscrew appearance on barium studies (Fig. 
18-2). NPCs are nonspecific and may be related to a variety of 
motility disorders involving the esophagus. 

Individual variations in esophageal function are primarily 
related to aging. In young adults, most wet swallows initiate a 
complete peristaltic sequence, followed invariably by LES relax¬ 
ation. 10 NPCs are rare in this age gro up. However, older patients 
often exhibit incomplete peristaltic sequences during swallow¬ 
ing, with occasional LES dysfunetion and a higher prevalence 
and severity of NPCs, a condition known as presbyesophagus. 1013 
The amplitude of peristalsis, as recorded manometrically, also 
decreases with age. Thus, mild functional disturbances of the 
esophagus that are observed in older adults must be interpreted 
with caution and correlated with the clinical Åndings. 

Radiographic Evaluation 

Radiographic evaluation of esophageal motility includes an 
examination of the esophageal body and both sphineters. 1,4,7-9,14 
During swallowing, the UES relaxes and the pharyngoesopha¬ 
geal segment opens in response to bolus distention. Incomplete 
relaxation of the UES may be manifested on barium studies 
by a persistent indentation on the posterior aspect of the pha¬ 
ryngoesophageal junction resulting from the contracted crico¬ 
pharyngeal muscle (see Chapter 15). 8,14 This Ånding is oAen 
associated with other signs of pharyngeal dysmotility, such 
as aspiration or stasis of barium within the valleculae and piri- 
form sinuses. Motion-recording techniques (using videotape or 
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Figure 18-1 Manometric representation of normal esophageal 
peristalsis. Measurements are taken from multiple recording sites in 
the esophagus, including the upper esophageal sphincter (UES) 
and the lower esophageal sphincter (LES). After a wet swallow (WS), 
UES relaxation is followed almost immediately by prolonged LES 
relaxation. The primary peristaltic contraction wave is seen as 
an aborally progressing pressure peak. (From Dodds WJ: 
Esophagus-radiology. In Margulis AR, Burhenne HJ [eds]: Alimentary 
Tract Radiology, vol 1, 4th ed. St. Louis, CV Mosby, 1989, p 430.) 


a digital recording device) facilitate evaluation of the pharynx 
and UES. 

The fluoroscopic examination can be used to evaluate esoph¬ 
ageal motility, but motion-recording techniques facilitate 
assessment of the Åndings. The patient is placed in the prone 
right anterior oblique (RAO) position and instructed to take 
single swallows of barium. At least Ave barium swallows are 
required for adequate evaluation of esophageal peristalsis and 
LES relaxation. 4,7 915 Single swallows must be observed because 
a second swallow taken before completion of a primary con¬ 
traction wave inhibits the propagating wave, so it can errone- 
ously be mistaken for a peristaltic abnormality. In contrast, 
rapid, repetitive swallowing does not assess primary esophageal 
peristalsis but distends the esophagus maximally for structural 
evaluation (Fig. 18-3). 

As barium is propelled into the esophagus through the 
relaxed UES, a normal primary peristaltic sequence is seen as 
an aboral contraction wave that obliterates the esophageal 
lumen and progressively strips the barium bolus from the 
esophagus (Fig. 18-4). This lumen-obliterating wave imparts an 
inverted V configuration to the top of the barium column, cor- 
responding to the peristaltic pressure peak observed at manom- 
etry. In younger individuals, the peristaltic contraction wave 
normally strips all of the swallowed barium from the esophagus. 
Occasionally, so-called proximal escape of barium occurs at the 
level of the aortic arch (Fig. 18-5). This age-related phenome- 
non is caused by a low-amplitude pressure trough at the transi¬ 
tion zone between the striated and smooth muscle portions of 
the esophagus, which prevents closure of the esophageal lumen 



Figure 18-2 Nonperistaltic contractions in the esophagus. 

A. Barium study of an 89-year-old man with dysphagia but no chest 
pain. The esophagus has a corkscrew appearance because of 
simultaneous nonperistaltic contractions. A nonspecific esophageal 
motility disorder was diagnosed on manometric examination. 

B. Another older man without esophageal symptoms has less severe 
simultaneous nonperistaltic contractions. (From Ott DJ: Radiologic 
evaluation of esophageal dysphagia. Curr Probl Diagn Radiol 
17:1-33, 1988.) 


Levels Normal Rapid swallows 

S 



Figure 18-3 Manometric representation of normal esophageal 
peristalsis. Measurements are taken from multiple recording levels in 
the esophagus. Rapid swallows cause prolonged lower esophageal 
sphincter (LES) relaxation but do not generate a primary peristaltic 
sequence until the final swallow. AA, Aortic arch; S, swallow. 
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A 



PEJ 

AA 


EGJ 
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Figure 18-4 Normal primary peristalsis. A. Schematic 
representation of normal primary peristalsis with a lumen-obliterating 
contraction wave stripping all of the barium from the esophagus. 

B. Videotaped temporal tracings of a 5-mL barium bolus at 1-second 
intervals show normal primary peristalsis. The tapered tops of 
the barium column correspond to the peristaltic contraction wave 
seen during synchronous manometry. The numbers on the vertical 
axis represent the positions of the manometric catheter ports 
above the LES. AA, Aortic arch; EGJ, esophagogastric junction; 

PEJ, pharyngoesophageal junction. (A from Ott DJ: Radiologic 
evaluation of esophageal dysphagia. Curr Probl Diagn Radiol 17:1-33, 
1988; B from Ott DJ, Chen YM, Hewson EG, et al: Esophageal 
motility: Assessment with synchronous videotape fluoroscopy and 
manometry. Radiology 173:419-422, 1989.) 

and allows retrograde flow of barium. 2,6,16 In almost all cases, 
proximal escape can readily be differentiated from true esopha¬ 
geal motility disorders. 

Esophageal Motility Disorders 

Esophageal motility disorders may be classifled as primary or 
secondary (Table 18-1). 1,5,79,1 9 Primary motility disorders 
mainly involve the esophagus, whereas secondary esophageal 
motility disorders result from a wide variety of systemic dis- 
eases or from physical or Chemical injury of the esophagus. 
Esophageal motility disorders may also be classifled mano- 
metrically into four groups: (1) inadequate LES relaxation 
(classic achalasia); (2) uncoordinated contraction (diffuse 
esophageal spasm); (3) hypercontraction (nutcracker esopha¬ 
gus and hypertensive LES); and (4) hypocontraction (nonspe- 
cific esophageal motility disorders, presbyesophagus, and 
secondary esophageal motility disorders). 1 19 Because this clas- 
sification of esophageal motility disorders is based on mano¬ 
metric Åndings that cannot be adequately quantified on barium 



B 

Figure 18-5 Proximal escape. A. Manometric representation 
shows normal primary peristalsis with proximal escape because the 
contraction wave fails to obliterate the lumen completely at the level 
of the aortic arch (AA). Note that the peristaltic sequence continues 
aborally. B. Videotaped temporal tracings of a 5-mL barium bolus at 
1-second intervals show normal primary peristalsis associated with 
proximal escape ( arrow ). The lower esophagus is normally stripped of 
barium below the area of escape. The numbers on the vertical axis 
represent the positions of the manometric catheter ports above 
the LES. EGJ, Esophagogastric junction; PEJ, pharyngoesophageal 
junction. (A from Ott DJ: Radiologic evaluation of esophageal 
dysphagia. Curr Probl Diagn Radiol 17:1-33, 1988; B from Ott DJ, 

Chen YM, Hewson EG, et al: Esophageal motility: Assessment with 
synchronous videotape fluoroscopy and manometry. Radiology 
173:419-422, 1989.) 

studies, we have instead chosen to classify primary and sec¬ 
ondary esophageal motility disorders conceptually in this 
chapter (see Table 18-1). 

PRIMARY MOTILITY DISORDERS 

Achalasia 

Achalasia is a well-recognized esophageal motility disorder 
characterized by a combination of absent peristalsis in the 
esophagus and impaired LES opening in response to degluti- 
tion. 1 1 Two forms of achalasia have been described, pri¬ 
mary and secondary. Primary achalasia (also known as 
idiopathic achalasia) is caused by degeneration and loss of 
myenteric ganglia in the wall of the esophagus. The cause 
is unknown but is postulated to be secondary to viral or 
autoimmune disease. 2 In contrast, secondary achalasia (also 
known as pseudoachalasia) is a less common form caused by 
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Classification of Esophageal Motility Disorders 


PRIMARY MOTILITY DISORDERS (NEWER CLINICAL 
CATEGORIES) 

Achalasia and variants (inadequate lower esophageal sphincter 
relaxation) 

Diffuse esophageal spasm (uncoordinated contraction) 
Nutcracker esophagus (hypercontraction) 

Nonspecific esophageal motility disorder (hypocontraction) 
Presbyesophagus (questionable entity—hypocontraction) 
Hypertensive lower esophageal sphincter (hypercontraction) 

SECONDARY MOTILITY DISORDERS (MANY WITH 
HYPOCONTRACTION) 

Collagen-vascular disease 
Chemical or physical agents 
Reflux esophagitis 
Caustic esophagitis 
Radiation therapy 
Infectious causes 
Diabetes mellitus 
Alcoholism 
Endocrine disease 
Neuromuscular disorders 
Cerebrovascular disease 
Demyelinating disorders 
Chorea-related disorders 
Myasthenia gravis 
Muscular dystrophies 
Other rare causes 

Idiopathic intestinal pseudo-obstruction 


extraesophageal conditions (usually malignant tumors) that 
induce an achalasia-like motility disorder by a variety of pro¬ 
posed mechanisms. 34 Long-standing primary achalasia may 
also be a precursor of esophageal carcinoma. The association 
with carcinoma varies, but in one study the risk of carcinoma 
was 9 to 28 times greater than that in the general population. 
For the remainder of this chapter, the term achalasia is used to 
denote primary achalasia. 

Achalasia occurs equally in both genders and usually affects 
patients during the middle decades of life. 3 1 Most patients 
seek medical attention because of long-standing, slowly pro¬ 
gressive dysphagia for solids and liquids, often associated with 
regurgitation of bland, undigested food and saliva. 23 Painful 
swallowing and chest pain are less common. Weight loss may 
occur in severe cases. Patients with chronic regurgitation may 
develop recurrent episodes of coughing, choking, and aspira¬ 
tion pneumonia. If dysphagia has a recent onset and is rapidly 
progressive in older patients with radiographic or manometric 
Åndings of achalasia, secondary achalasia caused by malignancy 
should be strongly suspected (see Chapter 24). 7,20,23-25 

Achalasia is characterized manometrically by the absence of 
primary peristalsis, elevated or normal resting LES pressures, 
and incomplete or absent LES relaxation in response to degluti- 
tion (Fig. 18-6). 5,7,9,20 However, the presence and degree of LES 
relaxation on manometry are unreliable because some patients 
with typical clinical and radiographic Åndings of achalasia are 
found to have complete manometric relaxation of the LES. 26 
Other patients may have variants of achalasia, with atypical 
manometric Åndings. A debated variant, vigorous achalasia, is 
characterized by high-amplitude, simultaneous, and repetitive 
contractions. 20, 27,28 These patients may present with chest pain 
and have less esophageal dilation. Another controversial variant, 
early achalasia, is characterized by aperistalsis, with normal 


Levels Normal Achalasia 



Seconds Seconds 


Figure 18-6 Manometric representation of normal peristalsis and 
achalasia. Measurements are taken from multiple recording levels in 
the esophagus. In this example of achalasia, peristalsis and lower 
esophageal sphincter (LES) relaxation are absent, and LES pressure is 
elevated. AA, Aortic arch; S, swallow. 



Figure 18-7 Achalasia. A. There is a dilated esophagus with smooth, 
tapered narrowing just above the level of the gastroesophageal 
junction. Esophageal peristalsis was absent at fluoroscopy. B. Close-up 
view shows smooth, beaklike tapering of the distal esophagus because 
of LES dysfunction. 


LES relaxation. 29 Patients with early achalasia also have less 
esophageal dilation and tend to be younger. Both these variants 
may represent transitional motility disorders evolving toward 
classic achalasia. " 0 " 2 

Achalasia is characterized on barium esophagography by the 
absence of primary peristalsis on all swallows. 1,5, 7-9,20 The distal 
esophagus typically has a smooth, tapered, beaklike appearance 
at the level of the esophageal hiatus (Fig. 18-7) because of LES 
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Figure 18-8 Advanced 

achalasia. A. There is a markedly 
dilated esophagus with tapered 
distal narrowing caused by 
incomplete opening of the LES. 
Note retained food in the 
esophagus. B. A double contour 
of the right mediastinal border is 
seen in another patient with 
advanced achalasia. The outer 
border represents the dilated 
esophagus projecting beyond 
the shadows of the aorta and 
heart. A small amount of retained 
barium is present in the distal 
esophagus. Also note the 
absence of gas in the proximal 
stomach. 


dysfunction and failure of the barium bolus to distend the toni- 
cally contracted sphincter. The degree of esophageal dilation is 
variable, and some patients with early achalasia have little or no 
esophageal dilation. 29 Others with vigorous achalasia have 
repetitive NPCs associated with typical Åndings of achalasia. 
Over time, the esophagus becomes increasingly distended, and 
retained food, secretions, and barium in the dilated esophagus 
(Fig. 18-8A) may obscure underlying esophagitis or even devel- 
oping esophageal carcinomas. In such cases, the fluoroscopist 
can use a water flush technique in which the patient swallows 
tap water at the end of the fluoroscopic examination to clear 
residual barium from the distal esophagus and facilitate the 
detection of tumor. 33 Advanced achalasia may be recognized on 
chest radiographs when marked esophageal dilation produces a 
double contour of the right mediastinal border, and little or 
no gas enters the stomach (Fig. 18-8B). Eventually, some patients 
with long-standing disease develop a massively dilated esopha¬ 
gus that has a tortuous distal configuration, also known as the 
sigmoid esophagus of end-stage achalasia (Fig. 18-9). 

Achalasia must be differentiated from other causes of nar¬ 
rowing in the distal esophagus (Table 18-2). In particular, an 
underlying carcinoma of the esophagogastric region must be 
excluded (Fig. 18-10). 7 ' 9,20,23 ' 25 Although most malignant tumors 
in this region are characterized radio gr aphically by mucosal 
irregularity or mass effect (see Fig. 18-1 OB), carcinoma of the 
cardia and other malignant tumors causing secondary achalasia 
may be manifested on barium studies by smooth, tapered nar¬ 
rowing of the distal esophagus and aperistalsis, mimicking the 
Åndings of primary achalasia (see Fig. 18-1 OA and Chapter 
24). 23 Peptic strictures are another common cause of distal 
esophageal narrowing, but such strictures are rarely associated 



Figure 18-9 Long-standing achalasia with a sigmoid esophagus. 

There is a massively dilated esophagus with a tortuous distal configuration 
andtapered narrowing (arrow) above the gastroesophageal junction 
caused by incomplete opening of the LES. The sigmoid esophagus is a 
sign of end-stageachalasia. 
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Figure 18-10 Secondary achalasia or pseudoachalasia. A. Smooth 
narrowing of the esophagogastric junction simulates achalasia. This 
patient had a scirrhous carcinoma of the proximal stomach invading 
the distal esophagus. B. Fluoroscopy in another patient revealed 
esophageal dilation and aperistalsis. However, there is irregular 
tapering of the esophagogastric region caused by gastric carcinoma. 
(A from Ott DJ: Radiologic evaluation of esophageal dysphagia. Curr 
Probl Diagn Radiol 17:1-33, 1988.) 


Differential Diagnosis of Achalasia 


Chagas' disease 
Complicated scleroderma 
Extrinsic neoplasms 
Intestinal pseudo-obstruction 
Intrinsic neoplasms 
Peptic stricture 
Postvagotomy effect 


with aperistalsis, and affected individuals almost always have 
accompanying hiatal hernias, an unusual finding in achalasia. 34 
Scleroderma is another cause of marked esophageal dilation, 
but these patients typically have a patulous, gaping esopha¬ 
gogastric junction, enabling differentiation from achalasia. 
Occasionally, peptic strictures complicating scleroderma may 
produce an appearance simulating that of achalasia, but the 
correct diagnosis is usually suggested by the presence of an 
associated hiatal hernia. 

Achalasia may be treated by botulinum toxin injection of 
the LES in older patients who are not candidates for more 
invasive therapy, but repeated injections are required because 
the relaxant effect of the botulinum toxin on the LES is 
relatively short term. 35 In contrast, younger patients with 
achalasia may have more effective long-term treatment of 
achalasia by pneumatic dilation or laparoscopic or surgical 
myotomy. 36 Radiographic evaluation of the esophagus imme- 
diately after pneumatic dilation is helpful in detecting serious 
complications such as perforation, 20, 39-43 but is of little value 
for determining the long-term efficacy of the procedure because 
of edema and spasm of the distal esophagus in the early 


Figure 18-11 Complications of a Heller myotomy. A. There is 
a wide-mouthed outpouching or sacculation (arrow) of the distal 
esophagus caused by focal weakening of the wall at the site of 
a Heller myotomy for achalasia. B. A stricture ( arrows ) is present in 
the distal esophagus after a Heller myotomy in another patient with 
achalasia. The stricture was confirmed by endoscopy. 


postoperative period. 43 After a Heller myotomy, a wide- 
mouthed outpouching or sacculation is typically present in 
the distal esophagus as a result of focal weakening of the 
wall in the region of the myotomy (Fig. 18-11A). 44 Successful 
treatment of achalasia may paradoxically be complicated by 
the development of gastroesophageal reflux, reflux esophagitis, 
and peptic strictures (Fig. 18-1 IB). For this reason, a “loose” 
or incomplete fundoplication is often performed at the time 
of the myotomy to prevent these complications. 2 1 46 Occa¬ 
sionally, patients with intractable dysphagia from end-stage 
achalasia may require an esophagogastrectomy. 5,8,20 

Radionuclide studies and timed barium swallows may aid in 
the diagnosis and management of achalasia. 20,47,48 Radionuclide 
transit studies are particularly helpful for quantifying esopha¬ 
geal retention before and after therapy. 47 Similarly, timed barium 
swallows are simple to perform and enable ready quantification 
of esophageal emptying of barium for objective assessment of 
the patient’s response to various forms of therapy. 

Diffuse Esophageal Spasm 

Diffuse esophageal spasm (DES) is an uncommon motility dis- 
order of unknown cause that is characterized by chest pain, 
often accompanied by dysphagia, and intermittently abnormal 
esophageal motility. 9,17,18,49 DES typically involves the smooth 
muscle portion of the esophagus. Some patients have marked 
smooth muscle hypertrophy with thickening of the esophageal 
wall, 50 whereas others have little or no wall thickening. 51 DES 
is not classically thought to involve the LES, but recent studies 
have shown that DES is often associated with LES dysfunction. 49 
As a result, some investigators believe that achalasia, vigorous 
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achalasia, and DES represent a Spectrum of related esophageal 
motility disorders and that vigorous achalasia may occur as a 
transitional phase between DES and achalasia. 49 

Patients with DES typically present with chest pain, often 
accompanied by dysphagia. 5,17,18,49,52 Radiation of pain to the 
shoulder or back may simulate angina and may even be relieved 
by nitroglycerin. The pain is often spontaneous and not related 
to swallowing and can worsen during emotional stress. O ther 
patients with DES may have dysphagia for solids or liquids 
without chest pain. Food impaction is a dramatic but unusual 
feature of this motility disorder. 

The major manometric criteria for DES are simultaneous 
contractions on more than 10% of wet swallows and intermit- 
tently normal primary peristalsis. 5,7,17,18,52 Associated fmdings 
include repetitive or prolonged-duration contractions, high- 
amplitude contractions, and frequent spontaneous contrac¬ 
tions (Fig. 18-12). Some patients with DES have normal LES 
function, but others have incomplete LES relaxation during 
swallowing. 17,18,49 

The radiographic features of DES reflect the manometric 
findings. 179, 49,52 Primary peristalsis is present in the cervical 
esophagus but intermittently absent in the thoracic esophagus. 
NPCs affect the smooth muscle portion of the esophagus, inter¬ 
mittently disrupting primary peristalsis (Fig. 18-13A). These 
NPCs are often repetitive and simultaneous and, if severe, may 
compartmentalize the esophageal lumen, producing a classic 
corkscrew appearance (Fig. 18-13B). 7,8,52 In one study, however, 
lumen-obliterating NPCs were detected on esophagography in 
less than 15% of all patients with DES. 49 Instead, most patients 
had NPCs of mild to moderate magnitude that did not obliter- 
ate the esophageal lumen. 49 It should therefore be recognized 
that the severity of NPCs varies in patients with DES, and that 
the absence of a corkscrew esophagus on barium studies in no 
way excludes this diagnosis. It has also been shown that most 
patients with DES have impaired LES opening on barium 
studies, with the tapered, beaklike distal esophageal narrowing 
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Figure 18-12 Manometric representation of normal peristalsis 
and diffuse esophageal spasm. Measurements are taken from 
multiple recording levels in the esophagus. Normal peristalsis is 
present in the upper esophagus but is replaced by simultaneous, 
repetitive contractions below the aortic arch (AA). Normal lower 
esophageal sphincter (LES) relaxation is seen. S, Swallow. 


typically associated with achalasia (Fig. 18-14). 49 Some patients 
with DES may develop pulsion diverticula or even giant 
epiphrenic diverticula as a complication of their esophageal 
dysmotility (Fig. 18-15). 53 

Muscular thickening of the esophagus is uncommon in 
DES, but a wall thickness of 2 cm or more is occasionally 
seen (normal wall thickness is less than 4 mm). Thicken¬ 
ing of the esophageal wall can sometimes be estimated along 
the right lateral border of the upper thoracic esophagus on 
barium studies when the wall closely apposes the pleural 
reflection line. Alternatively, wall thickness can be evaluated 
directly by computed tomography (CT) or endoscopic ultra- 
sound. 5 In patients with DES, CT may reveal smooth cir- 
cumferential wall thickening, predominantly in the distal 
esophagus (Fig. 18-16). 5 However, esophageal wall thickening 
on CT is a nonspecific imaging finding that may result from 
a variety of causes, including esophagitis and benign and 
malignant tumors involving the esophagus. 54 

When patients with DES have chest pain because of high- 
amplitude esophageal contractions, drugs such as calcium 
channel blockers, long-acting nitrates, and anticholinergics 
have been shown to decrease the amplitude of these contrac¬ 
tions, sometimes ameliorating the patient’s symptoms. 49 
However, patients who present with dysphagia because of 


Figure 18-13 Diffuse esophageal spasm. A. This patient has 
diffuse esophageal spasm with intermittent disruption of primary 
peristalsis associated with a focally obliterative nonperistaltic 
contraction. B. Another patient has the typical corkscrew appearance 
of diffuse esophageal spasm. Clinical and manometric correlation 
is required to confirm the diagnosis because this appearance is 
nonspecific, especially in older adults. (From Levine MS, Rubesin SE, 
Ott DJ: Update on esophageal radiology. AJR 155:933-941, 1990.) 
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Figure 18-14 Diffuse esophageal spasm with LES dysfunction. 

This patient has diffuse esophageal spasm with multiple nonperistaltic 
contractions. There also is tapered narrowing of the distal esophagus 
( arrow ) caused by incomplete opening of the LES. 

impaired LES opening may have marked relief of dysphagia 
from endoscopic balloon dilation or botulinum toxin injection 
of the LES. 49 In the absence of symptoms, patients with mano- 
metric or radiographic Åndings of DES require no treatment. 

Nutcracker Esophagus 

Nutcracker esophagus is an esophageal motility disorder 
seen in some patients with chest pain or dysphagia. 
Manometric examination shows normal peristalsis, with distal 
contractions of abnormally high amplitude and prolonged 
duration (Fig. 18-17). The term high-amplitude peristaltic 
esophageal contractions has also been used to describe this entity. 
Debate has arisen over whether nutcracker esophagus is a true 
motility disorder or part of the normal Spectrum of esophageal 
function. 5, 17,18,5562 

Nutcracker esophagus is a manometric diagnosis made in 
patients with appropriate symptoms. The radiographic exami¬ 
nation is normal or reveals only nonspecific Åndings such as 
nonperistaltic contractions. 63,64 Nutcracker esophagus therefore 
is not a radiologic diagnosis. 

NONSPECIFIC ESOPHAGEAL 
MOTILITY DISORDER 

NonspeciAc esophageal motility disorder (NEMD) is a catchall 
category used for patients with motility disturbances that do 



Figure 18-15 Giant epiphrenic diverticulum. A giant diverticulum 
( arrows ), also known as an epiphrenic diverticulum, is seen arising 
from the right lateral aspect of the distal esophagus. This usually 
develops as a pulsion diverticulum secondary to long-standing 
esophageal dysmotility. 

not At clinical, manometric, or radiographic criteria for classic 
motility disorders such as achalasia and des. 5,17,18,65,66 Patients 
with NEMD sometimes have dysphagia or chest pain, but 
symptoms may be minimal or absent. Manometric abnormali- 
ties include intermittent absence of peristalsis on 20% or more 
of wet swallows, low-amplitude peristalsis, prolonged duration 
of peristalsis, repetitive or triple-peaked contractions, and 
incomplete LES relaxation (Fig. 18-18). 17,18,65 Esophagography 
may reveal disruption of primary peristalsis and a variable 
number of NPCs, mimicking other esophageal motility disor¬ 
ders such as DES and presbyesophagus (Fig. 18-19). 7 9 Barium 
studies may also be normal in patients with NEMD who have 
only minor manometric abnormalities. 7 9 

Presbyesophagus 

Presbyesophagus has become a controversial entity. 9,11_ 14,67,68 
As originally described, the term presbyesophagus referred to a 
form of esophageal motor dysfunction associated with aging 
that rarely causes esophageal symptoms such as chest pain 
or dysphagia. 67,6 ' The major manometric criteria include a 
decreased frequency of normal peristalsis, increased frequency 
of simultaneous contractions and, less commonly, incomplete 
LES relaxation. Barium studies in these patients may also reveal 
intermittently weakened or absent peristalsis with a variable 
number of NPCs. In early reports of presbyesophagus, however, 
affected individuals oAen had underlying neurologic disorders 
or diabetes, which might have accounted for their esophageal 
dysmotility. Later manometric studies in older patients have 
shown only minor changes in esophageal motility with 
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Figure 18-16 Diffuse esophageal spasm on CT. Axial contrast- 
enhanced CT images of the chest show moderate esophageal wall 
thickening (arrow) just below the carina (A) and even greater 
esophageal wall thickening (arrow) more distally (B). Barium 
esophagography revealed characteristic findings of diffuse 
esophageal spasm with multiple nonperistaltic contractions at 
fluoroscopy. Esophageal wall thickening is thought to result from 
progressive hypertrophy of the muscularis propria in these patients. 
(From Goldberg MF, Levine MS, Torigian DA: Diffuse esophageal 
spasm: CT findings in seven patients. AJR 191:758-763, 2008.) 


aging. 11-13 Furthermore, many of the manometric criteria for 
presbyesophagus are similar to those for NEMD, which may be 
the preferred radiologic term for this form of esophageal dys- 
function. Whatever terminology is used, presbyesophagus is a 
clinically trivial condition that should be differentiated from 
DES and other motility disorders associated with chest pain or 
dysphagia. 
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Figure 18-17 Manometric representation of nutcracker 
esophagus. This patient had a normal radiographic examination. 
There is normal peristalsis (P) manometrically, with high-amplitude 
contractions (>200 mm Hg, lower two leads). Accentuated baseline 
activity in the 13-cm lead is cardiac artifact. LES, Lower esophageal 
sphincter; WS, wet swallow. (Redrawn from Ott DJ, Richter JE, Chen 
YM, et al: Esophageal radiography and manometry: Correlation in 172 
patients with dysphagia. AJR 149: 307-311, 1987.) 
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Figure 18-18 Manometric representation of nonspecific 
esophageal motility disorder. There is nontransmitted peristalsis 
(NT) in the lower leads and repetitive contractions during transmitted 
peristalsis (P). LES, Lower esophageal sphincter; WS, wet swallow. 
(Redrawn from Ott DJ, Richter JE, Chen YM, et al: Esophageal 
radiography and manometry: Correlation in 172 patients with 
dysphagia. AJR 149:307-311, 1987.) 


Hypertensive Lower Esophageal Sphincter 

Hypertensive LES was first described in patients with esopha¬ 
geal symptoms who had unusually high resting LES pres¬ 
sures. 51 18,69 Almost all patients have chest pain, and many 
have dysphagia. The reported manometric criteria include a 
resting LES pressure greater than 40 mm Hg, with normal 
LES relaxation and esophageal peristalsis. Barium studies are 
usually normal in these patients. 69 Like nutcracker esophagus, 


hypertensive LES is thought to be a manometric diagnosis 
rather than a radiologic diagnosis. 

SECONDARY MOTILITY DISORDERS 

The causes of secondary esophageal motility disorders are 
numerous and varied (see Table 18-1). 1,7-9,17-19,70 The radio¬ 
graphic findings are nonspecific and are often similar to those 
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Figure 18-19 Nonspecific esophageal motility disorder. A. This 
asymptomatic patient had simultaneous nonperistaltic contractions. 
Primary peristalsis was disrupted intermittently at fluoroscopy. 
Nonspecific esophageal motility disorder was diagnosed by 
manometry. B. Multiple nonperistaltic contractions and disrupted 
primary peristalsis are seen in another patient with nonspecific 
esophageal motility disorder. Clinical and manometric correlation are 
needed to distinguish this condition from diffuse esophageal spasm. 
(From Levine MS, Rubesin SE, Ott DJ: Update on esophageal 
radiology. AJR 155:933-941, 1990.) 

described for NEMD. Thus, clinical correlation is critical for the 
proper diagnosis of secondary esophageal motility disorders. 

Gastroesophageal Reflux Disease 

Patients with gastroesophageal reflux disease (GERD) often 
have esophageal dysmotility that is characterized on barium 
studies and manometry by intermittently decreased or absent 
primary peristalsis in the mid and lower esophagus, without 
accompanying NPCs. 71,72 This form of esophageal dysmotility 
should be differentiated from DES, NEMD, and presbyesopha- 
gus, which are almost always associated with NPCs of variable 
number and severity. It is uncertain whether the dysmotility of 
GERD is caused by refluxed acid in the esophagus, physical 
injury from reflux esophagitis, or a combination of both. 73 
Whatever the pathogenesis, abnormal peristalsis in patients 
with GERD impairs the clearance of refluxed acid from the 
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Figure 18-20 Manometric representation of normal peristalsis 
and scleroderma. Measurements are taken from multiple recording 
levels in the esophagus. Normal peristalsis is present in the upper 
esophagus, with absence of peristalsis in the smooth muscle 
segment. The lower esophageal sphincter (LES) also shows low 
resting pressure. AA, Aortic arch; S, swallow. 

esophagus, leading to a vicious cycle, with progressively severe 
reflux esophagitis. 4 The presence of esophageal dysmotility 
without NPCs on barium studies should therefore elicit a 
careful search for GERD and its sequelae. Rarely, reflux esopha¬ 
gitis may be manifested on barium studies by esophageal 
aperistalsis. 75 It has been postulated that this severe form of 
esophageal dysmotility is secondary to neuronal damage in 
Auerbach’s plexus from reflux esophagitis. 

Collagen Vascular Diseases 

Collagen vascular diseases are characterized by immunologic 
and inflammatory changes in connective tissue, typically 
involving multiple organ systems. The esophagus is often 
involved by collagen vascular disease, most commonly sclero¬ 
derma, mixed connective tissue disease, dermatomyositis, and 
polymyositis. 1719,76 Although scleroderma and mixed connec¬ 
tive tissue disease typically involve the lower two thirds of the 
esophagus, which contains smooth muscle in its wall, derma- 
tomyositis and polymyositis usually involve the pharynx and 
upper third of the esophagus, which contain striated muscle. 

Scleroderma is characterized by fibrosis and degenerative 
changes in the skin, synovium, and parenchyma of multiple 
organs, including the esophagus. Esophageal involvement 
occurs in most patients with scleroderma, with the smooth 
muscle portion and LES predominantly affected. 7 19,76, Because 
of resulting LES incompetence, symptoms of gastroesophageal 
reflux are common. Affected individuals may subsequently 
develop dysphagia secondary to abnormal motility, reflux 
esophagitis, or peptic strictures. Manometric features of sclero¬ 
derma include decreased or absent resting LES pressure and 
markedly weakened or absent peristalsis in the lower two thirds 
of the esophagus (Fig. 18-20). 17-19376,77 Barium studies typically 
reveal absent peristalsis in the smooth muscle portion of 
the esophagus, with a markedly dilated esophagus, patulous 
gastroesophageal junction, and free gastroesophageal reflux, 
with poor clearance of refluxed barium from the esophagus 
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after reflux occurs (Fig. 18-21A). As a result, these patients often 
develop severe reflux esophagitis and peptic strictures (Fig. 
18-2IB). The major consideration in the differential diagnosis 
for a dilated, aperistaltic esophagus is achalasia, but this condi- 
tion is almost always associated with tapered distal esophageal 
narrowing, enabling differentiation from scleroderma. Occa- 
sionally, patients with scleroderma may develop superimposed 
Candida esophagitis secondary to stasis and colonization of the 
esophagus by the fungal organism. 1 2 3 4 5 6 7 8 

Other Secondary Motility Disorders 

A variety of conditions may be associated with motility disor¬ 
ders in the esophagus. Of the infectious causes, Chagas’ disease 
has the most specific appearance. 5,1 19 This infection occurs 
primarily in South America and is caused by a protozoan organ¬ 
ism, Trypanosoma cruzi. The disease affects multiple organs, 
including the myenteric plexus of the gastrointestinal tract, and 
may produce esophageal abnormalities identical to those in 
achalasia. 

A variety of metabolic and endocrine disorders may affect 
esophageal motor function. In diabetic patients with peripheral 
neuropathy, manometric and radiographic abnormalities of the 
esophagus are common. 8 19 The most frequent findings on 
barium studies include decreased primary peristalsis, NPCs, 
and mild esophageal dilation. Esophageal dysmotility is also 
common in alcoholic patients, but this dysmotility may be 
reversed by withdrawal of alcohol. 79 

Esophageal motility may also be affected by a variety of neu- 
romuscular disorders that predominantly involve the pharynx 
and upper esophagus. Finally, idiopathic intestinal pseudo- 
obstruction is a poorly understood syndrome that is sometimes 
associated with esophageal dysmotility, producing a radio¬ 
graphic appearance indistinguishable from that of achalasia. 19 



Figure 18-21 Esophageal involvement by scleroderma. 

A. This patient has a dilated esophagus and a patulous 
esophagogastric junction. Esophageal peristalsis was absent at 
fluoroscopy. B. Another patient with scleroderma has developed 
a peptic stricture (open arrows) as a complication of reflux disease. 
Also note a small hiatal hernia (curved arrow) and sacculations 
(.straight arrows ) in the distal esophagus above the level of 
the stricture. 
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Gastroesophageal reflux disease (GERD) is the most common 
inflammatory disease involving the esophagus, with a preva- 
lence of 10% to 20% in the West. 1 In the past, barium studies 
were advocated for patients with reflux symptoms primarily to 
show the presence of a hiatal hernia or gastroesophageal reflux 
(GER), detect complications such as deep ulcers or strictures, 
and rule out other organic or motor abnormalities in the esoph¬ 
agus that can mimic reflux disease. By permitting a more 
detailed assessment of the esophageal mucosa, however, double- 
contrast radiographic techniques have made it possible to detect 
superficial ulceration and other changes of mild or moderate 
esophagitis before the development of deep ulcers or strictures. 
Double-contrast esophagography is also a useful screening 
examination for Barrett’s esophagus. With double-contrast 
techniques, barium studies therefore have a major role in the 
evaluation of patients with GERD. 

Reflux Esophagitis 

PATHOGENESIS 

Reflux esophagitis is thought to be a multifactorial process 
related to the frequency and duration of reflux episodes, content 
of the refluxed material, and resistance of the esophageal 
mucosa . 18 GER occurs when lower esophageal sphincter (LES) 
pressure is decreased or absent, so the major barrier to reflux is 
lost. 3 5,9 In most patients, however, these reflux episodes result 
not from a sustained decrease in resting sphincter pressure but 
from multiple transient LES relaxations that frequently occur 
at night. 6,1012 

The severity of GERD depends not only on the frequency of 
reflux episodes but also on their duration. Because the duration 
of reflux is related to the efficacy of esophageal clearance by 
peristalsis, dysmotility exacerbates reflux disease and increases 


the risk of developing esophagitis by prolonging exposure to 
refluxed acid. 4,5 As a result, esophageal involvement by sclero- 
derma often leads to severe esophagitis because of absent peri¬ 
stalsis and extremely poor clearance of peptic acid from the 
esophagus after reflux has occurred. In one study, 60% of 
patients with scleroderma who underwent endoscopy had evi- 
dence of reflux esophagitis. 13 

The severity of reflux disease also depends on the content of 
the refluxed material. Hydrochloric acid and pepsin are the 
noxious agents most responsible for injuring esophageal 
mucosa. These agents appear to have a synergistic effect, so 
reflux of acid and pepsin produces greater mucosal injury than 
reflux of acid alone. 14 The concentration of refluxed acid is 
another important determinant of the degree of injury. Patients 
with Zollinger-Ellison syndrome are therefore more likely to 
develop severe esophagitis or strictures because of the high 
acidity of refluxed peptic juices into the esophagus. 15 

Finally, the severity of reflux esophagitis depends on the 
intrinsic resistance of the esophageal mucosa. 4 Because 
mucosal resistance and esophageal motor function deteriorate 
with age, older patients are at greater risk for developing reflux 
esophagitis. 

RELATIONSHIP AMONG HIATAL HERNIA, 
GASTROESOPHAGEAL REFLUX, 

AND REFLUX ESOPHAGITIS 

Axial hiatal hernias occur more frequently in older patients 
because of progressive weakening of the ligaments that anchor 
the gastroesophageal junction to the surrounding esophageal 
hiatus of the diaphragm. 4,18 There is considerable controversy 
about the relationship between a hiatal hernia and the subse- 
quent development of GER or reflux esophagitis. Because most 
patients with clinically significant GERD have evidence of a 
hiatal hernia, it has been postulated that the presence of a hernia 
predisposes patients to the development of GER and reflux 
esophagitis. 19 Nevertheless, many patients with a hiatal hernia 
have no evidence of GER, and many patients with GER have no 
evidence of a hernia. 2122 Thus, intrinsic LES dysfunction is 
probably the major factor in the development of GER, indepen- 
dent of the anatomic location of the sphincter above or below 
the diaphragm. 3,5,21 

Although a hiatal hernia by itself is a poor predictor of 
GERD, most patients with severe reflux esophagitis or reflux- 
induced (peptic) strictures have hiatal hernias. 5,23,24 There is 
evidence that marked acid reflux causes longitudinal esophageal 
shortening, disrupting the ligaments surrounding the gastro¬ 
esophageal junction. 25 Thus, the hernia may represent an effect 
rather than a cause of esophagitis in these patients. 

Similarly, GER is a poor predictor of reflux esophagitis 
because reflux may be demonstrated in some asymptomatic 
individuals but not in others with proven reflux esophagitis. 4,5 
Thus, the diagnosis of reflux esophagitis should be based not 
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on the presence or absence of a hiatal hernia or GER but on 
specific morphologic evidence of inflammatory changes in the 
esophagus. 

CLINICAL FINDINGS 

Patients with GERD classically present with heartburn—defined 
as retrosternal pain and burning that are worse after eating— 
and, less frequently, regurgitation. However, some patients 
may present with angina-like chest pain rather than heartburn. 
In one study, 43% of patients with chest pain of noncardiac 
origin were found to have GERD as the cause of their pain. 
Others may present with epigastric pain or dyspepsia that is 
erroneously attributed to peptic ulcer disease. 29 Still others may 
have upper gastrointestinal (GI) bleeding, manifested by melena 
or guaiac-positive stool. 3 However, major hemorrhage from 
reflux esophagitis is extremely uncommon. 

An association between GERD and pulmonary problems has 
been well documented. Abnormal reflux has been reported in 
more than 80% of adult patients with asthma. 30 These patients 
typically present with nocturnal coughing or wheezing and do 
not have an allergic component to their asthma. 26 It has been 
postulated that this condition is caused by aspiration of refluxed 
acid into the airway or by vagally mediated bronchoconstriction 
secondary to reflux-induced irritation of the esophageal 
mucosa. 31 Esophagopharyngeal reflux of peptic acid may also 
cause pharyngitis or laryngitis, manifested by a globus sensa¬ 
tion, chronic cough, or hoarseness. 26,32 

The perception of reflux symptoms depends on the degree 
and duration of exposure of the esophagus to refluxed acid. 33 
Nevertheless, the severity of symptoms correlates poorly with 
the severity of reflux esophagitis on endoscopy. 8 Some patients 
with marked reflux symptoms have normal endoscopic find- 
ings, whereas others with unequivocal endoscopic fmdings of 
esophagitis are asymptomatic. It has therefore been postulated 
that the development of reflux symptoms is sometimes related 
to an esophageal visceral hypersensitivity and inappropriately 
heightened perception because of underlying neuronal dys- 
function rather than the actual degree of esophagitis in these 
patients. 8,34 

The development of a peptic stricture is typically manifested 
by slowly progressive dysphagia for solids (followed by liquids) 
superimposed on a history of long-standing reflux symp¬ 
toms. 35,36 Nevertheless, 25% of patients with peptic strictures 
present with dysphagia as the initial manifestation of their 
disease. 36 Weight loss is usually minimal because patients with 
peptic strictures modify their diets to compensate for their dys¬ 
phagia. Substantial weight loss should therefore raise concern 
about the possibility of a malignant esophageal stricture (see 
Chapter 23). 

DIAGNOSIS 

Patients with reflux symptoms may undergo various clinical 
tests to determine whether the symptoms are esophageal in 
origin and whether there are objective Åndings of GER or reflux 
esophagitis. GER may be assessed by radiologic, scintigraphic, 
manometric, or esophageal pH monitoring techniques. Esopha- 
gography or endoscopy is required to establish a diagnosis of 
reflux esophagitis. Barium studies are particularly useful for 
evaluating patients with GERD when surgical treatment is 
planned. 37 


Gastroesophageal Reflux 

Spontaneous GER is detected on barium studies in only 20% 
to 35% of patients with reflux esophagitis. 5,24,38,39 Because GER 
often results from transient LES relaxations rather than from a 
sustained decrease in sphincter tone, intermittent episodes of 
reflux are easily missed during the brief period of fluoroscopic 
observation. Some radiologists advocate the use of the water 
siphon test (see Chapter 17), which increases the radiographic 
sensitivity for GER to 70%. 38 However, others do not favor the 
water siphon test, arguing that it is a physiologic technique with 
a low specificity for GER. ,4 ° Despite its limitations, I am a 
strong advocate of the water siphon test, which frequently 
permits detection of GER in patients in whom no reflux is 
observed spontaneously or with a Valsalva maneuver. 

Gastroesophageal scintigraphy is an alternative technique for 
detecting and quantifying GER. 41,42 Esophageal manometry can 
also be used to assess LES pressures, but many patients with 
normal resting sphincter pressures have intermittent GER sec¬ 
ondary to transient LES relaxations. 1012 Intraesophageal pH 
monitoring is thought to be the most accurate diagnostic test 
for GER/ ’ but this test measures the acidity rather than the 
volume of refluxed material in the esophagus. Also, it has been 
shown that almost all patients with massive reflux on barium 
studies (defined as reflux of barium to or above the thoracic 
inlet with the patient in a recumbent position) have pathologic 
acid reflux on 24-hour esophageal pH monitoring. 44 Patients 
with massive GER on barium studies can therefore be further 
evaluated and treated for their reflux disease without need 
for pH monitoring. 

Because the severity of GERD depends not only on the fre- 
quency of reflux episodes but also on their duration, esophageal 
clearance may be evaluated after reflux has occurred. Fluoros- 
copy, scintigraphy, intraesophageal pH monitoring, and 
manometry are tests used to evaluate esophageal clearance or 
motility. 5, 22,45,46 

Reflux Esophagitis 

Conventional single-contrast esophagography has been consid- 
ered to be an unreliable technique for detecting reflux esopha¬ 
gitis, with an overall sensitivity of only 50% to 75%. 4 ' With 
the use of double-contrast technique, however, the radiographic 
sensitivity approaches 90%. 48,50,51 A major advantage of double- 
contrast esophagography is that it permits a detailed assessment 
of the esophageal mucosa for superficial ulceration or other 
changes of mild or moderate esophagitis that cannot be detected 
with conventional barium studies. At the same time, single- 
contrast technique (with the patient in the prone position) is 
best for demonstrating areas of decreased distensibility in the 
distal esophagus caused by strictures or rings. 52 A biphasic 
examination with upright double-contrast and prone single- 
contrast views of the esophagus therefore appears to be the best 
radiologic technique for evaluating patients with suspected 
reflux disease. 

Endoscopy is generally advocated as the most definitive diag¬ 
nostic test for reflux esophagitis. Various grading systems have 
been used to estimate the severity of esophagitis based on the 
endoscopic fmdings of erythema, friability, exudates, ulcers, and 
strictures. 5 " Investigators have particularly focused on the 
importance of differentiating erosive esophagitis from nonero- 
sive reflux disease. 54 Nevertheless, the use of endoscopy as the 
gold standard for reflux esophagitis is problematic because of 
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controversies about the endoscopic definition of esophagitis 
and interobserver reliability. 55 In two studies, there was 50% 
or less agreement between the endoscopic and histologic find- 
ings of esophagitis. 559 Thus, endoscopy is by no means an 
infallible technique for detecting this condition. 

A definitive histologic diagnosis of reflux esophagitis can be 
made when endoscopic biopsy specimens reveal acute inflam- 
matory changes with accumulation of neutrophils and eosino- 
phils in the lamina propria. Basal cell hyperplasia of the 
squamous epithelium has also been recognized as an important 
sign of reflux disease, resulting from mucosal damage by 
refluxed acid and accelerated epithelial turnover in the esopha- 
gus. 60 Nevertheless, the histologic diagnosis of reflux esophagi¬ 
tis can be unreliable because of the patchy distribution of 
disease. In one study, 30% of patients with reflux symptoms had 
normal and abnormal biopsy specimens obtained from the 
same regions of the esophagus. 60 Some investigators have even 
questioned whether endoscopic biopsy specimens should be 
used as the gold standard for reflux esophagitis. 61 

RADIOGRAPHIC FINDINGS 

Abnormal Motility 

Between 25% and 50% of patients with reflux esophagitis have 
abnormal esophageal motility on manometry, manifested by 
weakening or disruption of primary peristalsis in the esopha¬ 
gus. 4,62 In one study, esophagography revealed a distinet form 
of esophageal dysmotility in patients with GER in which there 
was intermittently weakened or absent peristalsis in the mid or 
lower esophagus without associated nonperistaltic contractions 
(NPCs). 63 In contrast, esophageal dysmotility associated with 
aging (also known as presbyesophagus) is characterized by a 
combination of weakened peristalsis and multiple repetitive 
NPCs of varying severity. 64 The presence of intermittently 
weakened or absent peristalsis without NPCs should therefore 
suggest underlying GERD on barium studies. 63 

Much less frequently, esophageal aperistalsis may be the only 
radiographic finding in patients with reflux esophagitis. 6 In 
such cases, abnormal motility may be secondary to neuronal 
damage in Auerbach’s plexus caused by the inflammatory 
process in the esophageal wall. 65 Conversely, preexisting esopha¬ 
geal dysmotility (e.g., that associated with scleroderma) may 
predispose patients to the development of reflux esophagitis by 
impairing clearance of refluxed acid from the esophagus. In 
either case, the combination of abnormal motility and GER 
results in a vicious cycle, sometimes leading to progressively 
severe esophagitis and stricture formation. 5 

Mucosal Nodularity 

In the early stages of reflux esophagitis, mucosal edema and 
inflammation may be manifested on double-contrast images by 
a finely nodular or granular appearance in the distal third of 
the thoracic esophagus (Fig. 19-p ), 59 > 66 - 68 i n one study, mucosal 
granularity was the most frequent and reliable sign of reflux 
esophagitis on double-contrast esophagograms, with a specific- 
ity and positive predictive value of about 90%. 59 This granular¬ 
ity is characterized by poorly defined lucencies that fade 
peripherally into the adj acent mueosa. Less frequently, reflux 
esophagitis may produce coarse nodularity of the mueosa. In 
almost all cases, this granularity or nodularity extends proxi- 
mally from the gastroesophageal junetion as a continuous area 
of disease. 



Figure 19-1 Reflux esophagitis with a granular mueosa. There is 
a finely nodular or granular appearance of the mueosa extending 
proximally from the gastroesophageal junetion as a continuous area 
of disease. (From Levine MS, Rubesin SE: Diseases of the esophagus: 
Diagnosis with esophagography. Radiology 237:414-427, 2005.) 


More advanced reflux esophagitis may occasionally be asso¬ 
ciated with inflammatory exudates or pseudomembranes that 
resemble the plaquelike lesions of Candida esophagitis (Fig. 
19-2), 69 but these patients usually present with reflux symptoms 
rather than odynophagia. A single large pseudomembrane can 
also be mistaken for a plaquelike carcinoma, particularly an 
adenocarcinoma arising in Barrett’s mueosa. 69 However, pseu¬ 
domembrane formation may be suggested by the presence of 
other satellite lesions or by changes in the size or shape of the 
lesions at fluoroscopy. When the radiographic findings are 
equivocal, endoscopy and biopsy should be performed for a 
definitive diagnosis. 

Ulceration 

Shallow uleers and erosions associated with reflux esophagitis 
may appear on double-contrast barium studies as one or more 
tiny collections of barium in the distal esophagus at or near the 
gastroesophageal junetion (Fig. 19 - 3). 66,67 The uleers can have a 
punetate, linear, stellate, or serpiginous configuration and are 
often associated with surrounding mounds of edematous 
mueosa, radiating folds, and puckering or sacculation of the 
adjacent esophageal wall (Fig. 19 -4). 66,67,70 Some patients may 
have diffuse ulceration of the distal third or even half of the 
thoracic esophagus. However, ulceration in reflux esophagitis 
tends to occur as a continuous area of disease extending proxi¬ 
mally from the gastroesophageal junetion, so the presence of 
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Figure 19-2 Reflux esophagitis with pseudomembranes. The 

pseudomembranes appear as discrete plaquelike defects 
indistinguishable from the plaques of candidiasis. (Courtesy Howard 
Kessler, MD, Philadelphia.) 


one or more ulcers in the upper or middle thirds of the esopha¬ 
gus with sparing of the distal third should suggest another cause 
for the patient’s disease. 

Reflux esophagitis may also be manifested by a solitary ulcer 
in the distal esophagus at or near the gastroesophageal junc- 
tion. 1 These marginal ulcers may be recognized en face as dis¬ 
crete collections of barium (Fig. 19-5A) but are best visualized 
when the ulcers are viewed in profile (Fig. 19-5B). In one study, 
about 70% of these solitary reflux- induced ulcers were fo und 
to be located on the posterior wall of the esophagus (see Fig. 
19-5B)/ Because GER often occurs during sleep, it has been 
postulated that patients who sleep primarily in the supine posi¬ 
tion are more likely to develop posterior wall ulcers as a result 
of prolonged exposure to refluxed acid that pools by gravity on 
the dependent (posterior) esophageal wall, causing maximal 
injury in this location. 71 

In advanced reflux esophagitis, the esophagus may have a 
grossly irregular contour with serrated or spiculated margins, 
wall thickening, and decreased distensibility secondary to 
extensive ulceration, edema, and spasm (Fig. 19-6). 4,24,47,49 Occa- 
sionally, the narrowing and deformity associated with severe 
esophagitis can even mimic the appearance of an infiltrating 
carcinoma (Fig. 19-7). In such cases, endoscopy and biopsy are 
required for a definitive diagnosis. 

Thickened Folds 

In some patients with reflux esophagitis, submucosal edema 
and inflammation may lead to the development of thickened 
longitudinal folds (Fig. 19-8). Thickened folds are best seen on 
mucosal relief views of the collapsed or partially collapsed 
esophagus in which folds wider than 3 mm are thought to 
be abnormal. 49,66 These thickened folds may have a smooth, 
nodular, scalloped, or crenulated appearance. Occasionally, they 


Figure 19-3 Reflux esophagitis 
with superficial ulceration. 

A. Multiple tiny ulcers ( arrows ) 
are seen en face in the 
distal esophagus near the 
gastroesophageal junction. Note 
radiating folds and puckering 

of the adjacent esophageal wall. 

B. Another patient has punctate 
and linear ulcers in the distal 
esophagus. 
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Figure 19-4 Reflux esophagitis with a linear ulcer. Note the radiolucent halo of edematous mucosa and folds radiating toward the ulcer 
crater (arrow). (From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 



Figure 19-5 Reflux esophagitis with a discrete ulcer. This small ulcer ( arrows ) is seen both en face (A) and in profile (B) in the distal 
esophagus above a hiatal hernia. When viewed in profile (B), note how the ulcer is located on the right posterolateral wall of the distal 
esophagus. (From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 19-6 Advanced reflux esophagitis. There is decreased 
distensibility of the distal esophagus, which has an irregular, serrated 
contour because of extensive ulceration, edema, and spasm of the 
wall. (From Levine MS: Radiology of the Esophagus. Philadelphia, WB 
Sa unders, 1989.) 


may be tortuous or serpiginous, mimicking the appearance of 
esophageal varices. 

Multiple delicate transverse folds may also be found in 
patients with GERD (Fig. 19-9). 73 ' 76 In the past, this appearance 
has been described as the feline esophagus because transverse 
esophageal folds are normally found in cats. These delicate 
transverse striations are only 1 to 2 mm wide and extend com- 
pletely across the esophagus without interruption. 74 The folds 
occur as a transient phenomenon resulting from contraction of 
the longitudinally oriented muscularis mucosae, 75 so they may 
be seen on only one of a number of spot images obtained 
during the radiologic examination (see Fig. 19-9). It has been 
shown that almost 100% of patients with a feline esophagus 
have associated GER. 76 In faet, these transverse folds are most 
often observed at fluoroscopy during reflux of barium from the 
stomach rather than during swallowing of barium. 76 Occasion- 
ally, the transverse folds may be thickened in patients with 
reflux esophagitis (Fig. 19-10). 66 

Inflammatory Esophagogastric Polyps 

Other patients with reflux esophagitis may develop inflamma¬ 
tory esophagogastric polyps consisting of inflammatory and 
granulation tissue. The polyps usually appear on barium 





Figure 19-7 Reflux esophagitis with a deep uleer (straight 
arrow). There is also asymmetric narrowing of the distal esophagus 
with a relatively abrupt cutoff ( curved arrow) at the proximal border of 
the narrowed segment. These findings were caused by edema and 
spasm, but the possibility of malignant tumor cannot be exeluded on 
this image. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 


studies as smooth, ovoid, or club-shaped protuberances in the 
lower esophagus atop a single prominent fold that tapers dis¬ 
tally at the gastroesophageal junetion (Fig. 19-11). 77,78 Inflam¬ 
matory esophagogastric polyps frequently straddle a hiatal 
hernia and may be associated with other radiographic findings 
of reflux esophagitis. Because these lesions have no malignant 
potential, endoscopy is not warranted when a typical inflam¬ 
matory esophagogastric polyp is found on barium study (see 
Fig. 19-11A). 78,79 If the lesions have a lobulated or irregular 
appearance (see Fig. 19-1 IB), however, endoscopy and biopsy 
should be performed to rule out malignant tumor. 

Scarring and Strictures 

Scarring from reflux esophagitis may be manifested by a variety 
of findings on esophagography. It is sometimes possible to 
detect slight flattening or puckering of the esophageal wall, 
radiating folds, or both in the absence of an actual stricture (Fig. 
19-12). Asymmetric scarring from reflux esophagitis may also 
lead to focal outpouching or sacculation of the distal esophagus 
as a result of outward ballooning of the wall between areas of 
fibrosis (Fig. 19-13). Although these sacculations may resemble 
uleer craters, they can usually be differentiated from uleers by 
their more rounded appearance and changeable configuration 
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at fluoroscopy. Sacculations are particularly likely to develop in 
patients with scleroderma involving the esophagus, presumably 
because of the severe esophagitis that occurs in these individu- 
als. Much less frequently, patients with esophageal involvement 
by scleroderma may develop wide-mouthed outpouchings or 
sacculations in the absence of strictures as a result of asym- 
metric smooth muscle atrophy and fibrosis (Fig. 19-14). 80 

Scarring from reflux esophagitis may also be manifested by 
fixed transverse folds in the distal esophagus, producing a char- 
acteristic stepladder appearance as a result of pooling of barium 
between the folds (Fig. 19-15). 70 These transverse folds are 
usually 2 to 5 mm wide and do not extend more than halfway 
across the esophagus. They tend to be few in number and 
cannot be obliterated with esophageal distention. In most cases, 
there is other evidence of scarring from reflux esophagitis, and 
these transverse folds extend proximally a variable distance 
from the site of a distal stricture or scar. 70 The folds probably 
represent areas of heaped-up or crinkled mucosa caused by 
simultaneous longitudinal scarring from reflux esophagitis. 
These fixed transverse folds should be distinguished from the 
thin transverse striations that are sometimes observed as a 
transient Ånding in patients with a feline esophagus (see Fig. 
19-9). 73-76 

Between 10% and 20% of patients with reflux esophagitis 
develop peptic strictures as a result of circumferential scarring 
of the distal esophagus. 50,81 Accurate radiographic diagnosis of 
these strictures requires continuous drinking of low-density 
barium in the prone position to distend the distal esophagus 
and optimally demonstrate mild or even moderate strictures 
that are not visible on upright double-contrast images 



Figure 19-8 Reflux esophagitis with thickened longitudinal folds. 

(From Levine MS: Radiology of the Esophagus. Philadelphia, WB 
Sa unders, 1989.) 



Figure 19-9 Transverse folds 
(feline esophagus) occurring as 
a transient phenomenon. 

A. Fine transverse folds are 
seen in the distal esophagus. 

B. Another image moments later 
shows obliteration of the folds. 
(From Levine MS: Radiology of 
the Esophagus. Philadelphia, WB 
Sa unders, 1989.) 
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Figure 19-10 Reflux esophagitis with thickened transverse folds. 

There is also a peptic stricture ( arrow) in the distal esophagus. (From 
Levine MS: Radiology o f the Esophagus. Philadelphia, WB Saunders, 
1989.) 


(Fig. 19-16). With careful biphasic technique, barium studies 
have a sensitivity of almost 95% in detecting peptic strictures 
and may sometimes reveal strictures that are missed at 
endoscopy. 82 ’ 83 

The vast majority of peptic strictures are located in the distal 
esophagus above an axial hiatal hernia (Fig. 19-17). Because 
many patients with GER or mild reflux esophagitis do not have 
a concomitant hernia, it has been postulated that scarring from 
reflux esophagitis leads not only to circumferential narrowing 
of the distal esophagus but also to longitudinal shortening and 
subsequent hernia formation. 3 Whatever the explanation, a 
hiatal hernia is found on barium studies in more than 95% of 
patients with peptic strictures. 23 If the hernia fails to reduce 
below the diaphragm in the upright position and is a persistent 
Ånding at Auoroscopy, the patient is said to have developed a 
short esophagus. The latter Ånding has important implications 
for performing antireAux surgery because patients with a short 
esophagus may require an esophageal lengthening procedure 
such as a Collis gastroplasty at the time of Nissen fundoplica- 
tion. y4 Conversely, when a hiatal hernia is not present in patients 
with distal esophageal strictures, the possibility of malignant 
tumor should be considered as a possible cause of these stric¬ 
tures because it is unlikely for a benign stricture to develop in 
the absence of a hernia. 

The classic appearance of a smooth, tapered area of concen- 
tric narrowing in the distal esophagus above an axial hiatal 
hernia should be almost pathognomonic of a peptic stricture 
(see Fig. 19-17A). 85 Many peptic strictures have an asymmetric 
appearance, however, with puckering, deformity, or sacculation 
of one wall of the stricture caused by asymmetric scarring from 
reAux esophagitis (see Fig. 19-17B). 85 Other strictures may 


Figure 19-11 Esophagogastric polyps. A. A 

prominent fold ( straight arrows ) is seen arising 
at the cardia and extending into the distal 
esophagus as a smooth polypoid protuberance 
(curved arrow). This appearance is characteristic 
of inflammatory polyps. B. An inflammatory 
esophagogastric polyp is seen in the distal 
esophagus in another patient. This lesion 
is more lobulated than most inflammatory 
polyps, so it cannot be differentiated from 
an adenomatous polyp or even an 
adenocarcinoma. (From Levine MS: Radiology 
o f the Esophagus. Philadelphia, WB Saunders, 
1989.) 











19 Gastroesophageal Reflux Disease 299 



A 


Figure 19-12 Mild peptic scarring in the distal 
esophagus. A. There is slight flattening and puckering of 
the distal esophagus ( arrow ) with radiating folds in this 
region as a result of scarring from reflux esophagitis. 

B B - In another patient, folds are seen radiating to a central 

scar (arrow). 



Figure 19-13 Scarring from reflux esophagitis with 
sacculations. A. There are sacculations and radiating folds 
in the distal esophagus without evidence of a stricture. 

B. In another patient with greater scarring, there is a 
peptic stricture with several large sacculations seen en 
face ( curved arrow) and in profile ( straight arrows) in the 
distal esophagus. (B from Laufer /, Levine MS [eds]: 

Double Contrast Gastrointestinal Radiology, 2nd ed. 
Philadelphia , WB Saunders, 1992.) 
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Figure 19-14 Wide-mouthed sacculations in scleroderma. A. Two large sacculations are seen en face ( black arrows ) in the upper and 
midesophagus. Note how the upper sacculation extends superiorly just above the level of the aortic arch ( white arrow). B. Additional view with 
the patient turned 90 degrees shows the sacculations in profile (arrows). (From Coggins CA, Levine MS, Kesack CD, et al: Wide-mouthed 
sacculations in the esophagus: A radiographic finding in scleroderma. AJR i 76:953-954, 2001.) 


involve a longer segment of the distal esophagus and may have 
irregular margins because of associated reflux esophagitis (see 
Fig. 19-17C). 82 

Most peptic strictures range from 1 to 4 cm in length and 
from 0.2 to 2.0 cm in width. 52,86 These strictures rarely cause 
esophageal obstruction, but some patients may develop inter- 
mittent food impactions above the proximal end of the stric- 
ture. 36 As many as 40% of radiographically diagnosed peptic 
strictures appear as ringlike areas of narrowing at the gastro - 
esophageal junction with slightly tapered margins and a length 
of only 0.4 to 1 cm (Fig. 19-18). 86 Schatzki rings may produce 
similar radiographic Åndings, but they usually range from 2 to 
4 mm in length and have more abrupt, symmetric margins (see 
Chapter 26). 8 Despite these subtle distinctions, there probably 
is overlap between ringlike peptic strictures and Schatzki rings 
detected on barium studies or endoscopy. 

Distal esophageal webs have also been recognized as a mani¬ 
festation of scarring from reflux esophagitis. 88 These webs are 
almost always associated with peptic strictures and tend to 
occur several centimeters above the gastroesophageal junction, 
so they can usually be differentiated from Schatzki rings by their 
more proximal location (Fig. 19-19). Some investigators have 
also found an association between cervical esophageal webs and 
GER, 89 possibly secondary to chronic injury from refluxed acid 
in the cervical esophagus. 

Longer peptic strictures involving the distal third of the tho- 
racic esophagus are relatively unusual. Such strictures 
may occur as a result of nasogastric intubation, protracted 
vomiting, bile reflux after partial or total gastrectomy, and 


Zollinger-Ellison syndrome (see Chapter 21). 15-17,35,90-92 Occa- 
sionally, patients with Zollinger-Ellison syndrome may present 
with long strictures in the distal esophagus as the initial mani¬ 
festation of their disease (Fig. 19-20). 15,16 

Esophageal intramural pseudodiverticula can sometimes be 
detected in the region of a peptic stricture (Fig. 19-21; see 
Chapter 21). 93 The pseudodiverticula probably occur as a 
sequela of chronic reflux esophagitis, but it is unclear why so 
few patients with esophagitis have this finding. 

Many gastroenterologists believe that endoscopy and biopsy 
are required to rule out malignant tumor in all patients with 
radiographically diagnosed peptic strictures because of diffi- 
culty differentiating benign peptic strictures from infiltrating 
esophageal carcinomas on esophagography. 94 96 In a large retro- 
spective study, however, no patients with unequivocally benign - 
appearing peptic strictures in the distal esophagus on 
double-contrast esophagograms were found to have malignant 
tumor on endoscopy, 86 so endoscopy is not required to rule out 
esophageal cancer in these patients. If, however, the strictures 
have irregular contours, more abrupt margins, or other suspi- 
cious radiographic features, endoscopy and biopsy should be 
performed to rule out malignant tumor, particularly an adeno- 
carcinoma arising in Barrett’s esophagus (see Chapter 23). 

DIFFERENTIAL DIAGNOSIS 

Artifacts 

Various technical artifacts may simulate the appearance of small 
ulcers on double-contrast esophagography. 66,97 When barium 
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Figure 19-15 Fixed transverse folds in the esophagus. 

Multiple transverse folds in the distal esophagus produce a 
stepladder appearance caused by longitudinal scarring from reflux 
esophagitis. (From Levine MS, Goldstein HM: Fixed transverse 
folds in the esophagus: A sign of reflux esophagitis. AJR 
143:275-278, 1984.) 


agents are improperly prepared, barium precipitates can be mis- 
taken for numerous tiny ulcers (Fig. 19-22A). A similar appear¬ 
ance may also result from transient mucosal crinkling because 
of incomplete esophageal distention. Occasionally, an irregular 
Z line at the squamocolumnar junction may resemble a focal 
area of superficial ulceration. Even prominent interstitial lung 
markings seen through the esophagus may create the erroneous 
impression of ulceration. 

Apparent mucosal granularity or nodularity may be caused 
by undissolved effervescent agent, gas bubbles, or debris in the 
esophagus (Fig. 19-22B). As a result, the increased sensitivity of 
the double-contrast study has been compromised by the 
increased number of false-positive examinations with this tech- 
nique. 48,5C If an artifact is suspected, however, additional double- 
contrast images should be obtained to demonstrate the transient 
nature of these findings. 

Mucosal Nodularity 

Glycogenic acanthosis should be the major consideration in the 
differential diagnosis of a nodular esophageal mucosa. This 
benign, degenerative condition is manifested on esophagogra- 
phy by multiple small, rounded nodules or plaques in the 
esophagus that can resemble the nodular mucosa of reflux 
esophagitis (see Chapter 22). 98,99 The nodules of glycogenic 
acanthosis tend to be more well defined than those of reflux 
esophagitis, however, and are usually more prominent in the 
midesophagus than in the distal esophagus. The clinical history 



Figure 19-16 Peptic stricture seen only on prone single-contrast 
views of the esophagus. A. Double-contrast view with the patient 
upright shows no evidence of narrowing in the distal esophagus. 

B. Single-contrast view from the same examination with the patient 
prone reveals an unequivocal peptic stricture (arrow) above a hiatal 
hernia. Even in retrospect, this short stricture was not visible on 
double-contrast views because of inadequate distention of this region. 


is also helpful because patients with glycogenic acanthosis are 
almost always asymptomatic. 98 

Candida esophagitis may occasionally produce a finely 
nodular or granular appearance in the esophagus, mimicking 
the appearance of reflux esophagitis (see Chapter 20). This form 
of Candida esophagitis has been observed more frequently in 
patients with AIDS. 100 Opportunistic esophagitis should be sug- 
gested by the typical history of odynophagia in an immuno- 
compromised patient. 

Rarely, superficial spreading carcinoma may produce a 
reticulonodular appearance of the mucosa, but the area of 
involvement is usually more localized than that in reflux esoph¬ 
agitis, and the distal esophagus is often spared. 101 Finally, leuko- 
plakia, squamous papillomatosis, and acanthosis nigricans are 
rare causes of mucosal nodularity in the esophagus; the diag¬ 
nosis is usually made unexpectedly at endoscopy or autopsy in 
these patients (see Chapter 22). 

Ulceration 

Although reflux esophagitis is the most common cause of 
superficial ulceration in the esophagus, shallow ulcers and ero¬ 
sions may be caused by other types of esophagitis, including 
herpes esophagitis and drug-induced esophagitis. 102 103 Unlike 
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Figure 19-17 Peptic strictures. A. There is a concentric area of smooth, tapered narrowing in the distal esophagus above a hiatal hernia. This 
is the classic appearance of a peptic stricture. B. In another patient, there is an eccentric stricture with asymmetric narrowing and deformity of 
the distal esophagus. C. This peptic stricture involves a longer segment of the distal esophagus and has a more irregular contour. (A from Levine 
MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989; B from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 
2nd ed. Philadelphia, WB Saunders, 1992.) 


reflux esophagitis, herpes esophagitis and drug-induced esoph- 
agitis tend to involve the upper or midesophagus with distal 
esophageal sparing (see Chapters 20 and 21), and are not usually 
associated with a hiatal hernia or GER. The correct diagnosis 
should also be suggested by a clinical history of odynophagia in 
immunocompromised patients or in those taking oral medica- 
tions such as tetracycline. 

Esophageal involvement by Crohns disease may occasionally 
be manifested by tiny aphthoid ulcers, mimicking the Åndings 
of reflux esophagitis. 104 Esophageal Crohns disease is uncom- 
mon, however, and these patients almost always have concomi- 
tant Crohns disease in the smallbowel or colon. More extensive 
ulceration may be caused by opportunistic infection, caustic 
ingestion, and mediastinal irradiation, but the correct diagnosis 
is usually suggested by the clinical history and presentation (see 
Chapters 20 and 21). 

Thickened Folds 

Thickened longitudinal folds in the esophagus may be caused 
by esophageal varices or by any inflammatory or neoplastic 
process that involves the submucosa. Although varices may 
occasionally resemble the thickened folds of esophagitis, they 


tend to be more tortuous or serpiginous and can usually be 
effaced to a greater degree or even obliterated by esophageal 
distention. Rarely, varicoid carcinomas can also be mistaken 
for esophagitis on a single image. 105 Because the folds are 
infiltrated by tumor, however, they are unaffected by esophageal 
peristalsis and cannot be substantially effaced by esophageal 
distention. As a result, these entities can usually be differenti- 
ated at fluoroscopy. 

Scarring and Strictures 

Fixed transverse folds in the esophagus secondary to scarring 
from reflux esophagitis should be distinguished not only from 
the delicate transverse striations of the feline esophagus but also 
from the broad transverse bands associated with NPCs. The 
horizontal collections of barium pooled between these fixed 
transverse folds also should not be mistaken for linear ulcers. 
The regularity and symmetry of these folds should suggest the 
correct diagnosis. 

A smooth, tapered area of concentric narrowing above a 
hiatal hernia poses little diagnostic dilemma, but not all peptic 
strictures have this classic appearance. If suspicious radio- 
graphic features such as asymmetry, abrupt margins, and 
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Figure 19-18 Ringlike peptic stricture. There is a ringlike stricture 
(arrows ) in the distal esophagus above a hiatal hernia. Although this 
stricture could be mistaken for a Schatzki ring, it has a longer vertical 
height and more tapered margins than a true Schatzki ring. (From 
Luedtke P, Levine MS, Rubesin SE , et al: Radiologic diagnosis of 
benign esophageal strictures: A pattern approach. RadioGraphics 
23:897-909, 2003.) 


mucosal nodularity or ulceration are identified on the barium 
study, endoscopy and biopsy may be required to rule out an 
infiltrating carcinoma (Fig. 19-23). 

Barrett's Esophagus 

Barrett’s esophagus is an acquired condition in which there 
is progressive columnar metaplasia of the distal esophagus 
secondary to long-standing GER and reflux esophagitis. 106-110 
The diagnosis of Barrett’s esophagus was traditionally reserved 
for patients who had endoscopic evidence of a columnar 
epithelium-lined esophagus extending more than 3 cm above 
the gastroesophageal junction and histopathologic Åndings of 
intestinal metaplasia on biopsy specimens. 108 In various studies, 
the prevalence of Barrett’s esophagus in patients with reflux 
esophagitis has ranged from 5% to 15%, with an overall preva¬ 
lence of about 10%. 111-115 These figures may underestimate the 
true prevalence of Barrett’s esophagus in the general popula¬ 
tion. In one study, the number of cases of Barrett’s esophagus 
at autopsy was 20 times greater than the number of cases at 
endoscopy. 116 The findings in this study suggest that most cases 



Figure 19-19 Peptic stricture with an associated web. The web 

(arrow) is located a greater distance from the gastroesophageal 
junction than expected for lower esophageal rings. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


of Barrett’s esophagus remain undiagnosed because of the 
absence of esophageal symptoms. Nevertheless, Barrett’s esoph¬ 
agus is being diagnosed with greater frequency as the number 
of patients who undergo endoscopy increases. 

Despite its frequency, Barrett’s esophagus would not be 
important if it were a benign entity. There is considerable 
evidence, however, that it is a premalignant condition associ¬ 
ated with an increased risk of developing esophageal adeno- 
carcinoma. These tumors evolve through a sequence of 
progressively severe epithelial dysplasia, eventually leading to 
the development of invasive carcinoma. In various studies, the 
prevalence of adenocarcinoma in patients with Barrett’s esoph¬ 
agus has ranged from 2% to 46%, with an overall prevalence 
of about 10%. 113,117,118 It should be recognized that prevalence 
data tend to exaggerate the risk of cancer by failing to identify 
all patients with underlying Barrett’s esophagus. This problem 
is exacerbated by the faet that as many as 40% of patients 
with Barrett’s esophagus remain asymptomatic until the devel¬ 
opment of a superimposed adenocarcinoma. 119 In contrast, 
incidence data have shown that esophageal adenocarcinoma 
develops in only 0.1% to 0.5% of patients with Barrett’s esopha¬ 
gus each year. 120,121 

Whatever the precise cancer risk, the American College of 
Gastroenterology has recommended that patients with Barrett’s 
esophagus undergo endoscopic surveillance at 2- to 3-year 
intervals to detect dysplastic changes before the development 
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Figure 19-20 Long peptic stricture caused by Zollinger-Ellison 
syndrome. There is a long area of narrowing in the distal esophagus 
with extensive ulceration in the region of the stricture. The unusual 
length of the strictures in these patients is presumably related to the 
higher acidity of refluxed peptic acid in Zollinger-Ellison syndrome. 
(From Levine MS: Radiology of the Esophagus. Philadelphia, WB 
Sa unders, 1989.) 


of overt cancer (see Chapter 23). 122 The cost-effectiveness of 
endoscopic surveillance of patients with known Barrett’s esoph¬ 
agus is supported by a Markov model showing that it compares 
favorably with other widely accepted screening strategies for 
cancer. 123 On the other hånd, endoscopic surveillance of patients 
with Barrett’s esophagus has not yet been shown to improve the 
mortality from esophageal adenocarcinoma. Thus, many ques- 
tions remain about the role of endoscopic surveillance and its 
ultimate value in patients with Barrett’s esophagus. 

As our understanding of Barrett’s esophagus has evolved, 
investigators have developed revised histopathologic criteria for 
this condition in which patients are classified as having long- 
segment (extending more than 3 cm from the gastroesophageal 
junction) or short-segment (extending 3 cm or less from the 
gastroesophageal junction) Barrett’s esophagus based on the 
vertical extent of columnar metaplasia in the esophagus. 124 
Short-segment Barrett’s esophagus is even more common than 
long-segment Barrett’s esophagus, with a reported prevalence 
of 10% to 15% at endoscopy. 125 Patients with short-segment 
Barrett’s esophagus are more likely to develop dysplasia than 
the general population, but less likely to develop dysplasia than 
those with long-segment Barrett’s esophagus. 126,127 Although the 
cancer risk in these patients remains uncertain, some investiga¬ 
tors believe that endoscopic surveillance is also warranted for 
patients with short-segment disease. 126-129 



Figure 19-21 Peptic strictures with esophageal intramural 
pseudodiverticulosis. A. There is a mild peptic stricture in the distal 
esophagus with multiple intramural pseudodiverticula seen en face 
and in profile ( arrows ) in the region of the stricture. B. This patient 
has a more severe peptic stricture with several pseudodiverticula 
(arrows ) adjacent to the stricture. Note how the pseudodiverticula 
seem to be floating outside the wall of the esophagus without 
apparent communication with the lumen. The latter feature is 
characteristic of these structures. (A from Levine MS: Radiology of the 
Esophagus. Philadelphia, WB Saunders, 1989.) 


CLINICAL FINDINGS 

The prevalence of Barrett’s esophagus increases with age; the 
mean age is 55 to 60 years at the time of diagnosis. 130 This 
condition is more common in men than in women (2:1) 
and in whites than in blacks. 131 Affected individuals may 
present with reflux symptoms because of their underlying 
reflux disease or with dysphagia because of the development 
of strictures. However, as many as 40% of patients with Bar¬ 
rett’s esophagus are asymptomatic. 120 Such patients may not 
seek medical attention until the development of a superim- 
posed esophageal adenocarcinoma (see Chapter 23). When 
patients with Barrett’s esophagus do have reflux symptoms, 
they are usually treated with proton pump inhibitors or, if 
necessary, a laparoscopic fundoplication. It should be recog- 
nized, however, that medical or even surgical treatment of 
the underlying reflux disease does not cause this Barrett’s 
epithelium to regress, so these individuals remain at risk for 
the development of esophageal adenocarcinoma even after a 
surgical fundoplication. 132 
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Figure 19-22 Double-contrast artifacts. A. Barium precipitates are 
present in the esophagus. These punctate collections of barium could 
be mistaken for tiny ulcers. B. In another patient, undissolved 
effervescent agent and gas bubbles in the esophagus cause apparent 
nodularity of the mucosa. If an artifact is suspected, additional 
double-contrast views should be obtained to demonstrate the 
transient nature of these findings. (B from Levine MS: Radiology of 
the Esophagus. Philadelphia, WB Saunders, 1989.) 


ENDOSCOPIC AND HISTOLOGIC FINDINGS 

Long-segment Barrett’s esophagus can be recognized at endos- 
copy by the presence of velvety, pinkish red columnar mucosa 
(often seen as islands or tongues) extending more than 3 cm 
above the LES or an endoscopically identified hiatal hernia. 108 
Endoscopy is reported to have a sensitivity greater than 90% in 
diagnosing Barrett’s esophagus based solely on the endoscopic 
findings. 133 Conversely, short-segment Barrett’s esophagus is 
defined as endoscopically visualized columnar epithelium in the 
distal esophagus extending 3 cm or less above the gastroesopha¬ 
geal junction. 124 

In the past, the histopathologic criteria for Barrett s esopha¬ 
gus included the presence of columnar epithelium (including a 
junctional-type epithelium, gastric fundic-type epithelium, and 
specialized columnar epithelium or incomplete form of intes- 
tinal metaplasia) on endoscopic biopsy specimens more than 
3 cm above the gastroesophageal junction. 134 Subsequently, 
however, investigators focused on the importance of intestinal 
metaplasia on endoscopic biopsy specimens anywhere from 
the esophagus as the major prerequisite for a histologic diagno- 
sis of Barrett’s esophagus. 124,135 This intestinal metaplasia is 



Figure 19-23 Esophageal carcinoma. There is a relatively long area 
of narrowing in the distal esophagus that could be mistaken for a 
benign peptic stricture. However, the asymmetric contour and 
relatively abrupt proximal margins of the narrowed segment should 
suggest the possibility of malignant tumor. (From Levine MS: 
Radiology o f the Esophagus. Philadelphia, WB Saunders, 1989.) 


characterized histologically by gobiet cells with acidic mucin 
and, in some cases, enterocyte differentiation with brush border 
formation. The revised definition for Barrett s esophagus was 
based on an emerging consensus that intestinal metaplasia rep¬ 
resents the major type of epithelium predisposing these indi- 
viduals to esophageal adenocarcinoma. 135 

RADIOGRAPHIC FINDINGS 

Long-Segment Barrett's Esophagus 

The classic radiologic features of long-segment Barrett’s esoph¬ 
agus consist of a midesophageal stricture or ulcer, often associ- 
ated with an axial hiatal hernia or GER. The unusually 
high location of these strictures or ulcers can be attributed to 
the faet that they often occur in the proximal zone of columnar 
metaplasia at or near the elevated squamocolumnar junction. 
The strictures may appear on barium studies as ringlike con- 
strictions (Fig. 19-24A) or, less commonly, as tapered areas of 
narrowing (Fig. 19-24B) in the midesophagus. 1 " 6 Occasionally, 
early strictures may be recognized on double-contrast studies 
as subtle contour abnormalities with focal indentations or 
gently sloping concavities of one wall. 139 Barrett’s ulcers 
typically appear as relatively deep ulcer craters within the 
columnar mucosa, occurring at a considerable distance from 
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Figure 19-24 Barrett # s esophagus with midesophageal strictures. 

A. There is a ringlike constriction ( arrow ) in the midesophagus. 

B. A smooth, tapered area of narrowing (arrow) is seen in 
the midesophagus. In the presence of a hiatal hernia and 
gastroesophageal reflux, a midesophageal stricture should be 
strongly suggestive of Barrett's esophagus. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 



Figure 19-25 Barrett's esophagus with a high ulcer. There is a 
relatively deep ulcer crater (arrow) at a greater distance from the 
gastroesophageal junction than expected for uncomplicated reflux 
esophagitis. In the presence of a hiatal hernia and gastroesophageal 
reflux, a high ulcer should be strongly suggestive of Barrett's 
esophagus. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 


the gastroesophageal junction (Fig. 19-25). 14 Because these 
findings are unusual in uncomplicated reflux disease, the pres¬ 
ence of a midesophageal stricture or ulcer, particularly if associ- 
ated with a hiatal hernia or GER, should be highly suggestive 
of Barrett’s esophagus. However, studies have found that stric¬ 
tures are actually more common in the distal esophagus and 
that most cases do not fit the classic stereotype of a midesopha¬ 
geal stricture or ulcer. 141144 Thus, esophagography is an inad- 
equate screening examination for long-segment Barrett’s 
esophagus when the diagnosis is made only in patients who 
have the classic radiologic features of this condition. 

A reticular mucosal pattern has also been described as a rela¬ 
tively specific sign of long-segment Barrett’s esophagus, 
particularly if located adjacent to a stricture. 142 This delicate 
reticular pattern is characterized radiographically by innumer- 
able tiny, barium-filled grooves or crevices on the esophageal 
mucosa, resembling the areae gastricae pattern found on 
double-contrast studies of the stomach (Fig. 19-26). In most 
cases, there is an adj acent stricture in the midesophagus or, less 
commonly, distal esophagus, with the reticular pattern seen 
extending distally a short but variable distance from the stric¬ 
ture. 142 Occasionally, however, a reticular pattern of the mucosa 
may be observed as the only morphologic abnormality in 


Barrett’s esophagus without evidence of strictures. 145 Whether 
or not a stricture is present, a reticular pattern should be highly 
suggestive of Barrett’s esophagus, and endoscopy and biopsy 
should be performed for a definitive diagnosis. Nevertheless, 
this finding has been observed in only 5% to 30% of patients 
with Barrett’s esophagus, 138,142 144,146 and its specificity has also 
been questioned. 147 Thus, most cases of long-segment Barrett’s 
esophagus are missed on double-contrast esophagography if a 
reticular mucosal pattern is used as the primary radiologic cri- 
terion for diagnosing this condition. 

Other common findings of reflux disease, such as hiatal 
hernias, GER, reflux esophagitis, and peptic strictures, can be 
detected on double-contrast esophagograms in more than 95% 
of patients with long-segment Barrett’s esophagus (Fig. 
19-27), 137,138,141 144,146,148 but these findings frequently occur in 
patients with uncomplicated reflux disease in the absence of 
Barrett’s esophagus. Thus, radiographic findings that are spe¬ 
cific for Barrett’s esophagus are not sensitive, and findings that 
are more sensitive are not specific. As a result, many investiga- 
tors have traditionally believed that esophagography has limited 
value as a screening examination for Barrett’s esophagus and 
that endoscopy and biopsy are required to diagnose this 
condition. 

In 1988, Gilchrist and colleagues 149 introduced a novel 
approach for the diagnosis of long-segment Barrett’s esophagus 
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Figure 19-26 Barrett # s esophagus with a reticular mucosal pattern. A. There is an early stricture ( black arrow) in the midesophagus with a 
reticular pattern extending distally a considerable distance from the stricture (approximately to the level of the white arrow). B. A close-up view 
better delineates this delicate reticular pattern. (From Levine MS, Kressel HY, Caroline DF, et al: Barrett esophagus: Reticular pattern of the 
mucosa. Radiology 147:663-667, 1983.) 


on double-contrast esophagography by stratifying patients with 
reflux symptoms based on the following radiologic criteria: 
patients were classified at high risk if the images revealed the 
classic findings of a midesophageal stricture or ulcer or a 
reticular mucosal pattern; at moderate risk if the images 
revealed reflux esophagitis or a distal peptic stricture (previous 
studies have fo und that 10% of patients with reflux esophagitis 
and as many as 40% with peptic strictures have Barrett’s 
esophagus 111-115,150 ); and at low risk if the images revealed a 
normal-appearing esophagus. The vast majority of patients 
classified at high risk and approximately 15% classified at 
moderate risk for Barrett s esophagus on double-contrast 
esophagograms were found to have this condition. Conversely, 
fewer than 1% of patients classified at low risk for Barrett’s 
esophagus because of the absence of esophagitis or strictures 
were found to have this condition. Thus, esophagitis or peptic 
scarring severe enough to cause Barrett s esophagus can almost 
always be detected on technically adequate double-contrast 
examinations. 

On the basis of these data, the investigators concluded that 
patients found to be at high risk for Barrett’s esophagus on 
double-contrast esophagograms because of a midesophageal 


stricture or ulcer or reticular mucosal pattern should undergo 
endoscopy and biopsy for a definitive diagnosis. 149 A larger 
group of patients are found to be at moderate risk for Bar¬ 
rett’s esophagus because of reflux esophagitis or peptic stric¬ 
tures in the distal esophagus, so clinical judgment should be 
used regarding the decision for endoscopy in this group based 
on the severity of reflux symptoms, age, and overall health of 
the patient (i.e., whether they are reasonable candidates for 
endoscopic surveillance). However, most patients are found to 
be at low risk for Barrett’s esophagus because of the absence 
of esophagitis or strictures, and the risk of Barrett’s esophagus 
is so low in this group that endoscopy does not appear to be 
warranted. Thus, the major value of double-contrast esopha¬ 
gography is its ability to separate patients into these various 
risk groups for Barrett’s esophagus to determine the relative 
need for endoscopy and biopsy. 

Short-Segment Barrett's Esophagus 

Although the radiographic features of long-segment Barrett’s 
esophagus have been well documented, much less is known 
about the findings in short-segment Barrett’s esophagus. In a 
study by Yamamoto and associates, 151 70% of patients with 
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Figure 19-27 Barrett's esophagus with a distal stricture. There 
is a concentric area of narrowing (arrow) in the distal esophagus 
above a hiatal hernia. An ordinary peptic stricture without Barrett's 
esophagus could produce identical findings. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 

1989.) 



Figure 19-28 Other causes of midesophageal strictures. A. There 
is a segmental stricture (arrow) with shallow ulceration in the 
midesophagus secondary to previous lye ingestion. B. There is a 
smooth, tapered stricture (arrow) in the midesophagus caused by 
mediastinal irradiation. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 


short-segment Barrett’s esophagus had esophagitis or peptic 
scarring or strictures in the distal esophagus on double-contrast 
esophagograms, but the remaining 30% had hiatal hernias or 
GER as the only radiographic findings. Thus, the absence of 
reflux esophagitis or peptic strictures on double-contrast 
esophagograms does not exclude the possibility of short- 
segment Barrett’s esophagus, and patients with short-segment 
Barrett’s esophagus are far more likely to have a normal- 
appearing esophagus on double-contrast studies than those 
with long-segment disease. Nevertheless, the clinical impor¬ 
tance of this observation remains uncertain because of the 
lower cancer risk of short-segment Barrett’s esophagus com- 
pared with that associated with long-segment disease. 1 

In the study by Yamamoto and co-workers, 151 all the 
patients with short-segment Barrett’s esophagus had disease 
confmed to the distal third of the esophagus on barium 
studies, but the length of involvement of the distal esopha¬ 
gus by esophagitis or peptic scarring often extended more 
than 3 cm above the gastroesophageal junction, so the dis- 
eased segment on esophagography does not necessarily cor- 
respond to the vertical extent of columnar metaplasia in the 
esophagus. 


DIFFERENTIAL DIAGNOSIS 

Uncomplicated peptic strictures are almost always located in 
the distal esophagus, so the presence of a midesophageal stric¬ 
ture should strongly suggest the possibility of Barrett’s esopha¬ 
gus, particularly if associated with a hiatal hernia and GER. 
Midesophageal strictures may also be caused by caustic inges¬ 
tion (Fig. 19-28A), mediastinal irradiation (Fig. 19-28B), and 
malignant tumors, but these conditions can usually be differ- 
entiated from Barrett’s esophagus by the clinical history and 
presentation. 

The presence of a reticular mucosal pattern appears to be a 
relatively specific radiologic sign of Barrett’s esophagus, par¬ 
ticularly if located adj acent to the distal aspect of a midesopha¬ 
geal stricture. 142 Although a reticulonodular appearance may 
occasionally be seen in patients with superficial spreading car- 
cinoma, such lesions are not generally associated with stric¬ 
tures. 101 Candida esophagitis may also be manifested by mucosal 
nodularity, but the discrete plaquelike lesions of candidiasis can 
usually be differentiated from the coalescent reticular pattern 
of Barrett’s mucosa. 
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Because of the increased survival of immunocompromised 
patients with malignant neoplasms, organ transplants, and 
other debilitating diseases, infectious esophagitis has become an 
increasingly common problem in modern medical practice. 
Candida albicans is the usual offending organism, but herpes 
simplex virus and cytomegalovirus (CMV) have also been rec- 
ognized with increased frequency as opportunistic esophageal 
invaders. Patients with AIDS may develop more fulminant 
forms of fungal and viral esophagitis (including human immu¬ 
nodeficiency virus [HIV] esophagitis), accentuating the need 
for early diagnosis and treatment. 

Candida Esophagitis 

PATHOGENESIS 

Candidiasis is the most common cause of infectious esophagitis. 
C. albicans is almost always the offending organism. 12 Because 
C. albicans is a commensal inhabitant of the pharynx, Candida 
esophagitis is presumably caused by downward spread of the 
fungus to the esophagus. 3 Clinically significant infection occurs 
primarily in patients who are immunocompromised because of 
underlying malignant tumor, debilitating illness, diabetes, or 
treatment with radiation, steroids, or other cytotoxic agents. 
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Candida esophagitis is particularly prevalent in patients with 
AIDS, occurring in 15% to 20% of these individuals, 6 although 
effective antiviral agents have substantially decreased the 
number of HIV-positive patients who develop AIDS. 

Local esophageal stasis is another factor that predisposes 
patients to the development of Candida esophagitis. Esophageal 
stasis may be caused by mechanical obstruction from achalasia 
or strictures or by physiologic obstruction from scleroderma or 
other causes of esophageal aperistalsis. 7,8 Delayed esophageal 
emptying in these patients permits the fungal organism to over- 
grow and colonize the esophagus with subsequent esophagitis. 

Much less frequently, Candida esophagitis may develop in 
otherwise healthy individuals who have no underlying systemic 
or esophageal diseases. 9 As a result, the possibility of fungal 
infection should not be excluded simply because the classic 
predisposing factors are not present in a particular patient. 

CLINICAL FINDINGS 

Most patients with Candida esophagitis have acute onset of 
dysphagia or, even more commonly, odynophagia, character- 
ized by intense substernal pain during swallowing. Others 
may have nonspecific findings such as chest pain, epigastric 
pain, or upper gastrointestinal bleeding, or they may be asymp- 
tomatic. Occasionally, patients with chronic Candida esoph¬ 
agitis may have persistent dysphagia because of the development 
of esophageal strictures. 10 ' 12 

Despite the characteristic presentation, Candida esophagitis 
may be difficult to differentiate from viral esophagitis on clini¬ 
cal grounds. The presence of oropharyngeal candidiasis (i.e., 
thrush) is a helpful Ånding, but only 50% to 75% of patients 
with Candida esophagitis have fungal lesions in the orophar- 
ynx. 2,13 Other patients with thrush may have herpes or CMV 
esophagitis, so the presence of oropharyngeal candidiasis does 
not preclude the development of viral esophagitis. 14 Still other 
patients may have concomitant Candida and herpes esophagi¬ 
tis, 2,15,16 most likely resulting from fungal superinfection of 
herpetic ulcers. 16 

Immunocompromised patients with Candida esophagitis 
require treatment with potent antifungal agents such as fluco- 
nazole. 2,6,17 Affected individuals usually have a marked clinical 
response to antifungal ther apy. In one study, however, recurrent 
Candida esophagitis occurred in 90% of successfully treated 
AIDS patients. 18 

ENDOSCOPIC FINDINGS 

Candida esophagitis is usually characterized at endoscopy by 
patchy, white exudates covering a friable, erythematous mu- 
cosa. 1,2 In more advanced disease, the mucosa becomes ulcer- 
ated and necrotic with extensive pseudomembrane formation. 
The presence of budding yeast cells, hyphae, and pseudohyphae 
on endoscopic biopsy specimens with silver stain, periodic 





20 Infectious Esophagitis 313 


acid-Schiff stain, or Gram stain is diagnostic of Candida 
esophagitis. 1,2 

RADIOGRAPHIC FINDINGS 

Candida esophagitis tends to be a superficial disease with 
mucosal abnormalities that are difficult to recognize on conven- 
tional single-contrast barium studies. As a result, single-contrast 
esophagography has been an unreliable technique for detecting 
this condition, with a reported sensitivity of less than 50%. 1,4,5 9 
In contrast, double-contrast esophagography has a sensitivity 
of about 90% in diagnosing Candida esophagitis. 9 The major 
advantage of this technique is its ability to demonstrate mucosal 
plaques that cannot easily be seen on single-contrast studies. 

Candida esophagitis is usually manifested on double-contrast 
images by discrete plaquelike lesions consisting of small exu- 
dates and pseudomembranes on the mucosa. The lesions tend 
to be longitudinally oriented, appearing en face as discrete, 
linear or irregular filling defects with normal intervening 
mucosa (Fig. 20-1). 7,14 The plaques are located predominantly 
in the upper or midesophagus, occasionally having a focal dis¬ 
tribution (Fig. 20-2). In the appropriate clinical setting, discrete 
plaquelike lesions should be highly suggestive of Candida 
esophagitis. 

In other patients, Candida esophagitis may be manifested by 
a finely nodular or granular appearance because of tiny plaques 


on the mucosa (Fig. 20-3). 14,20 Some plaques may contain 
central umbilications that collect barium, mimicking the 
appearance of tiny ulcers caused by herpes esophagitis. 21 When 
larger plaques are present, the lesions may coalesce, producing 
a distinctive snakeskin appearance (Fig. 20-4). 19 Occasionally, 
submucosal edema and inflammation may result in thickened 
longitudinal folds, a nonspecifk manifestation of esophagitis. 3 
Thus, the classic radiographic features of Candida esophagitis 
are not present in all patients. 

In severe candidiasis, the esophagus may have a grossly 
irregular or shaggy contour because of coalescent plaques 
and pseudomembranes, with trapping of barium between these 
lesions (Fig. 20 - 5). 4,7,14,19,22 Some of these plaques and pseu¬ 
domembranes may eventually slough, producing one or more 
deep ulcers superimposed on a background of diffuse plaque 
formation (see Fig. 20-5B). This fulminant form of candidiasis 
has been encountered primarily in patients with AIDS. 14 As 
a result, the shaggy esophagus of Candida esophagitis has 
become a less common finding as more effective antiviral 
medications have become available to prevent the develop- 
ment of AIDS in HIV-positive patients. Nevertheless, the 
possibility of AIDS should be suspected when a shaggy esopha¬ 
gus is detected on barium studies, particularly in high-risk 
patients. 

Candida esophagitis may occasionally produce other unusual 
radiographic Åndings. In some patients, barium may dissect 



Figure 20-1 Candida esophagitis with discrete plaques. A. Multiple plaquelike lesions are present in the esophagus. The linear plaques have 
a characteristic appearance with discrete borders and a predominantly longitudinal orientation. B. In another patient, the plaques have a more 
irregular configuration. However, they are still seen as discrete lesions separated by normal mucosa. C. The gross specimen in another case 
shows how these plaquelike lesions represent heaped-up areas of necrotic epithelial debris and actual colonies of C. albicans on the mucosa. 

(A and B from Levine MS, Macones AJ, Laufer I: Candida esophagitis: Accuracy of radiographic diagnosis. Radiology 154:581-587, 1985.) 
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Figure 20-2 Localized Candida esophagitis. Discrete plaquelike 
lesions are clustered together in the midesophagus, with normal- 
appearing mucosa above and below this level. 


Figure 20-3 Candida esophagitis with a granular mucosa. This 
patient has innumerable tiny, nodular elevations in the esophagus 
rather than the typical plaquelike defects associated with candidiasis. 


beneath plaques or pseudomembranes, producing an intramu- 
ral track or double-barreled esophagus. 22 Rarely, a coalescent 
mass of heaped-up necrotic debris and fungal mycelia (a fungus 
ball) may be indistinguishable from a polypoid esophageal 
carcinoma. 2 " 2: " Esophageal obstruction, perforation, and tra- 
cheoesophageal or aortoesophageal fistula formation are other 
rare but potentially life-threatening complications. 26 ' 28 

Candida esophagitis usually responds quickly to antifungal 
therapy, but resolution of the radiographic Åndings sometimes 
lags behind the clinical recovery, so follow-up barium studies 
may still be abnormal in patients who are asymptomatic. 24 The 
immediate effects of antifungal therapy should therefore be 
assessed primarily on clinical grounds. 

Although Candida esophagitis is usually self-limited with 
proper treatment, occasional cases of stricture formation have 
been reported. 1012 These strictures typically appear as long, 
tapered areas of esophageal narrowing (Fig. 20-6 ). u Fungal - 
induced strictures should be distinguished from pseudostric- 
tures caused by esophageal spasm or the patient’s inability to 
swallow an adequate bolus of barium. Therefore a second exam- 
ination may be necessary after treatment to determine if a true 
stricture is present. 

Because of the effects of local esophageal stasis (see earlier, 
“Pathogenesis”), patients with conditions such as achalasia and 
scleroderma are at increased risk for developing Candida esoph¬ 
agitis. 7,8 Such cases may be manifested on esophagography 
by tiny nodular defects, polypoid folds, or a distinctive lacy 


appearance in the esophagus (Fig. 20- 7). 8 Because of esophageal 
stasis in patients with achalasia or scleroderma, these individu- 
als may also develop a foamy esophagus characterized by innu¬ 
merable tiny, rounded bubbles that settie out along the top of 
the barium column, producing a layer of foam (Fig. 20-8). 29 It 
has been postulated that this Ånding is caused by extensive 
production of carbon dioxide by a yeast form of the organism. 29 
Whatever the explanation, Candida esophagitis should be sus- 
pected when a foamy esophagus is detected on esophagography, 
particularly in patients with achalasia or scleroderma. 

Candida esophagitis is also known to be associated 
with esophageal intramural pseudodiverticulosis (see Chapter 
21). 30 It has been postulated that the pseudodiverticula 
develop as a complication of fungal infection. 30 It is more widely 
believed, however, that the fungal organism is a secondary 
invader as a result of local stasis. 31,32 

Patients with defects in their cell-mediated immune response 
to C. albicans may have an unusual disease known as chronic 
mucocutaneous candidiasis, in which there is persistent fungal 
infection of the skin, mucous membranes, and nails. 33 Although 
uncommon, esophageal involvement may lead to chronic 
esophageal candidiasis."" In contrast to acute Candida esopha¬ 
gitis, this entity is characterized by chronic scarring and stric¬ 
ture formation in the esophagus. 3 " The presence of a long 
esophageal stricture in patients with chronic mucocutaneous 
candidiasis should therefore suggest the possibility of esopha¬ 
geal involvement by this disease. 
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Figure 20-4 Candida esophagitis with a cobblestone appearance. 

There is confluent involvement of the mucosa by innumerable round, 
oval, and polygonal plaques. (From Levine MS: Radiology of the 
Esophagus. Philadelphia, WB Saunders, 1989.) 


DIFFERENTIAL DIAGNOSIS 

Mucosal plaques or nodules may also be caused by herpes 
esophagitis, reflux esophagitis, glycogenic acanthosis, and 
superficial spreading carcinoma. 0 34 39 Although herpes esopha¬ 
gitis is usually manifested by multiple small, discrete ulcers in 
the esophagus (see later, “Herpes Esophagitis”), advanced her- 
petic infection may lead to the development of plaquelike 
lesions indistinguishable from those in Candida esophagitis 
(Fig. 20-9). 34,35 

Reflux esophagitis may also produce a nodular or granular 
appearance of the mucosa that resembles candidiasis. However, 
the nodules of reflux esophagitis tend to have poorly defined 
horders that fade peripherally into the adj acent mucosa, whereas 
the plaques of candidiasis have more discrete horders. The 
nodular mucosa of reflux esophagitis also occurs as a continu- 
ous area of disease, extending proximally from the gastroesoph- 
ageal junction, whereas Candida esophagitis often spares the 
distal esophagus. Rarely, severe reflux esophagitis may produce 
inflammatory exudates or pseudomembranes that are indistin¬ 
guishable on double-contrast studies from the plaquelike lesions 
of candidiasis. 36 

Glycogenic acanthosis may also be manifested by discrete 
plaques or nodules, mimicking the appearance of Candida 
esophagitis. However, the nodules of glycogenic acanthosis 
tend to have a more rounded appearance, whereas the plaques 
of candidiasis usually have a more linear configuration. 
The clinical history is also helpful for differentiating these 



Figure 20-5 Candida esophagitis with a shaggy esophagus. 

A, B. The esophagus has a grossly irregular contour as a result of 
multiple plaques and pseudomembranes, with trapping of barium 
between these lesions. A deep area of ulceration ( arrow ) is also seen 
(B). Both patients had AIDS. (A from Levine MS: Radiology of the 
Esophagus. Philadelphia, WB Saunders, 1989; B from Levine MS, 
Woldenberg R, Merlinger H, et al: Opportunistic esophagitis in AIDS: 
Radiographic diagnosis. Radiology 165:815-820, 1987.) 


conditions because patients with glycogenic acanthosis are 
almost always asymptomatic. 37 

Superficial spreading carcinoma of the esophagus is charac- 
terized by focal nodularity of the mucosa that could be mis- 
taken for a localized area of Candida esophagitis. However, 
candidiasis usually produces discrete plaquelike lesions sepa¬ 
rated by segments of normal intervening mucosa, whereas the 
plaques or nodules of superficial spreading carcinoma tend to 
coalesce, producing a continuous area of disease. 6 39 Rarely, an 
advanced infiltrating carcinoma extending longitudinally in the 
wall can mimic the shaggy esophagus of candidiasis (Fig. 20-10). 

Mucosal plaques may be simulated by technical artifacts 
on double-contrast studies, including air bubbles, debris, and 
undissolved effervescent agent (Fig. 20-li). 2040 When candidia¬ 
sis is suspected on clinical grounds, double-contrast images of 
the esophagus should therefore be obtained before administra¬ 
tion of an effervescent agent. If the radiographic Åndings are 
equivocal, additional double-contrast images may be obtained 
to demonstrate the transient nature of these artifacts. 
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Figure 20-6 Cancf/da-induced esophageal stricture. A long, 
tapered stricture is seen in the distal esophagus as a result of scarring 
from severe Candida esophagitis. (From Levine MS: Radiology of the 
Esophagus. Philadelphia, WB Saunders, 1989.) 



Figure 20-7 Candida esophagitis in a patient with scleroderma. 

Tiny nodular defects in the esophagus could be mistaken for retained 
debris. The esophagus is dilated because of underlying involvement 
by scleroderma. 


Herpes Esophagitis 

PATHOGENESIS 

Herpes simplex virus type 1, a DNA core virus, has been recog- 
nized as another common cause of infectious esophagitis in 
patients who are immunocompromised because of underlying 
malignant tumor, debilitating illness, AIDS, or treatment 
with irradiation, chemotherapy, or steroids. 14,41 ' 43 This infection 
should be suspected in the same clinical setting as candidiasis. 
Occasionally, however, herpes esophagitis may occur as an 
acute, self-limited disease in otherwise healthy individuals who 
have no underlying immunologic problems. Thus, the diag- 
nosis of herpes esophagitis should not be excluded because the 
patient has a normal immunologic status. 

CLINICAL FINDINGS 

Patients with herpes esophagitis typically present with acute 
odynophagia, characterized by severe substernal chest pain 
during swallowing. 13,49 Other patients may have dysphagia, 
chest pain and, less commonly, upper gastrointestinal bleed- 
ing. 50,51 In the appropriate clinical setting, the presence of her- 
petic lesions in the oropharynx should suggest a diagnosis of 
herpes esophagitis. Most patients do not have active infection 
of the oropharynx, however, so the absence of oropharyngeal 
lesions does not preclude this diagnosis. 13,49 Furthermore, some 
patients with herpetic lesions in the oropharynx are found to 


have Candida esophagitis. As a result, it can be extremely dif- 
ficult to differentiate viral and fungal esophagitis on clinical 
grounds. 

The natural history of herpes esophagitis is uncertain. In 
various autopsy series, it has been shown that immunocompro¬ 
mised hosts with herpes esophagitis may develop herpetic 
pneumonitis or even a disseminated herpetic infection. 43 
However, most patients with herpes esophagitis recover spon- 
taneously. 49, 52,53 These individuals are usually treated effectively 
with analgesics and, if necessary, antiviral agents such as 
acyclovir. 54 

Otherwise healthy patients with herpes esophagitis have a 
characteristic clinical presentation. They typically are young 
men with a history of recent exposure to sexual partners with 
herpetic lesions on the lips or buccal mucosa. 45,47 Most of these 
patients have a 3- to 10-day influenza-like prodrome character¬ 
ized by fever, sore throat, upper respiratory tract infection, and 
myalgias. 44, 45,47,48 This prodrome is followed by acute onset of 
odynophagia, which prompts the patient to seek medical atten¬ 
tion. Despite the dramatic presentation, these patients almost 
always have an acute, self-limited illness, with resolution of 
symptoms in less than 2 weeks. 44 ' 47 

ENDOSCOPIC FINDINGS 

Herpes esophagitis is initially manifested on endoscopy by 
esophageal vesicles that subsequently rupture to form discrete, 
punched-out ulcers. 43,52,53,55 With further progression, the ulcers 
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Figure 20-8 Candida esophagitis with a foamy esophagus in 
two patients with achalasia. A, B. In both cases, innumerable 
tiny, rounded bubbles are seen to settie out along the top of the 
barium column, producing a layer of foam (white arrows). Also note 
tapered narrowing of the distal esophagus (black arrow) caused by 
underlying achalasia with incomplete opening of the lower esophageal 
sphincter (B). 


may become covered by a fibrinous exudate. 43 Thus, early 
herpes esophagitis has a characteristic endoscopic appearance, 
whereas advanced herpes esophagitis may be indistinguishable 
from candidiasis. Whatever the stage of infection, the histologic 
or cytologic Åndings on endoscopic biopsy specimens or brush- 
ings are relatively specific for the herpesvirus group. The classic 
finding of Cowdry type A intranuclear inclusions in intact epi- 
thelial cells adj acent to ulcers is virtually pathognomonic of 
herpes. 43 The diagnosis of herpes esophagitis can also be con- 
firmed by positive viral cultures from the esophagus or by direct 
immunofluorescent staining for the herpes simplex antigen. 2 

RADIOGRAPHIC FINDINGS 

Herpes esophagitis is usually manifested on double-contrast 
esophagograms by multiple, small (<1 cm), superficial ulcers in 
the upper or midesophagus, without plaque formation. 14,49,56 ' 58 
These ulcers are visible on double-contrast images in more than 
50% of patients. 58 The ulcers may have a punctate, linear, ring- 
like, or stellate configuration and are often surrounded by radio- 
lucent mounds of edema (Fig. 20-12). 49 Although ulceration 
may occasionally be seen in advanced Candida esophagitis, the 
ulcers in these patients almost always occur on a background 
of diffuse plaque formation. 7,14 Thus, in the appropriate clinical 



Figure 20-9 Herpes esophagitis. Multiple plaquelike lesions are 
seen in the midesophagus, mimicking the appearance of candidiasis. 


setting, the presence of multiple small, discrete ulcers in the 
upper or midesophagus should be highly suggestive of herpes 
esophagitis. Nevertheless, endoscopy may be required for a 
definitive diagnosis if the radiographic Åndings are equivocal or 
if appropriate treatment with antiviral agents fails to produce an 
adequate clinical response. 

More advanced herpes esophagitis may be associated with 
extensive ulceration, plaque formation, or a combination of 
ulcers and plaques (see Fig. 20 - 9). 34,35,49,56,58 In such cases, the 
fmdings may be indistinguishable from those of advanced 
Candida esophagitis. Rarely, herpes esophagitis may be mani- 
fested by a giant ulcer, mimicking an ulcerated carcinoma. 58 

Herpes esophagitis in otherwise healthy patients is usually 
manifested on double-contrast studies by innumerable tiny 
ulcers that tend to be clustered together in the midesophagus 
near the level of the left main bronchus (Fig. 20- 13). 59,60 The 
small size of the ulcers may be related to an intact immune 
system that contains the herpetic infection and prevents the 
ulcers from enlarging. Whatever the explanation, the diagnosis 
of herpes esophagitis in otherwise healthy patients can usually 
be suggested on the basis of the clinical and radiographic 
fmdings. 60 

DIFFERENTIAL DIAGNOSIS 

In the appropriate clinical setting, multiple small, discrete 
ulcers on an otherwise normal background mucosa should be 
pathognomonic of viral esophagitis. Although most cases are 
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Figure 20-10 Advanced esophageal carcinoma. The esophagus 
has a grossly irregular or shaggy contour caused by a highly invasive 
carcinoma extending longitudinally in the wall. (Courtesy Hans 
Herlinger, MD, Philadelphia.) 



Figure 20-11 Undissolved effervescent agent and bubbles in the 
esophagus. Although this appearance could be mistaken for Candida 
esophagitis on a single radiograph, the transient nature of these 
artifacts can easily be confirmed by obtaining additional views. 


caused by the herpes simplex virus, CMV may occasionally 
produce similar findings. However, CMV esophagitis is more 
commonly manifested by the development of one or more 
giant ulcers in the esophagus (see later, “Cytomegalovirus 
Esophagitis”). Oral medications may also cause a focal contact 
esophagitis, manifested by multiple small, shallow ulcers indis- 
tinguishable from those in herpes esophagitis. 61,62 The correct 
diagnosis should be suggested, however, by a temporal relation- 
ship between ingestion of the offending medication and the 
onset of esophagitis. Reflux esophagitis is a common cause of 
ulceration, but tends to involve the distal esophagus and is 
usually associated with a hiatal hernia or gastroesophageal 
reflux. Radiation esophagitis, caustic esophagitis and, rarely, 
Crohns disease involving the esophagus may cause superficial 
ulceration, but these entities can usually be differentiated from 
herpes esophagitis by the clinical history and presentation. 

Cytomegalovirus Esophagitis 

CMV is another member of the herpesvirus group that has been 
recognized as a cause of infectious esophagitis in AIDS 
patients. For reasons that are unclear, however, CMV esoph¬ 
agitis rarely occurs in other immunocompromised patients. 
Affected individuals usually present with severe odynophagia. 
Endoscopic examinations may demonstrate one or more ulcers 
in the esophagus. Character istic features of CMV infection on 
endoscopic biopsy specimens include intranuclear inclusions 


and, in contrast to herpes simplex virus, small cytoplasmic 
inclusions in endothelial cells or fibroblasts at or near the base 
of the ulcers. 2,63,65 Endoscopic biopsy specimens, brushings, and 
viral cultures have a combined sensitivity of greater than 90% 
in detecting CMV esophagitis. 66 ' 68 

RADIOGRAPHIC FINDINGS 

CMV esophagitis may be manifested on esophagography by 
discrete, superficial ulcers indistinguishable from those in 
herpes esophagitis (Fig. 20-14). 63 ' 65 More commonly, however, 
CMV esophagitis is associated with the development of one or 
more giant (>1 cm), flat ulcers in the mid or distal esopha¬ 
gus. 14,63,64,69 These giant ulcers may be recognized in profile or 
en face as ovoid, elongated, or diamond-shaped collections of 
barium surrounded by a thin, smooth radiolucent rim of edem- 
atous mucosa (Fig. 20-15). Because herpetic ulcers rarely 
become this large, the presence of one or more giant ulcers 
should suggest CMV esophagitis in patients with AIDS. 

HIV has also been implicated as a cause of giant esophageal 
ulcers that are impossible to differentiate from CMV ulcers 
on radiographic criteria (see later, “Human Immunodeficiency 
Virus Esophagitis”). Endoscopy is therefore required to distin - 
guish these infections. If endoscopic biopsy specimens or 
brushings reveal the characteristic cytoplasmic inclusions of 
CMV, or if viral cultures are positive for CMV, treatment can 
be initiated with potent antiviral agents such as ganciclovir. 2,66 
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Figure 20-12 Herpes 
esophagitis with discrete ulcers. 

A, B. Multiple discrete, superficial 
ulcers are seen in the 
midesophagus. Many of the ulcers 
are surrounded by radiolucent 
mounds of edema. C. There are 
several widely separated ulcers 
(arrows ) with a ringlike or stellate 
configuration. (A from Levine MS: 
Radiology of esophagitis: A 
pattern approach. Radiology 
179:1-7, 1991; B courtesy Harvey 
M. Goldstein, MD, San Antonio, 
TX.) 


However, ganciclovir may cause severe bone marrow suppres¬ 
sion with neutropenia, thrombocytopenia, or anemia, 0 so 
potentially toxic antiviral drugs should be used only if cytopa- 
thologic confirmation of CMV is obtained. 

Human Immunodeficiency 
Virus Esophagitis 

A clinical syndrome of odynophagia and giant esophageal ulcers 
has been recognized in patients with HIV infection. 8 Biopsy 
specimens, brushings, and cultures from the esophagus have 
failed to reveal any signs of the usual fungal or viral organisms 
associated with infectious esophagitis in patients with AIDS. 
Furthermore, electron microscopy of biopsy specimens from 
these ulcers has demonstrated viral particles with morphologic 
features of HIV infection, directly implicating HIV as the cause 
of the ulcers. 74 These HIV ulcers (also called idiopathic 
ulcers 76,77 ) may develop in patients who have recently become 
HIV-positive or in patients who have been HIV-positive for 
extended periods and have other clinical signs of AIDS. 2 73-76,78 
Thus, giant esophageal ulcers may occur as a manifestation of 
acute or chronic HIV infection. 

CLINICAL FINDINGS 

Patients with HIV ulcers in the esophagus typically present 
with acute onset of severe odynophagia. 72 ' 76,78 The pain may 
be so intense that patients are unable to swallow their saliva. 


Occasionally, these patients may develop hematemesis or other 
signs of upper gastrointestinal bleeding. 1 The ulcers sometimes 
develop at or shortly after the time of HIV seroconversion. 74 As 
part of this seroconversion syndrome, there may be associated 
ulcers in the oropharynx and soft palate or a characteristic 
maculopapular rash involving the face, trunk, and upper 
extremities. 72, 73,76 In most cases, however, HIV ulcers in the 
esophagus occur after the patient has developed clinically overt 
AIDS with low CD4 counts. 2,78 

Candida, herpes, and CMV esophagitis are other common 
causes of odynophagia in HIV-positive patients, but the 
possibility of HIV esophagitis should be suspected if these 
individuals have the characteristic maculopapular rash or 
develop symptoms at or near the time of seroconversion. 
HIV can sometimes be confirmed as the cause of the ulcers 
by electron microscopy and in situ DNA hybridization. 74,76 
Because these techniques are not widely available, however, 
HIV esophagitis has primarily been a diagnosis of exclusion 
when no cytopathologic fmdings of CMV or other opportu- 
nistic infections are present on endoscopic biopsy specimens 
or brushings. 71,75,77,78 

RADIOGRAPHIC FINDINGS 

HIV esophagitis is usually manifested on esophagography by 
the development of one or more giant (>1 cm), flat ulcers in 
the mid or distal esophagus, sometimes associated with small, 
satellite ulcers (Fig. 20-16). 75,78 The ulcers may appear in profile 
or en face as ovoid, elongated, or diamond-shaped collections 
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Figure 20-13 Herpes esophagitis in an otherwise healthy patient. 

Multiple punctate and linear areas of ulceration are seen in the 
midesophagus belowthe level of the left main bronchus. This 
appearance is characteristic of herpes esophagitis in immunocompetent 
patients. (From DeGaeta L, Levine MS, Guglielmi GE, et al: Herpes 
esophagitis in an otherwise healthy patient. AJR 144:1205-1206, 1985.) 


of barium, often surrounded by a thin, smooth radiolucent rim 
of edema. These HIV ulcers are therefore indistinguishable 
radiographically from CMV ulcers in the esophagus (see Fig. 
20- 15). 75,78 Nevertheless, most giant esophageal ulcers in HIV- 
positive patients are caused by HIV rather than CMV. 78 In con- 
trast to CMV ulcers, HIV ulcers in the esophagus may heal 
spontaneously or may respond to treatment with steroids, but 
do not require treatment with potentially toxic antiviral agents 
such as ganciclovir. 8 79 Endoscopic biopsy specimens, 
brushings, and viral cultures are therefore required to differen- 
tiate HIV ulcers from CMV ulcers, so appropriate treatment can 
be instituted in these patients. 

Rarely, HIV esophagitis may be associated with the develop- 
ment of esophagoesophageal or esophagogastric fistulas or 
focal perforation into the mediastinum. Tuberculous esopha¬ 
gitis can also be associated with intramural sinus tracks and 
fistulas, but these tracks and fistulas tend to be located more 
proximally in the esophagus in patients with tuberculosis (see 
later, “Tuberculosis”). 81,82 Other causes of giant ulcers include 
nasogastric intubation, endoscopic sclerotherapy, caustic diges¬ 
tion, and oral medications such as quinidine, potassium chlo- 
ride, and nonsteroidal anti-inflammatory drugs. The correct 
diagnosis is usually suggested by the clinical history and presen- 
tation. Thus, for all practical purposes, giant esophageal ulcers 
in HlV-positive patients are almost always caused by HIV 
or CMV. 



Figure 20-14 Cytomegalovirus esophagitis. Multiple discrete, 
superficial ulcers are seen in the midesophagus. Herpes esophagitis 
could produce identical radiographic findings. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


Tuberculosis 

Esophageal involvement by tuberculosis is extremely uncom- 
mon. When it occurs, these patients usually have advanced 
tuberculosis in the lungs or mediastinum. 8 " 84 Both Mycobacte- 
rium tuberculosis and Mycobacterium avium-intracellulare have 
been implicated as causes of infectious esophagitis in patients 
with AIDS. 81,82 

Esophageal involvement is usually caused by adjacent tuber¬ 
culous nodes in the mediastinum that compress or erode into 
the esophagus, causing narrowing, ulceration, or fistula forma¬ 
tion. 81,84,85 In patients with active pulmonary tuberculosis, 
esophageal infection may also be caused by swallowed sputum 
containing the tubercle bacilli, particularly if there is a preexist- 
ing mucosal lesion or stricture in the esophagus. Rarely, hema- 
togenous seeding of the esophagus may occur in patients with 
disseminated miliary tuberculosis. 

Patients with tuberculous esophagitis may be asymptomatic, 
or they may present with dysphagia, odynophagia, or chest 
pain. 84 Although the clinical findings are nonspecific, the pos- 
sibility of esophageal tuberculosis should be considered in 
patients with persistent dysphagia who have active pulmonary 
tuberculosis. In such cases, the diagnosis may be confirmed at 
endoscopy by the presence of tubercle bacilli or, rarely, caseating 
granulomas on endoscopic biopsy specimens or brushings from 
the esophagus. 86 
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Figure 20-15 Cytomegalovirus esophagitis. A. A giant, relatively flat ulcer ( arrows ) is seen in profile in the distal esophagus. B. A large, ovoid 
ulcer ( arrows ) is seen en face in another patient. Note the thin radiolucent rim of edema surrounding the ulcer. Because herpetic ulcers rarely 
become this large, the presence of one or more giant esophageal ulcers should raise the possibility of cytomegalovirus esophagitis in patients with 
AIDS. (A courtesy Sidney W. Nelson, MD, Seattle; B courtesy Kyunghee C. Cho, MD, Newark, NJ.) 



Figure 20-16 Human immunodeficiency virus (HIV) esophagitis. A. A giant, relatively flat ulcer ( arrows) is seen in profile in the distal 
esophagus. This patient was HIV-positive. B. In another HIV-positive patient, a large ovoid ulcer ( arrows ) is seen en face with a thin surrounding 
rim of edema. C. In a third patient, a diamond-shaped ulcer ( arrows ) is seen in the midesophagus with a cluster of small satellite ulcers. All three 
cases are indistinguishable from the cytomegalovirus ulcers illustrated in Figure 20-15. However, endoscopic biopsy specimens, brushings, and 
cultures were negative for cytomegalovirus in these patients. (From Levine MS, Loercher G, Katzka DA, et al: Giant, human immunodeficiency 
virus-related ulcers in the esophagus. Radiology 180:323-326, 1991.) 
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Figure 20-17 Tuberculous esophagitis. There is compression ( black 
arrows ) of the upper thoracic esophagus with associated ulceration 
(white arrow) caused by caseating tuberculous nodes that have 
eroded into the esophagus. (Courtesy Alan Grundy, MD, London.) 


RADIOGRAPHIC FINDINGS 

Extrinsic esophageal involvement by tuberculous nodes in the 
mediastinum is usually manifested on esophagography by com¬ 
pression, displacement, or narrowing of the esophagus by an 
adjacent mediastinal mass. 83,85,86 These patients may also develop 
strictures or traction diverticula, usually at the level of the 
carina. 83,84 Occasionally, caseating nodes in the mediastinum 
may erode into the upper or midesophagus, producing super- 
ficial or deep areas of ulceration, longitudinal or transverse 
sinus tracks, or fistulas into the mediastinum or tracheobron- 
chial tree (Fig. 20-17). 83-85 Sinus tracks and fistulas have been 
recognized as particularly prominent features of tuberculous 
esophagitis in patients with AIDS (Fig. 20-18). 81,82 Similar Ånd¬ 
ings may be demonstrated in patients with Crohns disease, 
trauma, radiation, and esophageal carcinoma, but the presence 
of pulmonary or mediastinal tuberculosis should suggest the 
correct diagnosis, particularly in patients with AIDS. 

Intrinsic tuberculous esophagitis occurs much less fre- 
quently and is characterized on barium studies by mucosal 
irregularity, ulcers, plaques, fistulas and, eventually, strictures 
(Fig. 20-19). 83,86 Rarely, esophageal tuberculosis can lead to 
the development of an intramural abscess, seen on esopha¬ 
gography as a smooth submucosal mass and on computed 
tomography (CT) as a well-marginated cystic mass with an 
enhancing rim in the esophagus. 8 Tuberculous esophagitis 



Figure 20-18 Tuberculous esophagitis in a patient with AIDS. 

There is diffuse esophagitis with several deep sinus tracks ( arrows ) 
extending anteriorly from the esophagus into the mediastinum. (From 
Goodman P, Pinero SS, Rance RM, et al: Mycobacterial esophagitis in 
AIDS. Gastrointest Radiol 14:103-105, 1989.) 


may be indistinguishable from severe esophagitis resulting 
from caustic ingestion, radiation, or other causes. 

Actinomycosis 

Actinomycosis is an indolent, suppurative infection caused 
by Actinomyces israelii , an anaerobic, gram-positive bacterium. 
Rarely, this organism may cause severe esophagitis in patients 
with AIDS. 88 Esophageal actinomycosis may be manifested 
on esophagography by deep ulcers with multiple longitudinal 
and transverse fistulas and intramural tracks (Fig. 20-20). 88 
Although tuberculous esophagitis may also cause ulceration 
and fistula formation (see earlier, “Tuberculosis”), the presence 
of multiple intramural tracks parallel to the esophageal lumen 
should raise the possibility of esophageal actinomycosis in 
patients with AIDS. 

Other Infections 

Although infectious esophagitis is usually caused by fungal or 
viral organisms, other rare causes include Staphylococcus, Strep- 
tococcus, Klebsiella, Blastomyces, Cryptosporidium, Torulopsis 
glabrata, and Lactobacillus acidophilus. 89 94 
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Figure 20-19 Tuberculous esophagitis. A. The initial esophagogram 
shows two areas of irregular ulceration ( arrows ) in the midesophagus 
caused by proven tuberculous esophagitis. B. Another esophagogram 
after 6 months of antituberculous therapy shows healing of the ulcers. 
(From Savage PE, Grundy A: Oesophageal tuberculosis: An unusual 
cause of dysphagia. BrJ Radiol 57:1153-1155, 1984.) 



Figure 20-20 Esophageal actinomycosis. Multiple longitudinal 
and transverse intramural tracks and fistulas are seen in the distal 
esophagus caused by actinomycosis involving the esophagus. This 
patient had AIDS. (Courtesy Emil J. Balthazar, MD, New York.) 
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Drug-lnduced Esophagitis 

Since its original description in 1970, 1 drug-induced esophagitis 
has been recognized as a relatively common condition in today’s 
pill-oriented society. The medications implicated most fre- 
quently include tetracycline, doxycycline, potassium chloride, 
quinidine, aspirin, other nonsteroidal anti-inflammatory drugs 
(NSAIDs), and alendronate sodium. These patients may have 
severe esophageal symptoms, but drug-induced esophagitis 
usually resolves after withdrawal of the offending agent. 
Although conventional single-contrast barium studies have 
limited value in detecting mucosal abnormalities associated 
with drug-induced esophagitis, double-contrast esophagogra- 
phy is a valuable technique for diagnosing this condition. 

PATHOGENESIS 

The type and degree of injury that occurs in drug-induced 
esophagitis depend not only on the properties of the 
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offending medication but also on the manner in which it is 
taken. Many patients have a history of ingesting the medica¬ 
tion with little or no water before going to bed. 2 4 As a result, 
the tablets or capsules may become lodged in the midesopha- 
gus, where they are compressed by the adjacent aortic arch 
or left main bronchus. 2 Drug-induced esophagitis is therefore 
believed to represent a focal contact esophagitis, with injury 
to the adjacent mucosa by the dissolving pilis. Less frequently, 
prolonged retention of the medication may result from esopha¬ 
geal compression by an enlarged heart. 5 Occasionally, drug- 
induced esophagitis may be caused by abnormal motility or 
preexisting strictures that delay transit of pilis from the 
esophagus. 6,7 

CAUSATIVE AGENTS 

Tetracycline and Doxycycline 

Tetracycline and doxycycline, two widely used antibiotics, are 
responsible for at least 50% of all cases of drug-induced 
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esophagitis. 2 Because these medications are given in the form 
of capsules that are relatively acidic, prolonged retention of the 
capsules in the upper or midesophagus may cause superficial 
ulceration of the adjacent mucosa. 2,8 Although doxycycline (pH 
3.0) is slightly less acidic than tetracycline (pH 2.3), it dissolves 
more slowly and forms an adherent gel, presumably accounting 
for the high frequency of esophagitis in patients taking this 
agent. 9 Affected individuals almost never develop strictures, 
however, because the ulcers caused by tetracycline and doxycy¬ 
cline are so small and superficial that they rarely cause enough 
scarring and fibrosis to produce a stricture. 4 

Potassium Chloride 

Potassium chloride tablets may produce a severe form of 
drug-induced esophagitis. 1 1012 These patients often have 
mitral valvular disease with an enlarged left atrium compress- 
ing the distal esophagus, so passage of the potassium chloride 
tablets is impeded at this level. Subsequent release of potas¬ 
sium chloride over a localized area of esophageal mucosa 
may cause severe Chemical injury with focal ulceration and 
stricture formation. 511,12 As a result, potassium supplements 
are sometimes given in liquid form to patients with known 
cardiomegaly to prevent this complication. Even liquid potas¬ 
sium, however, has been described as a cause of drug-induced 
esophagitis. 13 

Quinidine 

Because oral quinidine is often given for cardiac arrhythmias, 
these patients may have associated cardiomegaly, with com- 
pression of the distal esophagus by an enlarged left atrium 
or ventricle. Retained quinidine above this level may have a 
corrosive effect on the adj acent mucosa, causing ulceration 
and strictures. 2,6,13 

Nonsteroidal Anti-inflammatory Drugs 

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been 
implicated with increasing frequency in the development of 
esophagitis. Major offending agents include aspirin, phenylbu- 
tazone, indomethacin (Indocin), ibuprofen (Motrin), naproxen 
(Naprosyn), piroxicam (Feldene), and sulindac (Clinoril). 2,14-19 
These NSAIDs not only may cause a focal contact esophagitis, 
but sometimes may lead to stricture formation. 15,16 

Alendronate 

Alendronate sodium (Fosamax) is an aminobisphosphonate, 
a selective inhibitor of osteoclast-mediated bone resorption, 
that has been used with increasing frequency in the non- 
hormonal treatment of postmenopausal osteoporosis. This 
agent may be associated with the development of a severe 
form of ulcerative esophagitis and stricture formation in the 
distal esophagus. 20 23 The mechanism of injury is uncertain. 
Topical corrosive injury may be a contributing factor, but 
the high frequency of ulceration in the distal esophagus sug¬ 
gests that there is a reflux-mediated component in these 
patients. 20 

Other Drugs 

Other oral medications that have been implicated in the devel¬ 
opment of drug-induced esophagitis include emepronium 
bromide, ferrous sulfate, alprenolol chloride, ascorbic acid, the- 
ophylline, cromolyn sodium, and antibiotics such as clindamy- 
cin and hncomycin. 2, 7,24-29 


CLINICAL FINDINGS 

Patients with drug-induced esophagitis typically present with 
odynophagia or unremitting chest pain accentuated by swal- 
lowing. 2 Others may present with signs of upper gastrointesti- 
nal (GI) bleeding. 19 Symptoms usually develop within several 
hours to days after taking the medication. 2 The symptoms of 
drug-induced esophagitis also tend to resolve rapidly after 
withdrawal of the offending agent, so most patients are asymp- 
tomatic within 7 to 10 days after stopping the medication. 8 
Occasional patients may have progressive dysphagia because of 
the development of strictures. 11,13,30 

RADIOGRAPHIC FINDINGS 

The radiographic findings in drug-induced esophagitis depend 
on the nature of the offending medication. Tetracycline, 
doxycycline and, less commonly, other medications cause 
superficial ulceration in the esophagus without permanent 
sequelae. Double-contrast esophagography is a useful tech- 
nique for detecting shallow ulcers that cannot easily be rec- 
ognized on single-contrast studies. Affected individuals may 
have a solitary ulcer (Fig. 21-1A), several discrete ulcers (Fig. 
21-1B), or multiple small ulcers on a normal backgro und 
mucosa (Fig. 21-IC). 4,31-33 The ulcers are usually clustered 
together in the midesophagus near the level of the aortic 
arch or left main bronchus. These ulcers may be recognized 
en face as punctate, linear, ovoid, stellate, or serpiginous col- 
lections of barium or in profile as shallow depressions (see 
Fig. 21-1). 4,31-33 When esophageal ulcers are drug induced, a 
follow-up esophagogram 7 to 10 days after withdrawal of 
the offending agent often shows dramatic healing of the 
lesions. 31 

Potassium chloride, quinidine, NSAIDs, and alendronate 
tend to cause a more severe form of esophagitis, sometimes 
associated with stricture formation. Potassium chloride and 
quinidine may result in particularly large ulcers with consider- 
able surrounding edema and inflammation, mimicking the 
appearance of an ulcerated carcinoma (Fig. 21-2A). 13,31,34 Sub¬ 
sequent scarring and fibrosis occasionally lead to the develop¬ 
ment of strictures that typically appear as segmental areas of 
concentric narrowing above the level of an enlarged left atrium 
(Fig. 21-2B). 5,12,13,18,30 In contrast, aspirin and other NSAIDs 
sometimes produce giant, flat ulcers that are several centimeters 
or longer (Fig. 21-3A). 1 Healing of these ulcers may result in 
smooth, re-epithelialized depressions that are sometimes mis- 
taken for active ulcer craters (Fig. 21-3B). 17 Finally, alendronate 
may be associated with the development of severe ulcerative 
esophagitis and stricture formation in the distal esophagus 
(Fig. 21-4). 20-22 

DIFFERENTIAL DIAGNOSIS 

Herpes esophagitis is the major consideration in the differ- 
ential diagnosis for discrete, superficial ulcers in the upper 
or midesophagus. 35 Although viral ulcers may be indistin- 
guishable from the ulcers of drug-induced esophagitis, the 
correct diagnosis can usually be suggested on the basis of 
the clinical history. Occasionally, however, herpes esophagitis 
may occur in otherwise healthy individuals who have no 
underlying immunologic problems (see Chapter 20). 36 The 
diagnosis of drug-induced esophagitis should therefore be 
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Figure 21-1 Drug-induced esophagitis with superficial ulcers. A. A solitary ringlike ulcer ( arrows ) is seen in the midesophagus. Note the 
thin radiolucent halo of edematous mucosa surrounding the ulcer. B. Several discrete ulcers ( arrows ) are seen in the midesophagus on a normal 
background mucosa. The largest ulcer has a stellate configuration. C. This patient has a flat ulcer ( white arrow) on the right lateral wall of 
the midesophagus, with a cluster of small ulcers ( black arrows ) abutting the larger ulcer. The patient in A was taking doxycycline, the patient in 
B was taking tetracycline, and the patient in C was taking ibuprofen. (A and B from Levine MS: Radiology of the Esophagus. Philadelphia, 

WB Saunders, 1989.) 


considered only when there is a definite temporal relationship 
between ingestion of the offending medication and the onset 
of esophagitis. 

Reflux esophagitis is a more common cause of superficial 
ulceration, but the ulcers are almost always confmed to the 
distal esophagus. Mediastinal irradiation and caustic ingestion 
are other causes of ulceration, but the correct diagnosis is 
usually suggested on clinical grounds. Crohns disease may also 
be associated with shallow ulcers in the esophagus, but these 
patients usually have advanced Crohns disease in the small 
bowel or colon (see later, “Crohns Disease”). Finally, giant 
drug-induced ulcers may be indistinguishable from ulcerated 
carcinomas or from cytomegalovirus or human immunodefi- 
ciency virus (HIV) ulcers in patients with AIDS (see Chapter 
20). 38 However, these conditions can usually be differentiated 
by the clinical history and presentation. 

Because drug-induced strictures are usually located at a con- 
siderable distance from the gastroesophageal junction, they 
must be differentiated from high esophageal strictures caused 
by Barrett s esophagus, mediastinal irradiation, caustic inges¬ 
tion, eosinophilic esophagitis, and primary or metastatic 
tumors. However, the possibility of a drug-induced stricture 
should be suspected in patients with cardiomegaly who have a 
history of taking potassium chloride or quinidine. 


Radiation Esophagitis 

Malignant tumors involving the lungs, mediastinum, or tho- 
racic spine are often treated by high-dose, external-beam radia¬ 
tion to the chest. The major limiting factor with this form of 
treatment is esophageal damage by ionizing radiation. Total 
doses of 45 to 60 Gy may lead to severe esophagitis, with irre¬ 
versible damage and stricture formation. 39 Smaller doses (20 to 
45 Gy) may cause a self-limited esophagitis without permanent 
sequelae. Most patients have clinical evidence of esophagitis 
shortly after the onset of radiation therapy, but barium studies 
are not usually performed during this period. Instead, esopha- 
gography has been used primarily to detect strictures or other 
signs of chronic radiation injury. Both the acute and the chronic 
forms of radiation esophagitis are considered in this chapter. 

PATHOGENESIS 

Experiments on laboratory animals have shown that high-dose 
radiation to the esophagus causes an acute, self-limited form of 
esophagitis within 1 to 3 weeks of the onset of radiation 
therapy. 9,41 After the acute stage of radiation injury and subse- 
quent epithelial repair, chronic radiation esophagitis is charac- 
terized by progressive submucosal scarring and fibrosis with 
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Figure 21-2 Spectrum of esophageal injury associated with 
potassium chloride ingestion. A. A giant ulcer ( white arrows ) is seen 
in the midesophagus with an associated area of mass effect ( black 
arrows ) caused by a surrounding mound of edema. This lesion could 
be mistaken for an ulcerated carcinoma. B. A midesophageal stricture 
(arrows ) is seen in another patient who had been taking slow-release 
potassium chloride tablets. The stricture has relatively tapered 
borders. (B from Levine MS: Radiology of the Esophagus. 

Philadelphia, WB Saunders, 1989.) 


the development of esophageal strictures 4 to 8 months after 
completion of radiation therapy at doses of 30 to 50 Gy. 42 If the 
radiation dose is more than 60 Gy, esophageal strictures may 
develop within 3 to 4 months. 42 



Figure 21-3 Drug-induced esophagitis with a giant esophageal 
ulcer. A. Initial double-contrast esophagogram shows a 7-cm-long, 
diamond-shaped ulcer ( arrows ) in the midesophagus below the level of 
the carina. The ulcer crater has irregular margins. This patient was 
taking sulindac (Clinoril), a nonsteroidal anti-inflammatory agent. 

B. Another esophagogram 6 months later shows a long, shallow 
depression with smooth borders ( arrows ) at the site of the previous 
ulcer. Endoscopy revealed that this was an ulcer scar with a 
re-epithelialized pit or depression. (From MS Levine, RD Rothstein, 

I Laufer: Giant esophageal ulcer due to Clinoril. AJR 156:955-956, 

1991.) 


less commonly, from the development of strictures. 39,42 Mild 
radiation strictures may be successfully dilated, but more severe 
strictures necessitate feeding tube placement or other palliative 
measures. Occasionally, severe radiation injury may lead to life- 
threatening complications such as an esophageal airway fistula 
or esophageal perforation. However, these unusual complica¬ 
tions of radiation therapy almost always occur in an area of the 
esophagus involved by tumor and rarely in normal irradiated 
tissue. 42,44 


CLINICAL FINDINGS 

Most patients who receive mediastinal irradiation develop 
a self-limited esophagitis, manifested by acute onset of subster- 
nal burning, odynophagia, or dysphagia within 1 to 3 weeks 
after the onset of radiation therapy. 43 The symptoms usually 
subside within 24 to 48 hours but may occasionally persist for 
several weeks. 43 Because these patients are immunocompro- 
mised, the development of odynophagia may erroneously be 
attributed to opportunistic esophagitis. The correct diagnosis 
should be suggested, however, by the temporal relationship 
between the onset of radiation therapy and onset of symptoms. 
When acute radiation esophagitis is suspected, these patients 
are usually treated empirically with viscous lidocaine and anal- 
gesics, so radiologic or endoscopic examinations are not often 
performed in this setting. 

Chronic radiation injury to the esophagus may cause dys¬ 
phagia within several months after completion of radiation 
therapy. Dysphagia may result from esophageal dysmotility or, 


RADIOGRAPHIC FINDINGS 

Although most patients with acute radiation esophagitis are 
treated empirically, barium studies are sometimes performed 
when the clinical diagnosis is uncertain. This condition may be 
manifested on double-contrast esophagography by a granular 
appearance of the mucosa and decreased distensibility from 
edema and inflammation of the irradiated segment (Fig. 
21-5A). 45 Other patients with acute radiation esophagitis have 
multiple small, discrete ulcers within a known radiation portal 
(Fig. 21-6). 41,45 With more severe disease, the esophagus may 
have a grossly irregular, serrated contour secondary to larger 
areas of ulceration and mucosal sloughing. 

After the acute phase of radiation injury, the most frequent 
finding on barium studies is abnormal esophageal motility, 
which usually develops 4 to 8 weeks after completion of radia¬ 
tion therapy. 39,42,46 This dysmotility is characterized by inter- 
ruption of primary peristalsis at the superior border of the 
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Figure 21-4 Alendronate-induced esophagitis. Multiple tiny ulcers 
( arrows ) are seen in profile in the distal esophagus. This patient was 
taking alendronate (Fosamax) for the treatment of postmenopausal 
osteoporosis. (Courtesy Barbara Sabinsky , MD, Stamford, CT.) 


radiation portal, with numerous nonperistaltic contractions 
distal to the point of disruption of the primary wave. 39,42,46 Less 
commonly, the irradiated segment may be aperistaltic. 42 

Radiation strictures in the esophagus usually develop 4 to 8 
months after completion of radiation therapy. 39,42 Higher doses 
of radiation may shorten the interval for developing a stricture 
but have no effect on its length or caliber. The strictures typi- 
cally appear as relatively smooth, tapered areas of concentric 
narrowing in the upper or midesophagus within a preexisting 
radiation portal (Fig. 21-5B). 39 ’ 42 ’ 44 

Tracheoesophageal and esophagobronchial fistulas are 
potentially life-threatening complications of mediastinal irra¬ 
diation. These fistulas are usually caused by radiation necrosis, 
with erosion of tumor into the esophagus and adjacent airway. 44 
The most frequent site of fistula formation is the left main 
bronchus, where it crosses the esophagus at the level of the 
fourth or fifth thoracic vertebra. 42 When an esophageal airway 
fistula is suspected, the radiologic examination should be per- 
formed with barium sulfate because a water-soluble contrast 
agent may cause severe pulmonary edema if it enters the lungs 
via a fistula. 47 

DIFFERENTIAL DIAGNOSIS 



Figure 21-5 Acute radiation esophagitis with subsequent 
stricture formation. A. The mucosa has a granular appearance in 
the upper thoracic esophagus. Also note decreased distensibility 
of the irradiated segment. The patient presented with acute 
odynophagia 3 weeks after undergoing mediastinal irradiation for 
bronchogenic carcinoma. B. Another esophagogram 6 months later 
because of recurrent dysphagia shows a smooth, tapered stricture 
within the radiation portal. 


esophagitis should be suggested on barium studies by mucosal 
plaques, whereas herpes esophagitis should be suggested by 
discrete superficial ulcers without plaque formation." 5 In con¬ 
trast, radiation esophagitis may be manifested by a granular 
appearance or ulceration, but the area of involvement almost 
always conforms to a known radiation portal, with a sharp 
demarcation at the superior and inferior horders of the portal 
(see Fig. 21-6). 

Although many conditions should be considered in the dif- 
ferential diagnosis for an upper or midesophageal stricture, 48 
the major considerations after mediastinal ir radiation should 
be a radiation stricture versus esophageal involvement by recur¬ 
rent mediastinal tumor (see Chapter 24). A concentric area of 
smooth, tapered narrowing should favor the diagnosis of a 
radiation stricture, whereas irregular, eccentric narrowing with 
extrinsic mass effect should suggest a malignant tumor. When 
the radiographic Åndings are equivocal, computed tomography 
(CT) may be helpful for differentiating a radiation stricture 
from recurrent tumor in the mediastinum. 


When acute odynophagia or dysphagia develops several 
weeks after mediastinal irradiation, the major diagnostic con¬ 
siderations are acute radiation esophagitis versus infectious 
esophagitis in an immunocompromised patient. Candida 


Caustic Esophagitis 

Caustic esophagitis did not become a serious medical problem 
in the United States until 1967, when concentrated liquid lye 
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Figure 21-6 Acute radiation esophagitis. Multiple superficial ulcers 
are seen en face and in profile ( white arrows) in the midesophagus. 
The area of ulceration has a relatively abrupt inferior demarcation 
(black arrows), which corresponds to the lower border of the radiation 
portal. This patient had undergone mediastinal irradiation for 
bronchogenic carcinoma several weeks earlier. (From Levine MS: 
Radiology o f the Esophagus. Philadelphia, WB Saunders, 1989.) 

solutions were made commercially available to the U.S. public 
for use as drain cleaners. 49 Because they could be swallowed 
rapidly, liquid corrosives exposed all surfaces of the upper GI 
tract to potentially life-threatening caustic injury. Thus, caustic 
esophagitis became an important clinical entity. Endoscopy has 
generally been advocated as the best means of assessing the 
extent and severity of esophageal injury, but radiologic studies 
may also provide valuable information during the acute and 
chronic stages of the disease. 

PATHOGENESIS 

Caustic injury to the esophagus may be caused by ingestion of 
alkali, acids, ammonium chloride, phenols, silver nitrate, and a 
variety of other common household products. Children usually 
ingest these corrosive substances accidentally, whereas adults 
take them intentionally to commit suicide. The degree of injury 
depends on the nature, concentration, and volume of the cor¬ 
rosive agent as well as the duration of tissue contact. In the 
United States, most patients with caustic esophagitis swallow 
some form of liquid lye (concentrated sodium hydroxide), 
which causes severe esophageal injury by liquefaction necro- 
sis. 50,51 In contrast, ingested acids cause tissue damage by coagu- 
lative necrosis, forming a protective eschar that tends to limit 


further tissue penetration. 50,51 Nevertheless, acidic agents may 
produce severe esophagitis and strictures comparable to those 
caused by lye. 52 

Caustic esophagitis is characterized pathologically by three 
phases of injury—an acute necrotic phase, an ulceration- 
granulation phase, and a final phase of cicatrization and scar- 
ring. 3 The initial phase of acute cellular necrosis begins 
immediately after caustic ingestion. This acute phase usually 
lasts 1 to 4 days and is accompanied by an intense inflammatory 
reaction in the surro undingtissues. 53 The ulceration-granulation 
phase begins 3 to 5 days after caustic ingestion and is character¬ 
ized by edema, ulceration, and sloughing of necrotic mucosa. 53 
During the next 7 to 14 days, subsequent healing leads to the 
production of granulation tissue in areas of mucosal sloughing. 
The esophagus is thought to be weakest and therefore most 
vulnerable to perforation during this period. The final phase of 
cicatrization begins 3 to 4 weeks after caustic ingestion. 53 
Depending on the degree of injury, this cicatrization process 
may lead to severe scarring and stricture formation. 

CLINICAL FINDINGS 

Acute caustic esophagitis may be manifested by odynophagia, 
chest pain, drooling, vomiting, or hematemesis. 50,51,53 Severe 
substernal pain, fever, and shock usually indicate esophageal 
perforation and mediastinitis. 50,51 Associated gastric perforation 
leads to the development of peritonitis. If patients survive the 
acute illness, there may be a latent period of several weeks, 
during which they are no longer symptomatic. 50,51,53 Subse- 
quently, however, these patients often develop severe dysphagia 
secondary to progressive stricture formation 1 to 3 months after 
the initial injury. 50,51 

DIAGNOSIS AND TREATMENT 

When caustic ingestion is suspected, examination of the mouth 
and oropharynx sometimes reveals obvious tissue injury, with 
ulceration of the lingual, buccal, or pharyngeal mucosa. Liquid 
corrosives may be swallowed rapidly, however, so caustic esoph¬ 
agitis often occurs without associated pharyngeal injury. 
Direct visualization of the esophagus is therefore required to 
confirm this diagnosis. A limited radiographic study may be 
performed with a water-soluble contrast agent to detect an 
esophageal or gastric perforation or other signs of caustic 
injury. However, most authors advocate endoscopy within 24 
hours of caustic ingestion (assuming that there are no clinical 
or radiographic signs of perforation) to assess the extent and 
severity of esophageal injury. 50,51,53 

Treatment of caustic esophagitis is generally aimed at pre- 
venting stricture formation. Some advocate early administra¬ 
tion of steroids and antibiotics to inhibit collagen formation 
and decrease the risk of infection. 54,55 Others believe that 
esophageal bougienage should be performed as early as 2 to 
3 weeks after caustic ingestion. Despite such measures, 10% 
to 40% of patients with caustic esophagitis develop stric¬ 
tures. 51,56 Some of these strictures may respond to periodic 
dilation procedures, but others eventually require an esophageal 
bypass operation, such as a colonic interposition (see Chapter 
27). When strictures develop after caustic ingestion, barium 
studies may be used to determine the degree and extent of 
stricture formation as well as the response to treatment. Patients 
with lye strictures are also thought to have a substantially 
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increased risk of developing esophageal carcinoma 20 to 40 
years after the initial caustic injury. 57,58 This subject is discussed 
in detail in Chapter 23. 

RADIOGRAPHIC FINDINGS 

Chest and abdominal radiographs should be obtained routinely 
for patients who have ingested caustic agents. With severe 
esophageal injury, posteroanterior and lateral radiographs of 
the chest may show a dilated, gas-filled esophagus or, if esopha¬ 
geal perforation has occurred, mediastinal widening, pneumo- 
mediastinum, or pleural effusions. 59,60 Similarly, abdominal 
radiographs may reveal pneumoperitoneum or a localized gas- 
containing abscess from gastric perforation. 

When esophageal or gastric perforation is suspected in 
patients who have normal or equivocal chest and abdominal 
radiographs, a water-soluble contrast study should be per- 
formed to document the presence of a leak. Water-soluble con¬ 
trast agents are used because barium in the mediastinum may 
cause mediastinal fibrosis, and barium in the peritoneal cavity 
may cause peritonitis. 4 If there is no evidence of esophageal or 
gastric perforation with a water-soluble contrast agent, however, 
barium should be given for a more detailed examination. 

Acute caustic esophagitis may be manifested on esophagog- 
raphy by esophageal dysmotility with poor primary peristalsis, 
nonperistaltic contractions, diffuse esophageal spasm, or a 
dilated, atonic esophagus (Fig. 21-7). 59-62 Some authors believe 



Figure 21-7 Acute caustic esophagitis with a dilated, atonic 
esophagus. There is a dilated, aperistaltic, gas-filled esophagus with 
a small amount of water-soluble contrast material in the stomach. This 
finding indicates a high risk of perforation. 


that the latter finding indicates diffuse muscular necrosis and 
that it is an ominous sign of impending esophageal perfora¬ 
tion. 59 These various motor abnormalities have been attributed 
to edema, inflammation, or destruction of ganglion cells in 
Auerbach’s plexus. 61,63 

In other patients, acute caustic esophagitis may be mani¬ 
fested by multiple shallow, irregular ulcers (Fig. 21-8). With 
more severe caustic injury, the esophagus may be diffusely 
narrowed and may have a grossly irregular contour because 
of marked edema, spasm, and ulceration (Fig. 21-9). 52,59,60 
Occasionally, contrast material may dissect beneath partially 
sloughed mucosal fragments, producing a double-barreled 
appearance. 59 

Subsequent cicatrization and fibrosis may lead to the devel- 
opment of one or more strictures in the esophagus 1 to 3 
months after the acute injury. The strictures usually appear as 
relatively long areas of smooth, tapered narrowing in the upper 
or midesophagus; some strictures may have an irregular contour 
or eccentric areas of sacculation because of asymmetric scarring 
(Fig. 21-10). 60 With severe scarring, the entire thoracic esopha¬ 
gus may have a threadlike, filiform appearance (Fig. 21-11). 60 
This finding should be highly suggestive of a caustic stricture 
because other conditions are rarely associated with such severe 
esophageal narrowing. When esophagography is performed 
after caustic ingestion, the stomach should also be evaluated to 
determine whether associated gastric injury is present. This 
subject is discussed in detail in Chapter 30. 



Figure 21-8 Acute caustic esophagitis. Multiple shallow, irregular 
ulcers are seen en face and in profile in the midesophagus. This 
patient had taken concentrated potassium hydroxide in a suicide 
attempt. (From Levine MS: Radiology of the Esophagus. Philadelphia, 
WB Saunders , 1989.) 
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Figure 21-9 Severe caustic esophagitis. The thoracic esophagus is 
diffusely narrowed and has a grossly irregular contour with extensive 
ulceration because of ingestion of concentrated sodium hydroxide 
(liquid lye). (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 



Figure 21-10 Lye strictures. A long, tapered stricture ( black arrows) 
is seen in the upper thoracic esophagus. Another short, asymmetric 
stricture ( white arrow) is seen more proximally at the thoracic inlet. 

The presence of one or more segmental strictures in the cervical or 
thoracic esophagus is characteristic of caustic injury. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


DIFFERENTIAL DIAGNOSIS 

Acute caustic esophagitis may be difficult to differentiate from 
severe cases of reflux, infectious, drug-induced, or radiation 
esophagitis. However, reflux esophagitis tends to involve the 
distal esophagus, drug-induced esophagitis usually involves the 
midesophagus, and radiation esophagitis occurs within a pre- 
existing radiation portal. In contrast, the site of caustic injury 
in the esophagus is unpredictable because these patients may 
have segmental or diffuse esophagitis involving the cervical or 
thoracic esophagus. Whatever the radiographic findings, the 
diagnosis of caustic esophagitis is usually apparent from the 
clinical history. 

The classic Ånding of a long, tapered stricture in the cervi¬ 
cal or thoracic esophagus should suggest prior caustic ingestion. 
However, localized caustic strictures in the upper or mid¬ 
esophagus may be indistinguishable from high esophageal 
strictures from other causes, including Barrett’s esophagus, 
mediastinal irradiation, oral medications, metastatic tumor or, 
rarely, dermatologic diseases such as epidermolysis bullosa 
dystrophica and benign mucous membrane pemphigoid. When 
a lye stricture has irregular margins or relatively abrupt horders, 
differentiation from an infiltrating carcinoma may also be dif¬ 
ficult. The ability to distinguish benign from malignant lesions 


is particularly important because of the increased risk of devel- 
oping esophageal carcinoma in long-standing lye strictures 
(Fig. 21-12). 5/ 8 Thus, endoscopy and biopsy may be required 
for a definitive diagnosis. 

Idiopathic Eosinophilic Esophagitis 

Since its original description by Attwood and associates in 
1993, 64 eosinophilic esophagitis has been recognized as a 
chronic inflammatory disorder in children and adults. 65 ' 67 
Eosinophilic esophagitis has been diagnosed with greater fre- 
quency over the past 2 decades, probably because of increasing 
awareness and increasing prevalence of this condition. 68 The 
diagnosis is established on pathologic grounds by an increased 
number of intraepithelial eosinophils (more than 20/high- 
power held) on endoscopic biopsy specimens from the esopha¬ 
gus. 64,67 The cause is uncertain, but investigators believe that 
this condition develops as a result of an allergic immune 
response to ingested food items involving T-cell mediated 
hypersensitivity and immunoglobulin E (IgE)-mediated path- 
ways, leading to eosinophilic activation, inflammation, and 
fibrosis. 69 Most patients with eosinophilic esophagitis do not 
have eosinophilic infiltration of the stomach and small bowel 
(eosinophilic gastroenteritis). 
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Figure 21-11 Advanced lye strictures. A, B. There is diffuse 
narrowing of the thoracic esophagus caused by extensive scarring 
and fibrosis in two patients with lye strictures. This appearance should 
suggest caustic injury because other conditions are rarely associated 
with such severe esophageal narrowing. (A from Levine MS: 

Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 



Figure 21-12 Esophageal carcinoma arising in a lye stricture. 

There is a long stricture in the thoracic esophagus caused by caustic 
ingestion many years earlier. The irregular appearance and abrupt 
proximal border ( arrow ) of the narrowed segment are caused by 
a superimposed carcinoma. 


CLINICAL FINDINGS 

Adults with eosinophilic esophagitis are typically young men 
who present with long-standing dysphagia and recurrent food 
impactions. 65 ' 67 These individuals may have an atopic history 
(e.g., asthma, allergic rhinitis, and other allergic conditions) and 
peripheral eosinophilia, 0 but eosinophilic esophagitis often 
occurs as an isolated condition in the absence of an allergic 
history or peripheral eosinophilia. 

Based on the assumption that food allergens act as antigenic 
stimulation for eosinophilic inflammation of the esophagus, 
most patients are treated with antiallergy therapy, including 
oral steroids, topical steroids (swallowing metered doses of 
aerosolized steroid preparations), and elemental diets (i.e., 
protein-free diets) or elimination food diets (diets that exclude 
food items most commonly associated with food allergies), with 
varying degrees of success. 72 Patients with strictures causing 
intractable dysphagia may undergo endoscopic dilation proce¬ 
dures, but these individuals often have only transient relief of 
dysphagia, so multiple diktions may be required. 67,76 

RADIOGRAPHIC FINDINGS 

Eosinophilic esophagitis may be manifested on esophagography 
by strictures, rings, diffuse esophageal narrowing, or some 


combination of these Åndings. Not infrequently, affected 
patients develop one or more segmental strictures in the upper 
or midesophagus or, less commonly, distal esophagus. 70,77 ' 79 
These strictures typically appear as relatively long segments 
of concentric narrowing with smooth contours and tapered 
margins, although strictures in the distal esophagus tend to be 
shorter than those in the upper or midesophagus (Fig. 21-13A) . 79 
Other patients may develop a so-called ringed esophagus, mani¬ 
fested on barium studies by distinctive ringlike indentations, 
with multiple closely spaced concentric rings traversing the 
lumen (see Fig. 21-13A). 80 The rings may be associated with 
strictures or a small-caliber esophagus (see later) or may occur 
as an isolated Ånding in the esophagus. 79 Although the patho- 
genesis is uncertain, such rings have been well documented at 
endoscopy, producing a typical corrugated appearance. 81 ' 83 Still 
other patients with eosinophilic esophagitis may have diffuse 
loss of caliber of most or all of the thoracic esophagus, resulting 
in a so-called small-caliber esophagus (Fig. 21-13B). 79 Para- 
doxically, these long segments of narrowing can be more diffi- 
cult to recognize on barium studies than shorter segments of 
narrowing because of their long length, uniform luminal diam¬ 
eter, and smooth contour, without obvious demarcations from 
adjacent normal-caliber esophagus. Despite the frequent sub- 
tlety of this Ånding, eosinophilic esophagitis should be sus- 
pected when a small-caliber esophagus is detected on barium 
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Figure 21-13 Eosinophilic esophagitis. 

A. A mild area of tapered narrowing is seen 
in the midesophagus, with several distinctive 
ringlike indentations (white arrows) in the 
region of the stricture, producing a ringed 
esophagus. Note a second short stricture 
(black arrow) in the distal esophagus. B. In 
another patient, there is diffuse loss of 
distensibility of the entire thoracic esophagus, 
producing a small-caliber esophagus. 

The ringed esophagus and small-caliber 
esophagus are both characteristic of 
eosinophilic esophagitis. 


studies in the proper clinical setting. In symptomatic patients, 
treatment with topical steroids can lead to improved esophageal 
diameter and relief of solid-food dysphagia. 84 It is therefore 
unclear whether the small-caliber esophagus results from actual 
fibrosis and stricture formation or other pathophysiologic 
mechanisms. 

Other patients with eosinophilic esophagitis may have 
abnormal esophageal motility, with an increased frequency of 
nonperistaltic contractions or even an achalasia-like syn- 
drome. 85 Rarely, small, sessile eosinophilic polyps may be 
found in the esophagus. 77,78 

DIFFERENTIAL DIAGNOSIS 

Upper or midesophageal strictures in eosinophilic esophagitis 
cannot always be differentiated from high esophageal strictures 
caused by Barrett’s esophagus, mediastinal irradiation, caustic 
ingestion, and metastatic tumor. The presence of an atopic 
history or peripheral eosinophilia, however, should suggest the 
correct diagnosis. In contrast, distal esophageal strictures in 
eosinophilic esophagitis may be impossible to differentiate from 
peptic strictures. Rarely, a long esophageal stricture or even a 
small-caliber esophagus may develop in patients with lichen 
pianus involving the esophagus. 86 

A ringed esophagus has also been described in patients with 
congenital esophageal stenosis. These patients may have cor- 
rugated esophageal strictures with multiple concentric rings 
indistinguishable from those in eosinophilic esophagitis. 
Although congenital esophageal stenosis is usually not associ- 
ated with an allergic history or peripheral eosinophilia, this 
condition also occurs in young men with long-standing 


dysphagia, and biopsy specimens from the esophagus may also 
reveal increased numbers of intraepithelial eosinophils. 87 
Because of the similarities in the clinical, radiographic, and 
pathologic findings of these conditions, some of the reported 
patients with congenital esophageal stenosis may have had 
unrecognized eosinophilic esophagitis as the cause of their 
symptoms. 

The differential diagnosis of the ringed esophagus includes 
fixed transverse folds in patients with strictures, but these folds 
generally are incomplete and further apart, producing a char¬ 
acteristic stepladder appearance. 88 The feline esophagus could 
also conceivably be mistaken for the ringed esophagus of 
eosinophilic esophagitis, but these transverse striations occur 
as a transient phenomenon and are not associated with 
strictures. 

Crohn's Disease 

The esophagus is the least common site of involvement by 
Crohn’s disease in the GI tract. When the esophagus is involved, 
these patients almost always have associated disease in the small 
bowel or colon. As a result, esophageal lesions are usually found 
after a clinical diagnosis of Crohn’s disease has been established. 
Occasionally, however, the onset of esophageal Crohn’s disease 
coincides with the onset of disease in the small bowel or colon, 
so these patients do not necessarily have known Crohn’s disease 
when they seek medical attention. Rarely, isolated esophageal 
Crohn’s disease may occur before the development of disease 
elsewhere in the GI tract. 89 

A definitive diagnosis of esophageal Crohn’s disease requires 
histologic confirmation, but endoscopic biopsy specimens often 
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fail to reveal granulomas because of the superAcial nature of the 
biopsies and patchy distribution of the disease. 90 As a result, the 
absence of definitive histologic Åndings should not preclude a 
diagnosis of Crohns disease if the clinical and radiographic 
Åndings suggest this condition. 

CLINICAL FINDINGS 

Most patients with esophageal Crohns disease have advanced 
Crohns disease in the lower GI tract, so the clinical presenta- 
tion is dominated by their ileocolitis. Nevertheless, esophageal 
Crohns disease may cause dysphagia or, less commonly, ody- 
nophagia or upper GI bleeding. Because the esophagus is 
rarely involved by Crohns disease as an isolated Ånding, the 
diagnosis should be considered only in patients with known 
Crohns disease elsewhere in the GI tract who develop dys¬ 
phagia or other esophageal symptoms. When esophageal 
Crohns disease is present, the clinical course may parallel 
that of the patient’s ileal or colonic disease, with remission 
of upper and lower GI symptoms after medical or surgical 
treatment. 91 

RADIOGRAPHIC FINDINGS 

Although Crohns disease primarily affects the small bowel 
or colon, esophageal involvement has been recognized with 
increased frequency on double-contrast esophagography. The 
major advantage of double-contrast technique is its ability 
to detect aphthoid ulcers, which are seen on double-contrast 
examinations in about 3% of patients with Crohns disease 
in the small bowel or colon. 92 As in other portions of the 
GI tract, the aphthoid ulcers appear as punctate, slitlike, or 
ringlike collections of barium surrounded by radiolucent 
halos of edematous mucosa (Fig. 21-14). 92 94 These ulcers are 
usually few in number and are sporadically distributed 
throughout the esophagus with intervening normal mucosa 
(see Fig. 21-14A), but may occasionally be more numerous 
(see Fig. 21-14B). 94 

As the disease progresses, barium studies may reveal more 
severe esophagitis characterized by larger areas of ulceration, 
thickened folds, pseudomembranes, or even a cobblestone 
appearance. 91,95 Other patients may develop transverse or 
longitudinal intramural tracks (Fig. 21-15) or tracheoesopha- 
geal, esophagobronchial, esophagomediastinal, or esophago- 
gastric Astulas. 9195 Progressive scarring may also lead to the 
development of strictures, usually in the distal esophagus 
(Fig. 21-16). 91 Rarely, advanced esophageal Crohns disease 
may be manifested by Aliform polyposis of the esophagus, 
analogous to Aliform polyposis of the colon in granulomatous 
colitis. 96 

DIFFERENTIAL DIAGNOSIS 

The aphthoid ulcers of esophageal Crohns disease may be 
indistinguishable from discrete superAcial ulcers associated 
with reAux, herpes, or drug-induced esophagitis. However, 
reAux esophagitis predominantly involves the distal esophagus 
and usually occurs in patients with reAux symptoms. Although 
herpetic ulcers may closely resemble aphthoid ulcers," 5 the 
correct diagnosis should be apparent in an immunocompro- 
mised patient with odynophagia. Drug-induced esophagitis 
may also be manifested by shallow ulcers, but they tend to be 



Figure 21-14 Esophageal Crohn's disease with aphthoid ulcers. 

A. Discrete, widely separated aphthoid ulcers are seen en face 
(straight arrow) and in profile ( curved arrow) as a result of early 
esophageal involvement by Crohn's disease. B. This patient has 
more advanced Crohn's disease, with multiple large aphthoid 
ulcers in the midesophagus and distal esophagus. The ulcers are 
surrounded by radiolucent mounds of edema. (A from Gohel V, 
Long BW, Richter G: Aphthous ulcers in the esophagus with Crohn 
colitis. AJR 137:872-873, 1981; B courtesy Peter J. Feczko, MD, 

Royal Oak, Ml.) 


clustered in the midesophagus near the aortic arch or left main 
bronchus, and there is usually a recent history of ingesting oral 
medications such as tetracycline or doxycycline. 33 Thus, the 
clinical history and presentation are extremely helpful for dif- 
ferentiating these conditions. 

More advanced esophageal Crohns disease may be indistin¬ 
guishable from other types of severe esophagitis. When 
intramural tracks or Astulas are present, the differential diag¬ 
nosis includes radiation, trauma, malignant tumor, tuberculo- 
sis, and esophageal intramural pseudodiverticulosis. 9 99 Because 
esophageal Crohns disease is much less common than other 
types of esophagitis, this diagnosis should be considered only 
in patients who have clinical or radiographic Åndings of Crohns 
disease elsewhere in the GI tract. 

Epidermolysis Bullosa Dystrophica 

Epidermolysis bullosa is a rare hereditary skin disease in which 
minimal trauma causes separation of the epidermis and dermis, 
with subsequent bulla formation. Two forms of the disease, 
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Figure 21-15 Esophageal Crohn # s disease with intramural tracks. 

A. Longitudinal ( long arrows ) and transverse ( short arrow) tracks are 
seen in the distal third of the esophagus because of transmural 
involvement by Crohn's disease. B. This patient has a so-called 
double-barreled esophagus with a long intramural track as a result of 
advanced esophageal Crohn's disease. (A courtesy Peter J. Feczko, 
MD, Royal Oak, Ml; B courtesy Francis J. Scholz, MD, Burlington, MA.) 



Figure 21-16 Esophageal Crohn's disease with strictures. 

A, B. Two patients have long strictures in the distal esophagus as a 
result of severe scarring from Crohn's disease. (A from Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989; 

B from Tishier JMA, Flellman CA: Crohn's disease of the esophagus. 
Can Assoc Radiol J 35:28-30, 1984.) 


epidermolysis bullosa simplex and epidermolysis bullosa dys¬ 
trophica, have been described. In epidermolysis bullosa simplex, 
the bullae heal without scarring, and the disease usually sub¬ 
sides at puberty. In contrast, epidermolysis bullosa dystrophica 
is a mutilating, potentially lethal condition manifested by pro¬ 
gressive scarring and deformity throughout the body. 100 Epider¬ 
molysis bullosa dystrophica may be transmitted by autosomal 
dominant and autosomal recessive forms of inheritance. The 
autosomal dominant form involves only the skin, whereas the 
autosomal recessive form also involves mucous membranes in 
other squamous epithelium-lined organs such as the orophar- 
ynx, esophagus, and anus. 100 

PATHOGENESIS 

In patients with epidermolysis bullosa dystrophica, solid food 
in the esophagus repeatedly traumatizes an already fragile 
mucosa, causing extensive bulla formation. 100101 Some bullae 
rupture and heal without permanent sequelae, but others heal 
with severe scarring and stricture formation. Because these 
strictures further impede the passage of swallowed food, esoph¬ 
ageal involvement may lead to a self-perpetuating cycle of blis¬ 
tering, scarring, and stenosis. 101 


CLINICAL FINDINGS 

Skin involvement by epidermolysis bullosa dystrophica may be 
recognized at or shortly after birth. Other Åndings include 
flexion contractures of the hånds and feet, webbed digits (syn- 
dactyly), dystrophic or absent nails, microstomia, retarded 
epiphyseal development, and overconstriction of long bones. 102 
These deformities can be disabling or even fatal. 

Although the esophagus is usually affected during the first 
decade of life, clinical signs of esophageal involvement may not 
be seen until puberty. 103 Affected individuals may present with 
intermittent dysphagia or odynophagia because of recurrent 
bulla formation and healing. 103,104 Subsequently, they may 
develop severe dysphagia as a result of irreversible scarring and 
stricture formation. 101,103,104 Esophageal involvement should 
therefore be suspected in any patient with epidermolysis bullosa 
dystrophica who develops dysphagia or other esophageal 
symptoms. 

Endoscopy should be avoided in patients with known or 
suspected epidermolysis bullosa dystrophica involving the 
esophagus because of the risk of further traumatizing an already 
fragile mucosa and causing bleeding, perforation, or further 
scarring and stenosis. Once strictures have developed, however, 
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balloon dilation or bougienage of the esophagus or, rarely, studies in children or young adults with other clinical signs 
surgery may be required to alleviate symptoms. 100,104 of this disease. 


RADIOGRAPHIC FINDINGS 


Pemphigoid 


Because of the risks associated with endoscopy, barium studies 
should be performed when esophageal involvement by epider- 
molysis bullosa dystrophica is suspected on clinical grounds. 
Early disease may be manifested by abnormal motility, bullae, 
or ulcers. 103,105 Discrete bullae may be recognized as small, 
nodular filling defects in the esophagus, whereas extensive 
bulla formation may produce a diffusely serrated or spiculated 
esophageal contour. 103 Because of the reversible nature of the 
disease, these lesions may completely regress on follow-up 
examinations. 

More advanced esophageal disease is characterized by scar- 
ring and stricture formation. The strictures tend to be located 
in the cervical or upper thoracic esophagus, appearing as con- 
centric areas of segmental narrowing (Fig. 21-17). 103,105 ' 107 These 
strictures may be difficult to differentiate from those caused 
by Barrett s esophagus, mediastinal irradiation, and caustic 
ingestion. Other patients with epidermolysis bullosa dystro¬ 
phica may develop esophageal webs, usually in the cervical 
esophagus near the cricopharyngeus. 103,106 Esophageal involve¬ 
ment by epidermolysis bullosa dystrophica should be suspected 
when high esophageal strictures or webs are seen on barium 



Figure 21-17 Epidermolysis bullosa dystrophica with a high 
esophageal stricture ( arrow ). (From Tishier JM, Han SY, Hellman CA: 
Esophageal involvement in epidermolysis bullosa dystrophica. AJR 
141:1283-1286, 1983.) 


Pemphigoid is a dermatologic disease characterized by chron- 
ic, recurrent bullous eruptions of the skin and mucous mem¬ 
branes. Two forms of pemphigoid, benign mucous membrane 
pemphigoid and bullous pemphigoid, have been described. 
Benign mucous membrane pemphigoid is much more likely 
to involve mucous membranes, however, so esophageal ab- 
normalities are primarily encountered in this form of the 
disease. 

CLINICAL FINDINGS 

Benign mucous membrane pemphigoid usually occurs in 
middle-aged patients and is twice as common in women. 108 
About 75% of patients have involvement of the oral mucosa and 
conjunctiva, 50% have skin involvement, and 5% to 10% have 
esophageal involvement. 108110 The most severe complications of 
this disease occur in the eye, in which conjunctival scarring 
causes corneal destruction and blindness in 25% of patients. 
Thus, despite its name, benign mucous membrane pemphigoid 
should not be considered a benign condition. 

Affected individuals usually present with dysphagia caused 
by edema, spasm, ulceration, or strictures. 108110 Severe esopha¬ 
geal involvement may occasionally result in massive sloughing 
of mucosa, with subsequent expulsion of a hollow membranous 
cast from the patient’s mouth. 111 When these patients initially 
develop dysphagia, systemic administration of steroids may 
prevent further progression of esophageal disease and stricture 
formation. Once strictures have developed, however, one or 
more esophageal dilation procedures are usually required to 
alleviate symptoms. 112 

RADIOGRAPHIC FINDINGS 

Although discrete bullae are rarely observed, barium studies 
may reveal superficial ulceration in the early stages of esopha¬ 
geal involvement by benign mucous membrane pemphigoid 
(Fig. 21-18). 108 Subsequent scarring may lead to the develop- 
ment of webs or strictures in the cervical or upper thoracic 
esophagus (Fig. 21-19) or, less commonly, the mid or lower 
thoracic esophagus. 108,110,113,114 The strictures are of variable 
length and may be difficult to distinguish from those caused by 
Barrett’s esophagus, mediastinal irradiation, and caustic inges¬ 
tion. However, esophageal involvement by benign mucous 
membrane pemphigoid should be suspected in patients who 
have a history of bullous eruptions on the skin. 


Erythema Multiforme Major 

CLINICAL FINDINGS 

Erythema multiforme is a hypersensitivity reaction character¬ 
ized by a maculopapular or bullous rash that usually develops 
during the first 3 decades of life. 115 Erythema multiforme 
minor is confmed to the skin, but erythema multiforme major 
also involves mucous membranes of the eyes, oropharynx, geni- 
talia, or anus and, rarely, the tracheobronchial tree or esopha¬ 
gus. 115 Stevens-Johnson syndrome is a life-threatening form of 
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Figure 21-18 Benign mucous membrane pemphigoid with 
superficial ulceration. Multiple shallow ulcers ( arrows ) are seen in 
the midesophagus, with decreased distensibility of this region. 
(Courtesy Stephen E. Rubesin, MD, Philadelphia.) 

esophageal multiforme major, with associated constitutional 
symptoms. 116 

RADIOGRAPHIC FINDINGS 

Esophageal involvement by erythema multiforme major is 
usually self-limited, but occasional children or adolescents have 
been reported with dysphagia caused by esophageal strictures, 
predominantly in the upper or midesophagus. 116 ' 118 Rarely, 
barium studies may reveal diffuse esophageal narrowing in chil¬ 
dren or adults with this condition. 119 Other more common 
causes of long esophageal strictures include mediastinal irradia¬ 
tion and caustic ingestion, but esophageal involvement by ery¬ 
thema multiforme major should be suspected in patients with 
characteristic mucocutaneous lesions. Epidermolysis bullosa 
dystrophica and benign mucous membrane pemphigoid may 
also be associated with bullous lesions on the skin and esopha¬ 
geal strictures, but these patients usually have focal strictures or 
webs in the cervical or upper thoracic esophagus (see earlier, 
“Epidermolysis Bullosa Dystrophica” and “Pemphigoid”). 

Nasogastric Intubation Esophagitis 

Nasogastric intubation has been recognized as an unusual cause 
of esophagitis and strictures. 120,121 Most patients develop stric¬ 
tures only after repeated or prolonged nasogastric intubation. 
These strictures may progress rapidly after removal of the tube, 


Figure 21-19 Benign mucous membrane pemphigoid with a high 
esophageal stricture. A long asymmetric stricture is seen in the 
cervical and upper thoracic esophagus. (Courtesy John A. Bonavita, 
MD, Philadelphia.) 

causing severe dysphagia. When all causes of esophageal stric¬ 
tures are considered, nasogastric intubation is probably second 
only to caustic ingestion in terms of the length and severity of 
stricture formation. 

PATHOGENESIS 

The pathogenesis of esophageal injury is uncertain. Most 
patients who develop strictures have been intubated for 3 to 15 
days. 121 Some investigators believe that esophagitis results from 
uncontrolled gastroesophageal reflux around the lower end of 
the nasogastric tube, whereas others think that the tube occludes 
the lower esophageal sphincter, preventing clearance of refluxed 
acid from the esophagus. It has also been postulated that the 
irritant effect of the tube itself may cause a direct contact 
esophagitis. 123 

CLINICAL FINDINGS 

Most patients with esophageal injury develop symptoms several 
weeks to months after removal of the nasogastric tube. 120,121 
They may initially present with heartburn, chest pain, or ody- 
nophagia from severe esophagitis. Subsequently, they may 
develop progressive dysphagia as a result of rapid stricture for¬ 
mation. 1 Despite the length and severity of the strictures, 
adequate relief from dysphagia may be obtained by periodic 
dilation procedures. 






340 SECTION IV Esophagus 


RADIOGRAPHIC FINDINGS 

Nasogastric intubation esophagitis may be manifested by a 
long segment of extensive ulceration in the distal esophagus 
(Fig. 21-20). 121 Occasionally, large flat ulcers are associated with 
considerable mass effect because of an adj acent mound of 
edema, mimicking the appearance of an ulcerated esophageal 
carcinoma (Fig. 21-21). Subsequent stricture formation may 
be detected on esophagography 1 to 4 months after removal 
of the tube. 120,121 Initially, the strictures may appear as smooth, 
tapered areas of concentric narrowing in the distal esophagus 
that are indistinguishable from ordinary peptic strictures. 
However, they tend to progress rapidly, increasing in length 
and severity within a relatively short period (Fig. 21-22). 
Because of the extent and severity of stricture formation, these 
patients may be suspected of ingesting caustic agents. However, 
nasogastric intubation strictures always involve the distal 
esophagus, so the presence of an unusually long or rapidly 
progressive stricture in the distal esophagus should suggest the 
correct diagnosis. 

Alkaline Reflux Esophagitis 

Alkaline reflux esophagitis is an unusual condition caused 
by reflux of bile and pancreatic secretions into the esophagus 



Figure 21-20 Severe esophagitis caused by nasogastric 
intubation. There are multiple areas of superficial ulceration and 
associated narrowing of the distal esophagus caused by marked 
edema and spasm. A large hiatal hernia is also present. (From Levine 
MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


after total or, less commonly, partial gastrectomy. 124 The 
development of esophagitis in these patients depends on 
the type of surgical reconstruction that is used. Alkaline 
reflux esophagitis is a common complication of total gas¬ 
trectomy and simple loop esophagojejunostomy but rarely 
occurs after Roux-en-Y esophagojejunostomy. 125,126 Most sur- 
geons therefore perform a Roux-en-Y reconstruction, placing 
the jejunojejunal anastomosis 40 cm or more distal to the 
esophagojejunal anastomosis to prevent reflux of bile into 
the esophagus. Nevertheless, alkaline reflux esophagitis has 
occasionally been documented in these patients, so a Roux- 
en-Y reconstruction decreases the risk of esophagitis and 
stricture formation but does not completely eliminate these 
complications. 1 Some investigators have found that alkaline 
reflux esophagitis also predisposes to the development of 
Barrett’s esophagus. 128,129 

CLINICAL FINDINGS 

Alkaline reflux esophagitis may initially be manifested by 
retrosternal burning, chest pain, and regurgitation of bile. 12 " 
These patients may then develop worsening dysphagia within 
several months after surgery because of rapidly progressive 
stricture formation. In most cases, relief from dysphagia is 
obtained by mechanical dilation of the stricture. 



Figure 21-21 Giant esophageal ulcer caused by nasogastric 
intubation. A large, flat ulcer ( white arrows) is seen in the distal 
esophagus; an associated area of mass effect ( black arrows ) is caused 
by an adjacent mound of edema. This appearance could be mistaken 
for that of an ulcerated esophageal carcinoma. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 
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I Figure 21-22 Rapidly progressive stricture 

caused by nasogastric intubation. A. Initial 
esophagogram shows moderately decreased 
distensibility of the distal esophagus shortly 
after removal of a nasogastric tube. B. Second 
esophagogram 3 weeks later shows rapid stricture 
formation with marked narrowing of the distal 
esophagus. C. Third esophagogram 6 weeks later 
shows further progression of the stricture. There is 
now evidence of esophageal obstruction. 
(Courtesy Vijay Gohel, MD, Philadelphia.) 


RADIOGRAPHIC FINDINGS 

Alkaline reflux esophagitis is characterized on esophagography 
by mucosal nodularity, thickened folds, and ulceration of the 
distal esophagus above the esophagojejunal anastomosis (Fig. 
21-23). 130 Subsequent stricture formation may be detected as 
early as 1 to 3 months after surgery. 130 The strictures usually 
appear as smooth tapered areas of narrowing, often extending 
a considerable distance above the anastomosis. 130 These stric¬ 
tures must be differentiated from benign anastomotic strictures 
or recurrent tumor involving the distal esophagus. However, 
anastomotic strictures usually appear as focal areas of sym- 
metric narrowing at the esophagojejunal anastomosis, whereas 
recurrent tumor is manifested by more irregular esophageal 
narrowing and an eccentric mass effect. 130 Because patients 
who undergo total or partial gastrectomy are usually intubated 
at the time of surgery, nasogastric intubation should be con- 
sidered as another cause of rapidly developing strictures in 
these individuals. 

Acute Alcohol-lnduced Esophagitis 

Alcohol abusers may occasionally develop an acute, transient 
esophagitis after an alcoholic binge. 1 " 1 The cause is uncertain, 
but heavy alcohol consumption appears to have an effect on 
esophageal peristalsis and lower esophageal sphincter function. 
Several studies have shown that oral or intravenous ethanol 
in volunteers produces a reversible esophageal motor distur- 
bance characterized by impaired primary peristalsis and 
decreased lower esophageal sphincter pressures. 1 " 2,1 " As a result, 
acute alcohol intoxication may promote gastroesophageal 
reflux with impaired clearance of refluxed peptic acid from 
the esophagus after reflux has occurred. Thus, alcohol-induced 



Figure 21-23 Alkaline reflux esophagitis. This patient has undergone 
a total gastrectomy and esophagojejunostomy. A nodular mucosa is 
seen in the distal esophagus above the anastomosis. (From Levine MS: 
Radiologyofthe Esophagus. Philadelphia, WB Saunders, 1989.) 
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Figure 21-24 Acute alcohol-induced esophagitis. A, B. In both 
patients, multiple small, superficial ulcers are present in the 
midesophagus and distal esophagus. Reflux esophagitis could 
produce identical findings, but esophageal symptoms were 
precipitated by a recent alcoholic binge in both cases. (From 
O'Riordan D, Levine MS, Laufer I: Acute alcoholic esophagitis. 

Can Assoc Radiol J 37:54-55, 1986.) 


esophagitis most likely represents a self-limited form of reflux 
esophagitis. 

CLINICAL FINDINGS 

Acute alcohol-induced esophagitis may be associated with 
abrupt onset of odynophagia, dysphagia, or hematemesis im- 
mediately after an alcoholic binge. 131 Marked clinical improve- 
ment occurs within 1 to 2 weeks after withdrawal of alcohol. 131 
Although other conditions may have a similar presentation, the 
correct diagnosis is usually suggested by the temporal relation- 
ship between an alcoholic binge and the development of 
esophagitis. 


Chronic Graft-Versus-Host Disease 

Transplantation of bone marrow from matched sibling donors 
has become an accepted treatment for patients with aplastic 
anemia, acute leukemia, and other hematologic malignancies. 
Depending on the underlying disease, these patients have 5-year 
survival rates of 60% to 80% after marrow transplantation. 134 
However, 30% of long-term survivors develop chronic graft- 
versus-host disease within 3 to 12 months after undergoing this 
procedure. 135 The disease is an immunologic disorder in which 
immunocompetent donor lymphocytes react against antigenic 
differences in host tissues, causing severe tissue damage. The 
most frequently involved target organs are the skin and liver, 
but the eyes, mucous membranes, and GI tract may also be 
affected. 134-136 

Esophageal involvement occurs in about 15% of patients 
with chronic graft-versus-host disease. 1 " The immunologic 
process causes bulla formation, followed by desquamation and 
sloughing of the esophageal mucosa and subsequent stricture 
formation. 1 The pathologic findings appear to be similar to 
those of epidermolysis bullosa dystrophica, benign mucous 
membrane pemphigoid, and other diseases associated with 
severe scarring and stricture formation in the esophagus. 

CLINICAL FINDINGS 

Symptoms of esophageal involvement by chronic graft-versus- 
host disease include dysphagia, odynophagia, substernal chest 
pain, and weight loss. 135,137 Infectious esophagitis may produce 
similar findings in this clinical setting, 140 but opportunistic 
infection of the esophagus often develops within 1 to 8 weeks 
after marrow transplantation, whereas chronic graft-versus- 
host disease usually occurs later (3 to 12 months after trans¬ 
plantation). 13 The temporal relationship between marrow 
transplantation and the development of symptoms is therefore 
helpful for differentiating these conditions. 

RADIOGRAPHIC FINDINGS 

In early esophageal involvement by chronic graft-versus-host 
disease, the esophagus may have an irregular, serrated contour 
secondary to mucosal desquamation and sloughing. 137 With the 
development of scarring, barium studies may reveal webs or 
strictures in the esophagus. Webs are usually found in the cervi- 
cal esophagus near the level of the cricopharyngeus (Fig. 
21-25A). 137 These lesions cannot be differentiated from idio- 
pathic webs or those associated with other conditions such as 
epidermolysis bullosa dystrophica and benign mucous mem¬ 
brane pemphigoid. Other patients may develop ringlike or 
smoothly tapered strictures in the upper, mid, or, less com- 
monly, distal esophagus (Fig. 21-25B). 135,13 The correct diagno¬ 
sis should be suggested in patients who are known to have 
undergone marrow transplantation. 


RADIOGRAPHIC FINDINGS 

Acute alcohol-induced esophagitis is manifested radiographi- 
cally by multiple areas of superficial ulceration in the distal 
third of the esophagus (Fig. 21-24). 1 Reflux esophagitis may 
produce identical radiographic findings. Nevertheless, the diag¬ 
nosis should be suggested by the patient’s recent drinking 
history. 


Glutaraldehyde-lnduced 
Esophageal Injury 

Glutaraldehyde is the agent most commonly used to disinfect 
endoscopic equipment. Outbreaks of hemorrhagic colitis in 
patients who underwent colonoscopy have been attributed to 
inadequate cleaning and rinsing of endoscopic equipment, with 
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Figure 21-25 Chronic graft-versus-host 
disease with esophageal involvement. 

A. A web is seen en face ( arrow ) in the cervical 
esophagus. B. A long tapered stricture is 
present in the distal esophagus in another 
patient. Nodular and linear filling defects 
(arrows ) within the narrowed segment are 
caused by mucosal desquamation and 
sloughing. (A from McDonald GB, Sullivan KM, 
Plumley TF: Radiographic features of 
esophageal involvement in chronic graft-vs.-host 
disease. AJR 142:501-506, 1984; B courtesy 
Seth N. Glick, MD, Philadelphia.) 


subsequent exposure of the colonic mucosa to residual glutar- 
aldehyde. 141 A study on laboratory rats has shown that glutar- 
aldehyde also has a toxic effect on the esophagus, causing 
inflammation and segmental vasculitis. 142 Rarely, esophageal 
strictures may develop in humans within several weeks of 
endoscopy, presumably because of exposure to glutaraldehyde- 
contaminated endoscopic equipment (Fig. 21-26). 142 Exposure 
to glutaraldehyde should therefore be considered as a possible 
cause of esophagitis and rapidly progressive esophageal stric¬ 
tures in these patients. 

Beh^et's Disease 

Beh^et’s disease was first described by Beh^et in 1937 as the 
clinical triad of oral and genital ulceration and ocular inflam¬ 
mation. Beh^ets disease is now recognized as a multisystem 
disorder characterized by a nonspecific vasculitis with resulting 
skin lesions, arthritis, colitis, thrombophlebitis, and, rarely, 
encephalitis. 143,144 In the GI tract, Beh^et’s disease usually 
involves the colon, producing a localized or diffuse form of 
colitis in about 20% of patients. 143 Esophageal involvement 
has occasionally been reported. 144 149 Affected individuals may 
present with substernal chest pain, dysphagia, and hemateme- 
sis. 144,14f Double-contrast esophagography may reveal discrete 
superficial ulcers in the midesophagus (Fig. 21-27), widespread 
esophagitis, or strictures. 144 Rarely, a single giant ulcer may be 
observed. 146 Because Beh^et s disease is often treated with ste¬ 
roids or other immunosuppressive agents, herpes esophagitis 
should be suspected as a more likely cause of esophageal ulcers 
in these patients. Endoscopic brushings, biopsy specimens, and 
cultures are therefore required to differentiate this condition 
from viral esophagitis. 


Esophageal Intramural 
Pseudodiverticulosis 

When esophageal intramural pseudodiverticulosis was first 
described in 1960, it was thought that mucosal herniation 
through defects in the esophageal wall produced true intramu¬ 
ral diverticula, analogous to Rokitansky-Aschoff sinuses in the 
gallbladder. 150 Since that time, however, the pathologic basis for 
these structures has been well elucidated. Although esophageal 
intramural pseudodiverticulosis is a relatively uncommon con¬ 
dition, it has received considerable attention in the radiologic 
literature because of its often spectacular appearance on barium 
studies. 

PATHOGENESIS 

The esophagus normally contains about 200 deep mucous 
giands that occur in longitudinal rows parallel to the long axis 
of the esophagus. 151 Within each giand, several short duets con- 
verge to form a single main exeretory duet that extends 2 to 
5 mm through the esophageal wall, producing a small opening 
on the mucosa. 152 Pathologic studies have shown that esopha¬ 
geal intramural pseudodiverticula represent dilated exeretory 
duets of these deep mucous giands. 153155 

Although the anatomic basis of these structures has been 
well delineated, the explanation for this ductal dilation is 
unclear. One organism, Candida albicans , has been cultured 
from the esophagus in 34% to 50% of patients. 1,156 158 It has 
therefore been postulated that Candida esophagitis predisposes 
to the development of esophageal intramural pseudodiverticu¬ 
losis. 159 However, most investigators instead believe that the 
fungal organisms are secondary esophageal invaders and are not 
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Figure 21-26 Glutaraldehyde-induced esophageal stricture. 

A long, tapered stricture is seen in the thoracic esophagus. This 
stricture developed 1 month after endoscopy, presumably because of 
exposure to residual glutaraldehyde on the endoscopic equipment. 
Scarring from caustic ingestion could produce identical radiographic 
findings. 


important causative factors in the development of this 
condition. 154, 160 162 

Others have postulated that ductal dilation results from 
plugging and obstruction of the duets by thick, viscous mueus 
and inflammatory material. 152 In various series, 80% to 90% 
of patients with pseudodiverticulosis have had endoscopic or 
histologic evidence of inflammatory disease in the esopha¬ 
gus. 151,1 In one study, most patients also had scarring or stric- 
tures in the distal esophagus caused by reflux esophagitis. 163 
Thus, esophageal intramural pseudodiverticulosis most likely 
occurs as a sequela of chronic esophagitis, particularly reflux 
esophagitis, but it is unclear why so few patients with esopha¬ 
gitis develop this condition. 

About 90% of patients with esophageal intramural pseudo¬ 
diverticulosis have associated strictures. 151 It has therefore 
been suggested that inereased intraluminal pressure or stasis 
above the stricture may cause ductal diktion. 152 This theory is 
weakened, however, by the observation that the pseudodiver- 
ticula are often found below the level of the stricture. 151 Con- 
versely, stricture formation could be caused by the development 
of microabscesses in the duets, resulting in perforation, peridi- 
verticulitis, and scarring. 162,164 This hypothesis would explain 
why there is often no other apparent cause for the development 
of esophageal strictures in these patients. 



\ 


Figure 21-27 Beh^et's disease with superficial uleeration. 

A cluster of tiny uleers ( arrows ) is present in the midesophagus. 
Herpes esophagitis and drug-induced esophagitis are mueh more 
common causes of discrete uleers in the midesophagus. (From 
Levine MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 
1989.) 


CLINICAL FINDINGS 

Esophageal intramural pseudodiverticulosis usually occurs in 
older adults and is slightly more common in men. 151,156 ' 158 
About 20% of patients are diabetics, and 15% are alcohol- 
ics. 143,144 Most patients present with intermittent or slowly 
progressive dysphagia resulting from the high prevalence of 
associated strictures. 151,153,156)157)161 ’ 162 

Treatment is usually directed toward the underlying stricture 
because the pseudodiverticula themselves rarely cause symp¬ 
toms. Diktion of strictures produces a marked clinical response 
in almost all patients. 162,164 The pseudodiverticula may persist 
or disappear after treatment, but the fate of these structures has 
no relationship to the clinical course of the patient. 

RADIOGRAPHIC FINDINGS 

Esophageal intramural pseudodiverticulosis is diagnosed in 
fewer than 1% of all patients who undergo barium esoph- 
agograms. 163 Failure to visualize the pseudodiverticula may 
result from ductal obstruction by inflammatory material or 
debris that prevents barium from entering the duets. Nev- 
ertheless, esophagography is more sensitive than endoscopy 
for detecting these lesions because the orifices of the 
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Figure 21-28 Esophageal intramural pseudodiverticulosis with 
high strictures. A, B. In both cases, the pseudodiverticula appear 
as characteristic outpouchings in longitudinal rows parallel to the 
long axis of the esophagus. Associated strictures ( arrows ) are seen in 
the upper thoracic esophagus. (B from Levine MS: Radiology of 
the Esophagus. Philadelphia, WB Saunders, 1989.) 



Figure 21-29 Esophageal intramural pseudodiverticulosis with 
an intramural track. This track (arrow) is caused by bridging of 
adjacent pseudodiverticula. Other pseudodiverticula seen en face 
could be mistaken for shallow ulcers. (Courtesy Stephen E. Rubesin, 
MD, Philadelphia.) 


dilated excretory duets are extremely difficult to visualize 
at endoscopy. 156 

Esophageal intramural pseudodiverticulosis is classically 
manifested by innumerable, tiny (1- to 4-mm), flask-shaped 
outpouchings in longitudinal rows parallel to the long axis of 
the esophagus (Fig. 21-28). 151,153 ’ 156 ’ 157 ’ 160,164 

Because the necks of the pseudodiverticula are 1 mm or less 
in diameter, incomplete filling may erroneously suggest lack of 
communication with the esophageal lumen. 163 The pseudodi¬ 
verticula may occasionally be recognized on CT by thickening 
of the esophageal wall, irregularity of the lumen, and intramu¬ 
ral gas collections within these st ruet ures. 

Bridging may sometimes occur between adjacent pseudo¬ 
diverticula, resulting in discrete intramural tracks (Fig. 
21-29). 156,157,160 In one study, intramural tracking was detected 
on esophagography in 50% of patients with esophageal intra¬ 
mural pseudodiverticulosis." These tracks may vary from 
short, thin connections between two or more pseudodiver¬ 
ticula to long intramural collections of barium paralleling 
the lumen. Occasionally, these long tracks can be mistaken 
for large ulcers or even extraluminal collections associated 


with an intramural esophageal dissection or contained 
perforation." 

Half of the reported patients with esophageal intramural 
pseudodiverticulosis have diffuse disease, and the remaining 
50% have segmental disease. 151,156,157 About 90% of patients 
have associated strictures, usually in the distal esophagus, with 
a focal cluster of pseudodiverticula in the region of a peptic 
stricture (Fig. 21-30). 163 Other patients may have segmental 
strictures in the upper or middle third of the esophagus (see 
Fig. 21-28). 151,156,157 In such cases, the pseudodiverticula often 
extend well above and below the level of the stricture. 156 
Although most patients with esophageal intramural pseudodi¬ 
verticulosis have esophagitis or strictures, pseudodiverticula 
may occasionally be observed in patients with an otherwise 
normal-appearing esophagus. 163 

Esophageal intramural pseudodiverticulosis has also been 
reported in patients with esophageal carcinoma. 166 Such cases 
could conceivably result from malignant degeneration of 
preexisting peptic strictures in patients with Barrett s esopha¬ 
gus. Whatever the explanation, strictures associated with 
pseudodiverticulosis are not always benign, so these strictures 
should be evaluated individually for radiographic signs of 
malignancy. 
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Figure 21-30 Esophageal intramural pseudodiverticulosis with 
a peptic stricture. When viewed en face, the pseudodiverticula 
could be mistaken fortiny ulcers. When viewed in profile, however, 
the pseudodiverticula ( arrows ) do not appear to communicate with 
the esophageal lumen. This characteristic feature helps differentiate 
these structures from ulcers. There also is narrowing and deformity of 
the distal esophagus caused by an associated peptic stricture. (From 
Levine MS: Radiologyofthe Esophagus. Philadelphia, WB Saunders, 
1989.) 

Rarely, perforation of an esophageal intramural pseudodi- 
verticulum may result in diverticulitis, with the development 
of a periesophageal inflammatory mass or abscess in the 
mediastinum. 167,168 Affected individuals may present with chest 
pain, fever, leukocytosis, or other signs of mediastinitis. 168 In 
such cases, esophagography may reveal localized extravasation 
of contrast material into the mediastinum from the perforated 
pseudodiverticulum (Fig. 21-31). 168 CT may also reveal a 
periesophageal inflammatory mass with or without associated 
collections of gas. 167 In previously reported cases, the perfora- 
tions have sealed off with parenteral nutrition and intravenous 
antibiotics. 167,168 Thus, esophageal perforation caused by rup- 
tured pseudodiverticula may be more likely to heal on con- 
servative medical treatment than other types of esophageal 
perforations. 



Figure 21-31 Esophageal intramural pseudodiverticulosis with 
associated diverticulitis. There is a large, irregular extraluminal 
barium collection (arrows), presumably caused by a sealed-off 
perforation ofa pseudodiverticulum. (Courtesy Peter J. Feczko, MD, 
Royal Oak, Ml.) 


DIFFERENTIAL DIAGNOSIS 

The radiographic Åndings of esophageal intramural pseudodi¬ 
verticulosis are pathognomonic of this condition. Although 
pseudodiverticula can occasionally be confused with true diver- 
ticula, the latter structures are considerably larger and less 
numerous and should not pose a major diagnostic dilemma. 
When viewed en face, pseudodiverticula can also be mistaken 
for tiny ulcers associated with various types of esophagitis (see 
Fig. 21-30). When viewed in profile, however, the pseudodi¬ 
verticula have a typical flask-shaped configuration and often 
seem to be floating outside the esophageal wall without any 
apparent communication with the lumen, whereas true ulcers 
almost always communicate directly with the lumen. The char¬ 
acteristic tangential appearance of the pseudodiverticula should 
therefore differentiate these structures from actual areas of 
ulceration. 
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Benign tumors of the esophagus constitute only about 20% of 
all esophageal neoplasms. 1 Most are small lesions that cause no 
symptoms and are discovered fortuitously on barium studies or 
endoscopy. Occasionally, however, these tumors may cause dys- 
phagia, bleeding, or other symptoms, necessitating endoscopic 
or surgical removal. Depending on their site of origin, benign 
esophageal neoplasms may be classified as mucosal or submu¬ 
cosal lesions, which have typical radiographic and endoscopic 
features. 

Mucosal Lesions 

PAPILLOMA 

Squamous papillomas (or simply, papillomas) are uncommon 
benign tumors, accounting for less than 5% of all esophageal 
neoplasms. 2 The lesions consist histologically of a central fibro¬ 
vascular core with multiple finger-like projections covered by 
hyperplastic squamous epithelium. 3 Papillomas usually appear 
grossly as coral-like excrescences from the mucosa. Although 
the pathogenesis of these tumors is uncertain, the human papil - 
lomavirus 4 and chronic reflux esophagitis 5 have been implicated 
as causative factors. 

All papillomas in the esophagus reported thus far have been 
benign lesions. Nevertheless, malignant degeneration has been 
observed in experimentally induced esophageal papillomas in 
rats. 6 Malignant transformation has also been documented 
in papillomas arising in the oral cavity, larynx, and uterine 
cervix. 7 ' 9 In some cases, benign papillomas can be mistaken 
on histologic examination for verrucous carcinoma, an 
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uncommon form of squamous cell carcinoma. 10 Thus, some 
investigators believe that all papillomas in the esophagus should 
be resected because of the uncertain risk of malignant degen¬ 
eration and potential confusion with verrucous carcinoma. 11 

Papillomas in the esophagus usually occur as solitary lesions, 
ranging from 0.5 to 1.5 cm in size. Most patients are asymp- 
tomatic, but dysphagia is an occasional finding. 311 Rarely, mul¬ 
tiple papillomas may be present in the esophagus, a condition 
known as esophageal papillomatosis . 1214 

Radiographic Findings 

Papillomas are difficult to detect on single-contrast barium 
studies because of the small size of the lesions. In contrast, they 
can be recognized on double-contrast studies as small (<1 cm), 
sessile polyps that have a smooth or slightly lobulated contour 
(Fig. 22-1). 15 Because early esophageal cancers may also appear 
as small polypoid lesions, endoscopy should be performed to 
exclude an early carcinoma. Occasionally, larger papillomas 
may be manifested by lobulated intraluminal masses that are 
indistinguishable from advanced esophageal carcinoma. Rarely, 
esophageal papillomas may have a bubbly appearance second- 
ary to trapping of barium between the papillary fronds of the 
tumor (Fig. 22-2). 16 

Multiple papillomas may be demonstrated on esophagogra- 
phy in patients with esophageal papillomatosis. 1214 Despite its 
rarity, the diagnosis of papillomatosis should be suggested by 
the presence of multiple, discrete, lobulated protrusions on the 
mucosa (Fig. 22-3). Even when multiple papillomas are present, 
these lesions rarely cause obstruction. 

ADENOMA 

Adenomas account for less than 1% of all benign esophageal 
neoplasms. They are rarely found in the esophagus because it 
is lined by squamous rather than columnar epithelium. However, 
adenomas may develop in patients with Barrett’s esophagus (see 
Chapter 19). 18,19 These adenomas are important because of 
the risk of malignant degeneration via an adenoma-carcinoma 
sequence similar to that found in the colon. 18,19 Esophageal 
adenomas should therefore be resected endoscopically or surgi- 
cally, whenever feasible. 

Radiographic Findings 

Esophageal adenomas may appear on barium studies as sessile 
or pedunculated polyps in the esophagus (Fig. 22-4). Larger, 
more lobulated lesions have a greater likelihood of harboring 
adenocarcinoma. Most adenomas are located in the distal 
esophagus at or near the gastroesophageal junction. 19 As a 
result, they can be mistaken for inflammatory esophagogastric 
polyps (see next section). Nodularity, lobulation, and the large 
size of the lesion should favor an adenoma or adenocarcinoma. 
When an adenoma is suspected on barium studies, endoscopy 
and biopsy should be performed for a definitive diagnosis. 
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Figure 22-1 Papilloma. The lesion appears as a sessile, slightly 
lobulated polyp ( arrows ) in the midesophagus. An early esophageal 
carcinoma could produce similar findings. 


Figure 22-2 Giant esophageal papilloma. The lesion has a bubbly 
appearance ( arrows ) caused by trapping of barium between the 
papillary fronds of the tumor. (From WalkerJH: Giant papilloma of 
the thoracic esophagus. AJR 131:519-520, 1978.) 


INFLAMMATORY ESOPHAGOGASTRIC POLYP 

Although inflammatory esophagogastric polyps are not neo- 
plastic, they are included in this chapter because they are char- 
acterized by the presence of a polypoid protuberance in the 
distal esophagus abutting the gastroesophageal junction. The 
polyp represents the bulbous tip of a thickened gastric fold 
extending into the distal esophagus from the gastric fundus. 20 ' 24 
The lesions are composed of inflammatory and granulation 
tissue and are thought to be a sequela of chronic reflux esopha- 
gitis (see Chapter 19). 21,22 Affected individuals may therefore 
have clinical signs of chronic reflux disease. Because inflamma¬ 
tory esophagogastric polyps have no malignant potential, endo- 
scopic resection is unwarranted. 24 

Radiographic Findings 

Inflammatory esophagogastric polyps are usually manifested 
on barium studies by a single prominent fold that arises in the 
gastric fundus and extends into the distal esophagus as a 
smooth, ovoid, or club-shaped protuberance (Fig. 22-5A). 20,23,24 
The lesions frequently straddle a hiatal hernia and may be 
associated with other findings of reflux esophagitis. When the 
characteristic features of these lesions are present on barium 
studies, endoscopic confirmation is unnecessary. Occasionally, 
however, the polyps may have a more irregular, nodular, or 
lobulated appearance, so a malignant lesion cannot be excluded 


(Fig. 22-5B). 23 In such cases, endoscopy and biopsy are required 
for a definitive diagnosis. 

GLYCOGENIC ACANTHOSIS 

Since its original description in 1970, 25 glycogenic acanthosis 
has been recognized as a benign, non-neoplastic condition of 
unknown cause. Nevertheless, it is included in this chapter 
because it is manifested by mucosal nodules or plaques. Glyco¬ 
genic acanthosis is characterized histologically by hyperplasia 
of squamous epithelial cells secondary to increased cytoplasmic 
glycogen. 25,26 It is a common condition, with a prevalence of 3% 
to 15% at endoscopy. 9 The lesions appear endoscopically as 
white mucosal plaques or nodules, ranging from 2 to 15 mm in 
size. 27,28 A definitive diagnosis is made by demonstrating the 
characteristic glycogen-rich epithelial cells on biopsy specimens 
stained with periodic acid-Schiff stain. 25 

Glycogenic acanthosis is a degenerative condition; the lesions 
first appear when patients are in their 40s and 50s and become 
larger and more numerous in patients over 60 years of age. 30 Gly¬ 
cogenic acanthosis rarely causes esophageal symptoms, and it is 
not associated with any known risk of malignant degeneration. 31 
This condition is therefore almost always discovered as an inci¬ 
dental finding on radiologic or endoscopic examination. 

Radiographic Findings 

Although the appearance of glycogenic acanthosis was not 
described on barium studies until 1981, 32 it has since 
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Figure 22-3 Esophageal papillomatosis. There are innumerable 
wartlike excrescences on the esophageal mucosa. Despite the 
dramatic radiographic appearance, this patient had no esophageal 
symptoms. (Courtesy Harvey M. Goldstein, MD, San Antonio, TX.) 



Figure 22-4 Adenomatous polyp in Barrett # s esophagus. The polyp 
(arrows ) originates at the gastroesophageal junction and extends into 
the distal esophagus above a hiatal hernia. Although this lesion could 
be mistaken for an inflammatory esophagogastric polyp, it is larger and 
more lobulated than most inflammatory polyps. The resected specimen 
contained a solitary focus of adenocarcinoma. (From Levine MS, 
Caroline D, Thompson JJ, et al: Adenocarcinoma o f the esophagus: 
relationship to Barrett mucosa. Radiology 150:305-309, 1984.) 


Figure 22-5 Inflammatory 
esophagogastric polyps. A. An 

inflammatory polyp is seen en 
face as a prominent fold ( straight 
arrows ) arising at the cardia and 
extending into the distal 
esophagus as a smooth, 
club-shaped mass ( curved arrow). 
The radiographic findings are so 
characteristic that endoscopy is 
unwarranted. B. This inflammatory 
polyp has a more lobulated 
appearance (arrows), so it cannot 
be differentiated from an 
adenomatous polyp or even an 
adenocarcinoma (see Fig. 22-4). 

(B from Levine MS: Radiology of 
the Esophagus. Philadelphia, WB 
Sa unders, 1989.) 
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been recognized as a frequent finding on double-contrast 
esophagography, occurring in up to 30% of patients. 1 Glyco- 
genic acanthosis is usually manifested on double-contrast 
radiographs by discrete, small, rounded nodules or plaques in 
the mid or distal esophagus (Fig. 22-6). 31 The lesions tend to be 
more obvious in the midesophagus because the distal esopha¬ 
gus is often obscured by pooling of barium in this region. The 
nodules usually range from 2 to 3 mm in size, but occasional 
plaques may be 1 cm or larger. 31 2 

Differential Diagnosis 

Although glycogenic acanthosis has little clinical significance, 
it should be distinguished from other causes of mucosal nodu- 
larity, such as superficial spreading carcinoma and reflux or 
Candida esophagitis. However, superficial spreading carcinoma 
is characterized by poorly defined, confluent nodules and 
plaques (see Chapter 23), and reflux esophagitis is character¬ 
ized by innumerable tiny nodules in the distal esophagus, 
producing a granular appearance (see Chapter 19). In contrast, 
the nodules of glycogenic acanthosis are more prominent in 
the midesophagus and have more discrete margins with normal 
intervening mucosa. Although the plaques of Candida esopha¬ 
gitis may be indistinguishable on double-contrast studies 
from those in glycogenic acanthosis (see Chapter 20), Candida 
esophagitis occurs in immunocompromised patients with 


Figure 22-6 Glycogenic acanthosis. A, B. In both cases, this 
condition is manifested by multiple small plaques and nodules in the 
midesophagus. The lesions tend to have a rounded appearance. 
Candida esophagitis could produce similar findings, but patients with 
glycogenic acanthosis are almost always asymptomatic. (A from 
Levine MS, Macones AJ, Laufer I: Candida esophagitis: Accuracy of 
radiographic diagnosis. Radiology 154:581-587, 1985; B from Levine 
MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


odynophagia or dysphagia, whereas glycogenic acanthosis 
occurs in older individuals who are not immunocompromised 
and have no esophageal symptoms. Thus, the clinical history 
and presentation are extremely helpful for differentiating these 
conditions. 

LEUKOPLAKIA 

Oral leukoplakia is a common condition characterized by white 
mucosal plaques that exhibit various combinations of hyper- 
keratosis, epithelial dysplasia, and frank carcinoma on histo- 
logic examination. In contrast, leukoplakia rarely involves the 
esophagus, 33 35 and its malignant potential in this location is 
unknown. Endoscopy may reveal white mucosal plaques smaller 
than 1 cm. 33 Rarely, the lesions may be recognized on double- 
contrast esophagograms as tiny nodules or plaques. However, 
most asymptomatic patients with a nodular mucosa probably 
have glycogenic acanthosis. 31 Esophageal leukoplakia should 
therefore be considered a histologic rather than a radiologic 
diagnosis. 

ACANTHOSIS NIGRICANS 

Acanthosis nigricans is a dermatologic disorder characterized 
by the triad of papillomatosis, pigmentation, and hyperkera- 
tosis. Some patients have a malignant type of acanthosis nigri¬ 
cans associated with adenocarcinomas of the gastrointestinal 
tract, ovary, lung, or breast. Esophageal involvement has occa- 
sionally been reported in patients with the malignant form 
of the disease. 35,36 The esophageal lesions appear on barium 
studies as numerous tiny nodules. 35,36 Because this condition 
rarely involves the esophagus, the diagnosis should be sug- 
gested only in patients with known acanthosis nigricans involv- 
ing the skin. 

Submucosal Lesions 

By definition, all submucosal lesions arising in the wall of the 
gastrointestinal tract are intramural. Not all intramural lesions 
are submucosal, however, because they can also arise from the 
muscularis propria or even the subserosa. Despite this distinc- 
tion, the terms submucosal and intramural are used interchange- 
ably in this text based on long-standing convention. 

LEIOMYOMA 

Leiomyomas are the most common mesenchymal tumors of 
the esophagus, accounting for more than 50% of all benign 
esophageal neoplasms. 2 39 These lesions are composed of 
intersecting bands of smooth muscle and fibrous tissue in a 
well-defined capsule and consist histologically of an interlacing 
or palisading pattern of spindle cells with eosinophilic cyto- 
plasm. 39 Leiomyomas are usually smaller than 3 cm, 38 but giant 
lesions as large as 20 cm have been reported. 40,41 These tumors 
are predominantly located in the middle and lower thirds 
of the thoracic esophagus, because this is the portion of the 
esophagus lined by smooth muscle. 39 Leiomyomas usually 
appear grossly as discrete submucosal masses, but some lesions 
have an exophytic, intraluminal, or even circumferential pattern 
of growth. 

Most leiomyomas in the esophagus occur as solitary lesions, 
but multiple leiomyomas are present in 3% to 4% of patients. 42,43 
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Rarely, these tumors may be associated with uterine or vulvar 
leiomyomas, apparently on a familial basis. 44,45 Esophageal 
leiomyomas have also been documented in patients with hyper- 
trophic osteoarthropathy, a condition characterized by clubbed 
fingers and toes, swollen joints, and subperiosteal new bone 
formation in the extremities. 46 

Clinical Findings 

Most patients with esophageal leiomyomas are asymptomatic, 
but lesions that encroach on the lumen may cause slowly 
worsening dysphagia or other symptoms such as substernal 
discomfort, vomiting, and weight loss. 39,47 Unlike gastrointes- 
tinal stromal tumors (GISTs) in the stomach, esophageal 
leiomyomas rarely ulcerate, so upper gastrointestinal bleeding 
is extremely uncommon. 4 Because of the slowly progressive 
nature of the lesions, symptoms may be present for several 
years before these patients seek medical attention. Rarely, 
affected individuals may present with signs and symptoms 
of acute esophageal obstruction. 48 The treatment of choice 
for symptomatic patients is surgical enucleation of the 
tumor, but larger lesions may necessitate a more extensive 
esophageal resection. Leiomyomas typically do not recur after 

39 

surgery. 

Although leiomyomas are relatively common lesions in the 
esophagus, their malignant counterparts, leiomyosarcomas, are 
rare (see Chapter 24). To date, sarcomatous degeneration of an 
esophageal leiomyoma has not been reported. In one series, 
esophageal leiomyomas were followed for as long as 15 years 
without evidence of malignant transformation. 49 Thus, surgical 
removal of small leiomyomas in asymptomatic patients is prob- 
ably not warranted. 

Radiographic Findings 

Leiomyomas that grow exophytically in to the mediastinum may 
be recognized on chest radiographs by the presence of a medi¬ 
astinal mass. 50 Rarely, these tumors may contain amorphous or 
punctate calcification. 51,52 Because calcification almost never 
occurs in other benign or malignant tumors of the esophagus, 
the presence of a calcified esophageal mass should suggest a 
leiomyoma, although one case of a densely calcified esophageal 
leiomyosarcoma has been reported. 5 ' 

On barium esophagography, leiomyomas usually appear in 
profile as smooth-surfaced submucosal masses (etched in white 
on double-contrast radiographs) that form right angles or 
slightly obtuse angles with the adjacent esophageal wall (Ligs. 
22-7 and 22-8A) and en face as ro und or ovoid filling defects 
with splitting of the barium column around the lesion and 
apparent widening of the lumen (Lig. 22-8B). 38 These tumors 
may gradually enlarge over time, but ulceration is rare. Leio¬ 
myomas typically appear on computed tomography (CT) scans 
as homogeneous soft tissue masses, 54 but differentiation from 
other esophageal tumors is difficult. 

Although the vast majority of leiomyomas in the esophagus 
occur as solitary submucosal masses, esophagography may 
occasionally reveal multiple lesions 42,43 or even annular lesions 
with varying degrees of obstruction. 39 Rarely, leiomyomas may 
be giant intraluminal masses that are attached to the upper 
thoracic or cervical esophagus by a long pedicle. 55 However, 
most pedunculated intraluminal tumors in the esophagus 
contain a variety of other mesenchymal elements; these tumors 
have therefore been classified together as fibrovascular polyps 
(see later, “Librovascular Polyp”). Rarely, distal esophageal 



Figure 22-7 Esophageal leiomyomas. A, B. The lesions ( arrows ) 
have a smooth surface (etched in white ) and slightly obtuse borders 
characteristic of submucosal masses. 


leiomyomas may directly involve the gastric cardia and 
fundus. 56 

Differential Diagnosis 

Most submucosal masses in the esophagus are leiomyomas. 
However, other unusual intramural tumors such as granular 
cell tumors, lipomas, hemangiomas, and neurofibromas may 
produce identical radiographic findings (see later). Cystic 
lesions such as congenital duplication cysts and acquired reten¬ 
tion cysts may also appear as submucosal masses on barium 
studies (see later, “Cysts”). Even an isolated esophageal varix 
may resemble a submucosal tumor, but effacement or oblitera- 
tion of the lesion by esophageal distention should suggest its 
vascular origin (see Chapter 25). Because leiomyomas usually 
occur as solitary lesions in the esophagus, the presence of mul¬ 
tiple submucosal masses should raise the possibility of multiple 
granular cell tumors or hemangiomas or malignant conditions 
such as lymphoma, leukemia, or Kaposi’s sarcoma involving the 
esophagus (see Chapter 24). In contrast, hematogenous metas¬ 
tases almost never involve the esophagus. 

Leiomyomas should be distinguished from extramural 
lesions that are extrinsically compressing or indenting the 
esophagus. When viewed in profile, extrinsic lesions tend to 
have more obtuse, gently sloping borders than intramural 
lesions. Another useful criterion for differentiating these lesions 
is the spheroid sign, which is based on the principle that the 
estimated center of the mass should lie outside the projected 
contour of the esophagus for extramural lesions but inside 
the projected contour for intramural lesions. 57 When the radio¬ 
graphic findings are equivocal, CT may be helpful for dif¬ 
ferentiating a submucosal tumor from a mediastinal mass 
compressing the esophagus. 55 
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Figure 22-8 Esophageal 
leiomyoma. A. Tangential view 
reveals the characteristic features 
of a submucosal lesion. The outer 
margin of the leiomyoma is seen 
as a soft tissue shadow ( arrows ) 
abutting the lung. B. En face view 
shows a smooth, rounded filling 
defect in the esophagus, with 
splitting of barium around the 
lesion. The esophagus appears 
widened at this level. (Courtesy 
Marc P. Banner, MD, 

Philadelphia.) 


GASTROINTESTINAL STROMAL TUMOR 

In the past, almost all mesenchymal neoplasms in the esophagus 
were thought to be benign leiomyomas, but recent studies 
have shown that GISTs are more common in the esophagus 
than previously recognized. 58 ' 61 Like leiomyomas, these tumors 
consist histologically of multiple spindle cells, but GISTs are 
characterized by their unique immunohistochemical expression 
of CD 117, also known as C-KIT. 2 Immunochemical testing is 
therefore extremely helpful for differentiating GISTs from leio¬ 
myomas because only GISTs are positive for CD117 and CD34. 39 
Patients with esophageal GISTs may be asymptomatic, or they 
may present with dysphagia, depending on the size of the lesion 
and how much it encroaches on the lumen. Unlike leiomyomas, 
which are always benign, however, esophageal GISTs appear to 
have a malignant potential similar to that of GISTs elsewhere in 
the gastrointestinal tract (with the development of recurrent 
tumor after surgical resection), so more aggressive management 
of these tumors may be warranted. 61 Patients with esophageal 
GISTs could also benefit from adjuvant treatment with imatinib 
(Gleevec), a tyrosine kinase inhibitor. 61 Thus, differentiation of 
leiomyomas from GISTs in the esophagus has important rami- 
fkations for patient management. 

Radiographic Findings 

Esophageal GISTs typically appear on barium studies as discrete 
submucosal masses that are indistinguishable from leiomyomas 
or other mesenchymal tumors in the esophagus (Fig. 22-9). 61 
Like GISTs elsewhere in the gastrointestinal tract, however, 
esophageal GISTs tend to be larger, more heterogeneous (sec- 
ondary to cystic changes and necrosis), and more enhancing 
lesions than esophageal leiomyomas on contrast-enhanced 
CT (Fig. 22-10A). 61 Esophageal GISTs also have uniform and 
marked fhiorine-18-deoxyglucose (FDG) avidity on positron 
emission tomography (PET)/CT scans (Fig. 22-10B), another 



Figure 22-9 Esophageal GIST. The lesion appears as a discrete 
submucosal mass ( arrow) that is indistinguishable from an esophageal 
leiomyoma on barium esophagography. (From Winant A, Gollub MJ, 
Shia J, et al: Imaging and clinicopathologic features of esophageal 
gastrointestinal stromal tumors. AJR 203:306-314, 2014.) 
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Figure 22-10 Esophageal GIST. A. Contrast-enhanced axial CT scan shows a large, heterogeneous, well-circumscribed mass that is 
inseparable from the left lateral wall of the distal esophagus. Note peripheral enhancing solid components ( short arrows) and large internal cystic 
areas ( long arrows). B. Coronal PET/CT scan (maximum intensity projection) shows uniform and marked FDG avidity of large left paraesophageal 
mass (arrows). The findings on CT and PET enable differentiation of GISTs from leiomyomas. (From Winant A, Gollub MJ, Shia J, et al: Imaging 
and clinicopathologic features of esophageal gastrointestinal stromal tumors. AJR 203:306-314, 2014.) 


useful imaging feature for differentiating these tumors from 
leiomyomas. 61 Radiologists should be familiar with the imaging 
and clinicopathologic features of esophageal GISTs and of the 
importance of differentiating these lesions from leiomyomas 
because of their apparent malignant potential. 

LEIOMYOMATOSIS AND IDIOPATHIC 
MUSCULAR HYPERTROPHY 

Esophageal leiomyomatosis is a rare benign condition in which 
neoplastic proliferation of smooth muscle causes marked 
circumferential thickening of the esophageal wall, usually in 
the distal esophagus. 63 ' 65 This condition is found predomi- 
nantly in children and young adults who present with long- 
standing dysphagia. 65 Esophageal leiomyomatosis can occur 
sporadically or on a familial basis with autosomal dominant 
inheritance. 66,67 In some cases, this condition is associated 
with widespread visceral leiomyomatosis 68 ' 70 or hereditary 
nephritis (Alport’s syndrome). 66,67,69,71 Depending on the extent 
of the lesion, an esophagectomy or esophagogastrectomy is 
almost always curative. 63,67 

Idiopathic muscular hypertrophy of the esophagus is closely 
related to esophageal leiomyomatosis. This condition is 
characterized by non-neoplastic thickening of smooth muscle 
in the esophageal wall, possibly as a response to severe esopha¬ 
geal spasm. In contrast to patients with leiomyomatosis, these 
individuals usually remain asymptomatic or present with 
dysphagia during late adulthood. 7 6 Occasionally, however, 
patients with idiopathic muscular hypertrophy of the esopha¬ 
gus may have such severe dysphagia that an esophagectomy is 
required. 


Radiographic Findings 

Esophageal leiomyomatosis may be manifested on barium 
studies by smooth, tapered narrowing of the distal esophagus 
with decreased or absent esophageal peristalsis, mimicking the 
appearance of primary achalasia (Fig. 22-11A). 63,65,7 However, 
the narrowed segment tends to be longer than that in achalasia, 
and leiomyomatosis is sometimes associated with relatively 
symmetric paracardiac defects in the gastric fundus because of 
bulging of this thickened mass of muscle into the proximal 
stomach (see Fig. 22-11A). 65 CT may reveal marked circumfer¬ 
ential thickening of the distal esophageal wall, resembling the 
findings of secondary achalasia caused by metastatic tumor at 
the gastroesophageal junction (Figs. 22-1 IB and C). 65 However, 
leiomyomatosis usually occurs in children or adolescents with 
long-standing dysphagia, whereas secondary achalasia occurs in 
older adults with recent onset of dysphagia and weight loss. 76 
Thus, despite its rarity, the diagnosis of esophageal leiomyoma¬ 
tosis can usually be suggested on the basis of the clinical and 
radiographic findings. 

Idiopathic muscular hypertrophy of the esophagus may be 
manifested on esophagography by a corkscrew appearance with 
multiple lumen-obliterating, nonperistaltic contractions. 72 ' 74 
In other cases, this condition may produce an achalasia-like 
appearance, with tapered narrowing of the distal esophagus 
and proximal dilation on barium studies (Fig. 22-12A) 73,7 -' and 
marked circumferential thickening of the distal esophageal wall 
on CT (Fig. 22-12B). 73 The radiographic findings may there- 
fore be indistinguishable from those of esophageal leiomyoma¬ 
tosis. However, patients with idiopathic muscular hypertrophy 
of the esophagus usually present later in life than those with 
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Figure 22-11 Esophageal leiomyomatosis. A. Barium study shows smooth, 
tapered narrowing of the distal esophagus ( black arrows), resembling 
achalasia. However, the narrowed segment is longer than that typically seen in 
achalasia. Also, the thickened muscle is seen bulging into the gastric fundus 
as a soft tissue mass ( white arrow). B. Axial CT scan shows a mass of relatively 
low soft tissue attenuation ( large arrows) surrounding the distal esophagus 
with a slitlike collection of contrast material ( small arrow) in the compressed 
esophageal lumen. C. More caudad axial CT scan shows this thickened mass 
of muscle bulging into the gastric fundus ( arrows ) on both sides of the cardia. 
(From Levine MS, Buck JL, Pantongrag-Brown L, et al: Esophageal 
leiomyomatosis. Radiology 199:533-536, 1996.) 



Figure 22-12 Idiopathic muscular hypertrophy of the esophagus. A. Barium study reveals a 
markedly dilated esophagus with relatively abrupt narrowing (arrow) near the gastroesophageal 
junction. B. Axial CT scan near the level of the gastroesophageal junction shows massive 
thickening of the distal esophageal wall and narrowing of the lumen ( closed arrows). An 
air-contrast level (open arrow) is present in the dilated esophagus to the right. At surgery, there 
was a markedly thickened esophageal wall because of localized muscular hypertrophy without 
evidence of tumor. The radiographic findings in this case resemble those of esophageal 
leiomyomatosis shown in Figure 22-11. (Courtesy Richard L. Baron, MD, Pittsburgh, PA.) 
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leiomyomatosis, so the clinical history is helpful for differentiat- 
ing these conditions. 

FIBROVASCULAR POLYP 

Fibrovascular polyps are rare, benign, tumor-like lesions char- 
acterized by the development of pedunculated intraluminal 
masses that can grow to gigantic sizes in the esophagus. The 
lesions consist histologically of varying amounts of fibrovas¬ 
cular and adipose tissue covered by normal squamous 
epithelium. 9 Depending on the predominant mesenchymal 
components, these lesions have variously been called hamar- 
tomas, fibromas, lipomas, fibrolipomas, fibromyxomas, and 
fibroepithelial polyps. 8 However, they have all now been clas- 
sified together as fibrovascular polyps, 79 ' 80 a term recommended 
by the World Health Organization in its histologic classifica- 
tion of tumors. 81 

Fibrovascular polyps almost always arise in the cervical 
esophagus near the level of the cricopharyngeus. 78-80 They prob- 
ably originate from loose submucosal tissue in the cervical 
esophagus, gradually elongating over a period of years as they 
are dragged inferiorly into the middle or distal third of the 
esophagus by esophageal peristalsis until the intraluminal 
portion of the mass has attained gigantic proportions. 76 Occa- 
sionally, fibrovascular polyps can even prolapse through the 
cardia into the gastric fundus. 7 Regardless of the size of the 
polyp, its proximal end is almost always attached to the cervical 
esophagus by a discrete pedicle. 82 

Clinical Findings 

Fibrovascular polyps usually occur in older men who present 
with long-standing dysphagia that slowly progresses over a 


period of years as the intraluminal portion of the polyp gradu¬ 
ally enlarges. 8 Other patients may develop wheezing or inspira- 
tory stridor because of compression of the adjacent trachea by 
the distended esophagus. 8,83 Occasionally, these individuals 
may have a spectacular clinical presentation with regurgitation 
of a fleshy mass into the pharynx or mouth. 7,79,80,82 Some dis- 
traught patients have even tried to bite off the lesion with their 
teeth or remove it manually with their fingers. Apart from the 
bizarre clinical features of this entity, regurgitated fibrovascular 
polyps in the pharynx are potentially life-threatening because 
they have rarely been known to occlude the larynx, causing 
asphyxia and sudden death. 84 

Malignant degeneration of fibrovascular polyps is thought 
to be extremely rare. Nevertheless, removal of these lesions is 
recommended because of the progressive and eventually debili- 
tating nature of the symptoms and the theoretical risk of 
asphyxia and sudden death. Small fibrovascular polyps may be 
resected endoscopically, but large tumors should be removed 
surgically because significant bleeding may occur when the stalk 
is transected. 83 

Radiographic Findings 

Fibrovascular polyps can sometimes be recognized on chest 
radiographs by the presence of a right-sided superior medias¬ 
tinal mass, anterior tracheal bowing, or both. 83 The polyps 
usually appear on esophagography as smooth, expansile, 
sausage-shaped intraluminal masses that arise in the cervical 
esophagus and extend into the upper or middle third of the 
thoracic esophagus (Fig. 22-13A). 77,78,80,85 Occasionally, these 
lesions may show varying degrees of lobulation (Fig. 22-14A) 79 
or may extend into the distal esophagus or even the gastric 
fundus. Although most fibrovascular polyps have a site of 



Figure 22-13 Fibrovascular polyp. A. Barium study shows a smooth, sausage-shaped mass ( arrows ) expanding the lumen of the upper 
thoracic esophagus. This lesion has the classic appearance of a fibrovascular polyp. B. Axial CT scan shows an expansile mass ( arrow ) in the 
thoracic esophagus with a thin rim of contrast material surrounding the lesion, confirming its intraluminal location. The fat density of the polyp 
is caused by an abundance of adipose tissue in this lesion. (From Levine MS, Buck JL, Pantongrag-Brown L, et al: Fibrovascular polyps of the 
esophagus: Clinical, radiographic, and pathologic findings in 16 patients. AJR 166:781-787, 1996.) 




22 Benign Tumors of the Esophagus 359 



Figure 22-14 Fibrovascular polyp. A. Barium study shows an expansile mass extending into the distal thoracic esophagus. In contrast to 
the polyp in Figure 22-13A, this lesion has a lobulated contour, so it could be mistaken for a malignant esophageal tumor. B. Axial CT scan 
also shows an expansile mass ( arrows ) in the esophagus with intraluminal contrast material surrounding the lesion. In this case, note the 
heterogeneous appearance of the polyp with areas of fat juxtaposed with areas of soft tissue density. (From Levine MS, Buck JL, Pantongrag- 
Brown L, et al: Fibrovascular polyps of the esophagus: Clinical, radiographic, and pathologic findings in 16 patients. AJR 166:781-787, 1996.) 


attachment in the cervical esophagus, it is often difficult to 
demonstrate the proximal pedicle on barium studies. 83 

Fibrovascular polyps containing an abundance of adipose 
tissue may appear on CT as fat density lesions that expand the 
lumen of the esophagus, with a thin rim of contrast surround¬ 
ing the polyp, confirming its intraluminal location (Fig. 
22-13B). 83,86-88 Polyps containing equal amounts of adipose and 
fibrovascular tissue may appear as heterogeneous lesions with 
focal areas of fat density juxtaposed with areas of soft tissue 
density (Fig. 22-14B), and polyps containing an abundance of 
fibrovascular tissue may appear as areas of soft tissue density 
with a paucity of fat. 83 Thus, fibrovascular polyps may be mani¬ 
fested by a Spectrum of findings on CT, depending on the 
amount of adipose and fibrovascular tissue in these lesions. 
Occasionally, a centrally located feeding artery within the polyp 
may show contrast enhancement on CT. 89 

Fibrovascular polyps containing an abundance of adipose 
tissue are characterized by high signal intensity on Tl-weighted 
magnetic resonance imaging (MRI). 7 Such polyps may be 
manifested on endoscopic sonography by increased echo- 
genicity because of their high fat content. 

Differential Diagnosis 

Despite their size, fibrovascular polyps are sometimes difficult 
to diagnose on barium studies. These lesions can be mistaken 
for giant, coalescent air bubbles, extrinsic masses compressing 
the esophagus, or other polypoid intraluminal tumors, such as 
spindle cell carcinomas or primary malignant melanomas of 
the esophagus, particularly if the polyps are lobulated (see 
Chapter 24). However, these malignant tumors are often 
confined to the mid or distal thoracic esophagus, whereas fibro¬ 
vascular polyps always extend superiorly into the cervical 


esophagus. When fibrovascular polyps contain an abundance of 
adipose tissue, the typical findings on CT or MRI should suggest 
the correct diagnosis. 

GRANULAR CELL TUMOR 

Since its original description by Abrikossoff in 1926, granular 
cell myoblastoma has been recognized as a rare benign tumor 
that predominantly involves the skin, tongue, breast, and sub- 
cutaneous tissues. 91,92 Abrikossoff believed that these tumors 
had a myogenic origin, but pathologic data suggest that they 
have a neural derivation, arising from Schwann cells. 93 The term 
granular cell myoblastoma is therefore a misnomer, and the 
lesions have more correctly been described as granular cell 
tumors. 94 ' 96 Histologically, these lesions consist of sheets of 
polygonal tumor cells containing an eosinophilic-staining gran¬ 
ular cytoplasm. The tumors are covered by hyperplastic but 
otherwise normal squamous epithelium. About 7% of granular 
cell tumors are located in the gastrointestinal tract, and one 
third of these lesions are located in the esophagus. 92 95 

Most granular cell tumors in the esophagus occur as solitary 
lesions, ranging from 0.5 to 2.0 cm in size. 94 Some larger lesions 
may cause dysphagia. 9 96,97 The treatment of choice for symp- 
tomatic patients with granular cell tumors is local excision 
because these tumors almost never recur after endoscopic or 
surgical removal. 92,94 97 In contrast, asymptomatic patients with 
granular cell tumors found by endoscopic biopsy probably do 
not require surgery because of the negligible risk of malignant 
degeneration. 97 Occasionally, the findings on endoscopic 
biopsy specimens can be mistaken for squamous cell carcinoma 
as a result of pseudoepitheliomatous hyperplasia of the overly- 
ing squamous mucosa. 94, 96,98 
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Radiographic Findings 

Granular cell tumors usually appear on esophagography as 
small, round or ovoid submucosal masses in the distal or, less 
commonly, middle third of the esophagus (Fig. 22-15). 94,96 
Because of their typical submucosal appearance, they are most 
often mistaken for leiomyomas. 94 Occasionally, granular cell 
tumors arising at the gastric cardia may be manifested by a 
polypoid or submucosal mass that distorts or obliterates the 
normal anatomic landmarks of this region. 96 Rarely, multiple 
granular cell tumors may be present in the esophagus or 
stomach (Fig. 22-16). 97,99 

LIPOMA 

The esophagus is the least common site of involvement by 
lipomas in the gastrointestinal tract. These tumors may 
appear on barium studies as discrete submucosal masses (Fig. 
22-17) or, more commonly, as pedunculated, intraluminal 
masses. 100 ' 103 Rarely, pedunculated lipomas in the upper 
esophagus can be regurgitated into the pharynx, causing 
asphyxia and sudden death. 02 Lipomas in the esophagus may 
be diagnosed preoperatively by their characteristic fat density 
on CT. 104 



Figure 22-15 Granular cell tumor. A smooth submucosal mass 
(arrow ) is seen in the midesophagus. This lesion cannot be 
differentiated from leiomyomas or other submucosal lesions in 
the esophagus. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 


HEMANGIOMA 

The esophagus is the least common site of involvement by 
vascular tumors in the gastrointestinal tract. Rarely, multiple 
esophageal hemangiomas may be found in patients with Osler- 
Weber-Rendu disease, a hereditary disorder characterized by 
telangiectasias of the face, lips, and mucous membranes. 105 
However, most vascular tumors in the esophagus are solitary 
cavernous hemangiomas. 106 These highly vascular lesions may 
occasionally ulcerate, causing massive hematemesis and fatal 
exsanguination. 106 Esophageal hemangiomas usually appear on 
barium studies as smooth or slightly lobulated submucosal 
masses that are indistinguishable from other, more common 
benign intramural tumors. Because of the risk of significant 
bleeding, the treatment of choice is surgical enucleation of the 
lesion. 106,107 

HAMARTOMA 

Esophageal hamartomas are rare benign tumors characterized 
histologically by metaplastic respiratory epithelium and islets 
of cartilage in a fibrous stroma. 108,109 These tumors usually 
appear on esophagography as pedunculated intraluminal 
masses that are indistinguishable from fibrovascular polyps. 108 
Rarely, multiple esophageal hamartomas may be found in 



Figure 22-16 Multiple granular cell tumors. The lesions are seen 
as discrete submucosal masses ( arrows ) in the middle and distal thirds 
of the esophagus. This patient had additional granular cell tumors in 
the stomach. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 
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Figure 22-17 Esophageal lipoma. This patient had a discrete 
submucosal mass ( arrows ) indistinguishable from leiomyomas or other 
intramural tumors. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 



Figure 22-18 Cowden's disease with multiple hamartomatous 
polyps in the esophagus. The lesions appear as tiny nodular 
elevations on the mucosa. (Courtesy Stephen W. Trenkner, MD, 
Minneapolis.) 


patients with Cowdens disease or multiple hamartoma syn- 
drome, an autosomal dominant hereditary disorder character- 
ized by multiple hamartomatous malformations of ectodermal, 
mesodermal, and endodermal layers as well as benign or malig- 
nant tumors of the skin, breast, gastrointestinal tract, and 
thyroid. 110,111 Esophageal involvement may be manifested by 
innumerable tiny hamartomatous polyps in the esophagus, 
producing a diffusely nodular mucosa on double-contrast 
images (Fig. 22-18). 110,111 When the esophagus is involved by 
this disease, widespread polyposis of the gastrointestinal tract 
is usually present. Cowdens disease should be distinguished 
from other polyposis syndromes, which almost never involve 
the esophagus. 

OTHER MESENCHYMAL TUMORS 

Other rare mesenchymal tumors in the esophagus include 
fibromas, neurofibromas, and myxofibromas. 4 These lesions 
usually appear on barium studies as discrete intramural masses 
that are indistinguishable from leiomyomas. When mesenchy¬ 
mal tumors contain a substantial amount of fibrovascular or 
adipose tissue, they can slowly elongate, forming pedunculated 
intraluminal masses. Because the latter tumors have character- 
istic clinical, radiographic, and pathologic fmdings, they have 


been classified toge ther as fibrovascular polyps (see earlier, 
“Fibrovascular Polyp”). 

CYSTS 

Duplication Cyst 

Esophageal duplication cysts constitute about 20% of all 
gastrointestinal tract duplications. 112 These cysts result from 
abnormal embryologic development in which nests of cells 
are sequestered from the primitive foregut. 113 The lesions 
may be classified as cystic duplications or, less commonly, 
as tubular duplications. About 60% are located in the lower 
half of the posterior mediastinum, often projecting to the 
right of the distal esophagus. 112 Although most duplication 
cysts are noncommunicating, tubular duplications occasionally 
may communicate directly with the esophageal lumen. His- 
tologically, duplication cysts contain a mucosa, submucosa, 
and muscularis propria and are lined by ciliated columnar 
or cuboidal epithelium. 113 In about 40% of cases, ectopic 
gastric mucosa is found in the lining of the cyst wall. 112 


362 SECTION IV Esophagus 


Esophageal duplication cysts may be detected as an isolated 
finding, but some lesions are associated with vertebral anoma¬ 
lies, esophageal atresia, or other congenital anomalies. 112 

Most adults with esophageal duplication cysts are asymp- 
tomatic, but symptoms may occasionally be caused by obstruc¬ 
tion, bleeding, or infection of the cyst. 114,115 Bleeding or 
perforation is more likely to occur when ectopic gastric mucosa 
is present in the cyst wall. 108 

Radiographic Findings. Esophageal duplication cysts can 
sometimes be recognized on chest radiographs by the pres- 
ence of a right lower mediastinal mass. Chest radiographs 
may occasionally reveal associated vertebral anomalies. 112 The 
cysts usually appear on esophagography as discrete submucosal 
masses that are indistinguishable from solid intramural tumors 
(Fig. 22-19). Rarely, communicating duplications may be 
manifested by tubular, branching outpouchings from the 
esophagus as a result of filling of these structures with barium 
(Fig. 22-20). 116 

Cross-sectional imaging studies can sometimes aid in the 
diagnosis of esophageal duplication cysts. Because these cysts 
are fluid-filled structures, they typically have homogeneous 
low attenuation on CT scans and high-signal intensity on 
T2-weighted MR images (Fig. 22-21). 117,118 Endoscopic ultra- 
sound may reveal a smooth, spherical or, less commonly, tubular 



Figure 22-19 Duplication cyst. There is a large submucosal mass in 
the distal esophagus. The lateral border of the cyst ( arrows ) is readily 
visible where it abuts the right lung. Duplication cysts typically occur 
in this location. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 



Figure 22-20 Duplication cyst. Barium study shows the rare 
communicating form of duplication cyst as a tubular, branching 
outpouching ( arrows ) from the midesophagus. (Courtesy Marie Latour, 
MD, Philadelphia.) 



Figure 22-21 Duplication cyst. Axial T2-weighted MR image shows 
a fluid-filled, cystic mass ( arrow ) with high signal intensity in the right 
side of the mediastinum. (From Rafal RB, Markisz JA: Magnetic 
resonance imaging of an esophageal duplication cyst. Am J 
Gastroenterol 86:1809-1811, 1991.) 
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structure with a hyperechoic inner mucosa layer and a hypoechoic 
outer muscular layer. 119 Technetium Tc 99m pertechnetate scin- 
tigraphy may help confirm the diagnosis of an esophageal dupli- 
cation cyst containing ectopic gastric mucosa. 112 

Retention Cyst 

Acquired esophageal cysts are much less common than congeni- 
tal duplication cysts. They probably result from abnormal 
dilatation of columnar epithelial-lined mucous giands in the 
submucosa and are therefore called esophageal retention cysts 
or mucoceles. 120 ' 123 Histolo gically, these cysts are lined by non- 
ciliated columnar or cuboidal epithelium. 118 The pathogenesis 
of these lesions is uncertain, but it has been postulated that 
submucosal giands in the esophagus may become cystically 
dilated because of mechanical obstruction of the excretory 
duets by mueus plugs or abnormally viscous mueus. 120,121 This 
entity has sometimes been described as esophagitis cystica, but 
a more appropriate descriptive term is esophageal retention cyst 
because only minimal inflammatory change may be present in 
these lesions. 120,121 

Esophageal retention cysts may appear on barium studies as 
solitary or, more commonly, multiple submucosal masses in the 
distal esophagus (Fig. 22-22). 120,121,123 As a result, the lesions 
cannot be distinguished radiographically from other submuco¬ 
sal tumors. These patients are usually asymptomatic, however, 
so most esophageal retention cysts are discovered as incidental 
fmdings at autopsy. 120 



Figure 22-22 Esophageal retention cyst. The lesion is seen as a 
discrete submucosal mass ( arrows ) indistinguishable from leiomyomas 
or other intramural lesions. (From Levine MS: Radiology of the 
Esophagus. Philadelphia, WB Saunders, 1989.) 
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Esophageal carcinoma constitutes only about 1% of all cancers 
and 7% of cancers in the gastrointestinal (GI) tract. 1 Neverthe- 
less, it is a deadly disease, with an overall 5-year survival rate of 
only about 15%. 2 At one time, most malignant tumors of the 
esophagus were thought to be squamous cell carcinomas, but 
adenocarcinomas arising in Barrett’s esophagus have increased 
dramatically in incidence since the 1970s. Because of important 
differences between these tumors, the chapter is divided into 
separate sections on squamous cell carcinoma and adenocarci¬ 
noma of the esophagus. 

Squamous Cell Carcinoma 

EPIDEMIOLOGY 

Esophageal carcinoma is predominantly a disease of older men, 
with a male-to-female ratio of almost 4:1 and a peak inci¬ 
dence between 65 and 74 years of age. 2 The development of 
squamous cell carcinoma of the esophagus is a multifactorial 
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process associated with a variety of risk factors, including 
tobacco and alcohol consumption, obesity, nutritional deficien- 
cies, exposure to various environmental carcinogens, and geo- 
graphic location. 

Two of the major risk factors for the development of esopha¬ 
geal cancer in the United States are tobacco and alcohol con¬ 
sumption. 3,4 Tobacco and alcohol appear to have a synergistic 
effect, so people who smoke and drink have even higher rates 
of esophageal cancer. 5 Although tobacco smoke is known to 
contain a variety of carcinogens, the development of esophageal 
carcinoma in alcoholics may be related to other factors such as 
poor health and nutritional deficiencies. Obesity also has been 
recognized as an important risk factor for the development of 
esophageal cancer. 4,6 

Squamous cell carcinoma of the esophagus has striking geo- 
graphic variations, with the highest incidences reported in an 
Asian esophageal cancer belt stretching from eastern Turkey 
and northern Iran to India and northern China. 7 A high inci¬ 
dence has also been reported in South Africa and France. These 
regional variations in the frequency of esophageal cancer have 
been attributed primarily to environmental rather than heredi- 
tary factors. Dietary habits in particular have been implicated 
because people living in areas with a high incidence of esopha¬ 
geal cancer often have diets high in starch and low in fresh 
fruits and vegetables. 7 Other environmental factors may also 
have a role in cancer pathogenesis. For example, nitrosamines 
and other nitroso compounds are potent carcinogens that occur 
in high concentrations in the food and water supply of parts 
of northern China. 8 Epidemiologic studies in China and South 
Africa have shown that these areas also have unusually low 
levels of molybdenum in the soil. 910 Because molybdenum is 
required for the metabolism of nitrite to ammonia, low levels 
of molybdenum in the soil could lead to the accumulation of 
nitrites and potentially carcinogenic nitrosamines in plants 
consumed by humans. The high prevalence of esophageal 
cancer in parts of Saudi Arabia has been attributed to con- 
tamination of drinking water by impurities such as petroleum 
oils. 11 Other substances such as tannin, betel leaves, and asbestos 
fibers have also been implicated in the development of esopha¬ 
geal cancer. 12 ' 14 

Attention has also been focused on the potential role of 
human papillomavirus (HPV) in the pathogenesis of esopha¬ 
geal cancer, particularly in high-risk areas such as China and 
South Africa. In studies from China, HPV has been isolated by 
in situ hybridization techniques in 25% to 50% of esophageal 
cancer specimens. 15,16 These data suggest that HPV may be an 
important contributing factor in the development of esopha¬ 
geal cancer. 

PREDISPOSING CONDITIONS 

Conditions that are thought to predispose patients to the devel¬ 
opment of squamous cell carcinoma of the esophagus include 
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achalasia, lye strictures, head and neck tumors, celiac disease, 
Plummer-Vinson syndrome, radiation, and tylosis. Because of 
the increased risk of developing esophageal cancer, periodic 
surveillance has often been advocated for patients with these 
conditions. 

Achalasia 

Achalasia is thought to be a premalignant condition associated 
with an increased risk of developing esophageal carcinoma. In 
various studies, the prevalence of esophageal cancer in patients 
with long-standing achalasia has ranged from 2% to 8%. 17-19 
Malignant degeneration presumably occurs as a result of 
chronic stasis esophagitis caused by retained food and debris in 
a dilated, obstructed esophagus. 1 0 Most patients have had 
achalasia for at least 20 years before the development of 
cancer. Unfortunately, a neoplastic lesion growing inside a 
massively dilated esophagus may not cause symptoms until it is 
an advanced, unresectable tumor. 19 21 As a result, some authors 
believe that patients with long-standing achalasia should 
undergo annual surveillance with barium studies or endoscopy 
to detect developing cancers at the earliest possible stage. 17 121 
However, one study failed to show an increased cancer risk in 
these patients, 22 so not all investigators accept the need for 
surveillance. 

Lye Strictures 

Patients with chronic lye strictures have an increased risk of 
developing esophageal carcinoma. In various studies, the preva¬ 
lence of cancer has ranged from 2% to 16%. 23,24 Although the 
pathogenesis is uncertain, it has been postulated that chronic 
inflammation and scarring from caustic esophagitis predispose 
these patients to the development of esophageal carcinoma. 
The average latent period between the ingestion of lye and 
development of cancer is 40 to 45 years. 25,26 These patients 
usually seek medical attention for recurrent or suddenly wors- 
ening dysphagia many years after lye ingestion. Carcinomas 
arising in lye strictures have a better prognosis than most 
esophageal cancers, with 5-year survival rates of 8% to 33%. 25 
This more favorable prognosis may be related to the presence 
of dense scar tissue surrounding the tumor, which prevents 
early invasion of adjacent mediastinal structures. 25,26 Some 
investigators advocate periodic surveillance of patients with 
long-standing lye strictures, but these individuals are often in 
a socioeconomic group least likely to be compliant with sur¬ 
veillance programs. 

Head and Neck Tumors 

Patients with primary squamous cell carcinomas of the oral 
cavity, pharynx, and larynx have a substantially increased risk 
of developing separate primary esophageal carcinomas. In 
various studies, 2% to 8% of patients with head and neck 
tumors who underwent endoscopic surveillance were found 
to have synchronous esophageal cancers. This association 
has been attributed to common predisposing factors, primarily 
smoking and drinking because exposure to tobacco and alcohol 
considerably increases the risk of squamous cell carcinoma in 
both areas. 0 Radiologic or endoscopic evaluation of the esoph¬ 
agus has therefore been advocated in the initial work-up of 
all patients with head and neck tumors. Many of these syn¬ 
chronous esophageal cancers are small, asymptomatic lesions, 
so screening tests may detect such tumors at an early stage, 
when they are potentially curable/ Discovery of an advanced 


lesion in the esophagus is also important because radical head 
and neck surgery may no longer be appropriate in these 
patients. The risk of developing subsequent metachronous 
esophageal carcinomas is also considerably increased in patients 
with head and neck tumors. Some form of ongoing surveil¬ 
lance is therefore required to detect metachronous esophageal 
lesions. 

Celiac Disease 

Celiac disease (nontropical sprue) is thought to be associated 
with an increased risk of developing esophageal carci¬ 
noma. 31,32 The pathogenesis of cancer is uncertain, but it has 
been postulated that carcinogens are absorbed through an 
atrophic jejunal mucosa in patients with advanced celiac 
disease. 32 Most patients have long-standing disease; malab- 
sorption is present for an average of 35 years before the 
development of cancer. 31 Some investigators therefore advo¬ 
cate radiologic or endoscopic surveillance of the esophagus 
in these patients. 

Plummer-Vinson Syndrome 

Plummer-Vinson, or Paterson-Kelly, syndrome is characterized 
by iron deficiency anemia, glossitis, postcricoid webs, and dys¬ 
phagia. 33 This syndrome has been described primarily in women 
of Scandinavian origin. The prevalence of hypopharyngeal or 
esophageal carcinoma in Plummer-Vinson syndrome has 
ranged from 4% to 16%. 33,34 Almost all such cancers are associ¬ 
ated with postcricoid webs. 3 Radiologic or endoscopic exami- 
nations are therefore required to differentiate webs from 
superimposed hypopharyngeal or esophageal carcinomas in 
these patients. 

Radiation 

Esophageal cancer is a rare complication of chronic radiation 
injury to the esophagus. Most cases have occurred in the 
cervical or upper thoracic esophagus after radiation doses of 
20 to 50 Gy to the mediastinum or neck. 35,36 In one study, 
women who received radiation therapy for carcinoma of the 
breast were found to have an increased risk of esophageal 
carcinoma. In general, however, the average latent period 
between radiation therapy and the development of cancer is 
about 30 years. 36 It is therefore difficult to prove that these 
lesions are not coincidental cancers arising in a previously 
irradiated area. 

Tylosis 

Tylosis (Howel-Evans syndrome) is an extremely rare, heredi- 
tary, autosomal dominant disorder characterized by hyperkera- 
tosis of the palms and soles, with thickening and fissuring of 
the skin. This disorder is associated with an extraordinarily high 
risk of developing esophageal cancer. In one study, 95% of 
patients with tylosis had esophageal cancer by 65 years of age. 39 
Most of these patients are found to have advanced, unresectable 
tumors at the time of clinical presentation. However, asymp¬ 
tomatic individuals with tylosis may have hyp erker atotic esoph¬ 
ageal plaques containing foci of dysplasia, intramucosal 
carcinoma, or invasive carcinoma. 40 Thus, periodic surveillance 
of asymptomatic family members has been advocated to detect 
premalignant lesions before the development of overt carci¬ 
noma. Because of the high likelihood of developing esophageal 
cancer, a prophylactic esophagectomy is sometimes justified for 
these patients. 
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PATHOLOGY 

Gross Features 

Squamous cell carcinomas of the esophagus may appear grossly 
as infiltrating, polypoid, ulcerative, or superficial spreading 
lesions. Infiltrating lesions, the most common type, cause irreg- 
ular narrowing and constriction of the lumen. Polypoid lesions 
are lobulated or fungating masses that protrude into the lumen. 
Primary ulcerative lesions are relatively flat masses in which the 
bulk of the tumor is necrotic and ulcerated. Less frequently, 
superficial spreading lesions may extend longitudinally in the 
wall, without invading beyond the mucosa or submucosa. 
Patients with superficial spreading carcinomas tend to have a 
better prognosis than those with more invasive forms of esoph- 
ageal cancer. 

Histologic Features 

About 50% of esophageal cancers are squamous cell carcino¬ 
mas, and the remaining 50% are adenocarcinomas arising in 
Barrett’s mucosa. 41 Other less common malignant tumors of the 
esophagus are discussed in Chapter 24. 

At the time of clinical presentation, most squamous cell 
carcinomas of the esophagus are advanced lesions that have 
already invaded regional lymph nodes or other local or distant 
structures. As a result, affected individuals have a dismal prog¬ 
nosis, with overall 5-year survival rates of only about 15%. 2 
In contrast, early esophageal cancers are relatively curable 
lesions, with 5-year survival rates of more than 90%. 42,43 
According to the Japanese Society for Esophageal Diseases, 
early esophageal cancer is defined histologically as cancer 
limited to the mucosa or submucosa without lymph node 
involvement. 44 Many of these cases have been reported in the 
Chinese literature as a result of mass screening of the adult 
population because of the high incidence of esophageal cancer 
in that country. 8,45 

Considerable confusion exists in the literature regarding 
the terminology for “early” cancer. The terms early esophageal 
cancer, superficial esophageal cancer, and small esophageal cancer 
have been used interchangeably to describe malignant esopha¬ 
geal tumors diagnosed at an early stage. However, these lesions 
should not be considered synonymous because they have dif- 
ferent histopathologic features that alter the prognosis of this 
disease. According to the Japanese Society for Esophageal Dis¬ 
eases, superficial esophageal cancer is confined to the mucosa 
or submucosa but, unlike patients with early esophageal cancer, 
patients with superficial cancers may have lymph node metas¬ 
tases. 44 Small esophageal cancer is another term used to describe 
tumors smaller than 3.5 cm, regardless of the depth of inva¬ 
sion or the presence or absence of lymph node metastases. 46,47 
Previous studies have shown that the 5-year survival for 
esophageal cancer decreases markedly when regional lymph 
nodes are involved by tumor. 48,49 Thus, some superficial or 
small esophageal cancers may be early lesions histologically, 
whereas others may have already invaded regional lymph nodes, 
with a prognosis comparable to that of advanced esophageal 

47,49 

cancer. ’ 

Distribution 

Squamous cell carcinomas of the esophagus tend to be located 
in the upper, middle or, less commonly, distal third of the 
esophagus. 48,50 Unlike adenocarcinomas arising in Barretts 
mucosa, squamous cell carcinomas of the distal esophagus 


almost never invade the stomach, and there is usually a discrete 
segment of normal esophagus between the tumor and gastric 
cardia. 

ROUTES OF SPREAD 

Esophageal carcinoma may invade local, regional, or distant 
structures by various pathways, including direct extension, lym- 
phatic spread, and hematogenous metastases. 

Direct Extension 

Because the esophagus lacks a serosa and is attached to neigh- 
boring structures by only a loose adventitia, there is no ana- 
tomic barrier to prevent rapid spread of tumor into the adj acent 
mediastinum. As a result, esophageal cancer has a marked ten- 
dency to invade contiguous structures in the neck or chest, such 
as the thyroid, larynx, trachea, bronchi (usually the leff main 
bronchus), aorta, thoracic duet, lung, pericardium, and dia- 
phragm. 48,50 The tracheobronchial tree is a particularly common 
site of involvement; tracheoesophageal or esophagobronchial 
fistulas develop in 5% to 10% of all patients with esophageal 
cancer. 5112 Rarely, aortoesophageal fistulas or even esophago- 
pericardial fistulas may occur as a terminal complication of 
esophageal cancer caused by aortic or pericardial invasion by 
tumor. 53,54 

Lymphatic Spread 

Lymphatic metastases are fo und in up to 75% of patients with 
esophageal cancer. 55 Because the esophagus contains a rich 
network of interconnecting lymphatic channels, lymphatic 
spread from esophageal cancer is unpredictable, with jump 
metastases to lymph nodes in the neck or mediastinum often 
occurring in the absence of segmental lymph node involve¬ 
ment. 55 56 Submucosal esophageal lymphatics also communicate 
subdiaphragmatically with paracardiac, lesser curvature, and 
celiac nodes in the upper abdomen; these nodal groups are 
involved by tumor in 25% to 50% of patients with esophageal 
cancer. 55 " 6 Although tumors in the distal esophagus are more 
likely to metastasize to the abdomen, lymphatic spread of 
cancers in the upper or midesophagus can also result in metas¬ 
tases to celiac or other abdominal lymph nodes. 55 

Discrete lymphatic metastases or satellite nodules are found 
in the esophagus at autopsy in about 50% of patients with 
esophageal cancer. 55 These lesions should be distinguished 
pathologically from rare double primary carcinomas of the 
esophagus. 57,58 However, it may be impossible to determine 
whether two discrete lesions represent synchronous primary 
tumors or a single cancer with lymphatic dissemination. 

Between 2% and 15% of patients dying of esophageal cancer 
have gastric metastases at autopsy. 59 These lesions probably 
result from tumor emboli that seed the gastric fundus via sub¬ 
mucosal esophageal lymphatics extending subdiaphragmati¬ 
cally to the stomach. In such cases, the primary esophageal 
cancer may be located a considerable distance from the gastro- 
esophageal junetion, with a normal esophageal segment below 
the lesion. 

Hematogenous Metastases 

Hematogenous (bloodborne) metastases are often found in 
patients with advanced esophageal carcinoma. The most 
common sites of metastases are the lungs, liver, adrenals, 
kidneys, panereas, peritoneum, and bones. 
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CLINICAL ASPECTS 

Most patients with esophageal cancer develop dysphagia only 
when the lumen of the esophagus has been reduced by 50% to 
75% of its normal size. 48 By that time, malignant invasion of 
periesophageal lymph nodes or surrounding mediastinal struc- 
tures has usually occurred. 48 As a result, most patients have 
advanced, unresectable tumors at the time of diagnosis. Occa- 
sionally, however, patients experience dysphagia while the 
tumor is at an early stage. 46,61 ' 63 It is therefore possible to detect 
early esophageal cancer in some patients who are symptomatic. 

Dysphagia is the most common complaint in patients with 
advanced esophageal cancer. 48 Dysphagia is usually present for 
2 to 4 months before these patients seek medical attention. 48 
Some patients can accurately localize the level of obstruction, 
but others may have a sensation of blockage referred to the 
thoracic inlet or even the pharynx by a cancer arising in the 
middle or lower thoracic esophagus. 50 The esophagus should 
therefore be carefully evaluated in all patients with unexplained 
pharyngeal dysphagia to rule out an esophageal cancer below 
the subjective site of obstruction. 

Patients with esophageal cancer may also present with ody- 
nophagia if the tumor is ulcerated or with substernal chest pain 
unrelated to swallowing if the tumor has invaded the mediasti- 
num, so unremitting chest pain is an extremely poor prognostic 
sign. 50 O ther common symptoms include anorexia and weight 
loss, which are present in up to 75% of cases. 2 Some patients 
may present with guaiac-positive stool or iron deficiency anemia 
as a result of occult bleeding from the friable surface of the 
tumor. 48 However, frank hematemesis is uncommon. 64,65 Rarely, 
fatal hemorrhage may be caused by an aortoesophageal 
fistula. 66,6 The latter patients may have minimal hematemesis 
before the sudden development of massive hemorrhage, shock, 
and death. 

Other patients with esophageal cancer may develop hoarse- 
ness because of direct extension of tumor into the larynx or 
involvement of the recurrent laryngeal nerve. 48 Recurrent aspi¬ 
ration may lead to a chronic cough. However, the presence of a 
paroxysmal cough on swallowing should suggest the develop¬ 
ment of a malignant tracheoesophageal or esophagobronchial 
fistula. Rarely, patients with esophageal cancer may have 
anorexia, weight loss, or other signs of widespread malignancy 
without experiencing dysphagia, so localizing esophageal symp¬ 
toms are not always present. 50 

ENDOSCOPIC FINDINGS 

When multiple biopsy specimens are obtained, endoscopy has 
an overall sensitivity of almost 100% in the diagnosis of esopha¬ 
geal carcinoma. 2,68,69 Brush cytology is also helpful when the 
esophageal lumen is so compromised by tumor that adequate 
biopsy specimens cannot be obtained. Detection of suspicious 
lesions on barium studies should therefore lead to early endos¬ 
copy and biopsy for a definitive diagnosis. 

RADIOGRAPHIC FINDINGS 

Early Esophageal Cancer 

Double-contrast esophagography has been widely advocated 
as the best radiologic technique for diagnosing early esopha¬ 
geal cancer. Unfortunately, the increased sensitivity of this 
technique has resulted in a lower specificity because more 


subtle abnormalities are suspected of representing cancer. 46 
Nevertheless, it is probably best to accept a certain percent- 
age of false-positive fmdings to avoid missing early tumors. 
When a lesion is detected on barium studies, endoscopy and 
biopsy should therefore be performed to confirm the pres¬ 
ence of carcinoma. 

Early esophageal cancers classically appear on double- 
contrast esophagograms as small protruded lesions less than 
3.5 cm in diameter. 46,61,63,70,71 They may be plaquelike lesions, 
often with central ulceration (Fig. 23-1), or small sessile polyps 
with a smooth or slightly lobulated contour (Fig. 23-2). Other 
early cancers may be superficial or depressed lesions, causing 
focal irregularity, nodularity, or ulceration of the mucosa (Fig. 
23-3). 72 74 When a lesion is detected on double-contrast studies, 
multiple projections should be obtained to determine its 
appearance en face and in profile (see Fig. 23-1). 

Although most early esophageal cancers appear as focal 
lesions, superficial spreading carcinomas may be manifested by 
poorly defined nodules or plaques, producing a confluent area 
of mucosal nodularity or granularity (Fig. 23-4). 63,72 75 Some 
superficial spreading carcinomas may be localized lesions, 
whereas others may involve a considerable segment of the 
esophagus. 

Early esophageal cancers are generally thought to be small 
lesions, but some early cancers may appear on barium studies 
as relatively large intraluminal mass larger than 3.5 cm in diam¬ 
eter (Fig. 23-5). 63,76 Such lesions may be indistinguishable from 
advanced carcinomas. Thus, early esophageal cancers are not 



Figure 23-1 Early esophageal cancer. A. En face view from a 
double-contrast esophagogram shows a poorly defined lesion 
(arrows ) in the midesophagus. B. However, a tangential view reveals 
a characteristic plaquelike lesion containing a flat area of central 
ulceration ( arrow). (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 23-2 Early esophageal cancer. The lesion appears 
radiographically as a small sessile polyp (arrow) in the midesophagus. 
A benign squamous papilloma could produce a similar appearance. 
(Courtesy Seth N. Glick, MD, Philadelphia.) 



Figure 23-4 Superficial spreading carcinoma. A. There is focal 
nodularity in the midesophagus as a result of poorly defined nodules 
and plaques, producing a confluent area of disease. B. In another 
patient with a more extensive lesion, there is diffuse granularity of the 
mucosa. (A from Levine MS: Radiology of the Esophagus. 

Philadelphia, WB Saunders, 1989.) 



Figure 23-3 Two examples of early esophageal cancer. A, B. In 

both cases there is focal irregularity and puckering of one wall of the 
esophagus ( arrows ) without a discrete mass. (A courtesy Akiyoshi 
Yamada, MD, Tokyo.) 



Figure 23-5 Early esophageal cancer. This lesion appears as a 
relatively large polypoid mass indistinguishable from an advanced 
carcinoma. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 
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necessarily small cancers because they may undergo consider- 
able intraluminal or intramural growth and still be classified 
histologically as early lesions. 

Advanced Carcinoma 

Chest Radiography. Almost 50% of patients with advanced 
esophageal cancers have abnormal chest radiographs. 7 The 
most common findings include mediastinal widening, a hilar, 
retrohilar, or retrocardiac mass, anterior tracheal bowing, 
a widened retrotracheal stripe, and an air-fluid level in the 
esophagus (Fig. 23-6). 77-79 Anterior bowing of the trachea or 
thickening of the retrotracheal stripe beyond 3 mm in width 
may result from lymphatic infiltration or direct invasion of 
the retrotracheal area by tumor. 78,79 Obstructing cancers may 
be recognized by an air-fluid level in the esophagus. However, 
esophageal obstruction from achalasia or other causes may 
also be manifested by anterior tracheal bowing or an esophageal 
air-fluid level. 

Barium Studies. Double-contrast esophagography is often per- 
formed on patients with dysphagia to rule out carcinoma or 
other abnormalities in the esophagus. Some gastroenterologists 
believe that endoscopy is required for all patients with negative 
esophagograms to find tumors that are missed on barium 
studies. In a large series of patients with esophageal cancer, 
however, the lesion was detected on double-contrast esophago¬ 
grams in 98% of cases, and malignant tumor was diagnosed or 
suspected on the basis of the radiographic findings in 96%. 80 
An argument could be made that a high sensitivity is achieved 
in the radiographic diagnosis of esophageal cancer only by 
exposing an inordinate number of patients to unnecessary 
endoscopy. In the previous study, however, endoscopy was rec- 
ommended to rule out malignant tumor in only about 1% of 


all patients who underwent double-contrast examinations. 
Similarly, in other series, endoscopy has failed to reveal any 
cases of esophageal carcinoma that were missed on double- 
contrast esophagograms. 81,82 Thus, endoscopy is not routinely 
warranted for patients who have normal findings on barium 
studies. 

Advanced esophageal carcinomas may appear on barium 
studies as infiltrating, polypoid, ulcerative, or varicoid lesions 
(Fig. 23-7). 83 However, many esophageal cancers have mixed 
morphologic features, so there is considerable overlap in the 
classification of these tumors. 

Infiltrating esophageal carcinomas are characterized by 
irregular narrowing and constriction of the lumen associated 
with a nodular or ulcerated mucosa and abrupt, well-defined 
proximal and distal margins (see Fig. 23-7A). Occasionally, 
these cancers have shelflike, overhanging margins, producing 
true annular lesions (Fig. 23-8A). 83 However, other infiltrating 
lesions have more gradual, tapered margins, occasionally mim- 
icking the appearance of benign strictures (Fig. 23-8B). 84 Infil¬ 
trating lesions may eventually cause partial or even complete 
esophageal obstruction, with proximal dilation and minimal or 
no emptying of barium into the stomach. 

Polypoid carcinomas appear as lobulated or fungating intra¬ 
luminal masses, usually larger than 3.5 cm (see Fig. 23-7B). 83-85 
They often contain areas of ulceration caused by tumor necro- 
sis. Bulky lesions may eventually cause luminal encroachment 
and obstruction. However, squamous cell carcinomas are not 
generally polypoid, so other malignant tumors such as spindle 
cell carcinoma should be considered in these patients (see 
Chapter 24). 

Primary ulcerative carcinomas are those in which the bulk 
of the tumor mass is replaced by ulceration. When viewed in 
profile, these lesions appear as well-defined meniscoid ulcers, 
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Figure 23-6 Advanced 
esophageal carcinoma with 
abnormal chest radiographs. 

A. Posteroanterior chest 
radiograph shows widening of the 
superior mediastinum on the right 
(arrows ). B. Lateral radiograph 
shows increased soft-tissue 
density in the retrotracheal space 
with slight anterior bowing of the 
trachea ( straight arrow) by an 
advanced esophageal cancer in 
this region. Also note thickening 
of the retrotracheal stripe 
inferiorly ( curved arrow) caused by 
direct invasion of this area by 
tumor. (Courtesy Wallace T. 

Miller, MD, Philadelphia.) 
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Figure 23-7 Advanced esophageal carcinoma: patterns of tumor. A. Infiltrating lesion. B. Polypoid lesion. C. Ulcerative lesion with a large, 
meniscoid ulcer ( arrows ) surrounded by a thick radiolucent rim of tumor. D. Varicoid lesion with thickened tortuous folds in the midesophagus 
caused by submucosal spread of tumor. (A-C from Levine MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989; D courtesy 
Akiyoshi Yamada, MD, Tokyo.) 


with a thick, irregular, radiolucent rim of tumor surrounding 
the ulcer (see Fig. 23-7C). 85,87 

Varicoid carcinomas are those in which submucosal spread 
of tumor results in thickened, tortuous, or serpiginous longitu¬ 
dinal folds, mimicking the appearance of esophageal varices 
(see Fig. 23-7D). 88-90 However, these entities can usually be dif- 
ferentiated at fluoroscopy (see later, “Differential Diagnosis”). 
Although varicoid carcinomas are uncommon, submucosal 
extension of tumor not infrequently produces a focal varicoid 
pattern adjacent to an obvious squamous cell carcinoma. In one 
study, a varicoid pattern was seen on esophagography in 40% 
of patients with esophageal cancer. 91 

Mediastinal involvement by advanced esophageal carcinoma 
can also be recognized on barium studies. Lymphatic spread of 
tumor to paratracheal, subcarinal, or paraesophageal lymph 
nodes may lead to extrinsic compression or displacement of the 
esophagus, often at a considerable distance from the primary 
lesion (Fig. 23-9). Mediastinal lymphadenopathy is usually 
characterized by a smooth, extrinsic esophageal impression 
with gently sloping, obtuse horders. This finding almost always 
indicates an advanced, unresectable lesion. 

Lymphatic metastases from esophageal cancer may be mani¬ 
fested by discrete implants adj acent to or remote from the 
primary lesion. These metastases may appear on barium studies 
as small plaquelike, polypoid, submucosal, or ulcerated lesions 


separated from the main tumor by normal intervening mucosa 
(Fig. 23-10). 92 Although most of these satellite lesions represent 
lymphatic metastases from the original cancer, the possibility 
of two primary carcinomas (double primaries) should be con- 
sidered when the lesions are separated by an unusually long 
segment of normal mucosa. 57 

Squamous cell metastases to the stomach usually appear 
on barium studies as solitary, large submucosal masses in 
the gastric fundus. 59,60 These lesions often contain areas of 
ulceration, so they may resemble ulcerated gastrointestinal 
stromal tumors (GISTs; Fig. 23-11). Less frequently, they can 
be mistaken for primary gastric carcinomas. 9 Because the 
appropriate treatment for esophageal cancer depends on the 
stage of the tumor, the gastric cardia and fundus should be 
carefully examined radio gr aphically in all patients with esoph¬ 
ageal cancer to rule out unsuspected metastases to the 
stomach. 

Five percent to 10% of patients with esophageal cancer 
develop an esophageal-airway fistula (Fig. 23-12). 51,52 This com- 
plication frequently occurs after radiation therapy, probably as 
a result of radiation-induced tumor necrosis. Most such fistulas 
involve the trachea or left main bronchus. 52 Occasionally, 
however, a locally aggressive esophageal cancer may lead to 
the development of a necrotic, tumor-containing cavity in 
the mediastinum or lung that communicates directly with the 
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Figure 23-8 Other forms of infiltrative esophageal carcinoma. 

A. This lesion has an annular appearance, with shelflike proximal and 
distal margins. B. In another patient, the cancer is manifested by a 
relatively smooth, tapered area of narrowing that could be mistaken 
for a benign stricture. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 


esophagus (Fig. 23-13). When an esophageal-airway fistula is 
suspected, the esophagogram should be performed with barium 
rather than water-soluble contrast agents because the latter 
agents are hyperosmolar and may draw fluid into the lungs if a 
fistula is present, causing severe pulmonary edema. 

Esophageal-airway fistulas are usually recognized on esoph- 
agography by the presence of barium in the bronchi or distal 
trachea. In many cases, the origin of the fistulous track is identi- 
fied within an obvious infiltrating carcinoma (see Fig. 23-12B). 
Once barium has entered the trachea or left main bronchus, 
however, it can be coughed up into the proximal trachea or 
larynx, so delayed overhead radiographs may erroneously 
suggest tracheobronchial aspiration. When an esophageal- 
airway fistula is suspected, the initial swallow should therefore 
be performed in a lateral projection with a video recording of 
the hypopharynx to differentiate a fistula from aspiration. 

Rarely, patients with advanced esophageal cancer may 
develop esophagopericardial fistulas, manifested by pneumo- 
pericardium on chest radiographs or computed tomography 
(CT) scans. In such cases, esophagography with water-soluble 
contrast agents may demonstrate esophageal perforation at 
the site of the tumor, with contrast material entering the peri- 
cardial sac. 

Associated Conditions 

Achalasia. Esophageal carcinomas arising in patients with 
achalasia usually appear on barium studies as polypoid masses 



Figure 23-9 Advanced esophageal carcinoma with mediastinal 
adenopathy. There is a smooth extrinsic area of mass effect on the 
left lateral wall of the upper thoracic esophagus ( arrows ) by 
mediastinal adenopathy from a distal esophageal cancer (not shown 
on this image). (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 


in the middle or, less commonly, distal third of the esophagus 
(Fig. 23-14). 1721 Because these lesions often develop in a mas- 
sively dilated esophagus, they can reach an enormous size, pro- 
ducing bulky intraluminal masses that have a fungating or 
cauliflower appearance. 21 Nevertheless, the lesions may be 
obscured by retained fluid and debris in a dilated, partially 
obstructed esophagus. 19 21 Careful esophageal lavage with a soft 
rubber catheter may therefore be required to cleanse the esoph¬ 
agus before performing the radiologic examination. 

Lye Strictures. The development of a lye-induced cancer may 
be manifested on barium studies by increasing stenosis, mass 
effect, nodularity, and/or ulceration within a preexisting lye 
stricture (Fig. 23-15). The underlying strictures are often located 
in the region of the tracheal bifurcation, so lye cancers may be 
complicated by the development of tracheoesophageal or 
esophagobronchial fistulas (see Fig. 23-15B). 25 Any change in 
the appearance of a chronic lye stricture should therefore be 
evaluated by endoscopy with multiple biopsy specimens and 
brushings to rule out a superimposed carcinoma. 

Tylosis. When patients with tylosis develop esophageal symp¬ 
toms, they usually have advanced esophageal carcinomas, mani¬ 
fested on barium studies by annular, infiltrating, or plaquelike 
lesions. 40 Occasionally, however, asymptomatic patients with 
tylosis may have discrete hyperkeratotic plaques containing one 
or more foci of dysplasia or intramucosal carcinoma. These 
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Figure 23-10 Two examples of advanced esophageal carcinoma 
with discrete lymphatic metastases. A. This patient has a large 
ulcerated cancer ( large arrows ) in the midesophagus with a discrete 
metastatic implant ( small arrow) separated from the main lesion by 
normal intervening mucosa. The implant appears as a plaquelike 
lesion. B. In another patient, a polypoid carcinoma ( curved arrows ) is 
present in the midesophagus with a discrete submucosal implant 
(straight arrow) more proximally. 



Figure 23-12 Advanced esophageal carcinoma with a 
tracheoesophageal fistula. A. An ulcerative esophageal carcinoma 
(arrows) is present in the midesophagus. B. A second esophagogram 
4 months after radiation therapy shows partial regression of the tumor 
with the development of a tracheoesophageal fistula (arrow). (From 
Levine MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 
1989.) 



Figure 23-11 Advanced esophageal carcinoma with a squamous 
cell metastasis to the stomach. There is a giant submucosal mass 
(black arrows ) in the gastric fundus, containing a triangular area of 
central ulceration ( white arrows). A malignant gastrointestinal stromal 
tumor could produce similar findings. (From Glick SN, Teplick SK, 
Levine MS: Squamous cell metastases to the gastric cardia. 
Gastrointest Radiol 10:339-344, 1985.) 


lesions may appear on esophagograms as large, well-defined 
plaques, with normal intervening mucosa (Fig. 23-16). 40 

Adenocarcinoma 

Primary esophageal adenocarcinomas are almost always found 
to arise in the setting of Barretts esophagus. In the past, such 
tumors were thought to be rare lesions, accounting for less than 
5% of all esophageal cancers. 94 ' 96 However, many of these adeno¬ 
carcinomas involving the gastroesophageal junction or gastric 
fundus were incorrectly classified as primary gastric carcinomas 
secondarily invading the lower end of the esophagus. 94,95 Apart 
from difficulties in tumor classification, the incidence of esoph¬ 
ageal adenocarcinoma in white men has increased by 300% to 
500% in the past 30 years, 41,97,98 and this tumor is the fastest 
growing cause of cancer mortality. 9 Currently, adenocarcino¬ 
mas are thought to constitute at least 50% of all esophageal 
cancers. 41 Nevertheless, many questions remain about the risk of 
malignant degeneration in Barrett’s esophagus and the long- 
term management of patients with this condition. 

EPIDEMIOLOGY AND PATHOGENESIS 

Considerable attention has been focused on the relationship 
between esophageal adenocarcinoma and the columnar 
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Figure 23-13 Two examples of advanced 
esophageal carcinoma with fistulas to the 
mediastinum and lung. In both cases, there is 
direct communication between the cancer and 
necrotic, tumor-containing cavities ( arrows ) 
in the mediastinum (A) and right lung (B). 
(From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 


epithelium-lined esophagus, or Barrett’s esophagus. In various 
studies, 90% to 100% of all primary esophageal adenocarcino- 
mas have been found to arise on a background of Barrett’s 
mucosa. 100-102 Thus, adenocarcinoma of the esophagus is not 
only more common than was previously recognized, but the 
vast majority of these tumors appear to result from malignant 
degeneration in Barrett’s esophagus. 

Barrett's Esophagus 

Barrett’s esophagus is a well-recognized condition in which 
there is progressive columnar metaplasia of the distal esophagus 
caused by long-standing gastroesophageal reflux and reflux 
esophagitis. 102-106 In various studies, the prevalence of Barrett’s 
esophagus in patients with reflux esophagitis has ranged from 
5% to 15%, with an overall prevalence of about 10%. 107-109 In 
a widely quoted study, Barrett’s esophagus was found to occur 
in 4% of patients undergoing upper gastrointestinal endoscopy 
and in 9% of men older than 50 years. 110 The clinical and 
radiologic aspects of Barrett’s esophagus are presented in 
Chapter 19. 

Various types of columnar epithelium have been described 
in Barrett’s esophagus, including a junctional-type epithelium, 
a gastric fundus-type epithelium, and an intestinal-type or 
specialized columnar epithelium. 111112 It is believed, however, 
that intestinal metaplasia is the major prerequisite for a patho- 
logic diagnosis of Barrett’s esophagus. 113 This intestinal meta¬ 
plasia is characterized histologically by gobiet cells with acidic 
mucin and, in some cases, enterocyte differentiation with 
brush border formation. The revised definition of Barrett’s 
esophagus is based on an emerging consensus that intestinal 
metaplasia represents the type of epithelium that usually pre- 
disposes these patients to the development of esophageal 
adenocarcinoma. 113,114 



Figure 23-14 Advanced esophageal carcinoma associated with 
achalasia. There is a large, fungating mass in the lower esophagus in 
a patient with long-standing achalasia. Note beaklike narrowing 
(arrow) of the distal esophagus caused by incomplete opening of the 
lower esophageal sphincter. (From Levine MS: Radiology of the 
Esophagus. Philadelphia, WB Saunders, 1989.) 



376 SECTION IV Esophagus 



Figure 23-15 Advanced esophageal carcinoma arising in a lye 
stricture. A. Initial double-contrast esophagogram shows a focal 
stricture ( arrow) in the midesophagus caused by previous lye 
ingestion. Note superficial ulceration and nodularity of the mucosa in 
the region of the stricture. These findings were worrisome for 
developing tumor, but the patient refused endoscopy. B. Another 
study 2 years later shows an advanced, infiltrating carcinoma at the 
site of the previous stricture, with an esophagobronchial fistula 
(arrow). (From Levine MS: Radiology of the Esophagus. Philadelphia, 
WB Saunders , 1989.) 


Investigators have also developed histopathologic criteria for 
Barrett’s esophagus in which patients are classified as having 
long-segment disease (i.e., extending more than 3 cm from 
the gastroesophageal junction) or short-segment disease (i.e., 
extending 3 cm or less from the gastroesophageal junction) 
based on the vertical extent of columnar metaplasia in the 
esophagus. 115 Short-segment Barrett’s esophagus is even more 
common than long-segment Barrett’s esophagus, with a 
reported prevalence of 10% to 15% at endoscopy. 114 

Risk of Adenocarcinoma. In various series, the prevalence of 
adenocarcinoma in patients with Barrett’s esophagus has ranged 
from 2% to 46%, with an overall prevalence of about 10%.* 

It should be recognized that prevalence data exaggerate the 
risk of cancer because many patients with Barrett’s esophagus 
remain asymptomatic until the development of a superimposed 
carcinoma. Nevertheless, it has been estimated that patients 
with Barrett’s esophagus have at least a 20-fold increased risk 
of developing esophageal adenocarcinoma. 118,119 Current sur- 
veillance guidelines for Barrett’s esophagus assume that the 
absolute annual risk of developing cancer is about 0.5%, but 


*See references 101, 105, 107, 108, 116, and 117. 



Figure 23-16 Tylosis with hyperkeratotic plaques. There are 
multiple discrete plaques ( arrows ) in the mid and distal esophagus. 
These lesions were found to be hyperkeratotic plaques in a patient 
with long-standing tylosis. (From Munyer TF, Margulis AR: Tylosis. 
AJR 136:1026-1027, 1981.) 


one large study found that the actual risk was only 0.12%, 
calling into question the rationale for ongoing surveillance of 
asymptomatic patients who have Barrett’s esophagus without 
associated dysplasia (see later, “Surveillance and Management 
of Barrett’s Esophagus”). 120 

Dysplasia-Carcinoma Sequence. Pathologic data strongly 
suggest that esophageal adenocarcinoma in Barrett’s esophagus 
evolves through a sequence of progressively severe epithelial 
dysplasia in areas of preexisting columnar metaplasia. usually 
intestinal metaplasia. 121 ' 124 These dysplastic changes can be 
detected on endoscopic biopsy specimens obtained from Bar¬ 
rett’s esophagus. Dysplasia may occur in all types of Barrett’s 
mucosa but is most likely to occur in areas of intestinal meta¬ 
plasia. 113,114 Dysplastic changes are classified as low grade or 
high grade on the basis of the histologic findings; high-grade 
dysplasia may subsequently progress to invasive adenocarci¬ 
noma. In various studies, the prevalence of high-grade dysplasia 
in patients with esophageal adenocarcinoma has ranged from 
68% to 100%. 105,116 Studies have also shown progression to 
cancer within 7 years in 22% of patients with high-grade dys¬ 
plasia in Barrett’s esophagus. 2 

When Barrett’s esophagus is stratified into short-segment 
and long-segment disease, it has been found that patients with 
short-segment disease are more likely to develop dysplasia than 
the general population but are less likely to develop dysplasia 
than patients with long-segment disease. 125,126 Esophageal ade¬ 
nocarcinoma has also been found to develop in patients with 
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short-segment disease. 1251 128 Additional studies are needed, 
however, to further elucidate the cancer risk in these patients. 

Surveillance and Management of Barrett’s Esophagus. 

Because of the increased cancer risk, many investigators 
advocate endoscopic surveillance of patients with known 
Barrett’s esophagus to detect dysplastic changes, so these indi- 
viduals can be treated before the development of overt carci¬ 
noma. 2100,103105,121 " 123 Endoscopic biopsy specimens are generally 
recommended from all four quadrants of the lower esophagus 
at 1- to 2-cm intervals, starting at the gastroesophageal junc- 
tion. 2 In patients with nondysplastic Barrett’s esophagus, the 
American Gastroenterological Association recommends sur¬ 
veillance endoscopy at 2- to 5-year intervals, depending on the 
patient’s age and health. 124 In patients with low-grade dysplasia, 
endoscopy is recommended at 1- to 2-year intervals because 
of an increased but uncertain risk of developing cancer. 2 If 
high-grade dysplasia or early cancer is detected, treatment 
should be undertaken to prevent the development of cancer or 
treat these cancers at a curable stage. In the past, a surgical 
esophagogastrectomy was the definitive treatment for high- 
grade dysplasia or early cancers in Barrett’s esophagus. Cur- 
rently, however, various forms of endoscopic therapy are 
recommended as less invasive alternatives associated with lower 
morbidity and mortality rates than surgery." Radiofrequency 
ablation, photodynamic therapy, and endoscopic mucosal 
resection have all been shown to be effective and safe forms of 
therapy for treatment of high-grade dysplasia or early-stage 
cancer in Barrett’s esophagus, with a high rate of dysplasia and 
tumor eradication and a reduced risk of disease progression in 
these patients. 129131 

Despite these recommendations, there is continued contro- 
versy about whether endoscopic surveillance of patients with 
Barrett’s esophagus is a cost-effective approach for detecting 
esophageal adenocarcinoma because of the low incidence of 
neoplasia and the high cost of endoscopy. 118 So far, endoscopic 
surveillance of patients with Barrett’s esophagus has not been 
associated with a substantially decreased risk of death from 
esophageal adenocarcinoma. 132 Thus, many questions remain 
about the role of endoscopic surveillance and its ultimate value 
in patients with Barrett’s esophagus. 

Attention has also been focused on the role of DNA flow 
cytometry and cellular genetics analysis to determine which 
patients with Barrett’s esophagus are at greatest risk for the 
development of adenocarcinoma. Some investigators have 
shown that a subset of patients with Barrett’s esophagus have 
genomic instability, with aneuploid populations of cells, predis- 
posing to neoplastic transformation. 133 In various studies, the 
Åndings on DNA flow cytometry have correlated directly with 
the presence of high-grade dysplasia or invasive carcinoma 
on endoscopic biopsy specimens. 13 Thus, flow cytometry 
represents another potential diagnostic tool for surveillance of 
Barrett’s esophagus. 

Much less frequently, the development of cancer in Barrett’s 
esophagus may result from an adenoma-carcinoma sequence 
similar to that found in the colon. Benign adenomatous polyps 
have occasionally been documented in Barrett’s mucosa, with 
or without focal areas of invasive adenocarcinoma. 101,135,136 
Because malignant degeneration of these adenomas represents 
another potential pathway for the development of adenocarci¬ 
noma, endoscopic resection of adenomatous polyps in Barrett’s 
esophagus may decrease the risk of cancer. 


Relationship Among Scleroderma, Barrett’s Esophagus, and 
Adenocarcinoma. Scleroderma, a connective tissue disease 
characterized by smooth muscle atrophy and fibrosis, affects 
the esophagus in about 75% of patients. Esophageal involve- 
ment is usually characterized by a patulous, incompetent 
lower esophageal sphincter and absent esophageal peristalsis, 
with poor clearance of refluxed peptic acid from the esopha¬ 
gus once reflux has occurred. As a result, patients with 
scleroderma often have reflux esophagitis. Because of the 
severity of esophagitis, these individuals have an even greater 
risk of developing Barrett’s esophagus than other patients 
with reflux disease. In one study, 37% of those with sclero¬ 
derma who underwent endoscopy for reflux symptoms had 
biopsy-proven Barrett’s esophagus. 11 Because Barrett’s esopha¬ 
gus predisposes to esophageal adenocarcinoma, patients with 
scleroderma also appear to have an increased risk of devel¬ 
oping esophageal cancer. 1 Thus, scleroderma should indi- 
rectly be considered to be a premalignant condition in the 
esophagus. 

PATHOLOGY 

Gross Features 

Adenocarcinomas arising in Barrett’s mucosa appear grossly as 
infiltrating, polypoid, ulcerative, or varicoid lesions. These 
tumors tend to be located in the distal or, less commonly, 
middle third of the esophagus. 101 102,139 Unlike squamous cell 
carcinomas, adenocarcinomas of the distal esophagus fre¬ 
quently spread subdiaphragmatically to involve the gastric 
cardia or fundus. 101,102,112,139 Studies have shown that adenocar¬ 
cinomas arising in Barrett’s esophagus account for up to 50% 
of all adenocarcinomas involving the gastroesophageal junc- 
tion. 101,102,139 The remaining lesions are primary carcinomas of 
the gastric cardia or fundus invading the esophagus. Whether 
they arise in the esophagus or in the stomach, these tumors have 
similar morphologic features in terms of pattern of growth, 
degree of differentiation, and depth of invasion. 140 Nevertheless, 
it is important to ascertain whether the cancer has arisen in 
Barrett’s esophagus because it may be necessary to resect not 
only the primary tumor but all residual Barrett’s mucosa in 
these patients. Detection of malignant tumor at the cardia 
should therefore lead to a careful search for Barrett’s epithelium 
in the esophagus. 

Histologic Features 

At the time of diagnosis, most adenocarcinomas in Barrett’s 
esophagus are advanced, unresectable tumors. Occasionally, 
however, early, potentially curable lesions may be detected by 
radiologic or endoscopic surveillance of patients with known 
Barrett’s esophagus. Alternatively, early lesions may be detected 
fortuitously in patients who undergo barium studies or endos¬ 
copy because of their underlying reflux disease. 512141 

ROUTES OF SPREAD 

Like squamous cell carcinomas, esophageal adenocarcinomas 
invade local, regional, or distant structures via direct extension, 
lymphatic spread, or hematogenous metastases. Unlike squa¬ 
mous cell carcinomas, however, adenocarcinomas in Barrett’s 
esophagus have a marked tendency to invade the proximal 
stomach; involvement of the gastric cardia or fundus occurs in 
35% to 50% of cases. 101,102,139 
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CLINICAL ASPECTS 

Barrett’s esophagus is predominantly a disease of older white 
men, with a male-to-female ratio of 3:1 and a mean age of 
about 65 years at the time of diagnosis. Nevertheless, there has 
been a significant increase in the incidence of these tumors in 
younger patients between 45 and 65 years of age. 2 

Patients with esophageal adenocarcinoma usually present 
with recent onset of dysphagia and weight loss. 104,105,116,120 Other 
Åndings include upper GI bleeding, odynophagia, and chest 
pain. 116 Because of their underlying reflux disease, some patients 
have long-standing reflux symptoms before the development of 
cancer. 104 By the time these individuals develop dysphagia, 
however, they almost always have advanced, unresectable 
tumors. Thus, patients with esophageal adenocarcinomas have 
a poor prognosis, with overall 5-year survival rates less than 
20%. 2,142 

Most patients with early adenocarcinomas in Barrett’s 
esophagus are asymptomatic, but some may present with 
melena, guaiac-positive stool, or iron deficiency anemia as a 
result of low-grade bleeding from the friable surface of the 
tumor. 6 Others may seek medical attention because of their 
underlying reflux disease, so early cancers may be detected 
as fortuitous Åndings in patients presenting with reflux 
symptoms. 63 

RADIOGRAPHIC FINDINGS 

Early Adenocarcinoma 

Like squamous cell carcinomas, early adenocarcinomas in 
Barrett’s esophagus may appear on double-contrast esophago- 
grams as plaquelike lesions or as flat sessile polyps. 63 Sessile or 
pedunculated polyps in the distal esophagus may also represent 
adenomatous polyps in Barrett’s mucosa with or without foci 
of invasive carcinoma (Fig. 23-17). 101,136 In patients with peptic 
strictures, the earliest manifestation of a developing adenocar¬ 
cinoma may be a localized area of flattening, stiffening, or 
irregularity in one wall of the stricture (Fig. 23-18). 63,101,102 
Other patients may have superficial spreading carcinomas, 
manifested by confluent nodularity or granularity of the 
mucosa without a discrete lesion. 6 " Although early adenocarci¬ 
nomas are typically small lesions, some patients may have rela- 
tively larger polypoid masses that are indistinguishable 
radiographically from advanced cancers. 63 

Advanced Adenocarcinoma 

Advanced esophageal adenocarcinomas usually appear on 
barium studies as infiltrating lesions with irregular luminal nar- 
rowing, nodularity or ulceration of the mucosa, and abrupt, 
asymmetric margins (Fig. 23-19A). 101,102,1 In general, these 
lesions cannot be distinguished radiographically from squa¬ 
mous cell carcinomas. In one study, however, esophageal adeno¬ 
carcinomas were found to involve a longer vertical segment of 
the esophagus than squamous cell carcinomas. 102 Adenocarci¬ 
nomas are also more likely to involve the distal esophagus, 101 so 
the presence of a long infiltrating lesion in the distal esophagus 
should suggest the possibility of adenocarcinoma. 

Less frequently, these tumors may appear as polypoid intra- 
luminal masses (Fig. 23-19B) or as primary ulcerative lesions, 
with a meniscoid ulcer surrounded by a thick rind of tumor 
(Fig. 23-19C). 101,102 Occasionally, these lesions may have a 
varicoid appearance caused by submucosal spread of tumor 


* 
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Figure 23-17 Early adenocarcinoma in Barrett # s esophagus. 

There is a large pedunculated polyp ( arrows ) in the distal esophagus. 
Pathologic examination of the resected specimen revealed an 
adenomatous polyp with a solitary focus of adenocarcinoma. 

(From Levine MS, Caroline D, Thompson JJ, et al: Adenocarcinoma 
of the esophagus: Relationship to Barrett mucosa. Radiology 
150 : 305 - 309 , 1984 .) 


(Fig. 23-19D). 101,102,143 Similar findings may be present in 
patients with squamous cell carcinomas. However, many 
patients with adenocarcinomas arising in Barrett’s esophagus 
have associated hiatal hernias, gastroesophageal reflux, reflux 
esophagitis, or peptic strictures. 101,102 The possibility of adeno¬ 
carcinoma should therefore be considered in any patient with 
esophageal cancer who has other clinical or radiologic signs of 
reflux disease. 

When adenocarcinomas are located in the distal esophagus, 
they have a marked tendency to invade the gastric cardia 
or fundus. 101,102,139 Gastric involvement may be manifested on 
barium studies by a polypoid or ulcerated mass in the fundus. 
In other patients, these tumors may cause distortion or oblit- 
eration of the normal anatomic landmarks at the cardia and 
irregular areas of ulceration without a discrete mass (Fig. 
23-20). 101 The findings may be quite subtle, so optimal 
double-contrast views of the gastric cardia and fundus are 
required to demonstrate these lesions. In general, esophageal 
adenocarcinomas invading the gastric cardia or fundus are 
difficult to differentiate radiographically from carcinomas of 
the cardia or fundus invading the distal esophagus. However, 
esophageal adenocarcinomas usually have a greater degree 
of esophageal involvement in relation to that of the stomach, 
whereas cardiac carcinomas have a greater degree of fundal 
involvement. 
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Figure 23-18 Early adenocarcinoma in Barrett # s esophagus. 

There is a relatively long peptic stricture in the distal esophagus with 
slight flattening and stiffening of one wall of the stricture ( arrows ). 
Surgery revealed an intramucosal adenocarcinoma arising in Barrett's 
esophagus. (From Levine MS, Caroline D, Thompson JJ, et al: 
Adenocarcinoma of the esophagus: Relationship to Barrett mucosa. 
Radiology 150:305-309, 1984.) 

Differential Diagnosis 

EARLY ESOPHAGEAL CANCER 

Early squamous cell carcinomas and adenocarcinomas usually 
appear on double-contrast esophagograms as plaquelike lesions 
or as flat sessile polyps. However, squamous papillomas may 
also appear as small, sessile, slightly lobulated polyps that are 
indistinguishable from early esophageal cancers (see Chapter 
22). 144 Candida esophagitis and glycogenic acanthosis usually 
produce multiple plaquelike defects in the esophagus, but a 
single large plaque can be mistaken for a plaquelike carcinoma. 
Occasionally, inflammatory exudates or pseudomembranes 
associated with severe reflux esophagitis may also appear radio- 
graphically as plaquelike defects indistinguishable from early 
adenocarcinomas (Fig. 23-21). 145 However, pseudomembrane 
formation may be suggested by the presence of other discrete 
satellite lesions or by a change in the size and appearance of the 
lesions at fluoroscopy. When the radiographic Åndings are 
equivocal, endoscopy and biopsy are required for a definitive 
diagnosis. 

Because superficial spreading carcinomas are manifested on 
double-contrast esophagograms by tiny nodules or plaques, a 
localized area of Candida esophagitis could conceivably produce 
a similar appearance (Fig. 23-22). 146 However, the plaquelike 


defects of candidiasis tend to be discrete lesions with well- 
defined horders and normal intervening mucosa, whereas the 
nodules or plaques of superficial spreading carcinoma tend to 
coalesce, producing a continuous area of disease. Superficial 
spreading carcinomas that are more extensive should be dif- 
ferentiated from other benign conditions causing a diffusely 
nodular mucosa, such as Candida esophagitis, glycogenic acan¬ 
thosis or, rarely, leukoplakia, acanthosis nigricans, and squa¬ 
mous papillomatosis. 146-150 However, the latter conditions also 
tend to produce discrete lesions rather than a continuous area 
of disease. Finally, superficial spreading carcinoma may produce 
a reticulonodular appearance that closely resembles the reticu- 
lar pattern of Barrett’s mucosa. 15 However, this last finding is 
usually associated with a midesophageal stricture, with the 
reticular pattern extending distally a variable distance from the 
stricture (see Chapter 19). 

ADVANCED CARCINOMA 

Infiltrating esophageal carcinomas usually have an obvious 
malignant appearance. Occasionally, however, these lesions may 
resemble benign strictures with concentric narrowing and rela¬ 
tively smooth, tapered margins (see Fig. 23-8B). 84,1 2 In such 
cases, an abrupt change in caliber and focal irregularity, nodu- 
larity, or stiffening of one or both walls of the stricture should 
raise the possibility of malignant tumor, particularly an adeno¬ 
carcinoma in Barrett’s esophagus. 1011 Rarely, esophageal cancer 
may cause beaklike narrowing of the distal esophagus, mimick- 
ing the appearance of primary achalasia. 1( However, asymme- 
try, nodularity, or ulceration of the narrowed segment should 
suggest a malignant lesion. 

When infiltrating cancers are detected in the esophagus, 
it may be difficult or impossible to differentiate squamous 
cell carcinomas from adenocarcinomas arising in Barrett’s 
mucosa. However, adenocarcinomas tend to be located more 
distally in the esophagus and often invade the gastric cardia 
or fundus, whereas squamous cell carcinomas rarely extend 
subdiaphragmatically to involve the stomach. 101,102,139 Other 
clinical or radiographic signs of reflux esophagitis should also 
favor adenocarcinoma. Nevertheless, endoscopy and biopsy 
are required for a definitive diagnosis. 

Although squamous cell carcinomas and adenocarcinomas 
sometimes appear as polypoid masses in the esophagus, the 
presence of a bulky intraluminal mass (especially one that 
expands the esophagus without causing obstruction) should 
suggest the possibility of other rare malignant tumors such as 
spindle cell carcinoma and primary malignant melanoma of the 
esophagus (see Chapter 24). 153,154 Rarely, benign tumors such as 
fibrovascular polyps may be manifested by polypoid lesions, but 
these tumors tend to appear as smooth, expansile, sausage- 
shaped masses in the upper thoracic esophagus (see Chapter 
22). 155 Finally, impacted food in the esophagus may be confused 
radiographically with polypoid carcinomas. However, the pres¬ 
ence of a stricture directly below the polypoid defect should 
suggest the possibility of a food impaction. Impacted debris 
may also obstruct the esophagus, whereas polypoid carcinomas 
rarely cause esophageal obstruction. Obviously, a history of 
sudden onset of dysphagia while eating meat or some other 
bulky food product should suggest this complication. 

Primary ulcerative carcinomas usually appear as distinctive 
meniscoid ulcers surrounded by a thick, irregular rim of malig¬ 
nant tissue. However, the adjacent tumor mass is sometimes 
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Figure 23-19 Advanced adenocarcinoma in Barrett's esophagus: patterns of tumor. A. Infiltrating lesion. B. Polypoid lesion ( arrows). 

C. Ulcerative lesion ( arrow). D. Varicoid lesion. (B from Levine MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989; C, D from 
Levine MS, Caroline D, Thompson JJ, et al: Adenocarcinoma o f the esophagus: Relationship to Barrett mucosa. Radiology 150:305-309, 1984.) 




Figure 23-20 Adenocarcinoma in Barrett's esophagus invading 
the stomach. Double-contrast view of the gastric fundus shows 
obliteration of the normal anatomic landmarks at the cardia with 
irregular areas of ulceration ( straight arrows). Also note tumor 
involving the distal esophagus ( curved arrow). At surgery, this patient 
had a primary adenocarcinoma arising in Barrett's esophagus with 
associated gastric involvement. (From Levine MS, Caroline D, 
Thompson JJ, et al: Adenocarcinoma of the esophagus: Relationship 
to Barrett mucosa. Radiology 150:305-309, 1984.) 


subtle, so these lesions can occasionally be mistaken for benign 
ulcers. Conversely, some patients with esophagitis may have 
large, flat ulcers with a surrounding mound of edema, errone- 
ously suggesting an ulcerated carcinoma. Ulcers associated with 
potassium chloride or quinidine ingestion or nasogastric intu- 
bation can have a particularly ominous appearance (see Chapter 
21). Endoscopy and biopsy may therefore be required to exclude 
a malignant lesion. 

Although varicoid carcinomas can mimic the appearance of 
esophageal varices on a single radiograph, these entities can 
usually be differentiated at fluoroscopy. 88 ' 90,143 True varices tend 
to change in size and shape with peristalsis, respiration, and 
Valsalva maneuvers, whereas varicoid tumors have a rigid, fixed 
configuration, with an abrupt demarcation between the involved 
segment and adjacent normal mucosa. Most varicoid carcino¬ 
mas are squamous cell carcinomas or adenocarcinomas, but 
other malignant tumors such as lymphoma may occasionally 
produce similar Åndings. 155 

Rarely, localized submucosal extension of a squamous cell 
carcinoma or adenocarcinoma may produce a smooth submu¬ 
cosal mass, mimicking the appearance of a benign leiomyoma 
(Fig. 23-23). 13 However, a malignant tumor should be sus- 
pected if there is lobulation or ulceration of the lesion. 

Staging 

Most authors now recommend CT as the initial imaging test for 
staging esophageal cancer, 158,159 and the Society of Thoracic Sur- 
geons has issued guidelines recommending combined CT of the 
chest and abdomen for optimal staging. 160 Although CT has 
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Figure 23-21 Reflux esophagitis with a large pseudomembrane, 
mimicking a plaquelike adenocarcinoma. There is a longitudinally 
oriented, plaquelike lesion ( arrows) on the anterolateral wall of the 
distal esophagus. The radiographic findings are worrisome for a 
plaquelike carcinoma, but endoscopy revealed pseudomembranes 
caused by severe reflux esophagitis without evidence of tumor. 

(From Levine MS, Cajade AG, Fierlinger H, et al: Pseudomembranes 
in reflux esophagitis. Radiology 159:43-45, 1986.) 


been the mainstay for staging esophageal carcinoma, the 
increasing use of endoscopic ultrasound (EUS) and positron 
emission tomography (PET) has altered the staging algorithm 
for patients with newly diagnosed esophageal cancer. Currently, 
a combination of CT, EUS, and PET is generally advocated to 
determine which patients should be treated with surgery versus 
chemotherapy, combination radiation and chemotherapy, or 
surgery with neoadj uvant ther apy. As with any cancer, staging 
criteria for esophageal carcinoma include detection of local 
invasion, regional lymph node involvement, and distant metas¬ 
tases. The different imaging modalities have different strengths 
and weaknesses for staging esophageal cancer. 

COMPUTED TOMOGRAPHY 

Technique 

When CT is performed for esophageal cancer staging, the scan 
should include the upper abdomen and thorax because of the 
high incidence of upper abdominal lymph node metastases at 
the time of diagnosis. 16 Distal esophageal cancers are more 
likely to be associated with upper abdominal lymph node 
involvement (Fig. 23-24); the frequency of abdominal lymph 
node metastases is about 30% for thoracic esophageal cancers 
above the level of the carina but increases to 70% for cancers 
below the carina (Fig. 23-25). 162 Because the lymphatic drainage 
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Figure 23-22 Localized area of Candida esophagitis. This 
appearance could be mistaken for a superficial spreading carcinoma. 
However, note how the plaques have discrete borders and are 
separated by short segments of normal mucosa. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


of the esophagus is longitudinal rather than circumferential (as 
in the remainder of the GI tract), lymph node metastases tend 
to occur above and below the site of the primary tumor, often 
at a considerable distance from the primary lesion rather than 
immediately adjacent to the tumor (Fig. 23-26). Intravenous 
contrast material is administered whenever possible to increase 
detectability of hepatic metastases and better differentiate 
lymph nodes from vascular structures in the mediastinum. It is 
controversial whether staging CT should also include the neck 
to assess for cervical lymph node metastases. 

Staging Criteria 

The major CT criteria for staging esophageal cancer include 
detection of (1) local mediastinal invasion, (2) regional lymph 
node involvement, and (3) distant metastases. CT is better at 
detecting local invasion of the mediastinum by esophageal 
cancer than it is at detecting local invasion by other GI cancers, 
presumably because the mediastinum is a contained Space. 
Thus, direct invasion can be predicted by mass effect criteria 
that are not useful elsewhere in the GI tract. 

The CT criteria for local invasion include the following: 
(1) loss of the fat plane between the tumor and adjacent struc¬ 
tures in the mediastinum; and (2) displacement or indentation 
of other mediastinal structures. CT findings of displacement of 
the trachea or bronchus or indentation of the posterior wall of 
the trachea or bronchus by the tumor mass have been found to 
be highly accurate for predicting tracheal or bronchial invasion 
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Figure 23-23 Esophageal carcinoma resembling a benign 
submucosal mass. However, this lesion ( arrows ) is larger and has a 
more irregular contour than most leiomyomas. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


(Figs. 23-27 and 23-28). 163 165 The combined results from six 
studies with surgical confirmation revealed that CT had a sen- 
sitivity of 93%, specificity of 98%, and accuracy of 97% for 
predicting tracheobronchial invasion by esophageal cancer. 166 

Mass effect criteria can also be used to predict pericardial 
invasion. If the tumor extends to the posterior surface of the 
heart with no intervening fat plane, and if the tumor bulges 
into the lumen of the left atrium on CT or magnetic resonance 
imaging (MRI), pericardial invasion can be predicted with a 
high level of confidence (Fig. 23-29). The combined results 
of those same six studies revealed that CT had a sensitivity, 
specificity, and accuracy of 94% for predicting pericardial 
invasion. 166 

It is more difficult to predict aortic invasion because the 
esophagus normally contacts the aorta with no intervening fat 
plane (Fig. 23-30). Investigators have circumvented this problem 
by recognizing that the fat plane surrounding the aorta nor¬ 
mally has a circumference of 360 degrees, similar to that of a 
compass. If an esophageal cancer obliterates the fat plane 
between the esophagus and aorta by more than 25% of the 
circumference (>90 degrees), tumor is considered to be invad- 
ing the aorta (Fig. 23-31). If the tumor obliterates less than 45 
degrees of the circumference, the aorta is not considered to be 
invaded by tumor (Fig. 23-32). Finally, if the tumor obliterates 
45 to 90 degrees of the circumference, the CT Åndings are con¬ 
sidered to be indeterminate for aortic invasion (Fig. 23-33). By 
using this criterion, the combined results of those same six 



Figure 23-24 Longitudinal lymphatics of esophagus. Lymphatic 
channels surrounding the distal esophagus drain into paracardiac and 
lesser curvature lymph nodes in the upper abdomen, accounting for 
the high frequency of abdominal lymph node metastases in patients 
with distal esophageal cancers. 


studies revealed that CT had a sensitivity of 88%, specificity of 
96%, and accuracy of 94% for predicting aortic invasion. 166 CT 
is currently thought to have an overall accuracy of more than 
90% in predicting local invasion and metastases from esopha¬ 
geal cancer. 159 

Because lymph node enlargement is the CT criterion used to 
predict mediastinal or upper abdominal lymph node metasta¬ 
ses, CT is limited by the faet that it cannot detect tumor in 
normal-sized lymph nodes. CT therefore fails to detect nodes 
that are involved by tumor in the absence of nodal enlargement. 
Enlarged lymph nodes adjacent to an esophageal cancer also 
may not be visualized if they are inseparable from the primary 
lesion. Conversely, when enlarged mediastinal lymph nodes are 
detected, CT cannot differentiate benign causes of lymph node 
enlargement from metastatic tumor. In one study, benign 
enlargement of lymph nodes occurred more frequently when 
the primary esophageal cancer was large and necrotic. 167 In 
general, CT has been found to be more accurate for predicting 
upper abdominal lymph node metastases than mediastinal 
lymph node metastases. 168 

CT of the chest and upper abdomen also enables detection 
of distant metastases to the lungs, bones, liver, or other struc- 
tures. These Åndings are useful for predicting long-term sur- 
vival in patients with esophageal cancer. In one study, patients 
with CT Åndings of mediastinal or subdiaphragmatic invasion 
by tumor had a signiAcantly shorter survival compared to 
patients without these Åndings. 168 
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Figure 23-25 Relationship between frequency of 
subdiaphragmatic lymph node metastases and location of 
esophageal cancer. Distal esophageal cancers have a substantially 
higher frequency of subdiaphragmatic lymph node metastases than 
cancers located more proximally in the esophagus. 



Figure 23-26 Enlarged subdiaphragmatic lymph node ( arrow ) as 
a result of lymphatic metastasis from esophageal carcinoma. 

Lymphatic metastases may occur at a considerable distance from the 
primary tumor because of the rich network of longitudinally oriented 
periesophageal lymphatics. 

ENDOSCOPIC ULTRASOUND 

Technique 

The ultrasound probe is built into the tip of a fiberoptic endo- 
scope designed specifically for EUS. The tip of the probe is 
covered by a distensible rubber balloon that can be filled with 




Figure 23-27 Tracheal invasion by esophageal carcinoma. A. CT 

scan shows esophageal tumor indenting the posterior wall of the 
trachea. This finding is indicative of tracheal invasion. B. Line drawing 
also shows tracheal invasion by esophageal tumor. 


water to provide an acoustic interface between the transducer 
and esophageal wall. These ultrasound units are stand-alone 
devices that differ from the upper GI endoscope. The probes 
are similar in size to standard endoscopes, so they cannot pass 
through areas of marked luminal narrowing caused by advanced 
esophageal cancers, preventing adequate staging of these 
tumors. Reported rates of nontraversability of the tumor at EUS 
have ranged from 20% to 45%. 169,170 To circumvent this problem, 
a tiny probe can be passed through the biopsy channel of a 
standard endoscope. 2 These probes have the advantage of 
being able to traverse a greater percentage of esophageal cancers 
because of the smaller probe caliber. At the same time, these 
smaller probes use very high-frequency transducers, so they 
have a more limited field of view. 
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Figure 23-28 Bronchial invasion by esophageal carcinoma. 

A. CT scan shows esophageal tumor bowing and displacing the 
posterior wall ( arrows ) of the left main bronchus. This finding is 
indicative of bronchial invasion. B. Line drawing also shows 
bronchial invasion by tumor. 




Figure 23-29 Pericardial invasion by esophageal carcinoma. A. CT scan shows esophageal tumor indenting the posterior wall of the left 
atrium. This finding is indicative of pericardial invasion. B. MRI scan also shows tumor indenting the posterior wall of the left atrium. 


Staging Criteria 

EUS pro vides excellent visualization of the five layers of the 
esophageal wall. These layers are recognized on EUS as alternat- 
ing layers of increased and decreased echogenicity, producing 
five rings (Fig. 23-34). The inner echogenic line represents the 
mucosal interface with the transducer, the central echogenic 
line represents submucosal fat (fat is echogenic on ultrasound), 
and the outer echogenic line represents serosal fat. Tumors are 
usually manifested by hypoechogenic masses causing disrup- 
tion or widening of these esophageal rings (Fig. 23-35). EUS is 
excellent for detecting esophageal tumors and can often identify 
lesions that have spread beyond the wall, enabling differentia¬ 
tion of T2 tumors, which are confined to the esophageal wall, 
from T3 tumors, which extend beyond the esophageal wall into 
the periesophageal fat. The ability of EUS to detect T4 tumors, 
which are invading adjacent structures in the mediastinum, 
is limited by the inability to differentiate invasive tumors 


from those that extend to adj acent structures without actual 
invasion. 

A meta-analysis of 13 studies evaluating the accuracy of EUS 
for esophageal cancer staging has found that EUS has an overall 
accuracy of 89% for predicting the depth of tumor invasion in 
the esophageal wall and an accuracy of 79% for predicting 
mediastinal lymph node metastases (Fig. 23-36). 173 Many 
authors therefore believe that EUS should be complementary 
to helical CT for staging esophageal cancer. EUS is superior to 
CT for detecting the depth of invasion in the esophageal wall 
and mediastinal lymph node metastases, but CT is superior to 
EUS for detecting distant metastases. The ability of EUS to dif¬ 
ferentiate T2 from T3 tumors is particularly helpful for guiding 
treatment because patients with T2 tumors usually undergo 
primary surgical resection, whereas chemoradiation therapy is 
usually given to patients with T3 tumors. At institutions in 
which surgery is performed for both T2 and T3 tumors, however, 
this benefit of EUS is lost. 
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Figure 23-30 Normal contact between esophagus and 
descending thoracic aorta. There is direct contact between the 
esophagus and adjacent descending thoracic aorta. 


The accuracy of EUS for nodal staging can be increased by 
transesophageal EUS-guided fine-needle aspiration (FNA) 
cytology of peritumoral lymph nodes in the mediastinum. 174 In 
one study, routine FNA of lymph nodes at EUS was found to 
have an accuracy of 93% for nodal staging versus an accuracy 
of 70% for EUS alone. 175 EUS with FNA can therefore improve 
local staging of esophageal cancer. 

POSITRON EMISSION TOMOGRAPHY 

PET using fluorine-18-deoxyglucose (FDG) is another useful 
test for staging esophageal cancer. Because these tumors and 
their metastases to the liver, lungs, cervical lymph nodes, and 
other sites are relatively FDG-avid (Figs. 23-37 and 23-38), PET 
or PET/CT can detect metastases that are not recognized on 
CT. 176 In one study, PET revealed metastases not visible on CT 
of the chest and upper abdomen in 17% of patients with esoph¬ 
ageal cancer, including 38% of cervical lymph node metastases, 
23% of bone metastases, and 15% of hepatic metastases. 1 PET 
is therefore particularly helpful when CT reveals no evidence of 
local invasion or distant metastases (Fig. 23-39). In another 
study, PET contributed important additional information for 
cancer staging in 14% of patients with esophageal cancer who 
underwent CT. 178 

ULTRASONOGRAPHY OF THE NECK 

Cervical lymph nodes appear to be of greater importance for 
esophageal cancer staging than has previously been recognized. 



Figure 23-31 Aortic invasion by esophageal carcinoma. A. CT 

scan shows more than 90 degrees of contact between the esophageal 
tumor and aorta without intervening fat planes. This is a useful CT 
criterion for predicting aortic invasion. B. Line drawing also shows 
more than 90 degrees of contact between the tumor and aorta. 


In one study, one third of patients who underwent esophagec- 
tomy for “curable” cancers of the thoracic esophagus were 
found to have cervical lymph node metastases when a lymph 
node dissection of the neck was performed at the time of esoph- 
agectomy. 179 Lymph node metastases were found to be as 
common in the neck as in the mediastinum. The frequency of 
cervical lymph node metastases directly correlates with the 
location of the tumor in the esophagus—80% of patients with 
tumors in the cervical esophagus have cervical lymph node 
metastases versus 52% with tumors in the proximal thoracic 
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Figure 23-32 Esophageal carcinoma without evidence of aortic 
invasion. A. CT scan shows less than 45 degrees of contact between 
the esophageal tumor and aorta. This finding indicates that the aorta 
is not invaded by tumor. B. Line drawing also shows less than 45 
degrees of contact between the esophageal tumor and aorta. 




Figure 23-33 Indeterminate CT scan for aortic invasion by 
esophageal cancer. A. CT scan shows between 45 and 90 degrees of 
contact between the esophageal tumor and aorta. This finding is 
indeterminate for aortic invasion. B. Line drawing also shows between 
45 and 90 degrees of contact between the esophageal tumor and aorta. 



Figure 23-34 Normal endoscopic ultrasound. This image shows all five layers ( arrows ) of the esophageal wall. 
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Figure 23-36 Endoscopic ultrasound of lymph node metastasis 
from esophageal carcinoma. The enlarged node is manifested by a 
hypoechoic focus ( arrow ). 


Figure 23-35 Endoscopic ultrasound of esophageal cancer. 

Endoscopic ultrasound shows a hypoechoic mass (M) causing focal 
widening of the esophageal wall. The thin black line peripherally 
( arrows ) indicates that the tumor has not yet invaded the serosal fat. 
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Figure 23-37 Liver metastasis from esophageal carcinoma on 
PET. This coronal PET image shows marked uptake of radionuclide in 
avid hepatic metastasis. 



Figure 23-38 Cervical lymph node and pulmonary metastases 
from esophageal carcinoma on PET. This coronal PET image shows 
marked uptake of radionuclide (large white arrow ) in a bulky 
esophageal tumor in the upper mediastinum. Also note uptake in 
metastases to a right cervical lymph node (yellow arrow ) and right 
lung (small white arrow). 
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Figure 23-39 Value of PET for showing metastases not detected on CT scan. A. Barium study shows a circumferentially infiltrating 
carcinoma of the distal esophagus. B. Coronal PET image shows marked uptake of radionuclide in distal esophageal tumor (T). However, there is 
also uptake in metastases to the liver (long arrow), mediastinum (medium arrow), and a left cervical lymph node (short arrow). The PET scan has 
therefore dramatically altered the staging of this patient's disease. C. CT scan shows marked esophageal wall thickening by tumor (arrow). 
However, this lesion is potentially resectable without CT scan findings of local or distant metastases. (Note how there is less than 45 degrees of 
contact between the tumor and adjacent aorta.) 
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esophagus, 29% with tumors in the midthoracic esophagus, and 
9% with tumors in the distal thoracic esophagus. 180 

Because of the high frequency of cervical lymph node metas¬ 
tases from esophageal cancer, Asian and European authors have 
advocated ultrasonography of the neck with FNA for suspicious 
lymph nodes as another imaging test for staging esophageal 
cancer. 181,182 Neck ultrasonography is performed with a high- 
frequency transducer in the range of 7.5 to 10 MHz. This exam- 
ination is relatively easy to perform because the lymph nodes 
of interest in the neck are within 3 cm of the skin surface. 
Lymph nodes are considered to be abnormal if they have a 
diameter larger than 5 mm or a short-to-long ratio more than 
50%. 18 In one study, ultrasonography of the neck with FNA of 
suspicious nodes had a sensitivity of 88%, specificity of 59%, 
and accuracy of 78% for detecting cervical lymph node metas¬ 
tases from esophageal cancer. 184 

STAGING ALGORITHM 

CT is usually recommended as the initial test for staging esoph¬ 
ageal cancer. If CT reveals local invasion or distant metastases, 
no further imaging is warranted. If, however, CT is negative or 
indeterminate for local invasion or distant metastases, the 
patient can be referred for EUS. If the tumor still appears to be 
resectable on EUS, then PET or PET/CT can be performed to 
detect local invasion or distant metastases not recognized on 
CT or EUS. Further investigation is needed to determine 
whether ultrasonography or CT of the neck should be per¬ 
formed routinely to assess for cervical lymph node metastases 
in these patients. 

Treatment 

Depending on the stage of the tumor at the time of diagnosis, 
esophageal cancer may be treated by curative or palliative mea- 
sures. Curative therapy includes surgery, radiation, and surgery 
combined with preoperative or postoperative radiation or che- 
motherapy. Palliative therapy includes surgery, radiation, che- 
motherapy, placement of an indwelling esophageal prosthesis, 
and laser treatment. 

SURGERY 

Curative resection of a carcinoma in the distal two thirds of 
the esophagus usually requires an esophagogastrectomy and 
gastric pull-through. Resection of a more proximal lesion may 
require a free jejunal graft for reconstruction of the pharyn- 
goesophagus. Palliative surgery in patients with advanced 
esophageal cancer usually consists of an esophageal bypass 
procedure to control symptoms of obstruction or fistula forma¬ 
tion. The most common bypass procedures include colonic 
interposition and creation of a gastric tube. Palliation may also 
be achieved by passage of an esophageal prosthesis (usually an 
expandable metallic stent) to bypass an obstruction or fistula. 
The normal and abnormal appearances after surgery or other 
palliative procedures for esophageal cancer are discussed in 
Chapter 27. 

RADIATION THERAPY 

Radiation therapy may be used for palliative or definitive treat¬ 
ment of esophageal cancer. Squamous cell carcinomas tend to 


be more radiosensitive than adenocarcinomas. 185 Tumors in the 
cervical or upper thoracic esophagus also tend to be more radio- 
sensitive than those in the middle or distal thoracic esopha¬ 
gus. 185 Partial or total regression of tumor occurs in most 
patients who undergo this form of treatment. 186 ' 188 Although 
they may have substantial amelioration of dysphagia in the 
initial months after therapy, tumor subsequently recurs locally 
in 30% to 85% of cases. 185,188 ' 190 Even when the cancer is eradi- 
cated from the esophagus, these patients often die as a result of 
widespread metastases to the liver, hmgs, or mediastinum. 185,188,191 
Increased morbidity or mortality may also be attributed to com- 
plications of radiation therapy, such as esophageal ulceration, 
perforation, and fistula formation. 190 192 As a result, the progno- 
sis after radiation therapy is comparable to or slightly worse 
than that after surgery, with an average survival of only 9 to 10 
months. 

Partial regression of tumor after radiation therapy may be 
recognized on serial barium studies by a decrease in the size and 
bulk of the lesion. With total regression of tumor, esophagog- 
raphy may reveal a normal esophagus or a benign-appearing 
stricture at the site of the original lesion (Fig. 23-40). 188,189,193,194 
In most cases, these strictures appear as smooth, tapered areas 
of narrowing without evidence of nodularity, mass effect, or 
ulceration to suggest residual tumor. Even when there is total 
regression of tumor, however, these patients often die as a result 
of distant metastases, presumably because of unrecognized 
lymphatic involvement at the time of therapy. 188 Thus, disap- 
pearance of the cancer on radiologic or endoscopic studies does 
not necessarily indicate a cure. 

Although most patients have an initial clinical response to 
radiation therapy, recurrent dysphagia often occurs within 3 to 
9 months after treatment because of local recurrence of 
tumor. 185,188 Recurrent carcinoma may be recognized on 
barium studies by the development of a polypoid, ulcerative, or 
infiltrating lesion within or just beyond the margins of the 
original radiation portal. 181 However, an exacerbation of symp¬ 
toms in these patients may be caused not only by recurrent 
tumor but also by benign radiation strictures, fistula formation, 
perforation, or opportunistic esophageal infections such as 
Candida and herpes esophagitis. 188 Thus, radiologic studies may 
differentiate recurrent carcinoma from other complications in 
these patients. 

CHEMORADIATION THERAPY 

Initial reports suggested that combined radiation and chemo- 
therapy of patients with esophageal carcinoma produced an 
immediate and dramatic response, but that the long-term ben- 
efits of this approach were questionable. Preoperative chemo- 
radiation therapy has also been advocated as an adjunct to 
surgery for patients with locally advanced tumors or regional 
lymphadenopathy. 2 Unfortunately, conflicting data have been 
reported about the value of multimodality therapy. In a study 
of patients with esophageal adenocarcinoma, preoperative 
chemoradiation therapy was found to be superior to surgery 
alone, with median survivals of 15 and 11 months, respec- 
tively. 195 In another study of patients with squamous cell carci¬ 
noma of the esophagus, however, preoperative chemoradiation 
therapy did not improve overall survival. 196 Nevertheless, 
chemoradiation therapy is a viable alternative to surgery in 
patients with advanced disease or medical conditions that pre- 
clude surgery. 
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Figure 23-40 Total regression 
of esophageal carcinoma with a 
benign-appearing residual 
stricture after radiation therapy. 

A. Initial esophagogram shows an 
advanced, infiltrating carcinoma 
in the midesophagus. B. Second 
study 4 months after radiation 
therapy shows partial regression 
of the tumor, with residual areas 
of shallow ulceration. C. Third 
study 2 months later shows 
further regression of the lesion, 
with a smooth, tapered, benign- 
appearing radiation stricture in 
this location. (From Levine MS: 
Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 
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Metastases 

Esophageal metastases are found at autopsy in less than 5% of 
patients dying of carcinoma. Most cases result from direct inva¬ 
sion by primary malignant tumors of the stomach, lung, and 
neck or from contiguous involvement by tumor- containing 
lymph nodes in the mediastinum. These various forms of 
esophageal involvement by metastatic tumor produce charac- 
teristic radiographic findings that are discussed separately in 
later sections. 


SITES OF ORIGIN 

Carcinoma of the stomach accounts for about 50% of all 
esophageal metastases. 1 Tumors involving the gastric cardia or 
fundus may invade the distal esophagus by contiguous spread 
through the diaphragmatic hiatus. Carcinomas of the lung 
and breast are other less common causes of esophageal 
metastases. 2 4 Most cases result from direct extension of tumor 
to the esophagus or from contiguous esophageal involvement 
by lymphadenopathy in the posterior mediastinum. The esoph¬ 
agus may also be involved by contiguous spread of malignant 
tumors in the neck, such as laryngeal, pharyngeal, and thyroid 
carcinomas. Rarely, the esophagus may be involved by hema- 
togenous metastases from tumors arising in distant locations 
such as the kidney, liver, rectum, prostate, cervix, and skin. 5 9 
Thus, most malignant tumors are capable of metastasizing to 
the esophagus. 

CLINICAL FINDINGS 

Patients with esophageal metastases may present with dyspha- 
gia as a result of esophageal compression by enlarged medias- 
tinal lymph nodes or actual invasion of the esophagus by tumor. 
Although the presence of esophageal metastases usually indi- 
cates a poor prognosis, some patients (particularly those with 
breast or lung cancer) may present with dysphagia as the initial 
manifestation of their disease. 210 Also, patients with breast 
cancer often have late-onset metastases to the esophagus, with 
an average interval of approximately 8 years from the time 
of diagnosis to the development of dysphagia. 4,11 When dyspha¬ 
gia occurs, these patients usually have widespread metastatic 
disease. 3,11 

RADIOGRAPHIC FINDINGS 

Direct Invasion 

Direct invasion of the cervical or thoracic esophagus by carci¬ 
noma of the larynx, pharynx, thyroid, or lung produces char- 
acteristic findings on barium studies. Early invasion may be 
manifested by a smooth or slightly irregular indentation on the 
esophagus with gently sloping, obtuse horders and a contiguous 
soft tissue mass in the adjacent mediastinum or neck. The area 
of involvement may have a more serrated, scalloped, or nodular 
appearance as the esophageal wall is further infiltrated by tumor 
(Fig. 24-1). Eventually, there may be circumferential narrowing 
of the esophagus with mass effect, nodularity, ulceration, or 
obstruction (Fig. 24-2). Rarely, thyroid cancer invading the 
esophagus may be manifested by an expansile intraluminal 
mass, mimicking the appearance of a spindle cell carcinoma 
(see later, “Spindle Cell Carcinoma”). 12 
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Figure 24-1 Direct esophageal invasion by carcinoma of the 
lung. There is eccentric mass effect and narrowing of the esophagus 
by tumor in the adjacent mediastinum. The scalloped contour of the 
esophagus in this region indicates direct invasion by tumor. (From 
Levine MS: Radiology o f the Esophagus. Philadelphia, WB Saunders, 
1989.) 


Secondary esophageal involvement by carcinoma of the 
gastric cardia or fundus may be manifested radiographically by 
a polypoid mass extending from the fundus into the distal 
esophagus (Fig. 24-3) or by irregular narrowing of the distal 
esophagus without a discrete mass. 13,14 Esophageal involvement 
is usually confmed to a short segment of the distal esophagus 
but may extend as far proximally as the aortic arch. 13 Occasion- 
ally, these tumors may cause smooth, tapered narrowing of 
the distal esophagus at or near the gastroesophageal junction, 
mimicking the appearance of achalasia (see later, “Secondary 
Achalasia”). 

When the distal esophagus appears to be involved by tumor 
on barium studies, the gastric cardia and fundus should also 
be evaluated radiographically to determine whether there is 
associated gastric involvement. In some cases, barium studies 
may demonstrate an obvious malignant tumor in the stomach 
(see Fig. 24-3). In others, however, the presence of tumor 
in the gastric fundus may be recognized only by distortion 
or obliteration of the normal anatomic landmarks at the 
cardia associated with relatively subtle areas of nodularity, 
mass effect, or ulceration (Fig. 24-4). 14,15 Thus, a meticulous 
double-contrast examination of the fundus is essential to 
rule out an underlying carcinoma of the cardia in these 
patients. 



Figure 24-2 Direct esophageal invasion by carcinoma of the 
lung. This patient has a long segment of irregular narrowing in the 
midesophagus caused by circumferential involvement by metastatic 
tumor in the mediastinum. (Courtesy Robert A. Goren, MD, 
Philadelphia.) 


Contiguous Involvement by Mediastinal 
Lymph Nodes 

Although any neoplasm that metastasizes to mediastinal lymph 
nodes may secondarily involve the esophagus, breast and lung 
cancer are the most common underlying malignant tumors in 
these patients. Because of the proximity of the midesophagus 
to subcarinal lymph nodes, esophageal involvement by medias¬ 
tinal lymphadenopathy usually occurs at this level. 10,16 Barium 
studies typically reveal a smooth or slightly lobulated extrinsic 
indentation on the esophagus at or just below the carina (Fig. 
24-5A). 10,16 When tumor directly invades the esophagus, it may 
have a more irregular contour, often with areas of ulceration 
(Fig. 24-6). 1,4,6 Eventually, the esophageal wall may be circum- 
ferentially infiltrated by tumor, producing an area of concentric 
narrowing with a surrounding soft tissue mass (Fig. 24-7). 2,4,6 
When esophageal involvement by mediastinal tumor is sus- 
pected on barium studies, CT should be performed to show the 
location and extent of lymphadenopathy in the mediastinum 
(Fig. 24-5B). 

Hematogenous Metastases 

True blood-borne or hematogenous metastases to the esopha¬ 
gus are extremely uncommon. Most cases are caused by 
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Figure 24-3 Direct esophageal invasion by gastric carcinoma. A. Double-contrast esophagogram shows a polypoid lesion in the distal 
esophagus that extends inferiorly to the gastroesophageal junction. B. Lateral view of the gastric fundus shows a large fundal mass ( black arrows ) 
containing an eccentric area of ulceration ( white arrow). This patient had a primary gastric carcinoma invading the distal esophagus. (From Levine 
MS: Radiology o f the Esophagus. Philadelphia, WB Saunders, 1989.) 


carcinoma of the breast, but other distant tumors may also 
metastasize hematogenously to the esophagus. Surprisingly, 
however, malignant melanoma (which has the highest per- 
centage of blood-borne metastases to the gastrointestinal tract) 
rarely involves the esophagus. Whatever the origin, blood- 
borne metastases to the esophagus usually appear on barium 
studies as short, eccentric strictures (usually in the middle 
third of the esophagus) with intact overlying mucosa and 
smooth, tapered margins (Fig. 24-8). 1,4,6,17 Although blood- 
borne metastases to the esophagus tend to be infiltrating 
lesions, they occasionally may be manifested by one or more 
discrete submucosal masses or centrally ulcerated bulFs-eye 
lesions. 17 

DIFFERENTIAL DIAGNOSIS 

A smooth or slightly lobulated indentation on the esophagus 
may be caused by a variety of extrinsic mass lesions such as 
benign tumors and cysts in the mediastinum, aberrant vessels, 
and an ectatic aorta or aortic aneurysm compressing the esoph¬ 
agus. In contrast, esophageal invasion by metastatic tumor 
should be suspected when the area of mass effect has an irregu- 
lar, serrated, or nodular contour or is associated with ulceration. 
As a result, malignant invasion of the esophagus usually can be 


distinguished from benign lesions in the mediastinum that are 
compressing but not invading the esophagus. 

The differential diagnosis for upper or midesophageal 
strictures caused by metastatic tumor includes Barrett’s esopha¬ 
gus and scarring from mediastinal irradiation, caustic diges¬ 
tion, eosinophilic esophagitis, or oral medications such as 
potassium chloride and quinidine. When these patients are 
known to have a previously irradiated malignant tumor in 
the thorax, the major diagnostic considerations include a 
benign radiation stricture and recurrent tumor. In such cases, 
computed tomography (CT) may be used to differentiate 
recurrent tumor from a radiation stricture by showing a 
mediastinal mass or lymphadenopathy in the region of the 
stricture. 

Secondary Achalasia 

The terms secondary achalasia and pseudoachalasia are used 
interchangeably to describe an entity in which the clinical, 
radiographic, endoscopic, and manometric features may be 
indistinguishable from those of primary, or idiopathic, acha¬ 
lasia. Malignancy-induced secondary achalasia is an uncom- 
mon condition, accounting for only 2% to 4% of patients 
with Åndings of achalasia at manometry. 18 Almost 75% of 
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cases are caused by carcinoma of the gastric cardia or 
fundus directly invading the gastroesophageal junction or 
distal esophagus. 19,20 Less frequently, hematogenous metasta¬ 
ses from other malignant tumors such as breast, lung, pan- 
creatic, uterine, and prostate cancer or even lymphoma 
involving the gastroesophageal junction may produce identi- 
cal findings. 8,19,21 ' 23 Other benign causes of secondary acha- 
lasia include Chagas’ disease, amyloidosis, and Nissen 
fundoplication. 24 26 It is important to differentiate primary 
and secondary achalasia because primary achalasia may be 
treated by pneumatic dilation, botulinum toxin injection, or 
laparoscopic myotomy, whereas secondary achalasia often 
necessitates chemotherapy or other treatment for widespread 
metastatic disease. 

PATHOGENESIS 

Primary and secondary achalasia are characterized by absent 
esophageal peristalsis and a hypertensive lower esophageal 
sphincter that fails to relax normally in response to deglutition. 
In patients with primary achalasia, the motor disorder is 
thought to be caused by degeneration and loss of the ganglion 
cells of Auerbach’s plexus in the esophagus. However, the 
precise mechanism whereby metastases produce this motility 
disorder is uncertain. Some patients have tumor directly invad¬ 
ing the distal esophagus with actual destruction of myenteric 
ganglia. 27 However, others have tumor confmed to the 



Figure 24-4 Direct esophageal invasion by carcinoma of the 
gastric cardia. Double-contrast view of the fundus shows obliteration 
of the normal anatomic landmarks at the cardia with a centrally 
ulcerated polypoid lesion (straight arrows) extending into the distal 
esophagus ( curved arrow). (From Levine MS, Laufer I, Thompson JJ: 
Carcinoma o f the gastric cardia in young people. AJR 140:69-72, 1983.) 



Figure 24-5 Esophageal compression by mediastinal lymphadenopathy from carcinoma of the lung. A. Barium study shows a large 
extrinsic indentation ( arrows ) on the anterolateral wall of the midesophagus just below the carina. B. CT scan shows bulky mediastinal and 
subcarinal adenopathy as the cause of this finding. An endobronchial lesion (arrow) is also seen in the left main bronchus near the carina. This 
patient was found to have a small cell carcinoma of the lung. (Courtesy Vincent Low, MD, Perth, Australia.) 
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Figure 24-6 Esophageal involvement by mediastinal 
lymphadenopathy from carcinoma of the cervix. There is eccentric 
mass effect on the midesophagus with an irregular contour and areas 
of ulceration caused by esophageal invasion by tumor in adjacent 
subcarinal nodes. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 


gastroesophageal junction without involvement of the neural 
plexus in the esophagus. 28 In such cases, the motor disorder 
may be caused by extraesophageal metastases to the vagus nerve 
or dorsal motor nucleus of the vagus nerve in the brain stem. 20 28 
Secondary achalasia may also occur as a paraneoplastic phe- 
nomenon caused by circulating tumor products that alter 
esophageal motor function. 8 Finally, malignant neuroendocrine 
tumors (particularly small cell carcinoma of the lung) may 
express a variety of neural antigens that initiate an autoim¬ 
mune response with circulating antibodies—known as anti-Hu 
antibodies—that cause neural degeneration and secondary 
achalasia. 29,30 

CLINICAL FINDINGS 

Although dysphagia occurs in primary and secondary achalasia, 
various clinical features are helpful for distinguishing these 
entities. Most patients with primary achalasia are between 20 
and 50 years of age, and they have dysphagia for a mean dura¬ 
tion of 4 to 6 years before seeking medical attention. 18,31 In 
contrast, most patients with secondary achalasia are more than 
60 years of age, and the duration of symptoms is usually less 
than 6 months. 18,31 Secondary achalasia also is far more likely to 



Figure 24-7 Circumferential esophageal involvement by 
metastatic breast cancer in the mediastinum. A relatively smooth, 
tapered area of narrowing is seen in the midesophagus. However, 
a surrounding soft tissue mass ( arrows ) in the mediastinum 
suggests esophageal encasement by lymphadenopathy. 

(From Levine MS: Radiology of the Esophagus. Philadelphia, 

WB Saunders, 1989.) 


be associated with weight loss. 32 An underlying malignant 
tumor should therefore be suspected whenever achalasia is 
diagnosed in older patients with recent onset of dysphagia and 
weight loss. 18,31,32 Nevertheless, some patients with primary 
achalasia may be older than 60 years and others may have a 
relatively short duration of symptoms. 31,33,34 Thus, it is not 
always possible to differentiate these conditions on clinical 
grounds. 

RADIOGRAPHIC FINDINGS 

Secondary achalasia is classically manifested on barium studies 
by absent esophageal peristalsis and smooth, tapered narrowing 
of the distal esophagus, producing a bird-beak configuration 
at or abutting the gastroesophageal junction (Fig. 24-9). 8,19,31,35 
Although the radiographic appearance may closely resemble 
that of primary achalasia, infiltration of the distal esophagus 
by tumor in secondary achalasia sometimes causes asymmetric 
or eccentric narrowing, abrupt transitions, rigidity, and 
mucosal nodularity or ulceration." 1 " 5 Another important sign 
of malignancy is the length of the narrowed segment, which 
may extend 3.5 cm or more above the gastroesophageal junc¬ 
tion in secondary achalasia (Fig. 24-10) but rarely extends this 
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far proximally in patients with primary achalasia. 31 Finally, the 
degree of esophageal dilation is usually less in patients with 
secondary achalasia because of the rapid onset of disease. 31 
When Åndings of achalasia are present on barium studies, a 
narrowed distal esophageal segment longer than 3.5 cm with 
little or no proximal dilation in an older patient with recent 
onset of dysphagia should therefore be highly suggestive of 
secondary achalasia, even in the absence of other suspicious 
radiographic Åndings. 31 

Because secondary achalasia is usually caused by carcinoma 
of the gastric cardia or fundus invading the distal esophagus, 
careful radiologic evaluation of the fundus is essential 
in these patients. Not infrequently, an obvious polypoid, 
ulcerated, or inAltrating carcinoma may be demonstrated in 
the fundus (see Fig. 24-9B). With less advanced lesions, no 
gross abnormalities may be demonstrated in the gastric fundus 
on conventional single-contrast barium studies. However, 
double-contrast studies may reveal subtle evidence of tumor 
distorting or obliterating the normal anatomic landmarks at 
the gastric cardia (see Fig. 24-10). 141 In contrast, the char- 
acteristic rosette that demarcates the gastric cardia on double- 
contrast studies should be normal in patients with primary 
achalasia. 

CT is often helpful for differentiating primary and sec¬ 
ondary achalasia. Patients with primary achalasia typically 
have little or no gastric esophageal wall thickening (Fig. 
24-11A) and no evidence of mediastinal lymphadenopathy 
or a mass at the cardia on CT (Fig. 24-1 IB). 36,37 In some 
cases, however, CT may reveal a pseudomass at the cardia 
because of inadequate distention of this region. 38 In contrast, 
patients with secondary achalasia often have a thickened wall 
in the distal esophagus on CT, and the thickened wall tends 
to be lobulated and asymmetric (Fig. 24-12A). CT may also 
reveal a soA tissue mass at the cardia (Fig. 24-12B), medi¬ 
astinal lymphadenopathy, and the presence of pulmonary, 
pieur al, or hepatic metastases. 39,40 CT is also helpful for detect- 
ing the site of the primary tumor in patients with secondary 
achalasia caused by carcinoma of the gastric cardia or fundus, 
lung, or pancreas or other malignant neoplasms in the chest 
or abdomen. 



Figure 24-8 Hematogenous metastasis to the esophagus from 
carcinoma of the breast. The lesion is manifested by a short, 
benign-appearing stricture ( arrow ) in the midesophagus. (From 
Levine MS: Radiology o f the Esophagus. Philadelphia, WB Saunders, 
1989.) 



Figure 24-9 Secondary achalasia caused by gastric carcinoma. A. There is smooth, tapered narrowing of the distal esophagus, producing 
the characteristic bird-beak appearance of primary achalasia. B. However, a view of the stomach reveals a diffusely infiltrating carcinoma of the 
gastric body and fundus that has invaded the distal esophagus. 
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Figure 24-10 Secondary achalasia caused by carcinoma of the 
gastric cardia. There is smooth, tapered narrowing of the distal 
esophagus, but the narrowed segment extends a considerable 
distance from the gastroesophageal junction (a finding not often seen 
in patients with primary achalasia). Also note how the tumor causes 
marked nodularity of the gastric fundus with obliteration of the 
normal anatomic landmarks at the cardia. (From Levine MS: 

Radiology of the Esophagus. Philadelphia, WB Saunders, 

1989.) 


Lymphoma 

The esophagus is the least common site of gastrointestinal 
involvement by lymphoma, accounting for only about 1% 
of cases. 41 Both non-Hodgkin’s and, less commonly, Hodg- 
kin’s lymphoma may involve the esophagus. These patients 
almost always have generalized lymphoma with direct inva¬ 
sion of the esophagus by lymphomatous nodes in the medi- 
astinum, contiguous spread of lymphoma from the gastric 
fundus, or synchronous development of lymphoma in the 
esophagus. 42 45 Rarely, primary esophageal lymphoma (usually 
Hodgkins lymphoma) may occur without extraesophageal 
disease. 46 ' 51 Cases of AIDS-related primary esophageal 
lymphoma have also been reported. 52 53 When esophageal 
lymphoma is suspected, endoscopy should be performed 
with deep esophageal biopsy specimens to confirm the 
diagnosis. However, false-negative biopsy specimens have 
been reported in 25% to 35% of cases because of the 
patchy nature of the disease and sampling error. 51 Thus, 
some patients may require surgery for a definitive 
diagnosis. 

CLINICAL FINDINGS 

Most patients with esophageal lymphoma have no esophageal 
symptoms, so the diagnosis is usually made at autopsy in 
patients with widespread disease. 41,42 However, some patients 
may develop dysphagia as a result of esophageal narrowing or 
obstruction by tumor. 42,4 " Rarely, they may present with dyspha¬ 
gia as the initial manifestation of their disease. 54 

RADIOGRAPHIC FINDINGS 

Secondary involvement of the esophagus by gastric lym¬ 
phoma may be manifested on barium studies by irregular 
narrowing of the distal esophagus caused by contiguous 



Figure 24-11 Primary achalasia on CT. A. CT scan shows a dilated esophagus ( arrowheads) without esophageal wall thickening or mediastinal 
adenopathy. B. Another scan more caudally shows no evidence of a soft tissue mass at the gastroesophageal junction. (Note barium in the 
gastric fundus.) This patient had long-standing primary achalasia. 
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Figure 24-12 Secondary achalasia on CT. A. CT scan shows asymmetric thickening of the esophageal wall ( arrowhead) in the distal esophagus 
at the level of beaklike narrowing seen on a prior barium study (not shown). B. Another CT image more caudally shows an asymmetric soft tissue 
mass ( arrowheads ) at the gastroesophageal junction protruding into the medial aspect of the gas-filled fundus. This patient had a carcinoma of 
the cardia causing secondary achalasia. 


spread of tumor from the gastric fundus (Fig. 24-13). 42-44,55 
In such cases, careful radiologic examination of the gastric 
cardia and fundus may demonstrate a polypoid, ulcerated, 
or infiltrating lesion in the fundus secondary to the underly- 
ing gastric lymphoma. Transcardiac extension of gastric lym- 
phoma is thought to occur in about 10% of patients. 55 
However, these lesions cannot be distinguished radiographi- 
cally from carcinoma of the gastric fundus invading the distal 
esophagus. 

Mediastinal lymphoma may cause extrinsic compression 
of the esophagus, resulting in a smooth indentation with 
obtuse, gently sloping horders. 42 Further esophageal involve- 
ment may be manifested by a more irregular or serrated 
contour abnormality secondary to invasion of the wall by 
tumor. Eventually, mediastinal lymphoma may cause diffuse 
esophageal narrowing (Fig. 24-14A). CT is particularly 
useful for determining the extent of disease in the medias- 
tinum (Fig. 24-14B). Other patients may develop esophageal- 
airway fistulas, usually as a complication of radiation 
therapy. 56,57 

Intrinsic esophageal lymphoma may be manifested by a 
Spectrum of abnormalities, including submucosal nodules, 
enlarged folds, polypoid masses, and strictures. The most 
common finding is a polypoid or ulcerated mass or an infiltrat¬ 
ing lesion indistinguishable from esophageal carcinoma (Fig. 
24-15). 42-44,48-52 Less frequently, lymphomatous infiltration of 
the submucosa may result in enlarged, tortuous longitudinal 
folds, mimicking the appearance of varices. 42-45 Occasionally, 
discrete submucosal masses may be found in the esophagus, 
suggesting multiple leiomyomas. 43,44 Other patients may have 
innumerable small submucosal nodules in the esophagus (Fig. 
24-16). 58 Although leukemic infiltrates, hematogenous metas¬ 
tases, and Kaposi’s sarcoma have also been described as unusual 
causes of submucosal nodules, the lesions tend to be larger and 
less numerous in these patients. Rarely, esophageal lymphoma 
may cause aneurysmal dilation similar to that found in the 
small intestine. 51 



Figure 24-13 Esophageal involvement by gastric lymphoma. 

There is irregular narrowing ( arrows ) of the distal esophagus caused 
by contiguous spread of lymphoma from the gastric fundus. 
Carcinoma of the gastric cardia invading the distal esophagus could 
produce identical findings. (From Levine MS: Radiology of the 
Esophagus. Philadelphia, WB Saunders, 1989.) 
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Figure 24-14 Esophageal involvement by mediastinal lymphoma. 

A. Barium study shows a long segment of smooth narrowing in the 
lower third of the esophagus secondary to circumferential encasement 
by mediastinal lymphadenopathy in a patient with lymphoma. B. CT 
scan in another patient with large cell lymphoma of the mediastinum 
shows extensive mediastinal adenopathy compressing the esophagus 
( arrowhead) and superior vena cava (arrow). (A courtesy Kyunghee C. 
Cho, MD, Newark, NJ; B courtesy Richard M. Gore, MD, Evanston, IL.) 


Spindle Cell Carcinoma 

Malignant polypoid epithelial tumors of the esophagus contain- 
ing both carcinomatous and sarcomatous elements are exceed- 
ingly uncommon, accounting for only 0.5% to 1.5% of all 
esophageal neoplasms. 60 Terms formerly used to describe these 
lesions include carcinosarcoma, pseudosarcoma, polypoid carci¬ 
noma , and spindle cell variant of squamous cell carcinoma. 
However, many investigators believe that these lesions represent 
various expressions of a single malignant tumor, which has been 
designated spindle cell squamous carcinoma or, simply, spindle 
cell carcinoma. 61 ' 63 

PATHOLOGY 

In the past, carcinosarcomas of the esophagus were thought 
to contain a mixture of carcinomatous and sarcomatous ele¬ 
ments. 64,65 In contrast, pseudosarcomas were thought to be 
composed primarily of sarcoma-like spindle cells with adjacent 
areas of squamous cell carcinoma. 66 ' 68 Because the sarcomatous 
portion of the tumor rarely metastasized to other structures, 
pseudosarcomas were thought to be less aggressive lesions that 
had a better prognosis than carcinosarcomas. 65 In subsequent 
studies, however, it was shown that metastases also occurred 


from the sarcomatous portion of so-called pseudosarcomas and 
that these lesions behaved as aggressively as carcinosarcomas. 61,69 
Thus, carcinosarcoma and pseudosarcoma appear to be the 
same pathologic entity, with varying degrees of anaplastic 
spindle cell metaplasia of the carcinomatous portion of the 
tumor. 61,63,70 

CLINICAL FINDINGS 

Patients with spindle cell carcinoma almost always present with 
dysphagia and weight loss/ Most patients are older men who 
often have a history of cigarette smoking or alcohol consump- 
tion. 68 1 The clinical presentation is therefore indistinguishable 
from that of squamous cell carcinoma. 

It has been suggested that spindle cell carcinoma has a 
better prognosis than squamous cell carcinoma because these 
tumors tend to remain superfkial, with local invasion and 
regional or distant metastases occurring late in the course of 
the disease. 64,72 However, other investigators have found that 
as many as 50% of patients with spindle cell carcinoma have 
metastatic disease at the time of diagnosis, and the overall 
5-year survival rate is only 2% to 8%. 65,71 Thus, the prognosis 
of this tumor is probably comparable to that of squamous 
cell carcinoma. 
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Figure 24-15 Primary AlDS-related non-Hodgkin # s lymphoma of 
the esophagus. There is an irregular, ulcerated area of narrowing 
with a shelflike proximal border in the distal thoracic esophagus. This 
lesion is indistinguishable from an advanced esophageal carcinoma. 
(Courtesy Jackie Brown, MD, Vancouver, Canada.) 


RADIOGRAPHIC FINDINGS 

Spindle cell carcinomas tend to be located in the mid or lower 
esophagus, appearing on barium studies as large polypoid 
masses that expand or dilate the lumen without causing obstruc¬ 
tion (Fig. 24-17). 62,63,65,69,72 Similarly, CT may reveal abulky mass 
expanding the lumen of the esophagus. In some cases, barium 
may form a dorne over the intraluminal portion of the tumor, 
producing a cupola effect. 55 Occasionally, a broad-based or 
narrow pedicle may be observed. 62, 63,68,69 Rarely, torsion of the 
pedicle results in spontaneous sloughing of the tumor. 68 Spindle 
cell carcinomas usually can be differentiated from squamous 
cell carcinomas and adenocarcinomas because the latter tumors 
tend to infiltrate and narrow the lumen, producing very differ- 
ent radiographic findings." Rarely, however, spindle cell carci¬ 
nomas may be infiltrating lesions indistinguishable from 
squamous cell carcinomas or adenocarcinomas. 65,71 

DIFFERENTIAL DIAGNOSIS 

The differential diagnosis for an expansile polypoid intralumi¬ 
nal mass includes other benign and malignant tumors of the 
esophagus. Benign lesions such as a giant fibrovascular polyp or 
leiomyoma may occasionally produce similar findings, but these 


lesions tend to have a smoother contour and are less lobulated. 74 
Primary malignant melanoma of the esophagus is another rare 
neoplasm characterized by an expansile intraluminal mass 
indistinguishable from spindle cell carcinoma (see later, “Malig¬ 
nant Melanoma”)- Other unusual malignant tumors of the 
esophagus, such as lymphoma, leiomyosarcoma, and Kaposi’s 
sarcoma, might also be considered. A definitive diagnosis of 
spindle cell carcinoma can therefore be made only on histologic 
grounds. 

Leiomyosarcoma 

Leiomyosarcomas of the esophagus are rare, low- grade, 
malignant tumors characterized by slow growth and late metas¬ 
tases. 75,76 These tumors are almost always thought to arise de 
novo rather than from preexisting leiomyomas. They are 
usually located in the distal two thirds of the esophagus because 
this is the portion of the esophagus that is lined by smooth 
muscle. 79,80 The lesions may eventually spread by direct exten- 
sion to the pleura, pericardium, diaphragms, and stomach, 
or they may metastasize hematogenously to the liver, lungs, 
and bones. 76,78,79 Because of their relatively slow growth rates, 
esophageal leiomyosarcomas have a better prognosis than squa¬ 
mous cell carcinomas, with 5-year survival rates approaching 
35%. 79,81 Nevertheless, rapid progression of esophageal leio¬ 
myosarcomas has occasionally been documented. 81 Leiomyo¬ 
sarcomas involving the esophagus should be differently from 
gastrointestinal stromal tumors (GISTs), which also have malig¬ 
nant potential (see Chapter 22). 

CLINICAL FINDINGS 

Esophageal leiomyosarcomas are usually fo und in middle-aged 
or older patients 76,82 and are slightly more common in men than 
in women. 79,82 Dysphagia is the most common presenting clini- 
cal complaint, but dysphagia can be minimal or absent if the 
tumor has a predominantly exophytic pattern of growth with 
little encroachment on the lumen. 8 When dysphagia does 
occur, it is often present for a longer interval (6-12 months) 
than in patients with esophageal carcinoma because of slower 
growth of these tumors. 79 Although rare, gastro intestinal bleed- 
ing may occur if the lesion is ulcerated. 7 

An esophagectomy or esophagogastrectomy is the treatment 
of choice for esophageal leiomyosarcomas. 76,79,80,82 Even when 
metastases are present, resection of the primary tumor may lead 
to prolonged survival of these patients. Because leiomyosarco¬ 
mas are radiosensitive, bulky lesions can be palliated by radia¬ 
tion ther apy in nonsurgical candidates. 76,79,80 


RADIOGRAPHIC FINDINGS 

Esophageal leiomyosarcomas sometimes contain large exo¬ 
phytic components that can be recognized on chest radiographs 
by the presence of a mediastinal mass. 76,83,84 Rarely, chest radio¬ 
graphs reveal dense calcification within the tumor. 85 Leiomyo¬ 
sarcomas typically appear on barium studies as large, lobulated 
intramural masses containing areas of ulceration or tracking 
(Fig. 24-18A). 83 These tumors therefore have the same radio¬ 
graphic features as malignant GISTs in the stomach and small 
bowel. Less commonly, they appear as polypoid, expansile intra¬ 
luminal masses or as infiltrative lesions with irregular luminal 
narrowing. 75,78,83,84,86 
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Figure 24-16 Generalized non- 
Hodgkin's lymphoma involving the 
esophagus. Double-contrast images of 
the middle (A) and distal (B) thoracic 
esophagus show innumerable 3- to 
10-mm submucosal nodules extending 
from the thoracic inlet to the 
gastroesophageal junction. This 
appearance could initially be mistaken 
for varices, but the diffuse distribution 
and discrete margins of the lesions 
allow them to be differentiated from 
varices. C. Endoscopic photograph 
reveals multiple, discrete submucosal 
nodules that had a whitish-yellow 
appearance on visual examination. 

D. Repeat esophagogram obtained 
2 months after chemotherapy shows 
almost complete healing of the 
submucosal nodules seen on the earlier 
study. (From Levine MS, Sunshine AG, 
Reynolds JC, et al: Diffuse nodularity 
in esophageal lymphoma. AJR 
145:1218-1220, 1985.) 
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Figure 24-17 Spindle cell carcinoma of the esophagus. There is a 
large polypoid intraluminal mass in the midesophagus that expands 
the lumen without causing obstruction. This appearance is typical of 
spindle cell carcinoma but can also be seen with primary malignant 
melanoma of the esophagus (see Fig. 24-19). (From Laufer I, Levine 
MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. 
Philadelphia, WB Saunders, 1992.) 


Esophageal leiomyosarcomas are characterized on CT by 
heterogeneous masses containing large exophytic components, 
central areas of low density, and extraluminal gas or contrast 
material within the tumor secondary to necrosis and cavita- 
tion (Fig. 24-18B). 78,80,81,83 Similar CT findings have been 
reported for malignant GISTs involving the stomach and small 
bowel. 

Esophageal leiomyosarcomas may be manifested on mag¬ 
netic resonance imaging (MRI) scans by esophageal masses 
that are isointense with skeletal muscle on Tl-weighted images 
(Fig. 24-18C) and hyperintense on T2-weighted images (Fig. 
24-18D). 83,87 MRI may also reveal a central signal void 
caused by extraluminal gas within the tumor (see Figs. 24-18C 
and D). 83 

Esophageal leiomyosarcomas are characterized on endo- 
scopic sonography by well-defmed hyperechoic masses arising 
from the muscular layer of the esophageal wall. 81 These tumors 
can also be recognized on angiography as hypervascular masses 
with tumor vessels, dilated vascular channels or venous lakes, 
and early venous drainage. 8 


DIFFERENTIAL DIAGNOSIS 

Esophageal leiomyosarcomas that appear on barium studies as 
intramural masses must be differentiated from leiomyomas 
and other benign mesenchymal tumors in the esophagus. 
However, these benign intramural lesions tend to be smaller 
and less lobulated and rarely contain areas of ulceration or 
tracking. Eeiomyosarcomas that appear as polypoid masses 
must be differentiated from spindle cell sarcoma, malignant 
melanoma, lymphoma, Kaposis sarcoma, and a giant fibrovas- 
cular polyp, but the latter neoplasm usually has a much smoother 
contour and almost always arises in the cervical esophagus near 
the cricopharyngeus. 74 Finally, leiomyosarcomas that appear as 
infiltrative lesions must be differentiated from a squamous cell 
carcinoma or adenocarcinoma arising in Barretts mucosa." 

Malignant Melanoma 

Primary malignant melanoma of the esophagus is a rare but 
aggressive tumor that accounts for less than 1% of all malig¬ 
nant esophageal neoplasms. 88 In the past, these lesions were 
thought to represent metastases from occult melanomas of 
the eye, skin, or anus. However, esophageal metastases are 
rarely found in patients with documented melanomas else- 
where. 5,9 The seeming paradox of developing melanoma in a 
structure such as the esophagus is explained by the faet that 
small numbers of melanocytes are present in the esophageal 
mucosa in 2% to 8% of patients. 91 As in the skin, esophageal 
melanoma presumably develops because of malignant degen¬ 
eration of these preexisting melanocytes. A review of the lit- 
erature suggests that primary malignant melanoma is at least 
10 times more common than metastatic melanoma involving 
the esophagus. 88 

CLINICAL FINDINGS 

Primary esophageal melanoma is an extremely aggressive tumor 
that is usually diagnosed in older adults. Most patients present 
with dysphagia and weight loss, 88 but the diagnosis is rarely sug- 
gested on clinical grounds. These tumors can sometimes be 
recognized at endoscopy as darkly pigmented masses, but pig- 
mentation is not always apparent on visual inspection. 88 The 
treatment of primary esophageal melanoma is surgical; an 
extensive esophageal resection is usually performed. However, 
these tumors tend to be advanced lesions at the time of diagno¬ 
sis. As a result, affeeted individuals have a dismal prognosis, 
with 5-year survival rates of less than 5% and an average overall 
survival of only 10 to 13 months from the time of diagnosis. 88,92 

RADIOGRAPHIC FINDINGS 

Esophageal melanomas have strikingly similar findings on 
barium studies, appearing as bulky, polypoid intraluminal 
masses that expand the esophagus without causing obstruction 
(Fig. 24-19). 93-96 CT may also reveal a large soft tissue mass 
expanding the esophagus. 95,96 These findings occur because 
melanoma tends to grow intraluminally along the long axis of 
the esophagus, producing a polypoid mass that widens the 
lumen as it enlarges. 95 Most esophageal melanomas are located 
in the lower half of the esophagus, 88 probably because of the 
greater concentration of melanocytes in this region. 89 ' 91 
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Figure 24-18 Esophageal leiomyosarcoma. A. Barium study shows a giant intramural mass ( large arrows) with a bulky exophytic component 
the mediastinum ( open arrows). Note the relatively small central ulcer ( small arrow) within the lesion. B. CT scan shows a heterogeneous mass 
(white arrows ) in the left side of the mediastinum with central areas of low density. Note the extraluminal collections of gas ( solid black arrows) 
within the lesion that are separate from the esophageal lumen ( open black arrow). C. Tl-weighted (TR/TE, 674/12) MRI scan also shows a mass 
(straight arrows) in the left side of the mediastinum. Note how the mass is isointense with skeletal muscle. D. T2-weighted (2697/80) MRI scan 
shows how the lesion (straight arrows) is markedly hyperintense relative to skeletal muscle. In both C and D, there is a focal area of signal void 
(curved arrows) caused by extraluminal gas within the tumor. (From Levine MS, Buck JL, Pantongrag-Brown L, et al: Leiomyosarcoma of the 
esophagus: Radiographic findings in 10 patients. AJR 167:27-32, 1996.) 
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Figure 24-19 Primary malignant melanoma of the esophagus. 

There is a polypoid mass expanding the lumen of the distal 
esophagus. This lesion cannot be distinguished from spindle cell 
carcinoma (see Fig. 24-17) or other rare malignant tumors of the 
esophagus. (From Yoo CC, Levine MS, McLarney JK, et al: Primary 
malignant melanoma of the esophagus: Radiographic findings in 
seven patients. Radiology 209:455-459, 1998.) 



Figure 24-20 Kaposi # s sarcoma involving the esophagus. Multiple 
submucosal masses ( arrows ) are seen in the esophagus. This patient 
had additional submucosal lesions elsewhere in the gastrointestinal 
tract. (Courtesy Robert A. Goren, MD, Philadelphia.) 


DIFFERENTIAL DIAGNOSIS 

The major consideration in the differential diagnosis of a large 
polypoid intraluminal mass in the esophagus is spindle cell car¬ 
cinoma. 62,63,65 Other unusual tumors of the esophagus that may 
produce similar findings include leiomyosarcoma, lymphoma, 
and Kaposi’s sarcoma. In contrast, squamous cell carcinoma and 
adenocarcinoma of the esophagus rarely appear as expansile 
esophageal masses because these tumors tend to infiltrate and 
narrow the lumen rather than expand it. 

Kaposi's Sarcoma 

Kaposi’s sarcoma is a multifocal neoplasm of the reticuloendo- 
thelial system that is typically manifested by slow- growing cuta- 
neous lesions on the lower extremities. However, a much more 
aggressive form of Kaposi’s sarcoma has been found to develop 
in patients with AIDS. In studies from the 1980s, more than 
30% of AIDS patients in the United States had Kaposi’s 
sarcoma, 97 and about 50% of patients with Kaposi’s sarcoma 
had gastrointestinal lesions, usually in the stomach or small 
bowel and occasionally in the esophagus. 98 100 With the develop- 
ment of more effective medical therapy for the HIV virus to 
prevent the development of AIDs, however, gastrointestinal 


Kaposi’s sarcoma is rarely encountered in modern medical 
practice. 

RADIOGRAPHIC FINDINGS 

Esophageal involvement by Kaposi’s sarcoma may be mani¬ 
fested on barium studies by a single polypoid mass in the 
esophagus or by multiple submucosal lesions (Fig. 24-20). 98,100 
When multiple submucosal lesions are present, the differential 
diagnosis includes lymphoma and leukemia involving the 
esophagus. Kaposi’s sarcoma should be suspected, however, 
when one or more discrete esophageal lesions are found in 
AIDS patients with associated skin lesions. 

Small Cell Carcinoma 

Primary small cell carcinoma of the esophagus is a rare but 
aggressive malignant tumor characterized by early metastases 
and a rapidly fatal course. The tumor may be derived from 
argyrophilic cells or Kulchitsky cells of neuroectodermal 
origin. 90,101 Affected individuals typically present with rapidly 
progressive dysphagia and weight loss. 102,103 These patients 
have a dismal prognosis, with an average survival of 6 months 
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Figure 24-21 Small cell carcinoma of the esophagus. There is 
a smoothly marginated, sessile mass ( white arrows ) containing a 
relatively flat central area of ulceration ( black arrow) on the right 
posterolateral wall of the midesophagus below the level of the carina. 
Squamous cell carcinoma of the esophagus could produce identical 
findings. (From Levine MS, Pantongrag-Brown L, BuckJL, et al: Small 
cell carcinoma o f the esophagus: Radiographic findings. Radiology 
199:703-705, 1996.) 


Figure 24-22 Leukemic infiltration of the esophagus. This patient 
has multiple submucosal masses ( arrows ) in the esophagus caused by 
leukemic deposits. (Courtesy Sadi R. Antonmattei, MD, Arecibo, 
Puerto Rico.) 


or less from the time of diagnosis. 101 ' 103 Because of the 
likelihood of distant metastases, surgery has been recom- 
mended primarily for palliation, whereas combination radia¬ 
tion and chemotherapy has been advocated to improve patient 
survival. 101, 103,104 

RADIOGRAPHIC FINDINGS 

Advanced small cell carcinomas of the esophagus may appear 
on barium studies as bulky polypoid or fungating masses, 
sometimes containing areas of ulceration or cavitation. 62, 105,106 
Less advanced lesions may be characterized by strikingly similar 
radiographic findings, appearing as smoothly marginated, 
sessile, centrally ulcerated masses, usually in the midesophagus 
near the level of the carina (Fig. 24-21). 107,108 Although this 
appearance is more likely to be caused by squamous cell 
carcinoma, it is important to obtain endoscopic biopsy speci- 
mens because a preoperative histologic diagnosis of small cell 
carcinoma may dramatically alter the management of these 
patients. Rarely, regression of small cell carcinoma has been 
documented on follow-up barium studies after combination 
radiation and chemotherapy. 107 


Leukemia 

Although rarely diagnosed before death, esophageal involve- 
ment by leukemia has been reported at autopsy in 2% to 
13% of patients. 9110 These leukemic deposits may appear on 
barium studies as one or more discrete nodular elevations (Fig. 
24-22). 103,105 Coalescent intramural lesions may also be mani¬ 
fested by irregular areas of narrowing in the middle or distal 
third of the esophagus on barium studies (Fig. 24-23A) and by 
esophageal wall thickening on CT (Fig. 24-23B). 111 Rarely, bulky 
leukemic deposits may appear as polypoid lesions in the esoph¬ 
agus. 112 These leukemic implants may undergo marked regres¬ 
sion after radiation therapy. 111 Esophageal symptoms may 
therefore be palliated by mediastinal irradiation, but the overall 
prognosis for this disease is unchanged. 

Miscellaneous Tumors 

Other rare malignant tumors in the esophagus include adenoid 
cystic carcinoma, 113,114 chondrosarcoma, 115 synovial sarcoma, 116 
and malignant carcinoid tumor. 1 In general, sarcomas tend to 
be more polypoid than carcinomas, which are more infiltrating 
lesions. Nevertheless, a definitive diagnosis can be made only 
on histologic grounds. 
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Figure 24-23 Leukemic infiltration of the esophagus. A. There is 
irregular narrowing of the midesophagus caused by circumferential leukemic 
infiltration of the wall. Note a discrete leukemic deposit [arrow) in the distal 
esophagus. B. CT scan just above the level of the stricture shows contrast 
medium in a dilated lumen (arrow) with leukemic infiltration of the 
surrounding wall. (Courtesy Duane G. Mezwa, MD, Royal Oak, Ml.) 
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Mallory-Weiss Tear 

PATHOGENESIS 

A Mallory-Weiss tear is recognized as a relatively common 
injury in which a sudden, rapid increase in intraesophageal 
pressure produces a linear mucosal laceration at or near the 
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gastric cardia. These tears are usually caused by violent retching 
or vomiting after an alcoholic binge or by protracted vomiting 
for any reason. 13 Less commonly, Mallory-Weiss tears may be 
caused by prolonged hiccuping or coughing, seizures, straining 
at stool, childbirth, or blunt abdominal trauma. 4 Similar inju¬ 
ries may also result from direct laceration of the mucosa by an 
advancing endoscope or by a sharp foreign body in the esopha¬ 
gus, such as a taco. 5 ' 7 

CLINICAL FINDINGS 

Mallory-Weiss tears account for 5% to 10% of all cases of acute 
upper gastrointestinal (GI) bleeding. 8 9 Some patients may have 
massive hematemesis, but most tears heal spontaneously within 
48 to 72 hours, so bleeding is usually self-limited. 1,4,9 These 
patients therefore have an excellent prognosis with an overall 
mortality rate of only about 3%. 2,4 Although most patients can 
be managed conservatively, selective intra-arterial infusion of 
vasopressin, transcatheter embolization, endoscopic electroco- 
agulation, or surgical repair of the tear may occasionally be 
required to control bleeding. 1013 

RADIOGRAPHIC FINDINGS 

The vast majority of Mallory-Weiss tears are diagnosed at 
endoscopy. 3 Nevertheless, these mucosal lacerations are occa¬ 
sionally recognized on double-contrast esophagograms as 
shallow, longitudinally oriented, linear collections of barium in 
the distal esophagus at or just above the gastroesophageal junc- 
tion (Fig. 25-1). The radiographic appearance may be indistin- 
guishable from that of a linear ulcer in the distal esophagus 
caused by reflux esophagitis, but a history of recent vomiting 
or hematemesis (particularly in alcoholics) should suggest the 
correct diagnosis. 

Esophageal Hematoma 

PATHOGENESIS 

Most esophageal hematomas are caused by a mucosal lacera¬ 
tion or tear in the distal esophagus. If the tear is partially or 
completely occluded by edema or biood clot, continued hem- 
orrhage may lead to progressive submucosal dissection of 
biood, producing an intramural hematoma. 14 As with Mallory- 
Weiss tears, the underlying laceration is usually caused by a 
sudden increase in intraesophageal pressure resulting from one 
or more episodes of violent retching or vomiting. 14,15 Esopha¬ 
geal hematomas may also be caused by esophageal instrumen¬ 
tation or, rarely, by blunt trauma. 16 ' 18 Occasionally, spontaneous 
hematomas may develop in patients who have impaired hemo- 
stasis because of thrombocytopenia, bleeding disorders, or 
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Figure 25-1 Mallory-Weiss tear. A linear collection of 
barium ( arrow ) is visible in the distal esophagus just above 
the gastroesophageal junction. Although a linear ulcer from 
reflux esophagitis could produce a similar appearance, the correct 
diagnosis was suggested by the clinical history. (Courtesy Harvey M. 
Goldstein, MD, San Antonio, TX.) 

anticoagulation. 19,20 In contrast to traumatic hematomas, which 
almost always occur as solitary lesions in the distal esophagus, 
spontaneous hematomas tend to spare the distal esophagus 
and are more likely to be multifocal. 15 

CLINICAL FINDINGS 

Patients with esophageal hematomas usually present with severe 
chest pain, dysphagia, or hematemesis. 14,20,21 Despite the dra¬ 
matic clinical findings, most esophageal hematomas resolve 
in 1 to 2 weeks on conservative treatment without need for 
surgery. 14,17,20,21 These lesions should therefore be considered 
self-limited because they almost never progress to complete 
transmural perforation. 

RADIOGRAPHIC FINDINGS 

Esophageal hematomas usually appear on barium studies as 
solitary submucosal masses in the distal esophagus that are 
indistinguishable from leiomyomas or other benign intramural 
lesions (Fig. 25-2). 14,1 19,22 When a mucosal laceration is present, 
however, barium may dissect beneath the mucosa into the hema- 
toma. This intramural dissection produces a characteristic 
double-barreled appearance caused by parallel collections of 
contrast material in true and false lumens separated by a thin, 
radiolucent stripe (Fig. 25-3). 16,23-25 Rarely, a double-barreled 



Figure 25-2 Esophageal hematoma. There is a smooth submucosal 
mass ( arrows ) in the distal esophagus. The hematoma was caused by 
a pneumatic dilation procedure for achalasia. The esophagus is 
narrowed below the hematoma because of the patient's underlying 
achalasia. (From Levine MS: Radiology of the Esophagus. 

Philadelphia, WB Saunders, 1989.) 

appearance may also be caused by intramural tracking of barium 
secondary to Crohn’s disease, Candida esophagitis, tuberculous 
esophagitis, or esophageal intramural pseudodiverticulosis. 

Esophageal hematomas may be recognized on CT by the 
presence of a well-defined intramural mass, which sometimes 
has a tubular appearance, extending a considerable distance 
along the long axis of the esophagus. 23,26,27 If the hematoma is 
acute or subacute, hyperdense areas may be present within the 
lesion. 26 

Esophageal Perforation 

Esophageal perforation is the most serious and rapidly fatal 
type of perforation in the GI tract. Untreated thoracic esopha¬ 
geal perforations have a mortality rate of almost 100% because 
of the fulminant mediastinitis that occurs after esophageal 
rupture. 8 Perforation of the cervical esophagus is a more 
common but less devastating injury. Early diagnosis of esopha¬ 
geal perforation is important because of the potential need for 
prompt surgical intervention. 

PATHOGENESIS 

Instrumentation 

Endoscopic procedures are responsible for up to 75% of all 
esophageal perforations. 29,30 This complication occurs in about 
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Figure 25-3 Two examples of intramural dissections with a 
double-barreled esophagus. A, B. The longitudinal intramural tracks 
(white arrows ) are separated from the esophageal lumen by a 
radiolucent mucosal stripe. Both patients had traumatic dissections 
that occurred during esophageal instrumentation. The site of 
the laceration ( black arrows) is well seen in B. (A courtesy Sang Y. 
Han, MD, Birmingham, AL; B courtesy Frank H. Miller, MD, Chicago.) 


1 in 3000 patients who undergo endoscopic examinations with 
modern fiberoptic instruments. 3 ' Most endoscopic perforations 
involve the piriform sinus or cricopharyngeal region in which 
the posterior wall of the pharyngoesophageal junction is 
compressed by the advancing endoscope against the cervical 
spine. 29 1 The presence of cervical osteophytes or a pharyngeal 
diverticulum increases the risk of perforation. Unlike cervical 
esophageal perforations, which often occur in the absence of 
underlying disease, thoracic esophageal perforations usually 
result from endoscopic injury at or above esophageal strictures 
or from therapeutic maneuvers such as variceal sclerotherapy, 
balloon dilation, bougienage, stent or nasogastric tube place- 
ment, and foreign body removal. 30,32,33 Perforation may also 
occur after esophageal surgery, usually at the site of a ruptured 
anastomosis (see Chapter 27). 

Foreign Bodies 

Most foreign body perforations in adults are caused by 
impacted animal or fish bones in the hypopharynx that erode 
through the piriform sinus or cricopharyngeal region. Rarely, 
foreign body obstructions in the thoracic esophagus also lead 
to perforation as a result of transmural inflammation and 


pressure necrosis at the site of impaction (see later, “Foreign 
Body Impaction”). Esophageal perforation may also be caused 
by accidental or intentional ingestion of caustic agents (see 
Chapter 21). 

Trauma 

Penetrating injuries to the esophagus are usually caused by knife 
or bullet wounds. Because the neck lacks the bony protection 
afforded by the thorax, these injuries generally involve the cervi¬ 
cal esophagus. 29 Rarely, blunt trauma to the neck, chest, or 
abdomen can also lead to pharyngeal or esophageal perforation 
or transection (see next section). 34 

Spontaneous Esophageal Perforation 
(Boerhaave's Syndrome) 

In spontaneous esophageal perforation, a sudden, rapid increase 
in intraluminal esophageal pressure causes a full-thickness per¬ 
foration of normal underlying esophageal tissue, with ensuing 
mediastinitis, sepsis, and shock. Most cases result from violent 
retching or vomiting, usually after an alcoholic binge. Occa- 
sionally, however, spontaneous rupture of the esophagus may 
result from other causes of increased intraesophageal pressure, 
such as coughing, weightlifting, childbirth, defecation, seizures, 
status asthmaticus, and blunt trauma to the chest or abdomen. 36 

Spontaneous esophageal perforations usually occur as 1- to 
4-cm long, vertically oriented, linear tears on the left lateral wall 
of the distal esophagus just above the gastroesophageal junc¬ 
tion. 35,36 The left side of the distal esophagus is more vulnerable 
to perforation because of the lack of supporting mediastinal 
structures in this region, whereas the right side of the distal 
esophagus is protected by the descending thoracic aorta. 29,36 
Rarely, spontaneous perforation of the upper thoracic esopha¬ 
gus or even the cervical esophagus has been reported. 

CLINICAL FINDINGS 

Cervical Esophageal Perforation 

Most cervical esophageal perforations occur as direct complica- 
tions of endoscopy. Affected individuals may develop neck pain, 
dysphagia, or fever. Physical examination often reveals subcu- 
taneous emphysema in the neck as a result of gas escaping from 
the pharynx into the adjacent soft tissues. If untreated, these 
patients may develop a retropharyngeal abscess, occasionally 
leading to sepsis and shock. 

Cervical esophageal perforations often heal on conservative 
management, so most small perforations can be treated nonop- 
eratively. However, larger perforations may require a cervical 
mediastinotomy and open drainage to prevent abscess forma¬ 
tion. These injuries have a much better prognosis than thoracic 
esophageal perforations, with an overall mortality rate of less 
than 15%. 30 

Thoracic Esophageal Perforation 

Patients with thoracic esophageal perforation may present with 
the classic triad of vomiting, substernal chest pain, and subcu- 
taneous emphysema of the chest wall and neck. 35 However, 
some patients have atypical chest pain referred to the left shoul- 
der or back, 35 whereas others have epigastric pain, particularly 
if the perforation involves the intra-abdominal segment of the 
esophagus below the diaphragmatic hiatus. 40 Furthermore, sub- 
cutaneous emphysema is not always present on physical exami¬ 
nation. As a result, thoracic esophageal perforation can be 
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mistaken for a variety of acute cardiothoracic or abdominal 
conditions. 35,36,39 Signs or symptoms of esophageal perforation 
can also be masked by treatment with steroids. 41 This clinical 
confusion sometimes leads to delayed diagnosis and treatment 
of a life-threatening condition. Unfortunately, the mortality 
rate for thoracic esophageal perforation approaches 70% by 24 
hours. 35 Thus, early diagnosis is essential for improving patient 
survival. 

Unlike cervical esophageal perforations, which are often 
treated conservatively, thoracic esophageal perforations may 
require an emergent thoracotomy (with surgical closure of 
the perforation and mediastinal drainage) to prevent the 
development of mediastinitis, sepsis, and death. 42 More recently, 
thoracic esophageal perforations have also been treated suc- 
cessfully with occlusive, removable esophageal stents, obviating 
the need for surgery. 43,44 Rarely, thoracic esophageal perfora¬ 
tions associated with Boerhaave’s syndrome may heal spon- 
taneously without intervention. 45 O ther small, self-contained 
perforations can sometimes be managed nonoperatively with 
broad-spectrum antibiotics. 30 

RADIOGRAPHIC FINDINGS 

P/a/n Radiographs 

Cervical Esophageal Perforation. Subcutaneous emphysema 
or retropharyngeal gas may be visible on anteroposterior or 
lateral radiographs of the neck within 1 hour after a pharyngeal 
or cervical esophageal perforation (Fig. 25-4A). 29 Subsequently, 
air may dissect along fascial planes from the neck into the chest, 
producing pneumomediastinum (see Fig. 25-4A). 29 Lateral 
radiographs of the neck may also demonstrate widening of the 
prevertebral space, anterior deviation of the trachea and, even- 
tually, a retropharyngeal abscess containing mottled gas or a 
single air-fluid level. 

Thoracic Esophageal Perforation. About 90% of patients with 
thoracic esophageal perforations have abnormal chest radio¬ 
graphs. The earliest signs of perforation include mediastinal 


widening and pneumomediastinum; the latter Ånding is usually 
recognized by the presence of radiolucent streaks of gas along 
the left lateral border of the aortic arch and descending thoracic 
aorta or along the right lateral border of the ascending aorta 
and heart (Fig. 25-5A). 29,35,36 Subsequently, gas in the mediasti- 
num may dissect along fascial planes superiorly to the supra- 
clavicular area, producing subcutaneous emphysema in the 
neck within several hours of the perforation. 

At least 75% of thoracic esophageal perforations are associ¬ 
ated with a pleural effusion or hydropneumothorax. 46 Distal 
perforations often result in a sympathetic left pleural effusion 
or left basilar atelectasis because of irritation of the adj acent 
pleura and lung parenchyma (see Fig. 25-5A). Pleural effusions 
may be present within 12 hours of perforation and are occa- 
sionally detected before the development of mediastinal or cer¬ 
vical emphysema. If the mediastinal pleura ruptures, gas and 
fluid may enter the pleural space directly from the mediasti- 
num, producing a hydropneumothorax. Because the distal 
esophagus directly abuts the mediastinal pleura on the left, 75% 
of hydropneumothoraces are on the left side, whereas 5% are 
on the right and 20% are bilateral. 35 

Rarely, abdominal radiographs may reveal extraluminal 
collections of gas in the lesser sac or retroperitoneum when 
the intra-abdominal segment of the distal esophagus is per- 
forated below the diaphragmatic hiatus. 40,47 Affected individuals 
may have vague abdominal discomfort without chest pain or 
other classic signs of esophageal perforation, so the diagnosis 
is often delayed in these patients. On the other hånd, intra- 
abdominal esophageal perforations have a more benign clinical 
course, sometimes healing spontaneously on conservative 
treatment. 40,47 

Fluoroscopic Examinations 

Fluoroscopic esophagography is an excellent study for patients 
with suspected esophageal perforation. The ideal contrast agent 
for this examination provides diagnostic information about 
the site and extent of perforation without posing a risk to the 
patient. It has been shown experimentally that barium in the 



Figure 25-4 Cervical 
esophageal perforation 
by traumatic endoscopy. 

A. Close-up view from a 
posteroanterior chest radiograph 
obtained several hours after the 
procedure shows extensive 
subcutaneous emphysema in 
the neck and associated 
pneumomediastinum (curved 
arrow). B. Study using water- 
soluble contrast medium in a 
steep oblique projection reveals 
a cervical esophageal perforation 
(curved black arrow) with contrast 
medium extending inferiorly in 
the mediastinum (straight black 
arrows) behind the esophagus 
(white arrows). (From Levine MS: 
Radiology o f the Esophagus. 
Philadelphia, WB Saunders, 1989.) 
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Figure 25-5 Spontaneous esophageal perforation (Boerhaave's syndrome). A. Posteroanterior chest radiograph shows a right-sided 
pneumomediastinum ( arrows ) and left pleural effusion. These findings are highly suggestive of spontaneous esophageal perforation in a patient 
(particularly an alcoholic) with severe retching or vomiting. B. Subsequent study using water-soluble contrast medium confirms the presence 
of a localized perforation of the left lateral wall of the distal esophagus ( black arrows ), with extension of the leak laterally and superiorly in 
the mediastinum ( white arrows). (Courtesy Seth N. Glick, MD, Philadelphia.) 



Figure 25-6 Importance of using high-density barium for the 
diagnosis of subtle perforations. A. Initial study using water-soluble 
contrast medium after an esophagogastrectomy shows an irregular 
contour below the esophagogastric anastomosis ( arrow ), but no 
definite site of perforation is seen. B. Repeat examination performed 
moments later with high-density barium shows a sealed-off 
anastomotic perforation ( arrows ) that was not visible with a 
water-soluble contrast medium. This case dramatically illustrates how 
high-density barium should be given to all patients with suspected 
perforation if the initial study using water-soluble contrast medium 
fails to demonstrate a leak. 


mediastinum is capable of inciting an inflammatory reaction 
with subsequent granuloma formation and fibrosis, 48,49 but 
there is little or no evidence that mediastinal barium causes 
clinically significant mediastinitis. Although water-soluble con¬ 
trast agents such as diatrizoate meglumine and diatrizoate 
sodium (Gastroview, Mallinckrodt, St. Louis) do not produce a 
detectable histologic response and have no known deleterious 
effects on the neck, mediastinum, and pleural or peritoneal 
cavities, 48,49 water-soluble contrast media are hypertonic agents 
that are capable of causing severe pulmonary edema if aspirated 
in to the lungs. 50 On the other hånd, barium that extravasates 
from the esophagus can remain in the mediastinum indefinitely, 
limiting the radiologist J s ability to assess healing on follow-up 
fluoroscopic examinations. In contrast, water-soluble contrast 
agents are rapidly absorbed from the mediastinum, so follow-up 
studies are not compromised by residual extraluminal contrast 
medium at or near the site of perforation. This is the major 
rationale for using water-soluble contrast agents as the initial 
contrast media for the fluoroscopic evaluation of patients with 
suspected esophageal perforation. Alternatively, some investiga- 
tors advocate the use of low-osmolality, water-soluble contrast 
agents such as iohexol (Omnipaque, GE Healthcare, Princeton, 
NJ) to decrease the risks of aspirated contrast material in the 
lungs. 51 Others favor the use of barium as the initial contrast 
agent for patients with suspected esophageal perforation, par¬ 
ticularly in patients who are at high risk for aspiration. 54 When 
water-soluble contrast agents are used, the pharynx should be 
carefully observed at fluoroscopy, and the examination should 
be aborted if significant aspiration is detected during the initial 
swallow. 

A major disadvantage of water-soluble contrast agents is that 
they are less radiopaque than barium and less adherent to sites 
of leakage, limiting their ability to depict perforations, particu¬ 
larly small or subtle perforations. 53 In various studies, 50% of 
cervical esophageal perforations and up to 25% of thoracic 
esophageal perforations were missed on fluoroscopic examina¬ 
tions performed only with water-soluble contrast agents. 54 ' 56 
When the initial study with water-soluble contrast medium fails 
to show a leak (Fig. 25-6A), the examination should therefore 
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immediately be repeated with barium to detect subtle leaks that 
are more likely to be visualized with a more radiopaque contrast 
agent (Fig. 25-6B). 48,49,53,57 ' 59 Although low-density barium is 
able to visualize 22% to 38% of leaks missed on esophagograms 
performed with water-soluble contrast agents, 60,61 high-density 
barium (i.e., the 250% w/v barium suspension used for double- 
contrast upper GI examinations) is capable of detecting 50% of 
leaks that are not visualized with water-soluble contrast agents 
because of the greater opacity of high-density barium. 62 Leaks 
detected only with high-density barium are more likely to be 
characterized by small, blind-ending tracks or tiny extraluminal 
collections than those visualized with a water-soluble contrast 
agent, but patient management is still affected in most cases. 62 
High-density barium should therefore be used to optimize 
detection of esophageal perforation on fluoroscopic examina¬ 
tions when no leak is initially detected with a water-soluble 
contrast agent (see Fig. 25-6). In these cases, the downside of 
retained barium in the mediastinum is more than offset by the 
earlier diagnosis and treatment of a potentially life-threatening 
condition. 

Esophageal perforations are recognized on esophagography 
by extravasation of contrast medium from the esophagus into 
the neck or mediastinum. In patients with spontaneous perfo¬ 
ration (Boerhaave's syndrome), contrast medium is usually 
seen extravasating from the left lateral wall of the distal esopha¬ 
gus into the adjacent mediastinum (see Fig. 25-5B). 53 Rarely, 
spontaneous perforation of the upper thoracic or even the 
cervical esophagus may also be demonstrated (Fig. 25 -7). 38 



Figure 25-7 Spontaneous perforation of the cervical esophagus 
after an alcoholic binge. A. There is a small, sealed-off perforation 
(. arrows ) of the lower cervical esophagus. B. Follow-up esophagogram 
6 weeks later shows complete healing of the perforation without 
evidence of a residual leak. (A and B from Isserow JA, Levine MS, 
Rubesin SE: Spontaneous perforation of the cervical esophagus after 
an alcoholic binge: Case report. Can Assoc Radiol J 49:241-243, 1998.) 


Regardless of the site of perforation, a sealed-off leak is usually 
manifested by a contained extraluminal collection that com- 
municates with the adjacent lumen (see Figs. 25-6B and 25-7A). 
In contrast, larger perforations may result in free extravasation 
of contrast medium into the mediastinum, with extension 
along fascial planes superiorly or inferiorly from the site of 
perforation (see Figs. 25-4B and 25-5B). In patients with con¬ 
tained perforations, follow-up esophagograms may be obtained 
to document healing of the leak prior to initiating oral feeding 
(see Fig. 25-7B). 

Computed Tomography 

Computed tomography (CT) may also be performed on patients 
in whom esophageal perforation is suspected on clinical 
grounds. In such cases, the finding of extraluminal gas, fluid, or 
contrast material in the mediastinum should be highly sugges¬ 
tive of esophageal perforation (Fig. 25-8). 63 Pleural and pericar- 
dial fluid collections are other less specific findings. 64 When a 
perforation is present, CT also is useful for determining the 
extent of extraluminal gas and fluid in the mediastinum and for 
monitoring patients who are treated nonoperatively. 63 CT has 
been shown to be a more sensitive technique than fluoroscopic 
esophagography for detecting esophageal perforation, most 
likely because of its ability to show indirect signs of a leak after 
the leak has sealed off. 64,65 Conversely, esophagography has a 
higher specificity than CT, particularly in the setting of previous 
surgery, in which variable amounts of residual gas and fluid 
may be present in the mediastinum in the absence of an actual 
leak. 65 Another limitation of CT is its frequent inability to locate 
the exact site of perforation. At our institution, we generally 
perform fluoroscopic esophagography as the initial examina- 
tion in patients with suspected esophageal perforation. If the 
findings on esophagography are equivocal or if esophagography 
fails to show a leak in patients with a high clinical suspicion for 
esophageal perforation, CT is performed to increase the sensi- 
tivity for detection of leaks. 



Figure 25-8 Postsurgical leak into mediastinum on CT. Axial 
contrast-enhanced CT scan 10 days after an esophagogastrectomy 
and gastric pull-through shows gas in the proximal end of the 
intrathoracic stomach (short black arrows ) with a focal leak from the 
anastomotic region (white arrow) into the adjacent mediastinum (long 
black arrow). (From Lantos JE, Levine MS, Rubesin SE, et al: 
Comparison between esophagography and chest computed 
tomography for evaluation of leaks after esophagectomy and gastric 
pull-through. J Thorac Imaging 28:121-128, 2013.) 
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Foreign Body Impaction 

Almost 80% of all pharyngeal or esophageal foreign body 
impactions occur in children who accidentally or intentionally 
ingest coins, toys, or other foreign objects. 66 Foreign body 
impactions in adults are usually caused by animal or fish bones 
or inadequately chewed boluses of meat, vegetables, or other 
bulky food items. 66,67 Bones tend to lodge in the pharynx near 
the level of the cricopharyngeus, whereas food usually lodges in 
the distal esophagus near the gastroesophageal junction. 68 In 
contrast to impactions resulting from sharp foreign bodies, 
food impactions are often caused by underlying esophageal 
rings or strictures. Although 80% to 90% of foreign bodies in 
the esophagus pass spontaneously, the remaining 10% to 20% 
require some form of therapeutic intervention. 66,69 

CLINICAL FINDINGS 

Animal or fish bones tend to lodge in the pharynx, often near 
the level of the cricopharyngeus. 68 The patient may complain of 
pharyngeal dysphagia or of a sensation of a foreign body in the 
throat. In contrast, food impactions tend to occur in the distal 
esophagus and are manifested by the sudden onset of substernal 
chest pain, odynophagia, or dysphagia. 68 Some patients with 
distal foreign body impactions have dysphagia that is referred 
to the pharynx, however, so the subjective site of obstruction is 
unreliable in determining the level of impaction. 

Esophageal perforation occurs in less than 1% of all patients 
with foreign body impactions. 67 However, the risk of perfora¬ 
tion increases substantially if the impaction persists longer than 
24 hours. 67,70 Perforation results from transmural esophageal 
inflammation and subsequent pressure necrosis at the site of 
impaction. The development of mediastinitis may lead to 
sudden, rapid clinical deterioration, manifested by chest pain, 
sepsis, and shock. 0 Rarely, an impacted foreign body can erode 
through the wall of the esophagus, producing an aortoesopha- 
geal, esophagobronchial, or esophagopericardial fistula (see 
later, “Fistulas”). 

RADIOGRAPHIC FINDINGS 

P/a/n Radiographs 

Anteroposterior and lateral radiographs of the neck and chest 
may occasionally demonstrate bones or other radiopaque 
foreign bodies in the pharynx or esophagus. Lateral radiographs 
of the neck are usually more helpful than anteroposterior radio¬ 
graphs in identifying animal or fish bones lodged in the pharynx 
or cervical esophagus (Fig. 25-9) because these bones are easily 
obscured by the overlying cervical spine on anteroposterior 
radiographs. Nevertheless, considerable difficulty may be 
encountered in differentiating small bone fragments from calci- 
fied thyroid or cricoid cartilage. 

Fluoroscopic Examinations 

In patients with suspected foreign body impaction in the 
pharynx or cervical esophagus, an early barium swallow may 
be performed to determine whether a foreign body is present 
and whether it is causing obstruction. Animal or fish bones 
in the pharynx or cervical esophagus are easily obscured by 
intraluminal barium, so they may be difficult to detect on 
fluoroscopic examinations. However, these foreign bodies are 
sometimes recognized as linear filling defects in the vallecula, 



Figure 25-9 Swallowed pork bone in the neck near the 
pharyngoesophageal junction. Note the faintly calcified density 
(arrows ) in the region of the cricopharyngeus on a lateral view of 
the neck. (From Levine MS: Radiology of the Esophagus. Philadelphia, 
WB Saunders, 1989.) 


piriform sinus, or cricopharyngeal region (Fig. 25-10). Cotton 
balls or marshmallows soaked in barium may occasionally be 
helpful for showing bones lodged in the pharynx or cervical 
esophagus. 

Foreign body impactions in the thoracic esophagus usually 
result from a large bolus of meat or other food that has lodged 
above the gastroesophageal junction or above a pathologic area 
of narrowing, usually a Schatzki ring or peptic stricture. 66 ' 68 
When an impacted food bolus causes esophageal obstruction, 
barium studies typically reveal a polypoid defect in the esopha¬ 
gus, with an irregular meniscus caused by barium outlining the 
superior border of the impacted bolus (Figs. 25-11A and 25- 
12A). Although the radiographic appearance could be mistaken 
for an obstructing esophageal carcinoma, the correct diagnosis 
is almost always apparent from the clinical history. The absence 
of proximal esophageal dilation in patients with an acute food 
impaction is also a helpful finding because the esophagus is 
often dilated in patients with obstructing tumors. In some cases, 
a small amount of barium may trickle around the impacted 
food bolus into the distal esophagus, erroneously suggesting a 
stricture (see Fig. 25-12A). Thus, it may be extremely difficult 
to ascertain whether the underlying esophagus is normal or 
abnormal at the time of impaction because the obstructing 
bolus prevents adequate visualization of the esophagus below 
this level. 
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Figure 25-10 Turkey bone in the cervical esophagus. Barium 
swallow reveals a linear filling defect ( arrows ) resulting from a bone 
lodged in the cervical esophagus just below the cricopharyngeus. 
(From Levine MS: Radiology of the Esophagus. Philadelphia, WB 
Sa unders, 1989.) 



Figure 25-11 Distal foreign body obstruction caused by an 
underlying Schatzki ring. A. Initial esophagogram shows barium 
outlining the superior border of an impacted bolus of meat ( arrows ) in 
the distal esophagus with complete obstruction at this level. B. Second 
esophagogram after endoscopic removal of the foreign body shows an 
underlying Schatzki ring (arrow) as the cause of this impaction. 


Esophageal perforation is a potential complication of food 
impaction that usually develops after the impacted bolus has 
been present longer than 24 hours, 6 but this complication 
has been reported as early as 6 hours after the onset of 
impaction. 71 Esophageal perforation may be manifested by 
focal extravasation of contrast material into the mediastinum 
at the site of impaction (Fig. 25-13). Despite the risk of 
perforation, barium probably should be used as the initial 
contrast agent in patients with suspected food impaction 
because these individuals are also at higher risk for aspiration. 
Alternatively, endoscopy (rather than a barium study) may 
be performed as the first diagnostic test in this clinical setting 
because of potential difficulty visualizing and retrieving an 
impacted food bolus when retained barium is present above 
the impaction. The fluoroscopist should therefore consult with 
a gastroenterologist before performing a barium study on 
these patients. 

After the food impaction has been relieved, a follow-up 
esophagogram may be performed several weeks later to rule 
out an underlying Schatzki ring or peptic stricture as the 
cause of the impaction (see Fig. 25-1 IB). 66 ' 68 Rarely, food 
impactions may be caused by malignant strictures or even 
by giant thoracic osteophytes or other structures impinging 
on the esophagus. 66,72 In other patients, follow-up esopha- 
gography may reveal a normal underlying esophagus (see 
Fig. 25-12B). 


TREATMENT 

When swallowed foreign bodies fail to pass spontaneously, 
some form of therapeutic intervention is required for their 
removal. Impacted foreign bodies in the pharynx or esophagus 
may be removed by endoscopy or the use of a wire basket or 
Foley catheter balloon under fluoroscopic guidance. 66-69, 73-75 
These techniques appear to be safe and effective for extracting 
blunt foreign bodies from the esophagus. Alternatively, radiolo- 
gists may attempt to relieve esophageal food impactions by a 
variety of noninvasive maneuvers. A single dose of 1 mg of 
intravenous (IV) glucagon sometimes facilitates passage of 
impacted food in the distal esophagus by relaxing the lower 
esophageal sphincter. 76-78 Administration of gas-forming (i.e., 
effervescent) agents has also been advocated to distend the 
esophagus above an obstructing food bolus and facilitate 
passage of the bolus into the stomach. 79 Combination therapy 
with glucagon, an effervescent agent, and water has been 
shown to relieve esophageal food impactions in about 70% of 
patients. 80 Rarely, however, abrupt distention of the obstructed 
esophagus by a gas-forming agent may cause esophageal perfo¬ 
ration, 8 particularly if the obstructing bolus has been present 
longer than 24 hours. Because of the potential risk of esopha¬ 
geal perforation, it may be prudent to avoid such maneuvers in 
all patients with food impactions, instead referring them to 
endoscopy for removal of the obstructing food bolus. 
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Figure 25-12 Foreign body obstruction in a normal esophagus. 

A. An impacted meat bolus in the midesophagus appears as 
a polypoid filling defect ( curved black arrow). The incompletely 
distended esophagus below the impaction ( white arrow) could 
be mistaken for a pathologic area of narrowing. B. Repeat 
esophagogram after removal of the foreign body shows a normal 
underlying esophagus. (From Levine MS: Radiology of the Esophagus. 
Philadelphia, WB Saunders, 1989.) 

Fistulas 

ESOPHAGEAL-AIRWAY FISTULA 

Most esophageal-airway fistulas result from direct invasion of 
the tracheobronchial tree by advanced esophageal carcinomas. 
Tracheoesophageal or esophagobronchial fistulas (usually 
involving the left main bronchus) have been reported in 5% 
to 10% of patients with esophageal cancer. 83,84 They tend to 
occur after radiation therapy, presumably because radiation- 
induced tumor necrosis accelerates fistula formation. Other 
esophageal-airway fistulas may be caused by esophageal instru¬ 
mentation, endobronchial stents eroding into the esophagus, 
foreign bodies, blunt or penetrating injuries to the chest or, 
rarely, perforation of an esophageal diverticulum. 32,85 Esoph¬ 
agobronchial fistulas may also be caused by tuberculosis, his- 
toplasmosis, or other granulomatous diseases in which necrotic, 
caseating mediastinal lymph nodes erode into the esophagus 
and bronchial tree. 86 Rarely, esophagobronchial fistulas may be 
congenital. 87 

Patients with esophageal-airway fistulas often present with 
paroxysmal coughing after ingestion of liquids. Others develop 
recurrent aspiration pneumonia, hemoptysis, or a productive 



Figure 25-13 Foreign body obstruction with associated 
perforation. A polypoid defect ( curved black arrow) is present in the 
distal esophagus as a result of an esophageal food impaction. In 
addition, there is extravasation of contrast medium into a focal 
collection ( small white arrows) in the mediastinum, indicating 
perforation. Also note the large diverticulum ( large white arrow) in the 
midesophagus. This perforation occurred within 6 hours of the onset 
of impaction. (From Gougoutas C, Levine MS, Laufer I: Esophageal 
food impaction with early perforation, AJR 171:427-428, 1998.) 


cough with particles of food in the sputum. These fistulas may 
be difficult to differentiate from tracheobronchial aspiration on 
clinical grounds. 

When an esophageal-airway fistula is suspected, the fluoro- 
scopic examination should be performed with barium rather 
than water-soluble contrast agents because the latter agents are 
hypotonic and may draw fluid into the lungs, causing severe, 
potentially fatal pulmonary edema. 50 Most fistulas are readily 
demonstrated on barium studies and are found to arise within 
advanced, infiltrating esophageal carcinomas (Fig. 25-14). Once 
barium has entered the trachea or bronchi, however, it can be 
coughed up into the proximal trachea or larynx, so delayed 
overhead radiographs may erroneously suggest tracheobron¬ 
chial aspiration. The initial swallow should therefore be per¬ 
formed in a lateral projection (with a video recording of the 
pharynx) to differentiate a fistula from aspiration. 

ESOPHAGOPLEURAL FISTULA 

Esophagopleural fistulas are usually caused by previous surgery, 
esophageal instrumentation, radiation, or advanced esophageal 
carcinoma directly invading the pleural space. 88 In contrast to 
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patients with esophageal-airway fistulas, these individuals may 
have nonspecific clinical findings such as chest pain, fever, dys- 
phagia, or dyspnea. 88 When an esophagopleural fistula is sus- 
pected, the diagnosis can be confirmed by recovery of ingested 
methylene blue in fluid aspirated during thoracentesis. Nonop- 
erative management of esophagopleural fistulas is associated 
with mortality rates approaching 100%, whereas surgical repair 
is associated with mortality rates of about 50%. 90 Early diagno¬ 
sis and surgical repair of these fistulas is therefore essential. 



Figure 25-14 Esophagobronchial fistula. This fistula ( straight arrow) 
was caused by an advanced, infiltrating esophageal carcinoma ( curved 
arrow). E, Esophagus; T, trachea. (From Levine MS: Radiology of 
the Esophagus. Philadelphia, WB Saunders, 1989.) 


Chest radiographs may reveal a pieur al effusion, pneumo- 
thorax, or hydropneumothorax on the side of the fistula (Fig. 
25-15A). 88 Pneumomediastinal or mediastinal widening is 
usually not present on chest radiographs because the medias- 
tinum tends not to be directly involved by the fistula. When 
an esophagopleural fistula is suspected because of the clinical 
or plain film findings, a fluoroscopic examination using a 
water-soluble contrast agent should be performed to confirm 
the presence of a fistula and determine its precise location 
(Fig. 25-15B). CT may also be helpful for showing extraluminal 
collections of contrast medium, gas, or fluid in the pleural 
space from an esophagopleural fistula or even a gastropleural 
fistula after an esophagogastrectomy and gastric pull-through 
(Fig. 25-16). 91 

Occasionally, surgical disruption of the muscularis propria 
during a myotomy for achalasia, resection of a leiomyoma, or 
dissection of malignant tumor adherent to the esophagus may 
cause eccentric ballooning and thinning of the esophageal wall, 
resulting in the development of an esophagopleural fistula/ In 
such cases, CT or esophagography with water-soluble contrast 
agents may reveal an esophagopleural fistula at the site of 
esophageal ballooning or thinning (Fig. 25-17). 92 

AORTOESOPHAGEAL FISTULA 

Aortoesophageal fistulas are rare but highly lethal fistulas, 
usually caused by intraesophageal rupture of an atheroscle- 
rotic, syphilitic, or dissecting aneurysm of the descending 
thoracic aorta. 93 ' 95 Aortoesophageal fistulas may also be caused 
by a swallowed foreign body, esophageal carcinoma, infected 
aortic graft, or erosion of an endovascular stent into the 
esophagus. 95,96 

Affected patients may initially present with several small 
sentinel episodes of arterial hematemesis, followed by a 
symptom-free latent period of hours to weeks and a sudden, 
final episode of massive hematemesis, exsanguination, and 
death. 93 ' 95 This latent period has been attributed to a biood 
clot occluding the fistula, hypotension, and vasoconstriction 
in response to severe hypovolemia. 93 As a result, early diag¬ 
nosis of an impending aortoesophageal fistula provides the 
opportunity for definitive, potentially lifesaving surgery with 
placement of an aortic graft. 

Aortoesophageal fistulas should be suspected in patients 
with arterial hematemesis who have a large atherosclerotic 



Figure 25-15 Esophagopleural 
fistula caused by endoscopic 
sclerotherapy of esophageal 
varices. A. Posteroanterior chest 
radiograph shows a large right 
pleural effusion. B. Study using 
water-soluble contrast medium 
reveals an esophagopleural fistula 
(black arrow), with contrast 
medium extending laterally in 
the right pleural space. There also 
is extravasated contrast medium 
in the mediastinum ( curved white 
arrow). (From Levine MS: 
Radiology o f the Esophagus. 
Philadelphia, WB Saunders, 1989.) 
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Figure 25-16 Gastropleural fistula after an esophagogastrectomy 
and gastric pull-through. Axial contrast-enhanced CT scan 4 days 
after surgery shows focal breakdown ( small white arrows ) of the right 
lateral wall of the intrathoracic stomach ( black arrows), with fluid and 
gas entering a loculated collection ( large white arrows ) in the right 
pleural space, indicating the presence of a gastropleural fistula. Note 
a right-sided chest tube abutting the inferior aspect of this collection. 
(From Lantos JE, Levine MS, Rubesin SE, et al: Comparison between 
esophagography and chest computed tomography for evaluation of 
leaks after esophagectomy and gastric pull-through. J Thorac Imaging 
28:121-128, 2013.) 


aneurysm of the descending thoracic aorta on chest radio - 
graphs. 95 In such cases, studies using water-soluble contrast 
agents may reveal extrinsic compression or displacement of the 
esophagus by the aneurysm but rarely show leakage of contrast 
medium into the aorta because of the flow dynamics of these 
structures (Fig. 25-18A)." When an infected aortic graft has 
eroded into the esophagus, extravasated contrast medium from 
the esophagus may occasionally outline the coiled springs of the 
graft (Fig. 25-18C). 93,96 The presence of an aortoesophageal 
fistula may be confirmed by demonstrating extravasation of 
contrast medium from the aorta into the esophagus on aortog- 
raphy. The origin of the fistulous track is often occluded by 
thrombus, however, so aortography may also fail to delineate 
the actual fistula in these patients (Fig. 25-18B). 94 

ESOPHAGOPERICARDIAL FISTULA 

Esophagopericardial fistulas are rare fistulas caused by severe 
esophagitis, esophageal cancer, swallowed foreign bodies, or 
surgery. 9 These fistulas usually lead to the rapid development 
of severe pericarditis or cardiac tamponade caused by leakage 
of esophageal contents into the pericardial space. Chest radio- 
graphs reveal pneumopericardium or hydropneumopericar- 
dium in 25% to 50% of cases. 97 The diagnosis may be confirmed 
by having the patient swallow a water-soluble contrast agent to 


Figure 25-17 Esophagopleural 
fistula secondary to esophageal wall 
ballooning and thinning after a 
pneumonectomy. A. Single-contrast 
esophagogram 5 months after a left 
pneumonectomy shows asymmetric 
ballooning ( arrows ) of the left lateral 
wall of the midesophagus. B. CT 
shows postsurgical changes from the 
left pneumonectomy with asymmetric 
ballooning and thinning ( arrow ) of the 
left lateral wall of the midesophagus. 
Note the normal thickness of the right 
posterolateral wall ( arrowheads) of 
the midesophagus for comparison. 

C. Repeat esophagogram with 
water-soluble contrast medium 
10 months after surgery shows leakage 
(L) of water-soluble contrast material 
from the left lateral wall (arrow) of 
the ballooned midesophagus into 
the left pleural space, indicating an 
esophagopleural fistula. D. CT also 
shows an esophagopleural fistula 
(short arrow) at the site of esophageal 
wall ballooning and thinning, with oral 
contrast medium ( long arrow) and air 
in the left pleural space. (From Liu PS, 
Levine MS, Torigian DA: 
Esophagopleural fistula secondary to 
esophageal wall ballooning and 
thinning after pneumonectomy: 
Findings on chest CT and 
esophagography. AJR 186:1627-1629, 
2006.) 
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Figure 25-18 Aortoesophageal fistula caused by an aortic aneurysm. A. Initial esophagogram shows anterior displacement and narrowing 
of the distal esophagus ( arrows ) by an aneurysm of the descending thoracic aorta. B. Subsequent aortogram reveals a saccular aneurysm with 
intraluminal thrombus ( arrows ) occluding the origin of the fistula. Although radiographic studies failed to demonstrate the fistula, an 
aortoesophageal fistula was found at surgery. C. Another esophagogram after placement of a Dacron aortic graft shows a recurrent aortoesophageal 
fistula with extravasated contrast medium from the esophagus outlining the aortic graft (arrows). This fistula was caused by infection of the graft. 
(From Baron RL, Koehler RE, Gutierrez FR, et al: Clinical and radiographic manifestations of aortoesophageal fistu las. Radiology 141:599-605, 1981.) 


demonstrate the fistulous track or gross filling of the pericardial 
sac with contrast medium (Fig. 25-19). 

Diverticula 

Esophageal diverticula may be classified by their location or by 
their mechanism of formation. The most common locations 
include the pharyngoesophageal junction (i.e., Zenker J s diver- 
ticulum) (see Chapter 16), midesophagus, and distal esophagus 
just above the gastroesophageal junction (i.e., epiphrenic diver- 
ticulum). When classified by their mechanism of formation, a 
pulsion diverticulum develops because of increased intralumi¬ 
nal esophageal pressure from underlying esophageal dysmotil- 
ity (especially diffuse esophageal spasm), whereas a traction 
diverticulum develops because of fibrosis in adj acent peri- 
esophageal tissues. In the past, many midesophageal diverticula 
were thought to be traction diverticula caused by scarring from 
tuberculosis or histoplasmosis in perihilar or subcarinal lymph 
nodes. This type of diverticulum has decreased considerably in 
frequency, however, so most midesophageal diverticula are now 
thought to be of the pulsion variety. 

PULSION AND TRACTION DIVERTICULA 

Pulsion and traction diverticula are usually incidental Åndings 
in the esophagus without clinical signifkance. When symptoms 


are present in patients with one or more pulsion diverticula, 
they are typically related to the patient J s underlying esophageal 
dysmotility," but some diverticula that are extremely large may 
cause symptoms. 

Radiographic Findings 

Diverticula are readily detected on esophagograms as barium- 
filled outpouchings from the esophagus. They are best seen 
in profile, but they may be recognized en face as ring shadows 
on double-contrast studies. Once a diverticulum has been 
detected, it should be classified as a pulsion or traction 
diverticulum. Pulsion diverticula are much more common, 
usually located in the middle or distal thirds of the esopha¬ 
gus, and often associated with other radiographic evidence 
of motor dysfunction. They usually have a rounded contour 
and a wide neck and are frequently multiple (Fig. 25-20). 
Because they contain no muscle in their wall, they tend to 
remain filled after the esophagus has emptied of barium (see 
Fig. 25-20B). 

Traction diverticula are usually located in the midesophagus 
and have a tented or triangular configuration as a result of scar¬ 
ring and retraction from surgery, radiation, or granulomatous 
disease in the adj acent mediastinum (Fig. 25-21). Traction 
diverticula typically occur as solitary outpouchings containing 
all layers of the esophageal wall, including the muscle propria, 
so they tend to empty when the esophagus collapses. Thus, it is 






424 SECTION IV Esophagus 


usually possible to distinguish pulsion and traction diverticula 
on radiologic criteria. 

EPIPHRENIC DIVERTICULUM 

An epiphrenic diverticulum is an uncommon form of esopha- 
geal diverticulum that arises in the distal esophagus, usually 
within 10 cm from the gastroesophageal junction. It is gener¬ 
ally believed to be a pulsion diverticulum caused by diffuse 
esophageal spasm with markedly increased intraluminal 
esophageal pressures. 99,100 In one study, however, diffuse esopha¬ 
geal spasm was found in less than 10% of patients with 
epiphrenic diverticula, 101 so other, as yet undefmed, factors 
may also contribute to the development of these structures. 
Investigators have also found a significant correlation between 
the size of the diverticulum and the presence of symptoms 
(i.e., epiphrenic diverticula >5 cm in diameter are more likely 
to cause symptoms). 101 Thus, the development of symptoms 
appears to be related primarily to the size of the diverticulum 
rather than to underlying esophageal dysmotility in these 
patients. 

When an epiphrenic diverticulum hils with food, it may 
compress the true lumen of the esophagus, causing dyspha- 
gia. 101,102 Food or fluid that accumulates within an epiphrenic 
diverticulum may also be regurgitated into the esophagus with 
subsequent reflux symptoms, chest pain, or aspiration. 101 Rarely, 
these diverticula may perforate into the mediastinum or form 
a fistula to the airway. When symptoms associated with an 
epiphrenic diverticulum are particularly severe or intractable, 


Figure 25-20 Pulsion 
diverticula. A. Note the smooth 
contour and wide neck of this 
pulsion diverticulum (arrow) 
in the midesophagus. There 
also is evidence of esophageal 
dysmotility with weak 
nonperistaltic contractions more 
distally. Pulsion diverticula are 
often associated with esophageal 
motor dysfunction, particularly 
diffuse esophageal spasm. B. In 
another patient, the pulsion 
diverticula remain filled after most 
of the barium has emptied from 
the esophagus by peristalsis. 
Again, note the rounded contour 
and wide necks of the diverticula. 
(B from Levine MS: Radiology of 
the Esophagus. Philadelphia, WB 
Sa unders, 1989.) 




Figure 25-19 Esophagopericardial fistula caused by a perforated 
ulcer associated with severe reflux esophagitis. Posteroanterior 
chest radiograph after oral administration of water-soluble contrast 
medium reveals a pneumopericardium with free leakage of contrast 
medium into the pericardial space. Air and contrast medium outline 
the inner aspect of the pericardial sac. Contrast medium is also faintly 
seen in a hiatal hernia. (From Cyrlak D, Cohen AJ, Dana ER: 
Esophagopericardial fistula: Causes and radiographic features. 

AJR 141:177-179 , 1983.) 
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they may necessitate surgical intervention, usually a diverticu- 
lectomy and esophagomyotomy. 1031,4 

Radiographic Findings 

An epiphrenic diverticulum may be recognized on chest radio- 
graphs by the presence of a soft tissue mass (often containing 



Figure 25-21 Traction diverticulum. The diverticulum has a pointed 
or triangular tip ( large arrow) as a result of traction and volume loss in 
the adjacent mediastinum from prior surgery. A surgical clip ( small 
arrow) is seen in the mediastinum. (From Levine MS: Radiology of 
the Esophagus. Philadelphia, WB Saunders, 1989.) 


an air-fluid level) that mimics a hiatal hernia (Fig. 25-22A and 
B). Barium studies usually reveal a solitary diverticulum arising 
from the right side of the distal esophagus (Fig. 25-22C), but 
epiphrenic diverticula can occasionally be multiple or arise 
from the left side. 101 These structures vary markedly in size, 
ranging from 1 to 12 cm in greatest diameter. 101 When the 
diverticulum is large enough, barium studies may reveal pref- 
erential Alling or prolonged retention of barium within the 
diverticulum, regurgitation of barium or debris from the diver¬ 
ticulum, or compression of the adjacent esophagus by the 
diverticulum. 101 

Ectopic Gastric Mucosa 

Ectopic gastric mucosa in the esophagus is a common congeni- 
tal anomaly, with a reported incidence of 4% to 10% at endos- 
copy. 105,106 Unlike Barrett’s mucosa, ectopic gastric mucosa is 
unrelated to gastroesophageal reflux disease, and most patients 
with this Ånding are asymptomatic. The ectopic patch of gastric 
mucosa is almost always located in the upper esophagus at or 
just above the thoracic inlet; hence, it has been called the inlet 
patch. 105 

Ectopic gastric mucosa in the esophagus can sometimes be 
recognized on double-contrast esophagography by a shallow 
depression with small indentations at its superior and inferior 
horders (Fig. 25-23). 1071 These lesions are usually found on the 
right lateral wall of the upper thoracic esophagus at or near the 
thoracic inlet. 107 ' 109 Although this depression could be mistaken 
for ulceration or even an intramural dissection on barium 
studies, 109 the appearance and location of ectopic gastric mucosa 
are so characteristic that endoscopy is not warranted in asymp¬ 
tomatic patients. Rarely, affected individuals may develop dys- 
phagia because of associated webs or strictures. 110,111 

Congenital Esophageal Stenosis 

Congenital esophageal stenosis is a rare developmental anomaly 
caused by defective embryologic separation of the primitive 
foregut from the respiratory tract, with sequestration of 
tracheobronchial precursor cells in the esophageal wall. 112113 
Infants may have a severe form of congenital esophageal stenosis 



Figure 25-22 Large epiphrenic diverticulum. A. Posteroanterior chest radiograph shows a prominent bulge along the right border of 
the heart (arrow). B. Lateral chest radiograph shows a soft tissue mass ( arrows ), mimicking the appearance of a hiatal hernia. C. A barium study 
reveals a large epiphrenic diverticulum that remains filled with barium after the esophagus has emptied. (From Levine MS: Radiology of 
the Esophagus. Philadelphia, WB Saunders, 1989.) 
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Figure 25-23 Ectopic gastric mucosa in the esophagus. A. There is a broad, flat depression ( white arrow) on the right lateral wall of the 
upper esophagus near the thoracic i n I et, with a pair of small indentations ( black arrows) at both ends of the lesion. Although it could be 
mistaken for an ulcer, this lesion has the typical appearance and location of ectopic gastric mucosa in the esophagus. B. Endoscopy shows 
a reddish-brown, epithelium-lined depression ( arrows ) in the upper esophagus characteristic of ectopic gastric mucosa. (From Lee J, Levine MS, 
Shultz CF: Ectopic gastric mucosa in the oesophagus mimicking ulceration. Eur J Radiol 31:97-200, 1997.) 


associated with esophageal atresia or tracheoesophageal fistu- 
las, 114 but adults may have a mild form of the disease manifested 
by esophageal strictures. 115-117 

CLINICAL FINDINGS 

Patients with severe forms of congenital esophageal stenosis 
typically present during infancy with marked dysphagia and 
vomiting, 114,118 but patients with milder forms of stenosis may 
present during adolescence or early adulthood with a long- 
standing history of intermittent dysphagia, chest pain, and 
occasional food impactions. 115 For reasons that are unclear, 
almost all reported cases in adults have been men. lb iJ Dyspha¬ 
gia in these patients is usually alleviated by endoscopic dilation 
of the strictures. 114 

RADIOGRAPHIC FINDINGS 

Congenital esophageal stenosis in adults is usually characterized 
on esophagography by the presence of smooth, tapered stric¬ 
tures in the upper or midesophagus. 115,116,119,120 The strictures 
often contain multiple ringlike constrictions, producing a dis- 
tinctive radiographic appearance on double-contrast esophago- 
grams (Fig. 25-24). 120 The cause of these ringlike constrictions 
is uncertain, but they may represent cartilaginous rings similar 
to those fo und in the trachea. 1 Whatever the explanation, the 
presence of an esophageal stricture with distinctive ringlike 
constrictions should suggest the diagnosis of congenital esoph¬ 
ageal stenosis in the proper clinical setting. 


DIFFERENTIAL DIAGNOSIS 

Eosinophilic esophagitis is another more common cause of 
esophageal strictures with distinctive ringlike indentations. 121 
The correct diagnosis is often suggested by a history of allergies 
or asthma or a peripheral eosinophilia in these patients (see 
Chapter 21). Fixed transverse folds in the distal esophagus asso¬ 
ciated with longitudinal scarring from reflux esophagitis may 
also resemble the ringlike indentations of congenital esophageal 
stenosis, but these transverse folds almost always occur in the 
distal esophagus in the region of a peptic stricture. 122 Finally, 
fine transverse striations may be seen in patients with a so-called 
feline esophagus, but these transverse striations occur as a tran¬ 
sient finding and are not associated with strictures. 123 

Extrinsic Impressions 

NORMAL IMPRESSIONS 

A variety of normal structures in the mediastinum, including 
the heart, aortic arch, and leff main bronchus, may cause extrin¬ 
sic impressions on the esophagus (see Chapter 17). In about 
10% of patients, a smooth, gently sloping indentation may also 
be seen on the right posterolateral wall of the upper thoracic 
esophagus between the thoracic inlet and aortic arch (Fig. 
25-25A). 124 Correlation with CT has shown that this impression 
is caused by an unusually prominent right inferior supra- 
azygous recess of the lung indenting the upper esophagus 
(Fig. 25-25 B). l In patients with this normal anatomic variant, 
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Figure 25-24 Congenital esophageal stenosis. A. There is a mild area of narrowing in the midesophagus with distinctive ringlike indentations 
(arrows ) in the region of the stricture. B. Endoscopy also shows ringlike indentations that resemble tracheal rings. (A from Luedtke P, Levine MS, 
Rubesin SE, et al: Radiologic diagnosis of benign esophageal strictures: A pattern approach. RadioGraphics 23:897-909, 2003.) 



Figure 25-25 Extrinsic impression on the esophagus by a prominent right inferior supra-azygous recess. A. There is a smooth, gently 
sloping indentation ( arrows ) on the right posterolateral wall of the upper thoracic esophagus between the thoracic inlet and aortic arch. B. In the 
same patient, CT of the chest shows a prominent right inferior supra-azygous recess (r) impinging on the right posterolateral wall of the upper 
esophagus ( arrow ). (From Sam JW, Levine MS, Miller WT: The right inferior supra-azygous recess: A cause of upper esophageal pseudomass on 
double-contrast esophagography. AJR 171:1583-1586, 1998.) 
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the outer wall of the right upper thoracic esophagus is directly 
apposed to the adjacent lung, producing a smooth demarcation 
between the soft tissue density of the esophageal wall and the 
gaseous density of the lung, so the actual thickness of the 
esophageal wall can be visualized in this region. Because of its 
frequency, radiologists should be aware of this variant, so it is 
not mistaken for adenopathy or other masses in the mediasti- 
num, and unnecessary cross-sectional imaging of the chest 
can be avoided. A narrowed thoracic inlet (in the sagittal dimen¬ 
sion) is another anatomic variant that occasionally results in 
extrinsic compression of the right side of the barium-filled 
esophagus, erroneously suggesting a mass lesion in this region. 1 5 
In such patients, however, CT will reveal a narrowed thoracic 
inlet without evidence of a mass. 125 

ABNORMAL IMPRESSIONS 

Abnormal impressions are usually caused by the heart and great 
vessels. An enlarged left atrium or ventricle may produce a 
broad impression on the anterior wall of the distal esophagus. 
In contrast, a tortuous or ectatic descending thoracic aorta may 
cause a prominent impression on the posterior wall of the distal 
esophagus near the esophageal hiatus of the diaphragm (Fig. 
25-26). In some patients, compression of the distal esophagus 
by the aorta or an aortic aneurysm may cause dysphagia (i.e., 
dysphagia aortica). 126 Similarly, congenital abnormalities of the 





Æ 

Figure 25-26 Esophageal impression ( arrow) by an ectatic 
descending thoracic aorta. The esophagus is narrowed at the level 
of deviation. (From Levine MS, Gilchrist AM: Esophageal deviation: 
Pushed or pulled? AJR 149:513-514, 1987.) 


great vessels, such as an aberrant subclavian artery and double 
aortic arch, may compress the esophagus, causing dysphagia 
(i.e., dysphagia lusoria). The esophagus may also be compressed 
or displaced by masses in the mediastinum, including subster- 
nal thyroid goiters, mediastinal lymphadenopathy, and other 
benign or malignant neoplasms. CT or magnetic resonance 
imaging (MRI) of the chest may be performed to determine the 
cause of the underlying mediastinal mass in these patients. 

ESOPHAGEAL RETRACTION 

Esophageal deviation may be caused by pulmonary, pleural, or 
mediastinal scarring with retraction of the esophagus toward 
the diseased hemithorax (Fig. 25-27). It is usually possible to 
differentiate this retraction from esophageal displacement by a 
mediastinal mass, using the radiologic sign illustrated in Figure 
25-28. 12/ When the esophagus is displaced or pushed by an 
extrinsic mass in the mediastinum, it tends to be narrower at 
this level than above or below the deviated segment (see Figs. 
25-26 and 25-28A), whereas the esophagus tends to be wider at 
this level when it is retracted or pulled by pleuropulmonary 
scarring (see Figs. 25-27 and 25-28B). 127 When esophageal 
retraction is suggested by barium studies, chest radiographs 
should be obtained to confirm the presence of tuberculosis, 



Figure 25-27 Esophageal retraction by pleuropulmonary 
scarring. The esophagus is deviated to the right (arrow) because of 
scarring and volume loss from right upper lobe tuberculosis. The 
esophagus is widened at the level of deviation. This characteristic 
widening indicates retraction of the esophagus toward the side of 
pleuropulmonary scarring rather than displacement by a mass on 
the opposite side. 
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Figure 25-28 Pushed versus pulled esophagus. A. When the 
esophagus is displaced or pushed by an extrinsic mediastinal mass, 
it tends to be narrower at this level (arrow) than above or below the 
deviated segment. B. When the esophagus is retracted or pulled by 
pleuropulmonary scarring and volume loss, however, it tends to be 
wider at this level (arrow) than above or below the deviated segment. 
(From Levine MS, Gilchrist AM: Esophageal deviation: Pushed or 
pulled? AJR 149:513-514, 1987.) 


radiation damage, postsurgical changes, or other causes of scar¬ 
ring and volume loss in the adj acent hemithorax. It is important 
to determine whether the esophagus has been pushed or pulled 
from its normal midline position because esophageal retraction 
from pleuropulmonary scarring usually occurs as an incidental 
finding, whereas esophageal displacement by a mediastinal 
mass may require further investigation with CT or MRI to 
determine the nature and extent of the mass. 

Varices 

UPHILL VARICES 

Pathophysiology 

Uphill varices develop as a result of changes in the venous 
drainage of the esophagus caused by altered flow dynamics in 
patients with portal hypertension. Normally, the cervical and 
upper thoracic esophagus are drained by the supreme intercos- 
tal vein, bronchial veins, inferior thyroid vein, and other medi¬ 
astinal collaterals, the midthoracic esophagus is drained by the 
azygos and hemiazygos veins, and the distal thoracic esophagus 
is drained by a periesophageal plexus of veins that communicate 
distally with the coronary vein. In turn, the coronary vein drains 
into the splenic vein near its junction with the portal vein or 
directly into the portal vein. In portal hypertension, however, 
increased portal venous pressure leads to reversal of venous 
flow through the coronary vein into a plexus of dilated peri¬ 
esophageal veins that anastomose superiorly with collaterals 
from the azygos and hemiazygos venous systems. Because the 
azygos vein drains directly into the superior vena cava, portal 
venous biood returns to the right side of the heart via the supe¬ 
rior vena cava rather than the inferior vena cava, thus bypassing 
the obstructed portal system. 

Clinical Findings 

Esophageal varices are important because of the potentially 
catastrophic consequences of variceal rupture and hemorrhage. 


Variceal bleeding occurs in 25% to 35% of patients with cir- 
rhosis, and as many as 30% of these bleeding events are fatal. 128,129 
Although some patients have a major variceal hemorrhage with 
one or more episodes of massive hematemesis, others have 
intermittent, low-grade bleeding with melena, guaiac-positive 
stool, or iron-deficiency anemia. Surprisingly, however, the 
size and extent of varices correlate poorly with the degree of 
bleeding. 

Radiographic Findings 

Chest Radiographs. Esophageal varices may occasionally be 
manifested on chest radiographs by a retrocardiac posterior 
mediastinal mass. This finding is caused by dilated periesopha¬ 
geal veins or, less commonly, by dilated azygos or hemiazygos 
veins. 130 132 The mass is usually more obvious on radiographs 
obtained with the patient in the recumbent position because 
hydrostatic pressure tends to overcome portal pressure in the 
upright position, shifting biood flow to more dependent col- 
lateral vessels. 

Barium Studies. Esophagography has not traditionally been 
considered a reliable technique for detecting esophageal varices. 
Some authors have advocated the use of anticholinergic agents 
to improve visualization of varices by decreasing esophageal 
peristalsis, 133,134 but such agents are contraindicated in patients 
with glaucoma, cardiac disease, or urinary retention. 

Whether or not pharmacologic agents are used, optimal 
demonstration of varices requires meticulous attention to 
radiographic technique because varices can easily be obscured 
on overly distended or collapsed views of the esophagus (Fig. 
25-29). The examination should be performed with the patient 
in a recumbent (usually prone right anterior oblique) posi¬ 
tion, using a high-density barium suspension or paste to 
increase adherence of barium to the esophageal mucosa. 
Mucosal relief views of the collapsed esophagus are particularly 
helpful for demonstrating varices (see Fig. 25-29D). However, 
peristalsis tends to squeeze biood from the thin-walled varices, 
rendering them invisible for as long as 15 to 30 seconds (see 
Fig. 25-29C). The fluoroscopist must therefore wait for the 
varices to refill before obtaining mucosal relief views. If neces- 
sary, the patient should be asked to spit his or her saliva into 
a basin to avoid initiating a new peristaltic sequence and 
collapsing the varices again. With optimal technique, esopha¬ 
gography has a sensitivity of almost 90% in detecting esopha¬ 
geal varices. 135 

Because of the underlying venous anatomy, uphill varices 
tend to be most prominent in the distal third or half of the 
thoracic esophagus, fading gradually as they ascend to the 
level of entry of the azygos vein into the superior vena cava. 
Varices are usually best seen on mucosal relief views, appear- 
ing as tortuous or serpiginous longitudinal filling defects in 
the collapsed or partially collapsed esophagus (see Fig. 
25-29D). 136 Varices may also be seen on double-contrast images 
when they are etched in white because of trapping of barium 
between the edge of the varices and adj acent esophageal wall 
(see Fig. 25-29A). Because varices alternately distend and col- 
lapse with peristalsis, respiration, and varying degrees of 
esophageal distention, they may be observed as a transient 
finding at fluoroscopy. 

Computed Tomography. Esophageal varices may be recog- 
nized on CT by a thickened, lobulated esophageal wall 
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Figure 25-29 Uphill esophageal varices. A. Multiple varices are seen on a double-contrast esophagogram. Note how the varices are etched in 
white. B. The varices are obscured by intraluminal barium on a single-contrast image. C. The varices also are not visible on a mucosal relief view 
immediately after a peristaltic stripping wave that has squeezed biood from the dilated veins, causing them to collapse. D. However, the varices 
can be recognized as serpiginous filling defects on another view several seconds after passage of the peristaltic wave. (From Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 



Figure 25-30 Esophageal varices on CT. Axial contrast-enhanced 
CT scan shows dense enhancement of the varices ( arrows ). (Courtesy 
Robert A. Halvorsen, MD, San Francisco.) 


containing round, tubular, or serpentine structures that have 
homogeneous attenuation and enhance with the administra¬ 
tion of IV contrast medium to the same degree as adjacent 
vessels (Fig. 25-30). 137-139 CT may also reveal coronary, para- 
esophageal, retrogastric, paraumbilical, perisplenic, omental, 
mesenteric, and abdominal wall varices in patients with portal 
hypertension. 1 " 9 Occasionally, dilated azygos, hemiazygos, or 
paraesophageal veins can be mistaken for a posterior medi¬ 
astinal mass on an unenhanced CT scan. 132,140 However, the 
marked degree of enhancement that occurs within these 
dilated vascular structures after infusion of contrast medium 
should establish the correct diagnosis. 132,140 

Angiography. Arteriograms of the celiac artery, selective arte- 
riograms of the superior mesenteric or splenic artery, or, less 
frequently, portal venograms may be obtained to confirm the 
presence of uphill varices and determine the nature and extent 
of underlying venous abnormalities. With portal hypertension, 
images obtained during the venous phase of the examination 
usually fail to demonstrate the portal vein because of reversal 
of biood flow through numerous collateral vessels to bypass 
the obstructed venous system. In almost all cases, the coronary 
vein acts to shunt portal biood through a periesophageal 
plexus of veins, producing uphill varices, which communicate 
with the azygos venous system and superior vena cava (Fig. 
25-31). Delineation of the angiographic anatomy is important 
when a surgical shunt is contemplated to control variceal 
bleeding. 
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Figure 25-31 Angiographic demonstration of esophageal and 
gastric varices due to portal hypertension. This image from a portal 
venogram shows cavernous transformation of the portal vein (pv) with 
reversal of biood flow through the coronary vein (cv) and splenic vein 
(sv), producing gastric (g) and esophageal (e) varices. (Courtesy Dana 
R. Burke, MD, Beth esda, MD.) 


Differential Diagn os is 

A diagnosis of esophageal varices can usually be made on 
the basis of the radiologic findings. Occasionally, however, 
submucosal edema and inflammation associated with esopha- 
gitis may be manifested by thickened, tortuous longitudinal 
folds, mimicking the appearance of varices. 141 Some esophageal 
carcinomas may also produce a varicoid appearance because 
of submucosal spread of tumor (Fig. 25-32). 142 144 However, 
varices tend to change in size and shape at fluoroscopy with 
respiration, peristalsis, and other maneuvers, whereas varicoid 
tumors have a more fixed, rigid appearance. 142 ' 144 An abrupt 
demarcation between the involved segment and adjacent 
normal esophagus should also favor tumor because uphill 
varices tend to fade superiorly without an obvious demarcation. 
Finally, varicoid carcinomas may cause dysphagia, whereas this 
symptom rarely occurs in patients with varices. Thus, it is 
usually possible to differentiate these entities on clinical and 
radiologic grounds. 

Treatment 

The treatment of bleeding esophageal varices includes IV infu¬ 
sion of vasopressin or somatostatin analogues (e.g., octreotide), 
esophageal balloon tamponade, portosystemic shunt surgery, 
the Sugiura procedure, endoscopic sclerotherapy, endoscopic 
variceal ligation, and transjugular intrahepatic portosystemic 
shunt (TIPS). 128,145 The primary aims of therapy are to control 
active bleeding and prevent rebleeding. 

Endoscopic Sclerotherapy. Endoscopic sclerotherapy has 
emerged as a viable alternative to surgery for controlling vari¬ 
ceal bleeding and decreasing the risk of recurrent bleeding with 



Figure 25-32 Varicoid carcinoma. Thickened, tortuous folds in the 
midesophagus mimic the appearance of varices. This appearance is 
caused by submucosal spread of tumor. (Courtesy Akiyoshi Yamada, 
MD, Tokyo.) 


fewer complications than surgery. 146 ' 148 This procedure is per- 
formed by paravariceal injection or direct intraluminal injec- 
tion of varices with a sclerosing solution via a fiberoptic 
endoscope. The sclerosing agent causes a severe inflammatory 
reaction and intramural fibrosis with mechanical obliteration 
of the varices. However, as many as 30% of patients who 
undergo sclerotherapy develop complications, including mild 
Chemical esophagitis, ulceration, strictures, and esophageal 
perforation. 149 ' 152 

Contrast studies performed immediately after sclerotherapy 
may reveal esophageal dysmotility, esophagitis, irregular luminal 
narrowing, or, rarely, intramural hematomas. 150,153,154 Mucosal 
sloughing at the sites of injection may cause ulceration (Fig. 
25-33 A), 150,153 whereas transmural necrosis may lead to the 
development of transverse or longitudinal intramural tracks 
(Fig. 25-33B), esophagopleural fistulas, or localized esophageal 
perforation (Fig. 25-33C). 153,155 Contrast studies performed 30 
days or more after sclerotherapy may reveal esophageal stric¬ 
tures of varying length and caliber (Fig. 25-33D). 152 

Sclerosed varices are usually manifested on CT by a thick¬ 
ened esophageal wall with outer high-attenuation and inner 
low-attenuation regions on contrast-enhanced scans, produc¬ 
ing a characteristic laminated appearance. 156,157 This finding 
may result from a sclerosant-induced inflammatory reaction, 
edema, or hemorrhage within the esophageal wall, so normal 
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Figure 25-33 Complications of endoscopic sclerotherapy of varices. A. There is a relatively deep ulcer ( arrow ) with associated narrowing of 
the distal esophagus caused by edema and spasm. B. This patient has a longitudinal intramural track ( arrows ) in the distal esophagus. C. Another 
patient has a focal, sealed-off perforation of the distal esophagus with contrast medium entering an extraluminal collection (arrows). D. This 
patient has a long, tapered stricture in the distal esophagus several months after endoscopic sclerotherapy. (A, B, and D from Levine MS: 
Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


enhancement of varices no longer occurs. CT may also demon- 
strate a predominantly low-attenuation mediastinal effusion 
and obliteration of mediastinal fat planes because of an acute 
paraesophageal reaction after sclerotherapy. 1 In contrast, a 
mediastinal abscess from esophageal perforation may be mani¬ 
fested on CT by a predominantly high-attenuation mediastinal 
fluid collection associated with mediastinal or pleural gas. 1 " 7 
Thus, CT may be helpful in determining the nature and extent 
of postsclerotherapy complications in these patients. 

Endoscopic Variceal Ligation. Endoscopic variceal ligation or 
banding is another technique for the treatment of bleeding 
esophageal varices in which the varices are ensnared and ligated 
with endoscopically placed rubber bands, causing strangu¬ 
lation, sloughing, fibrosis, and eventual obliteration of the 
varices. 158 It has been shown that variceal ligation is associated 
not only with lower rebleeding rates than endoscopic sclero¬ 
therapy but also with fewer complications. 159 160 Contrast studies 
may occasionally be performed after variceal ligation to rule out 
esophageal perforation. In such cases, the ligated varices may be 
recognized on esophagography as smooth, rounded filling 
defects in the distal esophagus that are indistinguishable from 
small polyps (Fig. 25-34). 161 However, the correct diagnosis 
should be apparent from the clinical history. 

DOWNHILL VARICES 

Pathophysiology 

Because the venous structures draining the cervical and upper 
thoracic esophagus communicate with the supreme intercostal 


vein, bronchial veins, inferior thyroid vein, and other mediasti¬ 
nal collaterals, obstruction of the superior vena cava may lead 
to reversal of flow through those vessels into esophageal and 
paraesophageal veins to bypass the obstruction. Because biood 
flows downward in the dilated esophageal veins, they are called 
downhill varices . 162 

The location and extent of downhill varices depend patho- 
physiologically on whether the superior vena cava is obstructed 
above or below the site of entry of the azygos vein into the 
superior vena cava. 162,163 If the obstruction occurs above the 
entry of the azygos vein, downhill varices can return biood 
from the head and upper extremities via the azygos vein to 
the superior vena cava below the level of obstruction. As a 
result, downhill varices are confmed to the upper or midtho- 
racic esophagus in these cases. If, however, the obstruction 
occurs at or below the site of entry of the azygos vein into 
the superior vena cava, the azygos venous system can no longer 
be used to bypass the obstruction. In such cases, venous flow 
continues via downhill varices to the distal esophagus, where 
the coronary vein diverts biood to the portal vein and inferior 
vena cava, bypassing the obstructed superior vena cava. Thus, 
downhill varices of this type may involve the entire thoracic 
esophagus. 

Downhill varices are often caused by bronchogenic carci- 
noma or, less frequently, by other metastatic tumors or lym- 
phoma in the mediastinum. 162-164 When the superior vena cava 
is obstructed by malignant tumor, the patient rarely survives 
long enough for the varices to extend distally, so they are almost 
always confmed to the upper thoracic esophagus, regardless of 
whether the obstruction occurs above or below the entry of the 
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Figure 25-34 Appearance of ligated esophageal varices. A study 
with water-soluble contrast medium shows several smooth, rounded 
filling defects ( arrows ), which could be mistaken for neoplastic lesions 
in the distal esophagus. These represent banded varices 1 day after 
endoscopic variceal ligation. 


azygos vein in to the superior vena cava. 162 Occasionally, however, 
obstruction of the superior vena cava may be caused by benign 
lesions such as a substernal goiter or mediastinal fibrosis caused 
by radiation or histoplasmosis (i.e., sclerosing mediastini- 
tis). 165,166 In such cases, long-standing obstruction of the supe¬ 
rior vena cava at or below the level of entry of the azygos vein 
may lead to the development of extensive downhill varices 
involving the entire thoracic esophagus. 162,166 With greater use 
of central venous catheters for hyp er alimentation or chemo- 
therapy, catheter-induced thrombosis has also been recognized 
as an increasingly common cause of superior vena cava obstruc¬ 
tion. 167,168 Regardless of the cause of the obstruction, catheter- 
directed thrombolysis and/or endovascular stents have been 
shown to be safe and effective alternatives to surgical bypass for 
treatment of these patients. 168,169 

Clinical Findings 

Obstruction of the superior vena cava results in the superior 
vena cava syndrome, characterized by facial, periorbital, neck, 
and bilateral arm swelling and dilated superfkial veins over 
chest wall. Although most patients with downhill varices 
caused by the superior vena cava syndrome are asymptomatic, 
affected individuals may occasionally develop hematemesis or 


low-grade GI bleeding with melena, guaiac-positive stool, or 
iron-deficiency anemia. 1 Downhill varices should therefore be 
suspected in any patient with superior vena cava obstruction 
who develops signs of upper GI bleeding. 

Radiographic Findings 

Like uphill varices, downhill varices appear on barium 
studies as serpiginous longitudinal filling defects in the 
esophagus (Fig. 25-35). 164 However, they can be differentiated 
from uphill varices by their location because they are almost 
always confined to the upper or middle third of the thoracic 
esophagus, whereas uphill varices are predominantly located 
in the distal third. As expected, downhill varices are hest 
visualized on mucosal relief views of the collapsed or par¬ 
tially collapsed esophagus with the use of a high-density 
barium suspension. 

When downhill varices are suspected on the basis of barium 
studies, the patient should be evaluated for other clinical or 
radiologic signs of superior vena cava obstruction. Chest radi- 
ography or CT may reveal obvious widening of the superior 
mediastinum caused by mediastinal lymphadenopathy (see Fig. 
25-35A), tumor, substernal thyroid goiter, or, less commonly, 
mediastinal fibrosis. Venography may be required to confirm 
the diagnosis and determine the level and degree of stenosis or 
obstruction and extent of collateral circulation, particularly if a 
surgical shunt, catheter-directed thrombolysis, or endovascular 
stent is contemplated. 

Differential Diagnosis 

Downhill varices may be confused radio gr aphically with vari- 
coid carcinomas that produce thickened, tortuous folds in the 
upper or midesophagus as a result of submucosal spread of 
tumor (see Fig. 25-32). 142 144 However, downhill varices tend to 
change in size and shape at fluoroscopy, whereas varicoid 
tumors have a more fixed appearance and more abrupt, well- 
defined horders. 

IDIOPATHIC VARICES 

Rarely, esophageal varices may occur in patients who have no 
other signs of hepatic cirrhosis, portal hypertension, or superior 
vena cava obstruction. Because the mechanism of variceal 
formation is unknown, they have been called idiopathic varices. 
It has been postulated that these varices develop as a result 
of a congenital weakness in the venous channels of the 
esophagus. 11 1 3 Although idiopathic varices are extremely 
uncommon, they are important because of the risk of variceal 
bleeding. 171 

Radiographic Findings 

Uphill and downhill varices tend to occur as multiple lesions, 
but an idiopathic varix usually occurs as a solitary lesion, 
appearing as a smooth, slightly lobulated submucosal mass 
in the esophagus (Fig. 25-36A). 174 As a result, the radiographic 
findings may erroneously suggest a submucosal tumor such 
as a leiomyoma. However, an idiopathic varix can usually 
be effaced or even obliterated by esophageal distention (Fig. 
25-36B), so images obtained with the patient in an upright 
or recumbent position with variable esophageal distention 
should suggest a vascular origin of the lesion. 174 It is impor¬ 
tant to be aware of this entity, so endoscopists do not inad- 
vertently biopsy a varix without careful visual inspection. 



Figure 25-35 Downhill esophageal varices due to superior vena cava obstruction by bronchogenic carcinoma. A. Chest radiograph with 
barium in the esophagus shows thickened, nodular folds in the midesophagus with a normal-appearing esophagus below this level. Note how 
the superior mediastinum is widened because of adenopathy from metastatic lung cancer. B. Mucosal relief view of the esophagus shows 
prominent downhill varices. C. Another view moments later shows obliteration of the varices with greater esophageal distention. (From Levine 
MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 



Figure 25-36 Idiopathic varix. A. There is a slightly lobulated submucosal mass ( arrows ) that is indistinguishable from a leiomyoma or other 
submucosal tumors. B. Another view moments later shows obliteration of the varix with greater esophageal distention. (Courtesy Seth N. Glick, 
MD, Philadelphia.) 
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The gastroesophageal junction has traditionally been a difficult 
area to evaluate on barium studies because the physiologic 
events associated with swallowing produce a dynamic, con- 
stantly changing appearance. The use of complicated, often 
contradictory terminology to describe normal and abnormal 
findings at the cardia has also been a source of confusion. Evalu- 
ation of the cardia, perhaps more than of any other area in the 
upper gastrointestinal (GI) tract, requires meticulous attention 
to radiographic technique. Although rings, strictures, and 
hernias are hest seen on conventional single-contrast barium 
studies, neoplastic lesions at the cardia are better delineated on 
double-contrast studies. Thus, radiologists must use different 
techniques during the fluoroscopic examination to optimally 
evaluate this area. 

Radiographic Technique 

The gastric cardia is a notoriously difficult area to examine 
on single-contrast barium studies. Because of the overlying 
rib cage, the fundus is not accessible to manual palpation or 
compression. If the fundus is not fully distended, crowded 
gastric folds may obscure surface detail in this region. If larger 
volumes of barium are used to distend the fundus, however, 
it becomes relatively opaque, so only contour abnormalities 
can be identified. Because of the inherent limitations of single- 
contrast barium studies in examining the cardia and fundus, 
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double-contrast techniques have been used to improve radio¬ 
graphic visualization of this area. 

The routine double-contrast esophagogram should include 
a double-contrast examination of the gastric cardia and 
fundus. 12 After upright double-contrast views of the esophagus 
have been obtained, the patient should be placed in the recum- 
bent right lateral position (i.e., right side down) to visualize the 
gastric cardia directly en face. The cardia should be observed 
for several seconds and, if it appears normal, a single spot image 
should be obtained. If the cardia appears abnormal, however, 
additional spot images should be taken as the patient is rotated 
farther, so that questionable lesions can be demonstrated both 
en face and in profile. 

After the double-contrast portion of the study has been 
completed, the patient should be placed in the prone, right 
anterior oblique position and instructed to rapidly gulp a thin, 
low-density barium suspension to achieve optimal distention 
of the distal esophagus. Single-contrast technique is particularly 
important for evaluating possible rings, strictures, or hernias 
in this region because upright double-contrast views often fail 
to produce the degree of distention needed to optimally dem- 
onstrate these abnormalities. 3 If necessary, a bolster may be 
placed beneath the patient s upper abdomen to increase intra- 
abdominal pressure and improve esophageal distention. When 
a lower esophageal ring is detected, barium tablets or barium- 
impregnated marshmallows may also be used to help determine 
the caliber and obstructive potential of the ring and, if the 
tablet or marshmallow becomes impacted above the ring, to 
determine whether this impaction reproduces the patient’s 
dysphagia. 4,5 

Normal Radiographic Appearances 

The esophagus is a relatively nondistensible tubular structure 
with a saccular distal segment that communicates with the 
stomach. The saccular segment has been termed the phrenic 
ampulla or vestibule because it is the “entrance hall” to the 
stomach. 6 Manometric studies have shown that the esophageal 
vestibule corresponds to the location of the lower esophageal 
sphincter, a 2- to 4-cm in length high-pressure zone just above 
the gastroesophageal junction that prevents reflux of acid into 
the esophagus. The vestibule extends inferiorly through the 
esophageal hiatus of the diaphragm before joining the stomach 
several centimeters below the hiatus. The short intra-abdominal 
segment of the esophagus terminates at the gastroesophageal 
junction or gastric cardia. The left lateral aspect of the cardia is 
demarcated anatomically by sling fibers that hook around a 
notch formed between the distal esophagus and gastric fundus 
(the cardiac incisura). Important anatomic structures in this 
region that may be recognized on barium studies include the 
cardia, Z line, and lower esophageal mucosal and muscular 
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rings. These structures are discussed separately in the following 
sections. 

CARDIA 

The gastric cardia is often not visualized on single-contrast 
barium studies because this region is obscured by barium in the 
fundus or by overlying gastric rugae. However, the ability to 
recognize the normal appearances of the cardia has improved 
dramatically with the use of double-contrast technique. In one 
study, the normal anatomic landmarks at the cardia were seen 
on more than 95% of double-contrast examinations but on 
only 20% of single-contrast examinations. 9 Thus, double- 
contrast technique is essential for evaluating this area. 

The radiographic appearance of the cardia on double- 
contrast studies depends on how firmly it is anchored by the 
surrounding phrenoesophageal membrane to the esophageal 
hiatus of the diaphragm. When the cardia is well anchored, pro- 
trusion of the distal esophagus into the fundus produces a cir- 
cular elevation containing three or four stellate folds that radiate 
to a central point at the gastroesophageal junction, also known 
as the cardiac rosette (Fig. 26-1A). 9,10 This elevation is demar- 
cated from the adjacent fundus by a curved hooding fold that 
surrounds it laterally and superiorly. Several longitudinal folds 
are usually seen extending inferiorly from the cardiac rosette 
along the posterior wall of the lesser curvature. However, it 
should be recognized that the cardiac rosette reflects the closed 
resting State of the lower esophageal sphincter, so this normal 


anatomic landmark will be transiently obliterated by relaxation 
of the lower esophageal sphincter during deglutition. 10 

When the cardia is less firmly anchored to the surrounding 
phrenoesophageal membrane, the cardiac rosette may be visible 
without an associated protrusion or circular elevation (Fig. 
26-IB). 10 With further ligamentous laxity, the rosette itself may 
vanish and the cardia may be characterized by only a single 
undulant or crescentic line that traverses the region of the 
esophageal orifice (Fig. 26-IC). 10 Finally, severe ligamentous 
laxity may lead to the formation of an axial hiatal hernia, so no 
cardiac structure is identified below the diaphragm. Instead, 
gastric folds may converge superiorly to a point several centi¬ 
meters above the esophageal hiatus (Fig. 26-1D). 10 This finding 
should therefore suggest an axial hiatal hernia, and a single- 
contrast esophagogram should be obtained with the patient in 
a prone position to confirm the presence of a hernia. 

Radiologists should be familiar with the various radio¬ 
graphic appearances of the cardia, because malignant tumors 
involving the cardia may be recognized only by distortion or 
obliteration of these normal anatomic landmarks (see later, 
“Carcinoma of the Cardia”). 

Z LINE 

The Z line is an irregular serrated line that demarcates 
the squamocolumnar mucosal junction. 6,11 The Z line can 
sometimes be recognized on double-contrast esophagograms 
as a thin radiolucent stripe in the distal esophagus with a 





Figure 26-1 Normal 
appearances of the gastric 
cardia. A. This patient has a 
well-anchored cardia appearing 
as a circular protrusion with 
centrally radiating folds (the 
cardiac rosette). B. In another 
patient, there are stellate folds 
without a surrounding protrusion 
because of laxity of the ligaments 
surrounding the cardia. C. Further 
ligamentous laxity has resulted in 
obliteration of the cardiac 
rosette. Instead, this patient has a 
single crescentic line ( arrows ) at 
the cardia. D. In another patient 
with severe ligamentous laxity, 
gastric folds in a small hiatal 
hernia are seen converging 
superiorly toward a point (arrow) 
several centimeters above the 
esophageal hiatus of the 
diaphragm. (From Levine MS: 
Radiology o f the Esophagus. 
Philadelphia: WB Saunders, 1989.) 
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Figure 26-2 Z line. The normal Z line is seen as a thin, zigzagging, 
radiolucent stripe ( dots ) in the distal esophagus near the 
gastroesophageal junction. (From Levine MS: Radiology of the 
Esophagus. Philadelphia: WB Saunders, 1989.) 

characteristic zigzag appearance (Fig. 26-2). Occasionally, the Z 
line can be mistaken for superficial ulceration associated with 
reflux esophagitis, particularly if the esophagus is not com- 
pletely distended. Because the Z line represents the histologic 
squamocolumnar junction, it is usually located at or near the 
gastroesophageal junction. 

MUCOSAL RING 

A lower esophageal mucosal ring is the most common ringlike 
narrowing found in the distal esophagus. The ring consists of a 
membranous ridge covered by squamous epithelium superiorly 
and columnar epithelium inferiorly, so it corresponds histologi- 
cally to the squamocolumnar junction. 12,13 This mucosal ring, 
also known as a B ring, is manifested on barium studies by a 
thin, weblike area of narrowing at the gastroesophageal junc¬ 
tion (Fig. 26-3). 11,13,14 The ring has smooth, symmetric margins 
and a height of 2 to 4 mm." M Mucosal rings with a diameter 
more than 20 mm rarely cause symptoms. 11 If the diameter of 
the ring is less than 20 mm, however, it may cause dysphagia 
and might therefore represent a pathologic Ånding (see later, 
“Schatzki Ring”). 

Lower esophageal mucosal rings are fixed, reproducible 
structures on barium studies, but the distal esophagus 
must be adequately distended to visualize these structures. 
Single-contrast technique with the patient in a prone, right 
anterior oblique position is particularly well suited for 



Figure 26-3 Lower esophageal rings. The mucosal ring appears on 
a prone single-contrast esophagogram as a thin, weblike constriction 
(curved arrow) at the gastroesophageal junction above a small hiatal 
hernia, whereas the muscular ring appears as a relatively broad 
area of narrowing ( straight arrow) near the superior border of the 
esophageal vestibule. Unlike mucosal rings, muscular rings are often 
observed as a transient finding at fluoroscopy. (From Levine MS: 
Radiology of the Esophagus. Philadelphia: WB Saunders, 1989.) 


demonstrating lower esophageal rings because it is the best 
technique for achieving optimal distention of the distal 
esophagus. It has been shown that more than 50% of lower 
esophageal rings seen on prone single-contrast views of the 
esophagus are not visualized on the double-contrast phase 
of the examination. 3,15 Thus, biphasic studies are required to 
demonstrate these structures. 

MUSCULAR RING 

A muscular or contractile ring, also known as an A ring, is a 
much less common finding in the distal esophagus than a 
mucosal ring (B ring). Muscular rings are located at the proxi- 
mal end of the esophageal vestibule near the tubulovestibular 
junction and are completely covered by squamous epithelium. 8 
Unlike a mucosal ring, which is a fixed anatomic structure, a 
muscular ring occurs as a transient physiologic phenomenon 
resulting from active muscular contraction in the distal esopha¬ 
gus in the region of the lower esophageal sphincter. 

A muscular ring usually appears on esophagography as a 
relatively broad, smooth area of tapered narrowing that changes 
considerably in caliber and configuration during the fluoro- 
scopic examination (see Fig. 26-3). 7,11,13 Because a muscular ring 
is caused by active muscular contraction, it may vanish 
completely with esophageal distention, so it is observed as a 
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transient finding at fluoroscopy. 11,13 Not infrequently, mucosal 
and muscular rings are visible during the same examination 
(see Fig. 26-3). In such cases, the fixed nature of the mucosal 
ring readily distinguishes this structure from the changing 
appearance of the muscular ring above. 

Schatzki Ring 

Although some investigators have used the terms Schatzki ring 
and lower esophageal ring interchangeably, Schatzki himself 
originally described this entity as a pathologically stenotic ring 
that caused dysphagia. 16 Because most lower esophageal rings 
do not cause symptoms, they probably should not be called 
Schatzki rings. Instead, the term should be reserved for symp- 
tomatic patients with narrow-caliber rings at the gastroesopha¬ 
geal junction. Thus, the diagnosis of a Schatzki ring is made on 
the basis of the clinical and radiographic Åndings. 

PATHOGENESIS 

The pathogenesis of a Schatzki ring is uncertain. Some investi¬ 
gators favor a congenital origin, but the rarity of symptoms 
before 50 years of age tends to refute this theory. 6 Other inves¬ 
tigators believe that a Schatzki ring represents an annular, ring- 
like stricture caused by scarring from reflux esophagitis. 6,13,17 ' 19 
This theory is supported by one study showing that Schatzki 
rings undergo transformation into true, reflux-induced (peptic) 
strictures on serial barium studies. 18 Nevertheless, it is difficult 
to explain the frequent absence of reflux symptoms in these 
patients, so the data are inconclusive. 

CLINICAL FINDINGS 

Schatzki rings are typically manifested by episodic dysphagia 
for solids. 15,16,20,21 In a study of 332 patients, Schatzki found that 
lower esophageal rings less than 13 mm in diameter almost 
always caused dysphagia, whereas rings more than 20 mm in 
diameter almost never caused dysphagia. 20 A statistical analysis 
of Schatzki’s original data 40 years later showed that a 1-mm 
decrease in ring diameter corresponded to a 46% increase in the 
likelihood that a patient has dysphagia. 22 

Patients with Schatzki rings typically present with episodic 
dysphagia for solids, sometimes remaining asymptomatic until 
a large bolus of food lodges above the ring. Because the most 
frequent offending agent is an inadequately chewed piece of 
meat, this condition has been described as the steak house syn¬ 
dromet The impacted bolus in the distal esophagus may cause 
severe chest pain or an uncomfortable sticking sensation behind 
the lower sternum. 24 Resolution of symptoms almost always 
occurs when the impacted bolus is passed, regurgitated, or 
removed. Rarely, a prolonged bolus obstruction may lead to 
esophageal perforation. 13 

Relief from symptoms is sometimes obtained by advising 
these individuals to eat more slowly and chew their food more 
carefully. However, some patients with recurrent dysphagia 
require mechanical disruption or dilation of the ring or, rarely, 
surgery. 21, 25,26 

RADIOGRAPHIC FINDINGS 

A Schatzki ring usually appears on barium studies as a thin (2 
to 4 mm in height), weblike constriction (<13 mm in diameter) 



Figure 26-4 Schatzki ring. The ring appears on a prone single- 
contrast esophagogram as a thin, weblike (<13 mm in diameter) 
constriction (arrow) at the gastroesophageal junction above a hiatal 
hernia. Note that except for its smaller caliber, it has the same 
appearance and location as an asymptomatic mucosal ring. This 
patient presented with dysphagia. 


at the gastroesophageal junction (Fig. 26-4). 11,13 ' 16,20 A hiatal 
hernia is almost always observed below the level of the ring. 
Except for its smaller caliber, a Schatzki ring therefore has the 
same appearance and location as an asymptomatic mucosal 
ring. Almost all rings less than 13 mm in diameter cause dys¬ 
phagia, 20 so they may be classified as Schatzki rings on the basis 
of the radiographic Åndings. Occasionally, however, rings 
between 13 and 20 mm may also cause symptoms, so the diag¬ 
nosis of a Schatzki ring in these patients requires some knowl- 
edge of the clinical history. 

Like other rings in the lower esophagus, Schatzki rings are 
visualized on barium studies only if the lumen above and below 
the ring is distended beyond the caliber of the ring. As a result, 
single-contrast views of the distal esophagus with the patient 
prone (optimizing distention of the distal esophagus) may 
demonstrate Schatzki rings that are not visible, even in retro- 
spect, on the double-contrast phase of the examination because 
of inadequate distention of this region (Fig. 26-5). 3,15 Con- 
versely, overdistention of a hiatal hernia on prone views can 
result in overlap of the distal end of the esophagus and proximal 
end of the hernia, producing a double density of two superim- 
posed, convex collections of barium that obscures the region of 
the gastroesophageal junction and prevents visualization even 
of high-grade Schatzki rings (Fig. 26-6A). 2 When this overlap 
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Figure 26-5 Schatzki ring seen 
only on a prone single-contrast 
esophagogram. A. Upright 
double-contrast view of the distal 
esophagus shows no evidence 
of a lower esophageal ring. 

B. However, a prone single- 
contrast view from the same 
examination shows a hiatal hernia 
with an unequivocal Schatzki ring 
(arrow) above the hernia. Note 
how the hernia was not visualized 
on the upright double-contrast 
image (A) because it had fallen 
below the diaphragm on this 
view. 



Figure 26-6 Overlap 
phenomenon obscuring 
Schatzki ring. A. Prone single- 
contrast view of the distal 
esophagus shows a hiatal hernia 
without evidence of a lower 
esophageal ring. However, there 
is a double density with two 
superimposed convex collections 
of barium caused by overlap of 
the distal end of the esophagus 
(solid arrows) and the proximal 
end of the hernia ( open arrows). 
B. Repeat view with less 
distention of the hernia shows a 
tight Schatzki ring (arrow) when 
the distal esophagus and 
adjacent hiatal hernia no longer 
overlap. (From Hsu WC, MS 
Levine, Rubesin SE, Overlap 
phenomenon: A potential pitfall 
in the radiographic detection of 
lower esophageal rings, AJR, 180, 
745-747, 2003.) 
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phenomenon occurs, additional prone views of the distal 
esophagus should be obtained when the hiatal hernia is less 
distended to avoid overlap of the hernia and adjacent distal 
esophagus, enabling visualization of these rings (Fig. 26-6B). 27 
If a lower esophageal ring still cannot be detected because of 
persistent overlap in patients with clinical symptoms of a ring, 
the patient should be instructed to swallow a barium tablet; if 
the tablet lodges at the gastroesophageal junction, a Schatzki 
ring should be strongly suspected, and the patient should 
undergo endoscopy for further evaluation and a possible dik¬ 
tion procedure. With optimal technique, biphasic esophagogra- 
phy is thought to be even more sensitive than endoscopy for 
detecting Schatzki rings. 15 

DIFFERENTIAL DIAGNOSIS 

A Schatzki ring has such a characteristic appearance that the 
radiographic Åndings are virtually diagnostic of this entity. 
Occasionally, however, other abnormalities may produce 
similar Åndings. Ringlike peptic strictures constitute as many 
as 40% of all peptic strictures in the distal esophagus (see 
Chapter 19). 28 These strictures often resemble Schatzki rings, 
but careful analysis generally shows that they have more 
tapered, asymmetric margins and are slightly longer (4 to 
10 mm) than true Schatzki rings. 28 Despite these subtle dis- 
tinctions, there is probably overlap between the Åndings of 
ringlike peptic strictures and Schatzki rings detected on barium 
studies or endoscopy. Nevertheless, the treatment is similar (a 
diktion procedure), so this differentiation may be of limited 
clinical importance. 

Esophageal webs are occasionally found in the distal esopha¬ 
gus in the region of a peptic stricture (see Chapter 19). 29 These 
webs can resemble Schatzki rings but are located above the 
gastroesophageal junction and are almost always associated 
with peptic strictures, so they can be differentiated from lower 
esophageal rings on the basis of radiographic Åndings. 29 Rarely, 
a short, annular esophageal carcinoma can produce a localized 
constriction that superAcially resembles a Schatzki ring. 
However, the presence of asymmetry, irregularity, and shelAike 
horders should indicate the need for early endoscopy to rule out 
a malignant lesion. 

Hiatal Hernia 

Hiatal hernias are classiAed as axial or paraesophageal, depend- 
ing on the relationship of the cardia to the diaphragm and 
herniated portion of the stomach. The vast majority of hernias 
are axial, and only a tiny percentage are paraesophageal. 30 
Despite its rarity, a paraesophageal hernia, unlike an axial hiatal 
hernia, is considered to be a potentially life-threatening condi- 
tion because of the risk of volvulus, incarceration, or strangula¬ 
tion of the herniated portion of the stomach. 

AXIAL HIATAL HERNIA 

Pathogenesis 

The phrenoesophageal membrane is a Arm elastic structure 
surrounding the gastroesophageal junction that normally 
tethers the distal esophagus to the diaphragm and prevents 
the proximal portion of the stomach from herniating through 
the esophageal hiatus of the diaphragm into the chest. With 
aging, however, a lifetime of constant swallowing causes 


progressive wear and tear on the phrenoesophageal membrane, 
with eventual stretching or rupture of the membrane and axial 
herniation of the proximal portion of the stomach into the 
chest. 7 ’ 30 31 Not surprisingly, the prevalence of axial hiatal 
hernias increases with age; 60% of older adults in the United 
States are found to have such hernias on barium studies. 32 

Clinical Significance 

Considerable controversy exists about the relationship between 
an axial hiatal hernia and the subsequent development of gas¬ 
troesophageal reAux and reAux esophagitis. Some investigators 
believe that the hernia predisposes to gastroesophageal reAux 
disease, but others believe that an axial hiatal hernia is of doubt- 
ful clinical signiAcance when it occurs as an isolated Ånding 
without other clinical or radiologic signs of reAux disease. 33 ' 35 
This subject is discussed in greater detail in Chapter 19. 

Radiographic Diagnosis 

An axial hiatal hernia may be recognized radio gr aphically when 
the gastroesophageal junction is located above the esophageal 
hiatus of the diaphragm. Many of these hernias are sliding 
hernias that are only present when the patient is recumbent. 
Single-contrast barium studies with the patient prone are more 
likely to demonstrate a sliding hiatal hernia than double- 
contrast studies with the patient upright because the hernia is 
frequently reduced into the abdomen in the upright position 
and is more difAcult to distend adequately when the patient is 
standing. 3 The patient should therefore be instructed to drink 
a thin, low-density barium suspension continuously while in 
the prone, right anterior oblique position for optimal visualiza¬ 
tion of these structures. In contrast, Axed axial hernias are 
those in which the hernia persists, even when the patient is 
upright. This observation is clinically important because 
patients with a large Axed hernia may have a short esophagus, 
necessitating an esophageal lengthening procedure such as a 
Collis gastroplasty at the time of surgery if an antireAux opera¬ 
tion is contemplated. 

Because a lower esophageal mucosal ring demarcates the 
anatomic location of the gastroesophageal junction, an axial 
hiatal hernia may be diagnosed on barium studies obtained 
with the patient prone when a mucosal ring is observed 2 cm 
or more above the diaphragmatic hiatus (see Fig. 26-3). 13 Even 
in the absence of a deAnite mucosal ring, a hiatal hernia can 
oAen be recognized by the presence of gastric folds within the 
hernia (Fig. 26-7). These folds may continue inferiorly through 
the diaphragmatic hiatus into the abdominal portion of the 
stomach. Not infrequently, the hernia may be kinked or nar- 
rowed at the esophageal hiatus because of extrinsic compression 
by the surrounding diaphragm at this level. Occasionally, a 
prominent diagonal notch may also be seen on the left lateral 
and superior aspect of the hernia because of Crossing gastric 
sling Abers at the cardiac incisura (Fig. 26-8). 30 

When a moderate-sized or large axial hiatal hernia is present, 
double-contrast views of the stomach obtained with the patient 
in an upright or right lateral recumbent position also permit 
assessment of the mucosa within the hernia for ulcers, neo- 
plasms, or other abnormalities not easily seen on single-contrast 
images. Ulcers are particularly likely to develop at the hiatal 
oriAce (so-called riding ulcers), where the gastric mucosa is 
repeatedly exposed to trauma on the ridge riding over the hiatus 
(Fig. 26-9). 36 Occasionally, gastric carcinomas that develop 
within hiatal hernias may be manifested on double-contrast 
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Figure 26-7 Axial hiatal hernia. Gastric rugae are seen in the 
hernia on this prone single-contrast view of the esophagus. (From 

Levine MS: Radiology of the Esophagus. Philadelphia: WB Saunders, Figure 26-8 Large axial hiatal hernia. There is a prominent diagonal 
79g9 j noten ( arrow ) on the superior aspect of the hernia caused by Crossing 

gastric sling fibers at the cardiac incisura. This appearance may 
erroneously suggest a mixed axial-paraesophageal hernia. (From Levine 
MS: Radiology o f the Esophagus. Philadelphia: WB Saunders, 1989.) 


studies by polypoid masses or infiltrative lesions with thick- 
ened, distorted folds in the hernia. 37 

When barium studies are performed on patients with giant 
hiatal hernias (i.e., hernias containing 50% or more of the 
stomach), the weight of the barium may cause the gastric 
fundus to droop inferiorly beneath the herniated gastric 
body, especially in the upright position, producing a distinetive 
radiographic appearance, also known as a floppy fundus (Fig. 
26-10). 38 These patients may develop symptoms such as post- 
prandial pain, early satiety, nausea, retching, and vomiting 
because of the mechanical effeet of ingested food and liquids 
pooling in the floppy fundus or because of subsequent traction 
on the stomach, which impedes emptying of the hernia. 38 
Because symptoms result from distortion of the gastric anatomy, 
these symptoms usually resolve only after surgical repair of the 
hernia. 38 

A giant hiatal hernia associated with a floppy fundus can be 
mistaken on barium studies for an organoaxial gastric volvulus, 
a potentially life-threatening condition because of the risk of 
incarceration, strangulation, and infaretion of the affeeted 
stomach (see Chapter 34). In organoaxial gastric volvulus, 
however, most or all of the stomach herniates above the dia- 
phragm into the lower thorax, with the greater curvature of the 
stomach rotated above the lesser curvature, producing a 
so-called upside-down intrathoracic stomach. 41,42 In contrast, 
normal anatomic relationships are preserved in patients with a 
floppy fundus. 



Figure 26-9 Hiatal hernia with a riding uleer. There is a hiatal 
hernia with a large uleer (arrow) in the proximal stomach where it 
traverses the esophageal hiatus of the diaphragm, probably because 
of repeated trauma to the gastric mueosa at the level of the hiatus. 
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Figure 26-10 Large axial hiatal hernia with a floppy fundus. A. Upright double-contrast view shows a large hiatal hernia, with the gastric 
fundus ( large black arrows ) flopping inferiorly beneath the most superior portion of the gas-filled gastric body ( large white arrow). Note how 
there is pooling of barium in the floppy fundus, with a small amount of barium spilling over into the portion of the stomach ( small black arrows) 
that traverses the diaphragm. B. Supine oblique view also shows a floppy fundus ( large black arrows ) inferior to the most superior portion 
of the gastric body ( small black arrow). Note how there is narrowing of the stomach ( large white arrow) where it traverses the diaphragm. 

C. Prone oblique view now shows the gastric fundus ( black arrows) in its expected location above the intrathoracic portion of the gastric body, so 
the fundus is no longer flopped inferiorly. In A, B, and C, the small white arrows denote the location of the gastroesophageal junction above the 
diaphragm. (From Huang SY , Levine MS, Rubesin SE, et al: Large hiatal hernias with a floppy fundus. AJR 188:960-964, 2007.) 


PARAESOPHAGEAL HERNIA 

Pathogenesis 

In patients with a paraesophageal hernia, a variable portion of 
the stomach herniates through the esophageal hiatus of the 
diaphragm into the chest alongside the distal esophagus while 
the cardia retains its normal position below the diaphragm. 
This type of hernia is thought to occur through an unusually 
large defect in the phrenoesophageal membrane that progres- 
sively increases in size with age. 36 Paraesophageal hernias there - 
fore develop primarily in older adults (i.e., patients > 70 years 
of age). Less frequently, these hernias may occur as a result of 
blunt trauma (e.g., automobile accidents) to the chest or 
abdomen in patients of any age. Affected individuals may even- 
tually develop a mixed type of axial-paraesophageal hernia if 
the gastroesophageal junction also rises above the diaphragm. 4 " 
Rarely, the entire stomach or a major portion of the stomach 
herniates through the esophageal hiatus, producing a gastric 
volvulus (see Chapter 34). 

Clinical Significance 

Many patients with paraesophageal hernias are asymptomatic, 
and the hernia is an incidental Ånding on barium studies per- 
formed for other reasons. Unlike axial hernias, paraesophageal 
hernias are rarely associated with gastroesophageal reflux or 
reflux esophagitis. As these hernias enlarge, however, twisting 
or torsion and obstruction at or near the esophageal hiatus of 
the diaphragm may lead to incarceration, strangulation, infarc- 
tion, or perforation of the herniated portion of the stomach. 43 ' 47 
Because of these potentially life-threatening complications, 
some authors believe that surgery is warranted in all patients 
with paraesophageal hernias (assuming that they are surgical 
candidates), even when these individuals are asymptomatic. 48,49 
However, conservative management may be appropriate for 
older patients with paraesophageal hernias who are asymptom¬ 
atic because of the high risk of surgery in this group. Laparo- 
scopic repair of paraesophageal hernias has also been advocated 
as a less invasive technique than traditional surgery. 50 



Figure 26-11 Paraesophageal hernia. The gastric fundus has 
herniated into the chest alongside the distal esophagus, but the 
gastric cardia (arrow) retains its normal position below the diaphragm. 
(From Levine MS: Radiology of the Esophagus. Philadelphia: WB 
Sa unders, 1989.) 


Radiographic Diagnosis 

A paraesophageal hernia may be diagnosed on barium studies 
when the gastric fundus has herniated through the esophageal 
hiatus of the diaphragm alongside the distal esophagus while 
the cardia retains its normal position below the diaphragm (Fig. 
26-11). In a mixed axial-paraesophageal hernia, however, the 
cardia has also herniated above the diaphragm into the 
chest (Fig. 26-12). Occasionally, an axial hiatal hernia can be 
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Figure 26-12 Mixed axial-paraesophageal hernia. The gastric 
fundus has herniated into the chest alongside the distal esophagus. In 
this patient, however, the cardia (arrow) has also herniated above the 
diaphragm. These are features of a mixed hernia. 

mistaken radiographically for a mixed axial-paraesophageal 
hernia because of a prominent notch on the superior aspect of 
the hernia that erroneously suggests a paraesophageal compo- 
nent (see Fig. 26-8). 30 

In patients with a gastric volvulus or upside-down intratho- 
racic stomach, almost the entire stomach has herniated through 
the esophageal hiatus into the chest and has assumed an 
inverted or upside-down configuration (see Chapter 34). Rarely, 
traction or torsion of the stomach at or near the level of 
the hiatus may lead to obstruction, strangulation, infarction, 
or perforation of the intrathoracic stomach. 41 These patients 
may undergo surgery on an emergent basis without preopera- 
tive barium studies because of their rapidly deteriorating 
clinical condition. 

Carcinoma of the Cardia 

The clinical and radiographic aspects of carcinoma of the 
cardia are discussed in detail in Chapter 32. On barium studies, 
advanced lesions at the cardia may appear as obvious exo- 
phytic or infiltrating lesions in the gastric fundus. However, 
other lesions at the cardia may be recognized only by relatively 
subtle nodularity, mass effect, or ulceration in this region 
with distortion, effacement, or obliteration of the normal 
anatomic landmarks at the cardia (Fig. 26- 13). 9,10,51,52 Because 
these abnormalities at the cardia are extremely difficult to 
demonstrate on conventional single-contrast barium studies, 
double-contrast technique is essential for detecting these lesions 
at the earliest possible stage. 


Figure 26-13 Carcinoma of the gastric cardia. The normal 
anatomic landmarks at the cardia have been obliterated and replaced 
by irregular areas of ulceration ( arrows ) caused by tumor in this 
region. (From Levine MS: Radiology of the Esophagus. Philadelphia, 
WB Saunders, 1989.) 


Prolapsed Esophagogastric Mucosa 

Retrograde or antegrade prolapse of mucosa in the esophago¬ 
gastric region may produce a polypoid fllling defect in the 
distal esophagus or gastric fundus (Fig. 26-14A). 53, However, 
mucosal prolapse usually occurs as a transient phenomenon, so 
the filling defect intermittently vanishes at fluoroscopy (Fig. 
26-14B). The distal esophagus may also invaginate into a sliding 
hiatal hernia or a hiatal hernia may invaginate into the fundus, 
producing an apparent mass lesion in this region (Fig. 26- 15A). 55 
However, greater distention of the fundus with barium or gas 
usually displaces the invaginated hernia above the diaphragm 
and reduces the invaginated distal esophagus, so this lesion is 
also observed as a transient finding at fluoroscopy (Fig. 26-15B). 
Thus, it is usually possible to differentiate prolapsed esophago¬ 
gastric mucosa or invaginated hernias from true polypoid 
lesions at the cardia. 

Other Abnormalities 

Other abnormalities occurring at or near the gastroesophageal 
junction include peptic strictures (see Chapter 19), inflamma- 
tory esophagogastric polyps (see Chapter 19), esophageal or 
gastric varices (see Chapters 25 and 34), primary or secondary 
achalasia (see Chapters 18 and 24), and squamous cell metas¬ 
tases to the cardia (see Chapter 23). 
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Figure 26-14 Pseudotumor in 
the gastric fundus caused by 
retrograde prolapse of 
esophagogastric mucosa. 

A. Initial double-contrast view of 
the stomach shows an apparent 
polypoid mass ( arrows ) in the 
fundus at the expected location 
of the cardia. B. Repeat view as 
the patient swallows additional 
barium shows a normal fundus. 
This pseudotumor was caused by 
intermittent retrograde prolapse 
of mucosa in the esophagogastric 
region. 



Figure 26-15 Pseudotumor in 
the gastric fundus caused by an 
invaginated hiatal hernia. A. An 

apparent mass lesion ( arrows ) is 
seen in the fundus on a double- 
contrast radiograph. B. Moments 
later, the invaginated hernia 
( arrows ) has risen above the 
diaphragm, and the pseudotumor 
is no longer seen. 
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General Principles 

Radiologic evaluation of the postoperative esophagus requires 
an understanding of the operative procedures and of the normal 
postoperative radiologic appearances. The purpose of the 
radiologic examination is to do the following: (1) define 
the postoperative anatomy and establish a baseline; (2) assess 
the efficacy of the procedure; and (3) detect complications 
during the early (<4 weeks after surgery) or late (>4 weeks after 
surgery) postoperative periods. 1 During the early postopera¬ 
tive period, the most common complications include stasis 
resulting from adynamic ileus or vagotomy, obstruction result¬ 
ing from anastomotic edema, and perforation resulting from 
anastomotic breakdown (Box 27-1). 1 During the late postop¬ 
erative period, the most common complications include 
aspiration, gastroesophageal reflux, anastomotic strictures, and 
recurrent tumor (see Box 27-1). 1-5 

An anastomotic or staple line leak is the most common 
serious complication of esophageal surgery (Fig. 27-1). Sutures 
and Staples hold less well in the esophagus than elsewhere in 
the gastrointestinal tract because the esophagus lacks a serosa, 
esophageal muscle is stringy and soft, and mucosa retracts from 
the cut esophageal margin because of mobility between the 
squamous mucosa, fatty submucosa, and muscularis propria. 2 
Leaks also occur at staple lines because of focal ischemia caused 
by the crush effect of the staple line on viable tissue. A delay in 
the diagnosis of postoperative perforation leads to increased 
morbidity and mortality resulting from mediastinitis, abscess 
formation, or sepsis. 4 Postoperative patients complaining of 
cervical, thoracic, or epigastric pain, fever, dysphagia, or respira- 
tory distress may therefore require an emergent esophagogram. 
At our institution, esophagograms are routinely performed 


between the sixth and eighth postoperative days because some 
patients with esophageal perforation are asymptomatic and 
others have delayed leaks. 6 Mildly delayed leaks (postoperative 
days 7-21) are often caused by ischemia at a staple line. 

Edema, hemorrhage, and spasm at an anastomosis are the 
most common causes of obstruction in the early postoperative 
period. This obstruction usually resolves within 1 to 2 weeks 
after surgery. Obstruction may also occur when the viscus used 
as the esophageal substitute passes through the diaphragm (Fig. 
27-2). In the late postoperative period, obstruction is usually 
caused by a benign stricture related to a healed anastomotic 
leak, ischemia at the anastomosis, or chronic gastroesophageal 
reflux. Other patients may have recurrent cancer or a tight 
diaphragmatic hiatus as the cause of a narrowing. 

Esophageal dysmotility, delayed gastric emptying caused by 
pylorospasm or gastric atony, or diarrhea may be the result of 
manipulation, damage, or intentional surgical resection of the 
vagus nerve. Vocal cord paralysis or dysphagia with abnormal 
motility of the inferior constrictor muscles or proximal esopha¬ 
geal muscles may result from recurrent laryngeal injury. 

Any form of esophageal surgery that disrupts the lower 
esophageal sphincter may result in gastroesophageal reflux. An 
antireflux procedure may be included as part of the esophago- 
gastric anastomosis to prevent postoperative gastroesophageal 
reflux. Complications of postoperataive gastroesophageal reflux 
include aspiration, reflux esophagitis, stricture formation, 
Barrett’s esophagus, and adenocarcinoma arising in Barretts 
esophagus. 

The thoracic duet may also be damaged during surgery. The 
thoracic duet passes superiorly, anterior to the spine, between 
the aorta and azygos vein. At the level of the T5 vertebral body, 
the thoracic duet crosses behind the esophagus and then con- 
tinues cranially along the left side of the esophagus. Although 
uncommon, thoracic duet damage may result in chylothorax or 
chylous ascites. 2 

Early postoperative complications may be manifested by a 
variety of findings on chest and abdominal radiographs. A 
dilated viscus with air-fluid levels should suggest gastric outlet 
obstruction when the stomach is used to replace the esophagus. 
Pneumomediastinum, cervical or subeutaneous emphysema, a 
widened mediastinum, or a rapidly enlarging pleural effusion 
should suggest anastomotic breakdown and perforation. 7 Nev- 
ertheless, chest and abdominal radiographs may be normal in 
patients with perforation. 

Depending on the nature of the surgery and status of the 
patient, the postoperative radiologic examination should be 
tailored to demonstrate suspected complications. Barium and 
water-soluble contrast agents each have advantages and disad- 
vantages in evaluating patients during the early postoperative 
period. 818 This subject is discussed in detail in Chapters 1 and 
17. Briefly, water-soluble contrast agents should be used during 
the early postoperative period to rule out a perforation or anas¬ 
tomotic leak into the mediastinum or pleural space. If no 
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BOX 27-1 COMPLICATIONS OF 

ESOPHAGEAL SURGERY 


EARLY COMPLICATIONS 
Common Complications 

Anastomotic or staple line leak 
Anastomotic narrowing 
Gastric or duodenal atony 
Aspiration 

Gastroesophageal reflux 
Delayed bypass emptying 
Anastomotic edema 
Anastomotic narrowing 
Gastric or duodenal atony 

Obstruction at diaphragm—pyloric channel obstruction or 
spasm 

Uncommon Complications 

Pneumothorax 

Pneumomediastinum 

Mediastinal hematoma 

Empyema 

Vocal cord paresis 

Chylothorax 

Ischemia of colonic or jejunal bypass 

Splenic injury 

Pancreatitis 

LATE COMPLICATIONS 
Common Complications 

Anastomotic stricture 
Aspiration 

Recurrent carcinoma 

Gastroesophageal reflux and its sequelae 

Uncommon Complications 

Delayed conduit emptying 
Tracheoesophageal fistula 
Anastomotic or staple line leak 


water-soluble contrast medium is seen to extravasate from the 
esophagus on initial spot images, high-density barium should 
then be given for a more detailed examination. 1,19,20 Barium or 
low-osmolality, water-soluble contrast agents such as iohexol 
(Omnipaque) may be used as the primary contrast agent if 
aspiration or an esophageal-airway fistula is suspected. 

Gastroesophageal Reflux 
and Hiatal Hernia 

Patients with gastroesophageal reflux may undergo surgery 
because of intractable reflux esophagitis, peptic strictures, or 
Barrett’s esophagus. With most of these surgical procedures, the 
crura are dissected, the esophagus is mobilized, the vagus nerves 
are preserved, the hiatal hernia is reduced, the diaphragm is 
repaired, and the intra-abdominal esophagus is restored. A vari¬ 
able portion of gastric fundus is usually wrapped around the 
proximal stomach. 4,21 

NORMAL POSTOPERATIVE APPEARANCES 

In a Nissen fundoplication, the gastric fundus is loosely wrapped 
360 degrees around the proximal stomach to create an antire- 
flux valve. 22 The Nissen fundoplication wrap normally appears 



Figure 27-1 Esophagogastrectomy with leak near 
esophagogastric anastomosis. Spot radiograph centered at the 
esophagogastric anastomosis shows a 3-cm long track of barium 
arising from the left anterolateral wall of the anastomosis (small 
arrow). The track extends to the left and is just entering (large arrow) 
a mediastinal drain. 


as a 2- to 3-cm fundal mass, with a smooth contour and surface 
(Fig. 27-3). 23,24 If the patient drinks barium in a recumbent, 
steep oblique, or lateral position, the lumen is shown to pass 
through the center of the fundoplication wrap. 25 The smooth 
symmetric wrap and its consistent relationship with the lumen 
readily differentiates a fundoplication wrap from a true tumor 
in the fundus. 

In a Belsey Mark IV repair, the gastric fundus is sutured to 
the intra-abdominal esophagus, creating an acute esophagogas¬ 
tric junction angle (angle of His); a 270-degree fundoplication 
wrap is then created. 26,27 The gastric wrap of a Belsey Mark IV 
repair produces a smaller defect than a Nissen fundoplication. 28 
Two distinet angles are formed passing through the 270-degree 
fundoplication. 29 The intra-abdominal esophagus has a shallow 
upper angle where the esophagus, fundus, and diaphragm are 
sutured together and a lower angle where the stomach is pulled 
upward toward the esophagus. 28 

A less than circumferential wrap may be made anteriorly or 
posteriorly, especially in patients with esophageal dysmotility 
and poor esophageal clearance. Wraps may be made loosely 
(Fig. 27-4), especially if the surgery is performed laparoscopi- 
cally. Knowledge of the exact surgical technique performed is 
helpful for radiologic interpretation. 

COMPLICATIONS 

Complications related direetly to surgery include pneumotho¬ 
rax and pneumomediastinum. Acute hemorrhage usually arises 
from the short gastric vessels ligated at surgery or is related to 
operative injury of the spleen or liver. Instrumental perforation 
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Figure 27-2 Postoperative obstruction after 
esophagogastrectomy. There is tapered narrowing of the stomach 
(large arrow) where it passes through the diaphragm. Below the 
diaphragm, twisting of the stomach is manifested radiographically by 
gastric folds ( small arrows ) radiating toward the area of narrowing. 
The stomach proximal to the obstruction shows dilation, delayed 
emptying of barium, and retained debris (open arrow). (From Rubesin 
SE, Beatty SM: The postoperative esophagus. Semin Roentgenol 
39:401-410, 1994.) 


of the esophagus or stomach may not be detected during surgery 
and may lead to a left upper quadrant abscess. Late esophageal 
perforation may be caused by ischemia or diathermy injury. 2,4 

Obstruction 

During the early postoperative period, edema of the fundopli- 
cation wrap may cause transient dysphagia. This complication 
may be manifested on esophagograms by a large, smooth fundal 
mass associated with smooth, tapered narrowing of the intra- 
abdominal esophagus and delayed emptying of contrast mate- 
rial (Fig. 27-5). 23 The edema usually subsides within 1 to 2 
weeks; a follow-up esophagogram demonstrates a much smaller 
defect in this region because of the normal fundoplication 
wrap. 

Some patients may have persistent narrowing at the fun¬ 
doplication, causing dysphagia or the so-called gas bioat syn- 
drome, with upper abdominal fullness and an inability to belch 
after meals. 21 Patients may also complain of an inability to 
vomit and increased flatulence. In such cases, esophagograms 
may demonstrate fixed narrowing of the lumen as a result of 
a tight fundoplication wrap (Fig. 27-6) or excessive closure of 
the esophageal hiatus of the diaphragm. 30 It is sometimes 



Figure 27-3 Normal Nissen fundoplication. The fundoplication 
wrap is seen as a smooth-surfaced, well-defined mass ( arrows ) in the 
gastric fundus. 


difficult to distinguish a persistent reflux-induced distal esoph¬ 
ageal stricture from a tight wrap. Examination of the preop- 
erative images is helpful. 

Recurrent Hiatal Hernia and 
Gastroesophageal Reflux 

Complete disruption of the fundoplication sutures and crural 
repair is manifested radiographically by a recurrent hiatal 
hernia and gastroesophageal reflux, without visualization of the 
fundoplication wrap (Fig. 27-7). 32,33 Partial disruption of the 
fundoplication sutures may be manifested by a partially intact 
wrap associated with one or more outpouchings from the 
gastric fundus (Fig. 27-8) or by an hourglass appearance of the 
stomach as the fundus slips through the fundoplication. 3 , An 
hourglass stomach may also be caused by inappropriate place- 
ment of the fundoplication around the gastric body. Finally, 
disruption of the diaphragmatic sutures (but not the fundopli¬ 
cation sutures) may result in a recurrent hiatal hernia, with 
continued demonstration of an intact fundoplication wrap 
(Fig. 27-9). 32 A paraesophageal hernia may occur at diaphrag¬ 
matic repair breakdown (Fig. 27-10). 

Benign Strictures 

Benign esophageal strictures may be treated by various surgical 
and nonsurgical procedures, including esophageal bougienage, 
fluoroscopically controlled balloon dilation, endoscopically 
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Figure 27-4 Loose fundoplication wrap. The loose fundoplication 
wrap is filled with barium and is manifested as a white/barium-filled 
rectangular structure Crossing the gastric cardia ( white arrows). The 
wall of the fundoplication wrap is seen as a thick, linear radiolucency 
(black arrows ) adjacent to the rectangular barium collection. 

(From Rubesin SE, Levine MS: Postoperative esophagus. In Levine 
MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989, 
pp 267-290.) 


Figure 27-5 Postoperative wrap edema. One day after 
laparoscopic fundoplication wrap surgery, the patient had chest 
pain and difficulty handling her secretions. A low-magnification 
radiograph shows a large volume of gas (carbon dioxide) underneath 
the left and right hemidiaphragms. The esophagus just proximal to 
the fundoplication is a tight 3 mm in luminal diameter (arrows). The 
thoracic esophagus is dilated and showed delayed esophageal 
emptying. One week later, the esophageal obstruction caused by 
edema of the fundoplication wrap had resolved. The esophageal 
narrowing increased to about 8 mm. 




Figure 27-6 Persistent obstruction by a tight Nissen fundoplication wrap. A. Spot radiograph obtained with patient in an erect position 
shows that the lumen of the stomach is mildly narrowed (measuring ~6 mm in luminal diameter; arrows ) by a tight fundoplication wrap (arrows). 
B. Spot radiograph obtained while the patient is drinking in a right anterior oblique position shows a narrowed distal esophagus (thin arrows) 
and large fundoplication wrap (arrowheads). 
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Figure 27-7 Breakdown of fundoplication wrap and recurrent 
hiatal hernia. Multiple gastric outpouchings (open arrows ) are seen 
above the level of the diaphragm ( large black arrow). The expected 
mass of the fundoplication wrap is not present in the gastric fundus. 
A focal peptic stricture is also seen at the gastroesophageal junction 
(small black arrow). (From Rubesin SE, Levine MS: Postoperative 
esophagus. In Levine MS: Radiology of the Esophagus. Philadelphia, 
WB Saunders, 1989, pp 267-290.) 



S 


Figure 27-8 Partial breakdown of fundoplication wrap. The 

fundal wrap is partially intact ( black arrows ) but does not encircle the 
distal esophagus. A small fundal outpouching is present ( white arrow). 
Barium is seen in the distal esophagus because of gastroesophageal 
reflux. 


placed esophageal stents, and esophageal replacement with a 
gastric tube, jejunal graft, or colonic interposition. The site, 
extent, and cause of the stricture affect the therapeutic choice. 
Peroral balloon or endoscopic dilation of strictures under fluo- 
roscopic guidance is an effective alternative to esophageal bou- 
gienage. 34,35 This procedure has a lower risk of perforation and 
a longer symptom-free interval than esophageal bougienage. 36 ' 39 

Surgery is usually required for the treatment of lye strictures. 
Esophageal replacement surgery may also be performed on 
patients with intractable strictures caused by gastroesophageal 
reflux disease. 

Carcinoma 

Because they usually have advanced tumors at the time of diag- 
nosis, patients with esophageal carcinoma continue to have 
5-year survival rates of only 5% to 30%, despite advances in 
radiologic imaging, surgical technique, and treatment with radi¬ 
ation or chemotherapy. Treatment for esophageal carcinoma is 
primarily palliative, focused on reversing starvation and cachexia 
by relieving dysphagia and restoring the ability to swallow. Pal- 
liation of advanced esophageal cancers can be achieved not only 
by surgery but also by radiation therapy, esophageal stent place- 
ment, and endoscopic laser therapy. 


ESOPHAGOGASTRECTOMY 

The esophagus can be removed by a transthoracic or a com- 
bined transhiatal-cervical approach. Distant metastases and 
aortic or tracheobronchial invasion by tumor are relative con- 
traindications to surgery, but local extension of tumor and 
mediastinal adenopathy are not. 

Transthoracic Approach 

A right-sided thoracotomy and abdominal incision (Ivor-Lewis 
operation) are performed on many patients with midthoracic 
esophageal cancers. 5 A left-sided thoracoabdominal incision 
is performed on patients with cancers involving the distal 
esophagus and cardia or lesions that have extensive nodal 
metastases near the celiac axis or lesser curvature of the 
stomach. After resection of the diseased esophagus and cardia, 
the stomach is mobilized on its vascular pedicle and placed 
in the thorax, with the lesser curvature facing the mediastinum 
(Fig. 27-11). A vertically oriented portion of the stomach may 
be removed, so that the stomach becomes tubular and func- 
tions as a conduit. An antireflux procedure may also be per¬ 
formed by invaginating the distal esophagus into the stomach. 
A gastric drainage procedure such as a pyloroplasty or pylo- 
romyotomy is usually performed because the vagus nerves are 
sacrificed at surgery. 
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Figure 27-9 Recurrent hiatal hernia resulting from disruption of 
sutures closing the esophageal hiatus of the diaphragm. A small 
hiatal hernia (long arrows) lies above the diaphragm. An intact 
fundoplication wrap (short arrows ) is manifest as a radiolucent filling 
defect in the barium pool within the hernia and as a "mass" 
surrounding the distal esophagus. 


Transhiatal-Transcervical Approach 

The stomach can also be used as a palliative bypass organ for 
advanced esophageal carcinoma, without resorting to a thora- 
cotomy. 41,42 In such cases, the stomach is brought superiorly 
through an anterior or posterior mediastinal tunnel into the 
neck via a combined transcervical-transhiatal approach. The 
fundus is then anastomosed to the cervical esophagus (and 
occasionally the pharynx) via a cervical approach. The diseased 
esophagus can be resected through the hiatal and cervical expo- 
sures, or it can be excluded. If the stomach has been placed 
substernally, the small opening of the thoracic inlet is widened 
by resecting the medial portion of the clavicle, sternoclavicular 
joint, and upper portion of the manubrium. A pyloromyotomy 
or pyloroplasty is performed to facilitate gastric emptying. A 
temporary feeding jejunostomy tube is usually inserted. 

The transthoracic approach allows en bloc resection of 
the esophagus and local lymph nodes for complete staging 
and potential cure. Anastomotic or other staple line leaks in 
the middle mediastinum, however, are serious complications. 
The transhiatal approach allows removal of some, but not 
all cervical, intrathoracic, and intra-abdominal lymph nodes. 
A complete mediastinal lymph node exploration for staging 
or cure is not possible, but anastomotic leaks into the neck 
with the transhiatal approach are less serious than leaks into 
the mediastinum with the transthoracic approach. Neverthe- 



Figure 27-10 Paraesophageal herniation of gastric fundus after 
breakdown of diaphragmatic repair. Low magnification image 
demonstrating a large paraesophageal herniation of the gastric 
fundus (PH) above the left hemidiaphragm ( arrow ). The hernia is next 
to the distal esophagus (E). 


less, the two techniques have about the same success rate 
for cure. 5 

Complications 

The most common complications during the early postopera¬ 
tive period include anastomotic leaks, obstruction, gastric atony 
and dilation, and aspiration into the larynx. A study using 
water-soluble contrast medium (followed by high-density 
barium if there is no evidence of a leak 20 ) is usually performed 
within 7 to 10 days after surgery to rule out a leak at the esopha- 
gogastric anastomosis (see Fig. 27-1), at the line of creation of 
the gastric tube, and at the pyloroplasty. Leaks along the vertical 
staple line of the gastric tube may be caused by ischemia. These 
leaks may appear more than 7 days after surgery. Surgical drains 
may migrate through leaks near the esophagogastric anastomo¬ 
sis or along the gastric staple line. 43 Surgical drains may also 
enter a viscus by pressure necrosis or be inappropriately placed 
in a viscus at surgery or at a later intervention. Mechanical 
obstruction may occur at the esophagogastric anastomosis or 
pylorus (Fig. 27-12) because of edema, hemorrhage, or leak. 
Mechanical obstruction may also occur at the distal end of the 
intrathoracic portion of the stomach because of gastric volvulus 
or extrinsic compression by the diaphragm. Pancreatitis may 
rarely develop because the duodenum is freed from the panere - 
atic head to allow the stomach to be pulled superiorly into the 
chest. 2 

The most common complications during the late postopera¬ 
tive period include gastroesophageal reflux and its sequelae, 
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Figure 27-11 Transthoracic esophagogastrectomy. The stomach (S) 
has been pulled into the right hemithorax. There is a small contained 
leak (thick white arrow) at the esophagogastric anastomosis. There is no 
obstruction as the stomach passes through the diaphragm ( black 
arrow). A mediastinal drain ( thin white arrow) is present. 


anastomotic strictures, fistulas, and recurrent tumor. 40 Acute 
gastroesophageal reflux may result in aspiration pneumonia. 
Chronic gastroesophageal reflux may lead to reflux esophagitis 
(Fig. 27-13), peptic strictures (Fig. 27-14), Barretts esophagus 
and, eventually, esophageal adenocarcinoma. Healing of anas¬ 
tomotic leaks may result in benign anastomotic strictures. 
Long-standing anastomotic leaks may result in fistulas to the 
tracheobronchial tree, pleura, or directly into the lungs (Fig. 
27-15). Although recurrent tumor in the mediastinum is best 
demonstrated by computed tomography (CT) or magnetic 
resonance imaging (MRI), barium studies may reveal a smooth 
or spiculated area of extrinsic mass effect on the mediastinal 
border of the stomach (Fig. 27-16). 40,44 Recurrent esophageal 
carcinoma may also be demonstrated by barium studies as a 
focal mucosal nodularity, nodular mass, or nodular stricture in 
the distalmost remaining esophagus or at the esophagogastric 
anastomosis (Fig. 27-17). Any suspicious area should be further 
evaluated by endoscopy and biopsy. Delayed perforations may 
occasionally be caused by a recurrent mediastinal tumor or 
mediastinal irradiation. 

Several complications may be related to esophageal exclusion 
if the diseased esophagus has been bypassed but not resected. 
If the native esophagus is disrupted, a left subphrenic abscess 
may develop. The excluded esophagus may also form a posterior 
mediastinal mucocele. 45 These mucoceles may become infected 
or compress the tracheobronchial tree. Symptoms may also be 



Figure 27-12 Obstruction at pylorus after pyloroplasty 
performed during esophagogastrectomy. There is smooth 
symmetric narrowing of the pylorus (arrow). Obstruction was 
manifested fluoroscopically by delayed gastric emptying and 
radiographically by a barium-fluid-air level in the stomach, indicating 
retained fluid, rather than the normally expected barium-air level. 
(From Rubesin SE, Beatty SM: The postoperative esophagus. Semin 
Roentgenol 39:401-410, 1994.) 


caused by gastroesophageal reflux into the excluded esophagus. 
Carcinoma may develop in an esophagus bypassed for a lye 
stricture. 45 

COLONIC INTERPOSITION, JEJUNAL 
INTERPOSITION, AND FREE JEJUNAL GRAFT 

Various segments of the colon and jejunum may be used to 
bypass severe peptic strictures, caustic strictures, or inoperable 
esophageal cancers. When colonic interposition is performed, 
the right or transverse colon is placed in an isoperistaltic direc- 
tion (Fig. 27-18), whereas the left colon is placed in an isoperi¬ 
staltic or antip er is taltic direction. 46 If the colon is placed in the 
anterior mediastinum, the cologastric anastomosis is usually 
located on the anterior wall of the stomach. 4 If the colon is 
placed in the posterior mediastinum, however, the cologastric 
anastomosis is located on the posterior wall of the upper 
stomach. 46 A vagotomy and pyloroplasty are also performed. A 
preoperative barium enema may be done to rule out significant 
colonic disease before surgery. A preoperative angiogram may 
also be obtained to demonstrate the vascular anatomy of the 
colon and rule out vascular disease, particularly in patients with 
suspected atherosclerosis. 47 

Colonic interposition is a procedure performed when the 
stomach cannot be used for esophageal replacement—for 
example, in patients with prior gastric surgery. Colonic inter¬ 
position is associated with much higher morbidity and mortal- 
ity rates than esophagogastrectomy. Anastomotic leaks occur 
in 25% to 40% of patients 40 and are usually located at the proxi- 
mal anastomosis, leading to abscess and stricture formation 
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Figure 27-13 Esophagogastrectomy with reflux esophagitis. 

Numerous confluent plaques and pseudomembranes (open arrow) 
are seen on the esophageal mucosa above the esophagogastric 
junction (solid arrow). Free gastroesophageal reflux was seen at 
fluoroscopy. 



Figure 27-14 Esophagogastrectomy with peptic stricture. An 

8 mm in luminal diameter, short, asymmetric narrowing ( arrows ) is 
seen at and just above the esophagogastric anastomosis. This region 
was wider on the immediate postoperative study. 



Figure 27-15 Fistula from postoperative stomach extending into the right lung. A. Spot radiograph centered near the esophagogastric 
anastomosis (black arrows ) shows a fistula arising at a 3-mm diameter hole in the proximal stomach (thick white arrow) at its staple line. The leak 
filis subsegmental bronchi (thin white arrows). B. Spot radiograph obtained after a metallic stent (black arrows) was placed. Barium goes around 
and through the stent. Barium around the outside of the stent filis the fistula (white arrow). 
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Figure 27-16 Recurrent mediastinal tumor after 
esophagogastrectomy. A. A large lobulated mass ( short 
arrows ) invades the postoperative stomach just below 
the esophagogastric anastomosis ( long arrow). B. Axial 
image from an unenhanced CT scan shows a large 
mass (m) invading the posterior wall of the trachea 
(black arrows ) and narrowing and compressing the 
pulled-through stomach ( white arrow). 




Figure 27-17 Recurrent esophageal cancer at esophagogastric anastomosis. Spot radiograph shows a plaquelike elevation ( thin arrows ) and 
two small submucosa-appearing masses (thick arrows ) just above the narrowed esophagogastric anastomosis (open arrow). 
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Figure 27-18 Normal colonic interposition. A. There is an isoperistaltic right colonic interposition with anastomosis of the terminal ileum 
(i) to the cervical esophagus. Mild narrowing of the colon is seen where it passes through the diaphragm (arrow). B. The ascending colon (ac) is 
anastomosed to the lesser curvature of the stomach. C, cecum; S, stomach. (From Rubesin SE, Levine MS: Postoperative esophagus. In Levine 
MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989, pp 267-290.) 



Figure 27-19 Colonic interposition with stricture formation after 
an anastomotic leak at the esophagocolonic anastomosis. A tight 
stricture (open arrow) is present at the anastomosis between the dilated 
esophagus (E) and collapsed colon (C). A short, blind-ending track ( solid 
arrow) is seen at the site of a prior anastomotic leak. (From Rubesin SE, 
Levine MS: Postoperative esophagus. In Levine MS: Radiology o f the 
Esophagus. Philadelphia, WB Saunders, 1989, pp 267-290.) 


(Fig. 27-19). 47,48 Other postoperative complications include 
anastomotic edema and obstruction, chylothorax, mediastinal 
hematoma or abscess, empyema, and intra-abdominal abscess. 47 
Ischemia of the transposed colon may be manifested radio- 
graphically by spasm, ulceration, loss of haustration, or a 
nodular mucosa. 48 Occasionally, during the early postoperative 
period, the mucosal folds in the interposed transverse colon 
may resemble jejunal folds, but this Ånding disappears after 1 
to 3 months. 46 

Stricture formation at the proximal anastomosis is the most 
common late postoperative complication, occurring in 20% 
to 40% of patients (see Fig. 27-19). 46-48 Chronic ischemia can 
result in short or long stricture in other segments of the 
colonic interposition. 49 The transposed colon may also become 
dilated and redundant, leading to the development of delayed 
graft emptying, with bloating, pain, and dysphagia. Other 
late complications include diverticulitis or carcinoma of the 
transposed colon, coloesophageal reflux, colobronchial fistulas, 
gastric outlet obstruction, and small bowel obstruction within 
the transverse mesocolon defect created at the time of surgery. 50 

PALLIATIVE INTUBATION 

Palliative placement of an esophageal stent may be performed 
to allow oral feeding through advanced obstructing esophageal 
cancers or to obturate malignant tracheoesophageal fistulas. 
The use of expandable intraesophageal metallic stents (Fig. 
27-20) has replaced the use of plastic tubes (e.g., Celestin 
tubes). 50 ' 56 These metallic stents may be placed endoscopically, 
surgically, or fluoroscopically. A study using water-soluble con- 
trast medium is performed after stent placement to evaluate 
stent position and patency and rule out esophageal perfora- 
tion. The stent should be fixed in position, with its upper tip 
proximal to the tumor and its lower tip distal to the tumor. 
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Figure 27-20 Stent placement for squamous cell carcinoma of the right lung invading the esophagus. A. Spot radiograph of the right 
upper mediastinum with the patient in a right posterior oblique position shows a 10-cm long, broad-based extrinsic mass impression on the 
posterior wall of the esophagus ( arrows). B. Spot radiograph obtained 3 months later, after radiation therapy, shows less extrinsic mass 
impression. However, a fistula ( arrow) from tumor at the carina invading the esophagus has now formed. Bronchi and the trachea are filled with 
barium. Presumptively, necrosis of the tumor after radiation therapy has contributed to the fistula formation. A stent is also present in the right 
mainstem bronchus. C. Spot radiograph obtained after esophageal stent placement shows barium going through the uncovered portion of the 
stent to surround the stent (short arrows). This barium eventually goes into the tracheoesophageal fistula (long arrow). The stent in the right 
mainstem bronchus is identified (open arrow). 


Contrast medium should flow easily through the lumen of 
the stent. 

Esophageal perforation is the most serious complica¬ 
tion. 51,54,57 Obstruction of the stent may be caused by kinking 
of the stent or luminal obstruction resulting from mucosal 
prolapse, epithelial hyperplasia, food impaction, or residual 
or recurrent tumor. 51,57 ' 59 Reflux of gastric contents through 
the stent may lead to reflux esophagitis or aspiration pneu¬ 
monia. 60,61 Reflux through a stent is such a common problem 
that stents with antireflux mechanisms have been designed. 62 
Passage of food or liquid around the outside of the stent’s 
proximal margin or reflux of gastric contents around the 
stent’s distal margin may hil a tracheoesophageal fistula (see 
Fig. 20C) or leak. Metallic stents may initially be malposi- 
tioned, or they can migrate. 45 Rarely, a stent may cause pres¬ 
sure necrosis of the esophageal wall, resulting in a mediastinal 
leak or aortoesophageal fistula. Ulceration of the esophagus 
or stomach may also occur. 

Achalasia 

Neither medical therapy nor surgery can correct the abnormal 
esophageal motility and lower esophageal sphincter dysfunc- 
tion that occur in patients with achalasia. The two major forms 
of therapy, pneumatic dilation and cardiomyotomy, are both 


aimed at improving esophageal emptying by disrupting the 
high-pressure LES. Intramuscular injection of botulinum toxin 
has also been used for the treatment of achalasia. 

PNEUMATIC DILATION 

The most serious complication of pneumatic dilation is lower 
esophageal perforation, occurring in 1% to 4% of patients. 63 
Although the presence of chest pain or fever after the procedure 
should suggest this complication, some patients may have 
clinically silent or delayed perforations. 64 A study using 
water-soluble contrast medium should therefore be performed 
after pneumatic dilation to rule out a perforation, regardless 
of the patient’s symptoms. 65,66 If no perforation is seen with 
water-soluble contrast medium, high-density barium should 
be given to demonstrate greater anatomic detail and subtle 
leaks. Perforations usually occur on the left posterolateral wall 
of the distal esophagus, just above the diaphragm. Some 
patients may have small, sealed-off perforations that resemble 
intramural dissections, whereas others may have free perfora¬ 
tions into the mediastinum or pleural Space. 67,68 Increasing 
symptoms during the early postoperative period may neces- 
sitate a repeat esophagogram to demonstrate a delayed perfora¬ 
tion or perforation that was not initially visualized because of 
edema and spasm at the dilation site. In addition, edema and 
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spasm at the gastroesophageal junction may lead to delayed 
esophageal emptying, despite adequate disruption of the lower 
esophageal sphincter fibers. Thus, the radiographic appearance 
immediately after dilation is a poor predictor of the efficacy 
of the procedure. 66 

CARDIOMYOTOMY 

A cardiomyotomy, or Heller myotomy, is an effective form of 
therapy for patients with untreated achalasia or achalasia that 
is unresponsive to bougienage, Botox therapy, or pneumatic 
dilation. The procedure is performed using an open or laparo- 
scopic technique. During myotomy, the LES fibers are surgically 
divided, thereby disrupting the sphincter. Some surgeons 
perform a concomitant antireflux procedure. After cardiomy¬ 
otomy, there should be free flow of contrast medium from the 
esophagus into the stomach, with decreased esophageal dilation 
and absence of the beaklike narrowing of the esophagogastric 
region associated with achalasia. 69 In about 50% of cases, there 
is eccentric ballooning of the esophagus at the site of Heller 
myotomy (Fig. 27-21). 0 The most common early postoperative 
complication is perforation of the distal esophagus. Persistent 
dysphagia during the late postoperative period may indicate 
an incomplete myotomy or tight fundoplication wrap. Con- 
versely, postoperative gastroesophageal reflux, reflux esophagi- 
tis, and peptic strictures may indicate the need for an antireflux 
procedure. 

Varices 

Endoscopic sclerotherapy or variceal banding, transjugular 
intrahepatic portosystemic shunts, portosystemic shunt surgery, 
and esophageal devascularization procedures are the major 
forms of therapy for esophageal varices. Endoscopic sclerother¬ 
apy and variceal banding are discussed in Chapter 25. 



Figure 27-21 Ballooning of the distal esophagus after 
cardiomyotomy for achalasia. There is eccentric outpouching or 
ballooning of the distal esophageal wall at the cardiomyotomy site 
(open arrows). The gastroesophageal junction ( solid arrow) is widely 
patent. (From Rubesin SE, Levine MS: Postoperative esophagus. 

In Levine MS: Radiology of the Esophagus. Philadelphia, WB 
Saunders, 1989, pp 267-290.) 
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Table 28-4. Multiple Submucosal Masses 
Table 28-5. Thickened Folds 
Table 28-6. Strictures 


Table 28-1. Ulceration 

Table 28-2. Mucosal Nodularity 

Table 28-3. Solitary Mass Lesions 


Ulceration 




Cause 

Radiographic Findings 

Distribution 

Comments 

COMMON 

Reflux esophagitis 

Shallow, punctate, or linear 
ulcers; deep ulcers less 
common 

Distal 

Reflux symptoms, hiatal hernia, and/or 
gastroesophageal reflux 

Candida esophagitis 

Ulcers associated with diffuse 
plaque formation ("shaggy" 
esophagus) 

Variable 

Odynophagia in immunocompromised 
(usually AIDS) patients 

Herpes esophagitis 

Discrete superficial ulcers 

Middle or distal 

Odynophagia in immunocompromised 
patients; occasionally in healthy 
patients 

Drug-induced esophagitis 

Discrete superficial ulcers; 
occasionally giant, flat ulcers 

Midesophagus near aortic 
arch or left main bronchus 

Odynophagia in patients taking oral 
medications (e.g., doxycycline or 
tetracycline) 

UNCOMMON 

Radiation esophagitis 

Superficial or deep ulcers 

Conform to radiation portal 

History of radiation therapy 

Caustic esophagitis 

Superficial or deep ulcers 

Variable 

History of caustic ingestion 

Tuberculous esophagitis 

Superficial or deep ulcers 

Variable 

History of pulmonary tuberculosis or AIDS 

Cytomegalovirus esophagitis 

One or more giant, flat ulcers 

Variable 

AIDS patients with odynophagia 

HIV esophagitis 

One or more giant, flat ulcers 

Variable 

HIV-positive or AIDS patients with 
odynophagia 

Crohn's disease 

Aphthoid ulcers 

Variable 

Advanced Crohn's disease in small bowel 
or colon 

Nasogastric intubation 

Shallow ulcers or giant, flat ulcers 

Distal 

History of intubation 

Alkaline reflux esophagitis 

Superficial or deep ulcers 

Distal 

Partial or total gastrectomy 

Behget's disease 

Superficial ulcers 

Variable 

Oral and genital ulcers and ocular 
inflammation 

Epidermolysis bullosa 
dystrophica 

Superficial ulcers or bullae 

Variable 

Skin disease 

Benign mucous membrane 
pemphigoid 

Superficial ulcers or bullae 

Variable 

Skin disease 
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Mucosal Nodularity 


Cause 


Radiographic Findings 


Distribution 


Comments 


COMMON 

Reflux esophagitis 

Candida esophagitis 

Glycogenic acanthosis 

UNCOMMON 

Barrett's esophagus 

Radiation esophagitis 

Superficial spreading carcinoma 

Esophageal papillomatosis 
Acanthosis nigricans 
Cowden's disease 

Leukoplakia 


Nodular or granular mucosa 
(nodules poorly defined) 

Discrete plaques 

Nodules or plaques 

Reticular pattern 

Granular mucosa and decreased 
distensibility 

Poorly defined, coalescent 
nodules or plaques 

Multiple excrescences 

Tiny nodules 

Tiny nodules (hamartomatous 
polyps) 

Tiny nodules 


Distal third or half of 
thoracic esophagus 
Localized or diffuse 

Localized or diffuse 


Reflux symptoms, hiatal hernia, and/or 
gastroesophageal reflux 
Odynophagia in immunocompromised 
patients 
Asymptomatic 


Localized Often adjacent to distal aspect of 

midesophageal stricture 

Conforms to radiation Temporal relationship to radiation therapy 
portal 

Localized or diffuse May be asymptomatic 


Diffuse 

Diffuse 

Diffuse 


Localized or diffuse 


Asymptomatic 
Skin disease 

Hereditary disorder with associated malignant 
tumors of skin, gastrointestinal tract, and 
thyroid 
Rare 


TAB LE 

28-3 

Solitary Mass Lesions 



Cause 

Radiographic Findings 

Distribution 

Comments 


MUCOSAL LESIONS 

Papilloma 

Sessile or slightly lobulated polyp 

Variable 

Asymptomatic 

Adenoma 

Sessile or pedunculated polyp 

Distal 

Arises in Barrett's mucosa 

Inflammatory 
esophagogastric polyp 

Polypoid protuberance with contiguous 
fold arising near cardia 

Distal 

Associated reflux esophagitis 

Adenocarcinoma or 

squamous cell carcinoma 

Plaquelike, sessile, or polypoid lesion 

Variable 

Small lesions may be early 
esophageal cancers 

Spindle cell carcinoma 

Bulky polypoid mass 

Variable 

Expands lumen without causing 
obstruction 

Primary malignant 
melanoma 

Bulky polypoid mass 

Variable 

Expands lumen without causing 
obstruction 

SUBMUCOSAL LESIONS 

Leiomyoma 

Smooth submucosal mass 

Variable 

Usually asymptomatic; rarely 
ulcerated 

Fibrovascular polyp 

Large pedunculated mass with 
sausage-shaped appearance 

Arises in cervical esophagus 
but extends distally 

May occlude larynx, causing asp 
and sudden death 

Granular cell tumor 

Smooth submucosal mass 

Usually distal 

Associated lesions on skin or tor 

Lipoma 

Sessile or pedunculated lesion 

Variable 

Fat density on computed 
tomography (CT) 

Hemangioma 

Smooth submucosal mass 

Variable 

Risk of exsanguination 

Idiopathic varix 

Smooth submucosal mass 

Variable 

Effaced or obliterated with 
esophageal distention (unless 
thrombosed) 

Duplication cyst 

Smooth submucosal mass 

Right lateral wall of distal 
esophagus 

Fluid density on CT 
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TAB LE 

28-4 

Multiple Submucosal Masses 


Cause 

BENIGN LESIONS 

Distribution 

Comments 

Leiomyomas 

Middle or 
distal 

May be asymptomatic 

Granularcell tumors 

Middle or 
distal 

Associated lesions on 
skin or tongue 

Hemangioma 

Diffuse 

Osler-Weber-Rendu 

disease 

Retention cysts 
(esophagitis cystica) 

MALIGNANT LESIONS 

Distal 

Asymptomatic 

Hematogenous 

Middle or 

Very rare in esophagus 

metastases 

distal 


Lymphoma 

Diffuse 

Usually non-Hodgkin's 
lymphoma 

Leukemia 

Diffuse 

Usually asymptomatic 

Kaposi's sarcoma 

Diffuse 

Patients with AIDS 


28_5 Thickened Folds 


Radiographic 

Cause Findings Distribution Comments 


Varices 

Tortuous or 
serpiqinous 
folds 

Uphill—distal 
Downhill— 
middle 

Effaced or 
obliterated 
with 

esophageal 
distention; no 
dysphagia 

Esophagitis 

Smooth, 
nodular, or 
scalloped 
folds 

Diffuse 

Reflux symptoms 
or other 
findings of 
esophagitis 

Varicoid 

carcinoma 

Thickened, 

lobulated 

folds 

Variable 

Rigid, fixed 
appearance at 
fluoroscopy; 
dysphagia 
common 

Lymphoma 

Thickened, 

lobulated 

folds 

Variable 

Usually non- 
Hodgkin's 
lymphoma 


TABLE . 

2 g _6 Strictures 


Cause Radiographic Findings Comments 


Associated hiatal hernia 


DISTAL ESOPHAGUS 

Peptic strictures 

Barrett's esophagus 

Nasogastric intubation 
Zollinger-Ellison syndrome 

Crohn's disease 
Alkaline reflux strictures 

Carcinoma (usually adenocarcinoma) 


UPPER OR MIDESOPHAGUS 

Barrett's esophagus 

Radiation 

Eosinophilic esophagitis 

Caustic ingestion 
Oral medications 


Opportunistic infection (usually candidiasis) 
Epidermolysis bullosa dystrophica 
Benign mucous membrane pemphigoid 
Chronic graft-versus-host disease 
Glutaraldehyde-induced injury 

Congenital esophageal stenosis 

Carcinoma (usually squamous cell 
carcinoma) 

Metastatic tumor 

SMALL-CALIBER ESOPHAGUS 

Eosinophilic esophagitis 

Lichen pianus 
Caustic ingestion 


Symmetric or asymmetric; moderate 
length or ringlike 

Symmetric or asymmetric (i.e., peptic 
strictures) 

Long area of narrowing 

Long area of narrowing 

Short or long 

Short or long 

Irregular narrowing with nodularity or 
ulceration 


Tapered or ringlike 
Usually tapered 

Variable narrowing with concentric rings 
(ringed esophagus) 

Single or multiple; long strictures common 
Often near level of enlarged left atrium, 
left main bronchus, or aortic arch 

Short or long 
High strictures or webs 
High strictures or webs 
Relatively long 
Long and tapered 

Tapered narrowing with concentric rings 

Irregular narrowing with nodularity or 
ulceration 

Tapered or irregular narrowing 

Associated rings common 

Sometimes have focal strictures 
Greater irregularity and narrowing than 
other causes of small-caliber esophagus 


Barrett's mucosa found in 40% of peptic strictures 


Hiatal hernia and/or gastroesophageal reflux; 
adjacent reticular pattern abutting distal aspect 
of stricture 

History of radiation therapy (>50 Gy) 

History of allergies, asthma, and peripheral 
eosinophilia; predominantly in men 
History of caustic ingestion 
Potassium chloride, quinidine, alendronate, 
nonsteroidal anti-inflammatory drugs, 
tetracycline, or doxycycline 
History of Candida esophagitis 
Skin disease 
Skin disease 

History of bone marrow transplantation 
Rapidly progressive stricture within weeks of 
endoscopy 

Long-standing dysphagia for solids; food 
impactions 

History of smoking and/or alcohol consumption; 

recent onset of dysphagia and weight loss 
Usually lung or breast cancer 

History of allergies, asthma, and peripheral 
eosinophilia; predominantly in men 
Skin lesions; predominantly in women 
History of caustic ingestion 


Rapidly progressive 
May be initial manifestation of disease; 
hypergastrinemia 

Advanced Crohn's disease in small bowel or colon 
Rapidly progressive; seen after partial or total 
gastrectomy 

Arises in Barrett's esophagus; often invades 
gastric cardia and fundus; recent onset of 
dysphagia and weight loss 
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Gastric or duodenal ulcers (peptic ulcers) are thought to occur 
in about 10% of the adult population in the West. 1 Peptic ulcers 
are important not only because of the frequent occurrence of 
pain or other symptoms, but also because of the morbidity and 
mortality associated with complications such as bleeding and 
perforation. It has been well established that Helicobacter pylori 
and nonsteroidal anti-inflammatory drugs (NSAIDs) have a 
major role in ulcer development. Duodenal ulcers are almost 
always benign, but a small percentage of gastric ulcers are found 
to be malignant, so gastric ulcers require careful evaluation and 
follow-up to differentiate benign from malignant lesions. 

Epidemiology and Pathogenesis 

During the early 20th century, gastric ulcers were much more 
common than duodenal ulcers. 2 Since that time, there has been 
a dramatic reversal of this relationship, so duodenal ulcers are 
now more common than gastric ulcers. 2 Although duodenal 
ulcers occur in adults of all ages, gastric ulcers are found 


predominantly in patients older than 40 years. 12 Regardless of 
their site of origin, peptic ulcers have an equal gender distribu¬ 
tion. 3 Gastric and duodenal ulcers are characterized by seasonal 
variations, with a higher frequency in spring and autumn and 
a lower frequency in summer. 4 

A voluminous body of literature has shown convincingly 
that H. pylori and NSAIDs are responsible for the vast major- 
ity of gastric ulcers and that H. pylori is the causative agent 
for almost all duodenal ulcers. Nevertheless, H. pylori- negative 
ulcers may occasionally develop in the absence of NSAID 
use. 5 Other possible causes of gastric ulcers include steroids, 
tobacco, alcohol, coffee, stress, duodenogastric reflux of bile, 
and delayed gastric emptying. Hereditary factors have also 
been implicated. These subjects are discussed separately in 
the following sections. 

HELICOBACTER PYLORI GASTRITIS 

H. pylori is a gram-negative, spiral bacillus that was first isolated 
on endoscopic biopsy specimens from the stomach by Warren 
and Marshall in 1983. 6 Since then, H. pylori has been recognized 
as the major cause of gastric and duodenal ulcers. In various 
studies, the prevalence of H. pylori gastritis has ranged from 
60% to 80% in patients with gastric ulcers and from 95% to 
100% in patients with duodenal ulcers. 7,10,11 

The mechanism whereby H. pylori predisposes to the devel¬ 
opment of ulcers remains uncertain. It has been shown that 
patients with H. pylori gastritis have increased secretion of 
gastrin, with high basal and peak acid outputs. 12 As a result, 
a gastrin-mediated increase in gastric acid secretion may be 
a key factor in the pathogenesis of ulcers. Although most people 
with H. pylori never develop ulcers, more virulent strains of 
the organism are more likely to be associated with ulcer for¬ 
mation. In particular, a cagA-positive strain of H. pylori 
has been implicated in patients with duodenal ulcers and, to 
a lesser degree, gastric ulcers. 14 Many of these patients also 
have evidence of gastric metaplasia at the horders of the ulcers, 
with infection of the metaplastic epithelium by H. pylori . 14,15 
The infected mucosa may therefore be more susceptible to 
ulceration. 

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 

In various studies, the prevalence of gastric ulcers in patients 
treated with aspirin or other NSAIDs has ranged from 15% to 
30%. 16 ' 18 It has been shown that NSAIDs inhibit prostaglandin 
production by blocking the formation of cyclooxygenase 1 
(COX-1), a rate-limiting enzyme for the synthesis of prosta- 
glandins. 18,19 This phenomenon occurs even with aspirin doses 
as low as 10 mg daily (compared with a dose of 81 mg daily 
for cardiovascular prophylaxis). 20 Because prostaglandins have 
cytoprotective properties, inhibition of prostaglandin synthesis 
can lead to mucosal injury and ulceration. 
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The development of gastric ulcers in patients on NSAIDs is 
also related to a topical effect caused by breakdown of the 
mucosal barrier. 19 It has been shown that aspirin disrupts the 
mucus gel layer in the stomach, allowing acid to damage 
the gastric mucosa, even in the presence of normal or decreased 
acid secretion. 23 Altered mucosal resistance is therefore thought 
to be a major factor in ulcer pathogenesis. Nevertheless, it has 
been shown that patients taking enteric-coated aspirin have the 
same risk of upper gastrointestinal (GI) bleeding as those taking 
non-enteric-coated aspirin. 24 Ulcers have also been induced in 
cats by intravenous (IV) infusion of aspirin. 25 Thus, the devel¬ 
opment of ulcers is ultimately mediated by a combination of 
the topical and systemic effects of NSAIDs. 

Chronic NSAID use is associated not only with an increased 
frequency of ulcers but also an increased frequency of com- 
plications such as perforation, obstruction, and bleeding. 
Studies have shown that people taking NSAIDs have a twofold 
to sixfold higher risk of developing these complications than 
those not taking NSAIDs. 18 The risk increases even further 
in people over 60 years of age. 21 A careful NSAID history 
should therefore be obtained in all patients with H. pylori- 
negative ulcers because of the likelihood that these ulcers are 
NSAID-related. 

STEROIDS 

Some investigators believe that steroids predispose to the devel¬ 
opment of ulcers, particularly gastric ulcers. This concern often 
results in discontinuation of steroids in patients with ulcer 
symptoms or GI bleeding. In a large study, however, patients 
receiving steroids were found to have the same frequency of 
ulcers as the general population. 2 It is therefore questionable 
whether steroids have any role in ulcer pathogenesis. Neverthe¬ 
less, steroids can mask the clinical Åndings associated with 
ulcers, so a large or even perforated ulcer may fail to produce 
symptoms in these patients. 

TOBACCO, ALCOHOL, AND COFFEE 

Some investigators have found that cigarette smokers are more 
likely to have ulcers than nonsmokers 29,30 and that perforated 
ulcers are also more likely to occur in these individuals. 31 Others 
have found no significant correlation between smoking and 
ulcers. 32 Although alcohol and coffee may stimulate acid secre¬ 
tion, their role in ulcer pathogenesis remains uncertain. 29 

STRESS 

Some investigators believe that emotional stress contributes to 
the development of peptic ulcers by increasing peptic acid 
secretion. 33 In one study, extreme emotional stress after a 
major earthquake in Japan resulted in an increased frequency 
of gastric ulcers, particularly bleeding ulcers." 5 Others have 
found that stressful life events are no more common in patients 
with ulcers than in the general population. 36 Thus, the role of 
stress in the development of ulcers remains uncertain. 

GASTRODUODENAL REFLUX OF BILE 
AND DELAYED GASTRIC EMPTYING 

Some patients with gastric ulcers have an unusually high con- 
centration of bile acids in the stomach, so duodenogastric 


reflux of bile has been implicated in ulcer pathogenesis. Gastric 
stasis from gastric outlet obstruction or gastroparesis may also 
predispose to the development of gastric ulcers by prolonging 
exposure of the stomach to its own peptic secretions. 38 The 
latter ulcers have been called Dragstedt ulcers based on the 
name of the investigator who described them. 38 

HEREDITARY FACTORS 

A small percentage of patients with peptic ulcers have a family 
history of ulcers. 39,40 This familial aggregation of ulcers is 
explained primarily by hereditary rather than environmental 
factors because studies have found a much greater concordance 
of ulcers in monozygotic twins than in dizygotic twins. 39 Patients 
with biood type O also have a higher incidence of ulcers than 
those with other biood types. 39 Finally, peptic ulcers are more 
common in patients with genetic syndromes such as multiple 
endocrine neoplasia type 1, systemic mastocytosis, and tremor- 
nystagmus-ulcer syndrome. 39 Thus, hereditary factors have 
clearly been implicated in the development of ulcers. 

Clinical Findings 

Patients with peptic ulcers often present with localized epigas- 
tric pain between the xiphoid cartilage and umbilicus. 41 Ulcer 
pain tends to have a rhythmic nature; gastric ulcer pain typically 
occurs less than 2 hours after meals, whereas duodenal ulcer 
pain occurs 2 to 4 hours after meals and is more likely to wake 
the patient at night. 41 Nevertheless, there is so much overlap in 
the timing of the pain that it is diffkult to differentiate gastric 
and duodenal ulcers on clinical grounds. 

Some patients with peptic ulcers may have right upper quad- 
rant, back, or chest pain or other symptoms such as bloating, 
belching, nausea, vomiting, anorexia, and weight loss. 41 Depend- 
ing on the clinical findings, the differential diagnosis may 
include reflux esophagitis, gastritis, duodenitis, cholecystitis, 
irritable bowel syndrome, ischemic bowel disease, Crohns 
disease, pancreatitis, and gastric or pancreatic carcinoma. 41 

The diagnosis of peptic ulcer disease is complicated by the 
faet that patients with classic ulcer symptoms are not always 
found to have ulcers. 42 Conversely, 25% to 50% of patients with 
gastric or duodenal ulcers are asymptomatic. 41,43 These indi¬ 
viduals may not seek medical attention until the development 
of potentially catastrophic complications such as perforation, 
bleeding, or obstruction. When ulcers on the posterior wall of 
the stomach or duodenum penetrate into the panereas, the 
normally rhythmic epigastric pain associated with ulcers is 
replaced by a more constant pain that radiates to the back. In 
contrast, free perforation of a gastric or duodenal ulcer causes 
peritonitis. The major factors contributing to mortality in 
patients with perforated peptic ulcers include age older than 60 
years and a delay of more than 24 hours from the time of diag¬ 
nosis to the time of surgery. 44 

Patients with antral, pyloric channel, or duodenal ulcers 
associated with edema, spasm, or scarring may present with 
postprandial nausea and vomiting related to gastric outlet 
obstruction. Other patients with pyloric channel ulcers may 
develop the so-called pyloric channel syndrome with severe 
postprandial epigastric pain relieved by vomiting. 45,46 

Peptic ulcers are the most common cause of acute upper GI 
bleeding, accounting for about 50% of cases. 47 Some patients 
have one or more episodes of massive hemorrhage, manifested 
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by hematemesis, melena, or rectal bleeding, whereas others have 
chronic, low-grade bleeding, manifested by guaiac-positive 
stool or iron-deficiency anemia. 41 Gastric ulcers are more likely 
to bleed than duodenal ulcers, probably because of the greater 
size of the ulcer craters and older age of the patients. 41 When 
ulcers are found in the duodenum, however, postbulbar duode¬ 
nal ulcers are more likely to be associated with upper GI bleed¬ 
ing (particularly massive bleeding) than those in the duodenal 
bulb. Bleeding from ulcers ceases spontaneously in about 80% 
of cases, but some form of therapy is required to control the 
bleeding in the remaining 20%. 43 

Treatment 

The treatment for peptic ulcers depends on the underlying 
cause. If H. pylori gastritis is confirmed by endoscopic biopsy 
specimens or by noninvasive tests such as a urea breath test, 
serologic test, or stool antigen test (see Chapter 30), there is 
strong evidence that eradication of H. pylori leads to more rapid 
healing of gastric and duodenal ulcers and a much lower rate 
of ulcer recurrence. 49 ' 51 Expert panels convened by the National 
Institutes of Health and American Digestive Health Foundation 
therefore concluded that all patients with H. pylori -related 
gastric or duodenal ulcers should receive combination therapy 
with antimicrobial and antisecretory agents. 52,53 Various combi- 
nations of antibiotics and antisecretory agents (proton pump 
inhibitors) have been shown to be highly effective in eradicating 
H. pylori. As a result, these patients can literally be cured of 
their ulcer disease without need for long-term maintenance 
therapy with antisecretory agents, unless they become infected 
by another strain of the organism. 

In the absence of H. pylori, H2 receptor antagonists have 
proved to be highly effective in accelerating healing of gastric 
and duodenal ulcers by suppressing acid secretion. Proton 
pump inhibitors such as omeprazole are even more effective in 
suppressing acid secretion and accelerating ulcer healing by 
selectively inhibiting the gastric proton pump that Controls the 
first step in the production of gastric acid. 58 Because NSAID- 
related ulcers are associated with decreased synthesis of prosta- 
glandins (see earlier), misoprostol (a synthetic prostaglandin E 
analogue) has been used to accelerate ulcer healing in these 
patients. 59 Prostaglandins and prostaglandin analogues also 
decrease the risk of developing gastric ulcers in patients on 


NSAIDs. 60 Sucralfate, colloidal bismuth, and carbenoxolone are 
other drugs that have been used to treat ulcers. 

Surgery may be required for recurrent or intractable ulcers 
that fail to heal with medical therapy, for ulcer complications 
such as bleeding, obstruction, and perforation, and for ulcers 
that have equivocal or suspicious Åndings on barium studies or 
endoscopy. The most common operations include partial gas- 
trectomy, vagotomy and pyloroplasty, and hyperselective vagot- 
omy. These surgical procedures and their complications are 
discussed in Chapter 35. Because of better diagnosis and medical 
treatment of peptic ulcers, the need for surgery in these patients 
has decreased considerably since the late 1960s. 61,62 

Radiographic Findings 

GASTRIC ULCERS 

Examination Technique 

The double-contrast examination should be performed as a 
biphasic study that includes double-contrast views of the 
stomach with a high-density barium suspension and prone or 
upright compression views with a low- density barium suspen¬ 
sion (see Chapter 17). Ulcer detection is facilitated by IV 
administration of 0.1 mg of glucagon to induce gastric hypoto- 
nia. Ulcers located on the posterior wall or on the lesser or 
greater curvature of the stomach are usually well seen on routine 
double-contrast views obtained with the patient in a supine or 
supine oblique position. Flow technique can be used to better 
delineate shallow ulcers on the posterior wall by slowly rotating 
the patient from side to side to manipulate a thin layer of high- 
density barium over the dependent surface (Fig. 29-1). 63 Upright 
compression views are also helpful for evaluating ulcers on the 
lesser curvature. 64 

It is important to be aware of the limitations of double- 
contrast studies for detecting ulcers on the anterior (nondepen- 
dent) wall of the stomach. Because of the effect of gravity, these 
ulcers may not hil with barium on double-contrast views with 
the patient in the usual supine or supine oblique position (Fig. 
29-2A). Prone compression views of the gastric antrum and 
body should therefore be obtained routinely to demonstrate 
these anterior wall ulcers (Fig. 29-2B). Double-contrast views 
of the anterior wall can also be obtained by placing the patient 
in a prone Trendelenburg position. 65 



Figure 29-1 Importance of flow 
technique for posterior wall ulcers. 

A. Supine double-contrast view shows 
no evidence of an ulcer, even in 
retrospect. B. With flow technique, an 
ulcer (arrow) is seen on the posterior 
wall of the antrum. Note how folds 
radiate to the edge of the ulcer crater. 
(From Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 
2nd ed. Philadelphia, WB Saunders, 
1992.) 
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Shape 

Gastric ulcers are typically seen as round or ovoid collections 
of barium (see Figs. 29-1B and 29-2B). Ulcer craters may have 
a variety of shapes and configurations, appearing as linear, rod¬ 
shaped, rectangular, serpiginous, or flame-shaped lesions (Fig. 
29-3). 66 ' 69 Linear ulcers constitute about 5% of all gastric ulcers 
diagnosed on double-contrast studies. 68 These linear ulcers 


probably represent a stage of ulcer healing in the stomach and 
duodenum. 68 ’ 69 

Size 

The radiographic sensitivity in detecting gastric ulcers is related 
primarily to ulcer size; ulcers larger than 5 mm are more likely 
to be detected on barium studies. 70 A major advantage of 
double-contrast technique is its ability to distend the stomach 



Figure 29-2 Importance of prone compression for anterior wall ulcers. A. Supine double-contrast view shows abnormal folds in the antrum 
without a definite ulcer. B. Prone compression view shows filling of an anterior wall ulcer ( arrow). Note how folds radiate to the edge of the ulcer 
crater. (From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


Figure 29-3 Gastric ulcers of different shapes. 

A. This patient has star-shaped ( straight arrow ) and linear 
(curved arrow) ulcers in the antrum. B. In another patient, 
a rod-shaped ulcer (arrow) is seen in the stomach. 
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Figure 29-4 Small gastric ulcers. A, B. Despite their small size, these lesser curvature ulcers ( arrows ) are well seen on double-contrast 
radiographs. 



Figure 29-5 Giant gastric ulcer. A giant ulcer ( arrows ) is seen 
projecting from the lesser curvature of the upper gastric body. Large 
ulcers tend to be located more proximally in the stomach. 


and efface normal folds, enabling visualization of small ulcers 
(Fig. 29-4). Most gastric ulcers diagnosed on double-contrast 
studies are smaller than 1 cm. 69 The high prevalence of small 
ulcers may also be related to the aggressive medical treatment 
that these patients often receive before undergoing radiologic 
investigations. 

Large ulcers tend to be located more proximally in the 
stomach (Fig. 29-5). 7 These ulcers may occasionally be recog- 
nized on abdominal radiographs by the presence of gas in the 
ulcer crater. Giant gastric ulcers (ulcers > 3 cm in size) are 


associated with a higher risk of complications such as bleeding 
and perforation. However, most giant ulcers are fo und to be 
benign. Thus, the size of the ulcer crater has no relationship 
to the presence of carcinoma. 

Location 

Most benign gastric ulcers are located on the lesser curvature 
or posterior wall of the gastric antrum or body. 69,71,73,74 In 
various studies, only 1% to 7% of benign ulcers were found to 
be located on the anterior wall and 3% to 11% on the greater 
curvature. 69,71 In younger people, ulcers tend to be located 
in the antrum, whereas in older individuals, they are more likely 
to be located in the upper body, particularly on the lesser cur¬ 
vature. 76 ’' These high lesser curvature ulcers in older patients 
have been called geriatric ulcers. 71 

Benign greater curvature ulcers are almost always located in 
the distal half of the stomach; the vast majority are caused by 
ingestion of aspirin or other NSAIDs. 69,78 Because these ulcers 
rarely occur on the proximal half of the greater curvature, any 
ulcers in this location should be considered worrisome for 
malignant tumor until proved otherwise. Except for these ulcers 
high on the greater curvature, the location of the ulcer has no 
relationship to the presence of carcinoma. 

Gastric ulcers are occasionally found in hiatal hernias. 79 They 
tend to occur on the lesser curvature aspect of the hernia, where 
the hernia sac is compressed by the adjacent esophageal hiatus 
of the diaphragm (see Chapter 26). 74 Because the hernia is inac- 
cessible to palpation, double-contrast technique is particularly 
helpful for showing these ulcers. 

Morphologic Features 

Ulcers on the lesser or greater curvature are readily visualized 
in profile on barium studies, permitting analysis of the size, 
shape, and depth of the ulcer crater as well as associated find- 
ings such as radiating folds, Hamptons line, or an ulcer mound 
or collar. Ulcers on the anterior or posterior wall may be diffi- 
cult or impossible to visualize in profile, however, so these 
lesions must be evaluated on the basis of their appearance en 
face. In such cases, double-contrast technique is particularly 
helpful in assessing the surrounding mucosa for signs of benign 
or malignant disease. 
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Figure 29-6 Lesser curvature ulcers. A. A smooth, round ulcer (arrow) is seen projecting beyond the lesser curvature. The radiating folds and 
enlarged areae gastricae in the adjacent mucosa are caused by surrounding edema and inflammation. B. In another patient, a lesser curvature 
ulcer ( large arrow) is demonstrated on a prone compression view. Note the radiolucent band of edema or ulcer collar ( small arrows ) adjacent to 
the ulcer. Both these cases demonstrate classic features of benign gastric ulcers. (A from Levine MS, Creteur V, Kressel HY, et al: Benign gastric 
ulcers: Diagnosis and follow-up with double contrast radiography. Radiology 164:9-13, 1987.) 


Lesser Curvature Ulcers. Ulcers on the lesser curvature typi- 
cally appear as smooth, round or ovoid craters that project 
beyond the contour of the adjacent gastric wall (Fig. 29-6; 
see Fig. 29-4). 64,69,80,81 In some patients with lesser curvature 
ulcers, upright compression views may reveal a thin radiolucent 
line that separates barium in the ulcer crater from barium in 
the gastric lumen. This so-called Hamptons line results 
from undermining of the mucosa surrounding the crater. 64 
In other patients, the rim of undermined mucosa may become 
more edematous, producing a wide radiolucent band, or ulcer 
collar (see Fig. 29-6B). 64 Occasionally, edema and inflamma¬ 
tion surrounding the ulcer produces an ulcer mound, seen 
in profile as a smooth, bilobed, hemispheric mass projecting 
into the lumen on both sides of the ulcer. 64 Ulcer mounds 
usually have poorly defined outer horders that form obtuse, 
gently sloping angles with the adjacent gastric wall. 64 Hamp¬ 
tons lines and ulcer mounds and collars are considered to 
be classic features of benign gastric ulcers, but these Åndings 
are present in only a small percentage of all patients with 
lesser curvature ulcers. 

Retraction of the gastric wall adjacent to lesser curvature 
ulcers sometimes leads to the development of smooth, sym- 
metric folds that radiate directly to the edge of the ulcer crater 
(see Fig. 29-6A). 69 Occasionally, these ulcers may be associated 
with retraction of the opposite wall, producing an incisura on 
the greater curvature. Other lesser curvature ulcers may be asso¬ 
ciated with focal enlargement of areae gastricae surrounding 
the ulcer because of edema and inflammation of the adjoining 
mucosa (see Fig. 29-6A). 69 


Greater Curvature Ulcers. In the past, almost all ulcers on the 
greater curvature of the stomach were thought to be malig- 
nant. 82 It is now recognized, however, that benign ulcers do 
occur on the distal half of the greater curvature in patients who 
are taking aspirin or other NSAIDs (Figs. 29-7 and 29-8). 69,78 
The location of these ulcers on the greater curvature is presum- 
ably related to the effect of gravity because the dissolving aspirin 
tablets collect in the most dependent portion of the stomach, 
causing localized mucosal injury. Such lesions have been called 
sump ulcers because of their typical location on the greater 
curvature. 78 A similar phenomenon may also account for the 
frequent finding of linear or serpiginous erosions in the body 
of the stomach, on or near the greater curvature in patients who 
are taking NSAIDs (see Chapter 30). Because of their location, 
greater curvature ulcers have a tendency to penetrate inferiorly 
into the gastrocolic ligament, occasionally leading to the devel¬ 
opment of a gastrocolic fistula (see later, “Fistulas”). 

In contrast to ulcers on the lesser curvature, greater curva¬ 
ture ulcers may appear to have an intraluminal location because 
of circular muscle spasm and retraction of the adjacent gastric 
wall (see Fig. 29-8A). 84 Greater curvature ulcers may also be 
associated with considerable surrounding mass effect and thick- 
ened, irregular folds secondary to marked edema and inflam¬ 
mation accompanying the ulcers (see Fig. 29-8). 69,84 Because of 
these morphologic features, benign greater curvature ulcers 
often have a suspicious radiographic appearance, so the usual 
radiographic criteria for differentiating benign and malignant 
ulcers elsewhere in the stomach are unreliable for ulcers in this 
location. 69,84 Endoscopy and biopsy may therefore be required 
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Figure 29-7 Greater curvature ulcers caused by aspirin and indomethacin. A. A small aspirin-induced ulcer ( black arrow) is seen in the 
gastric body abutting the greater curvature. An area of scarring is also seen more distally on the greater curvature ( white arrow ) secondary to 
scarring from a previous ulcer in this location. B. In another patient, an extremely shallow indomethacin-induced ulcer (arrow) is seen on the 
greater curvature. Radiating folds and other signs of ulcer disease are absent. This ulcer could easily be missed without optimal technique. 
(From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 



Figure 29-8 Giant greater curvature ulcers caused by aspirin. A. This large ulcer ( arrows ) on the greater curvature has an apparent 
intraluminal location and is associated with thickened, irregular folds and considerable mass effect from a surrounding mound of edema. B. In 
another patient, thickened, irregular folds are seen abutting a large greater curvature ulcer (arrows). In both cases, endoscopic biopsy specimens 
revealed no evidence of tumor, and follow-up studies after treatment with antisecretory agents showed complete healing of the ulcers. Both 
patients had been on high doses of aspirin. (A from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992.) 


for some greater curvature ulcers, despite a history of aspirin 
ingestion. 

Posterior Wall Ulcers. Ulcers on the posterior (dependent) 
wall of the gastric antrum or body may hil with barium on 
routine do uble-contrast views, producing the conventional 
appearance of an ulcer crater (Fig. 29-9; see Fig. 29-IB). 
However, shallow ulcers on the posterior wall may appear as 
ring shadows on these views because of a thin layer of barium 
coating the rim of the unfilled crater (Fig. 29-1 OA). In such 
cases, flow technique can be used to manipulate the barium 
pool over the surface of the ulcer and demonstrate filling of the 
ulcer crater (Fig. 29-10B). 6 It is important not only to deter- 
mine the size and shape of these posterior wall ulcers, but also 
to assess the appearance of the adjoining mucosa. Not infre- 
quently, the areae gastricae are enlarged or distorted in the 
region of the ulcer because of surrounding edema and inflam¬ 
mation. 69 An ulcer collar or mound can sometimes be seen en 
face as a radiolucent halo of edematous tissue with poorly 


defined outer horders that fade peripherally into the adj acent 
mucosa. Posterior wall ulcers may also be associated with a 
spectacular collection of folds that radiate directly to the edge 
of the ulcer crater. 69 Occasionally, the edema and spasm associ¬ 
ated with antral ulcers may cause such severe narrowing and 
deformity of the distal stomach that it is difficult to evaluate 
these ulcers by the usual radiologic criteria (Fig. 29-11). 

Anterior Wall Ulcers. Ulcers on the anterior (nondependent) 
wall of the gastric antrum or body may also appear as ring 
shadows on routine double-contrast views because of barium 
coating the rim of the unfilled ulcer crater tangential to the 
central beam of the x-ray (Fig. 29-12A). 81,85 In such cases, 
the ulcer may be shown by turning the patient 180 degrees 
into the prone position, so the ulcer is located on the depen¬ 
dent wall and hils with barium (Fig. 29-12B). Prone compres- 
sion views of the stomach with low-density barium should 
therefore be obtained routinely to demonstrate these anterior 
wall ulcers. 
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Multip licity 

With double-contrast technique, multiple ulcers have been 
detected in about 20% of patients with ulcers or ulcer scars, 86 a 
figure approximating the 20% to 30% prevalence of multiple 
ulcers at endoscopy, surgery, and autopsy. 8 The presence of 
multiple ulcers is often thought to favor benign disease. In one 
study, however, 20% of patients with multiple gastric ulcers had 
malignant lesions. 88 It is now recognized that patients may have 
coexisting benign and malignant ulcers, so each ulcer must be 
evaluated individually on barium studies. 


When multiple gastric ulcers are present, they tend to be 
located in the gastric antrum or body (see Fig. 29-3A). Multiple 
gastric ulcers are more likely to develop in patients who are 
taking aspirin or other NSAIDs (see Fig. 29-7A). In one study, 
80% of patients with multiple ulcers had a history of aspirin 
use. 87 A careful drug history should therefore be obtained from 
these patients. 

Ulcer Healing and Scarring 

The radiologic assessment of ulcer healing is important for 
evaluating the success or failure of medical therapy and for 



Figure 29-9 Posterior wall ulcer. A large ulcer ( arrow ) is present on 
the posterior wall of the stomach. Multiple folds are seen radiating to 
the edge of the ulcer crater. (From Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB 
Sa unders, 1992.) 



Figure 29-11 Antral ulcer associated with marked edema and 
spasm. A large ulcer (arrow) is seen in the gastric antrum. This ulcer is 
difficult to evaluate by the usual radiologic criteria because of antral 
narrowing and deformity secondary to marked edema and spasm 
accompanying the ulcer. 


Figure 29-10 Ring shadows 
caused by shallow posterior 
wall ulcers. A. Supine double- 
contrast view shows two discrete 
ring shadows ( arrows ) in the 
upper body of the stomach 
secondary to barium coating the 
rim of shallow, unfilled ulcers on 
the posterior wall. B. The use of 
flow technique to manipulate the 
barium pool over the surface of 
the ulcers results in filling of the 
ulcer craters (arrows). 
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Figure 29-12 Partial ring shadow caused by an anterior wall ulcer. A. Supine double-contrast view shows a partial ring shadow ( arrow ) in 
the antrum. B. Prone compression view shows the anterior wall ulcer (arrow) filling with barium. (From Levine MS, Rubesin SE, Fierlinger H, et al: 
Double contrast upper gastrointestinal examination: Technique and interpretation. Radiology 168:593-602, 1988.) 



Figure 29-13 Development of a linear ulcer during healing. A. A large, round ulcer ( arrowhead) is seen on the posterior wall of the antrum. 
B. Follow-up study 8 weeks later shows substantial ulcer healing with a residual linear ulcer (arrow) in this location. (From Levine MS, Creteur V, 
Kressel HY, et al: Benign gastric ulcers: Diagnosis and follow-up with double-contrast radiography. Radiology 164:9-13, 1987.) 


confirming the presence of benign ulcer disease (see later, 
“Benign Versus Malignant Ulcers”). Ulcer healing may be mani¬ 
fested on barium studies not only by a decrease in the size of 
the ulcer crater but also by a change in its shape. Previously 
round or ovoid ulcers often have a linear appearance on 
follow-up studies, so linear ulcers presumably represent a stage 
of ulcer healing (Fig. 29-13). 68,69 Other ulcers may undergo 
splitting, so the ulcer crater is replaced by two separate niches 
at the periphery of the original ulcer (Fig. 29-14). 69 This 
phenomenon most likely occurs because healing and 
re-epithelialization are more rapid in the central portion of the 
ulcer than in the periphery. 

Benign gastric ulcers usually have a marked response to 
treatment with antisecretory agents. The average interval 
between the initial barium study showing the ulcer and the 
follow-up study showing complete healing is about 8 weeks. 69 


Follow-up studies to demonstrate ulcer healing should there- 
fore be performed after 6 to 8 weeks of medical treatment 
because studies performed sooner are unlikely to show com¬ 
plete healing. 

In general, complete radiologic healing of a gastric ulcer has 
been considered a reliable sign that the ulcer is benign. Rarely, 
complete healing of malignant ulcers may occur with medical 
therapy. 90 However, nodularity of the ulcer scar or irregularity, 
dubbing, or amputation of radiating folds should suggest the 
possibility of an underlying malignant tumor. The surrounding 
gastric mucosa must therefore be evaluated carefully after ulcer 
healing has occurred. If suspicious Åndings are present, endos- 
copy and biopsy are still required to rule out a malignant lesion. 

Ulcer healing may lead to the development of ulcer scars, 
which are visible on double-contrast studies in 90% of patients 
with healed gastric ulcers. 69 These scars are usually manifested 




476 SECTION V Stomach and Duodenum 




Figure 29-15 Healing of a lesser curvature ulcer with scarring. A. A small, benign-appearing ulcer ( arrowhead) is seen on the lesser 
curvature. B. Follow-up study 5 months later shows complete healing of the ulcer with slight flattening and retraction of the adjacent gastric wall 
( arrowhead). (From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


by a central pit or depression, radiating folds, and/or retraction 
of the adjacent gastric wall. 69,91,92 The location of the ulcer is a 
major determinant of the morphologic features of the scar. 
Healing of ulcers on the lesser curvature is often associated with 
the development of relatively innocuous scars, manifested by 
slight flattening or retraction of the adjacent gastric wall (Fig. 
29-15). 69,91 In contrast, healing of ulcers on the greater curva¬ 
ture or posterior wall is sometimes associated with the develop¬ 
ment of a spectacular collection of radiating folds (Fig. 
29-16). 69,81,91 The folds may converge to a central point or to a 
circular or linear pit or depression (Fig. 29-17). 69,91,92 This 
central depression can be mistaken radiographically for a 
shallow, residual ulcer crater. However, the central depression 
of an ulcer scar tends to have more gradually sloping margins 
than an ulcer crater and should remain unchanged on 
sequential follow-up studies. A re-epithelialized ulcer scar can 


also be differentiated from an active ulcer by the presence of 
normal areae gastricae within the central portion of the scar 
(Fig. 29-18). 69 

Healing of antral ulcers may also lead to the development of 
a prominent transverse fold that can be mistaken for an antral 
web or diaphragm. 91 In other patients, severe scar formation 
may be manifested by antral narrowing and deformity (Fig. 
29-19A). The narrowed segment usually has a smooth, tapered 
appearance, but asymmetric scarring may result in flattening 
and shortening of the lesser or greater curvature, so the pylorus 
has an eccentric location in relation to the antrum and duode- 
nal bulb (Fig. 29-19B). Occasionally, an ulcer scar may be asso¬ 
ciated with such irregular antral narrowing that it mimics the 
linitis plastica appearance of a primary scirrhous carcinoma of 
the stomach. 93 When antral scarring cannot be differentiated 
from a scirrhous carcinoma on radiologic criteria, endoscopy 
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Figure 29-16 Healing of a posterior wall ulcer with scarring. A. There is a large posterior wall ulcer with multiple folds radiating to the edge 
of the ulcer crater. B. Follow-up study 8 weeks later shows complete healing of the ulcer with a spectacular collection of folds radiating to the 
site of the previous crater. (From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 

1992.) 





Figure 29-17 Ulcer scar with folds radiating to a central 
depression. Multiple folds are seen radiating to a central area ( arrow) 
that could be mistaken for a shallow, residual ulcer crater. (From 
Levine MS, Creteur V, Kressel FLY, et al: Benign gastric ulcers: 
Diagnosis and follow-up with double-contrast radiography. Radiology 
164:9-13, 1987.) 


and biopsy are required for a more definitive diagnosis. Healing 
of ulcers on the lesser curvature of the gastric body may also 
lead to marked retraction and deformity of the opposite wall, 
producing a deep incisura on the greater curvature. 9192 Rarely, 
scarring of the gastric body may result in the development of a 
so-called hourglass stomach with marked circumferential nar- 
rowing of the gastric body (Fig. 29-19C). 

Benign Versus Malignant Ulcers 

More than 95% of gastric ulcers diagnosed in the United States 
are found to be benign. 64,94 Nevertheless, radiologic examina- 
tions are often thought to be unreliable in differentiating benign 
ulcers from ulcerated carcinomas. Early reports indicated that 
6% to 16% of gastric ulcers that appeared benign on con- 
ventional single-contrast barium studies were malignant. 95 



Figure 29-18 Re-epithelialized ulcer scar with centrally radiating 
folds. This scar can be differentiated from an active ulcer by the 
presence of normal areae gastricae within the central portion of the 
scar (arrow). (From Levine MS, Rubesin SE, Flerlinger H, et al: Double 
contrast upper gastrointestinal examination: Technique and 
interpretation. Radiology 168:593-602, 1988.) 


Although these studies were performed between 1955 and 1975, 
many gastroenterologists have used these data as the justifica- 
tion for performing endoscopy and biopsy on all patients with 
radiographically diagnosed gastric ulcers to rule out gastric 
carcinoma. 

With double-contrast techniques, it is possible to obtain a 
far more detailed study of the mucosa surrounding the ulcer for 
signs of malignancy, such as irregular mass effect, nodularity, 
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Figure 29-19 Various types of gastric scarring 
from ulcer disease. A. This patient has tapered 
narrowing and deformity of the antrum [arrow) 
caused by scarring from a previous antral ulcer. 
This degree of narrowing can lead to gastric outlet 
obstruction. B. Another patient has a widened, 
eccentric pylorus (arrow) caused by asymmetric 
scarring from peptic ulcer disease. C. A third 
patient has an hourglass stomach with focal 
narrowing of the gastric body (arrow) from severe 
ulcer scarring. 


rigidity, and mucosal destruction. Several studies have found 
that almost all gastric ulcers with an unequivocally benign 
appearance on double-contrast examinations are benign 
lesions. 69. In those studies, about two thirds of all benign ulcers 
had a benign radiographic appearance, so unnecessary endos- 
copy can be avoided in most patients with gastric ulcers diag- 
nosed on double-contrast examinations. This finding has 
important implications for the evaluation of gastric ulcers 
because barium studies are safer and less expensive than 
endoscopy. 

Unequivocally benign gastric ulcers are characterized en face 
by a round or ovoid ulcer crater surrounded by a smooth 
mound of edema or regular, symmetric folds that radiate 
directly to the edge of the crater (see Figs. 29-9,29-13A, 29-14A, 
and 29-16A). 69,99 The areae gastricae adjacent to the ulcer may 
be enlarged as a result of inflammation and edema of the sur- 
rounding mucosa (see Fig. 29-6A). 69 When viewed in profile, 
benign gastric ulcers project outside the gastric lumen and are 
sometimes associated with a smooth, symmetric ulcer mound 
or collar or with smooth, straight folds that radiate to the edge 
of the ulcer crater (see Figs. 29-4, 29-6, and 29-15A). 

In contrast, malignant ulcers are characterized en face by 
an irregular ulcer crater eccentrically located within a discrete 
tumor mass. 69 There may be focal nodularity of the sur¬ 
ro unding mucosa or distortion or obliteration of adj acent 
areae gastricae because of tumor infiltrating this region. 69 
Although radiating folds may be present, they are often nodular, 
clubbed, fused, or amputated because of infiltration of the 
folds by tumor (Fig. 29-20). 100 When viewed in profile, 


malignant ulcers do not project beyond the expected gastric 
contour, and there is often a discrete tumor mass that forms 
acute angles with the adj acent gastric wall rather than the 
obtuse, gently sloping angles expected for a benign mound 
of edema (Fig. 29-21). 

Equivocal ulcers are those that have mixed features of benign 
and malignant disease, so a confident diagnosis cannot be made 
on radiologic criteria. For example, edema and inflammation 
surrounding a benign ulcer may result in enlarged, distorted 
areae gastricae, mass effect, or thickened, irregular folds, pro- 
ducing an indeterminate radiographic appearance (Fig. 29-22). 
Similarly, NSAID-induced greater curvature ulcers that have an 
apparent intraluminal location or substantial associated mass 
effect and shouldered edges may result in equivocal radio¬ 
graphic Åndings (see Fig. 29-8A). Most ulcers that have an 
equivocal appearance are ultimately found to be benign lesions. 
Nevertheless, it seems prudent to err on the side of caution by 
suggesting the possibility of malignant tumor for some benign 
lesions to avoid missing an early cancer. 

Gastric ulcers that have an unequivocally benign appearance 
on double-contrast studies can be followed with serial double- 
contrast studies until complete healing without need for endo- 
scopic evaluation. 6 However, ulcers that have an equivocal or 
suspicious appearance should be evaluated by endoscopy for a 
more definitive diagnosis. Although endoscopy is a sensitive 
technique for diagnosing gastric carcinoma, false-negative 
biopsy specimens and brushings have been reported in some 
patients with malignant lesions. 101 If the radiographic Åndings 
are suggestive of malignant tumor, negative histologic or 
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Figure 29-20 Malignant gastric ulcer. This patient has an 
irregular ulcer on the posterior wall of the antrum with scalloped 
borders and nodular, clubbed folds surrounding the ulcer. These 
are classic features of a malignant gastric ulcer. (From Levine MS, 
Creteur V, Kressel HY, et al: Benign gastric ulcers: Diagnosis and 
follow-up with double contrast radiography. Radiology 164:9-13 , 
1987.) 



Figure 29-22 Benign gastric ulcer with an indeterminate 
radiographic appearance. A small ulcer ( arrow ) is seen near the 
lesser curvature with enlarged, nodular areae gastricae surrounding 
the ulcer because of edema and inflammation of the adjacent 
mucosa. Although the radiographic findings are equivocal, 
endoscopic biopsy specimens revealed no evidence of tumor, and a 
follow-up study after treatment showed complete healing of the ulcer. 



Figure 29-21 Malignant gastric ulcer. This patient has an ulcerated 
mass on the greater curvature of the antrum. Note how the ulcer 
(black arrows) projects inside the gastric lumen within a discrete 
tumor mass etched in white (white arrows ) that forms acute angles 
with the adjacent gastric wall rather than the obtuse angles expected 
for a benign mound of edema. These are classic features of a 
malignant gastric ulcer. 


cytologic findings therefore should not be taken as definitive 
evidence of a benign ulcer. Instead, follow-up barium studies 
should be performed until complete ulcer healing is docu- 
mented. If the ulcer fails to heal with adequate medical treat¬ 
ment, or if it continues to have a suspicious radiographic 
appearance, repeat endoscopy and biopsy may be required. 
Even if endoscopic biopsy specimens and brushings remain 
negative, surgical resection should be considered for some 
patients with suspicious findings or intractable ulcers on serial 
barium studies. 

DUODENAL ULCERS 

In contrast to gastric ulcers, duodenal ulcers are almost always 
benign. When duodenal ulcers are detected on barium studies, 
these patients can therefore be treated medically without need 
for endoscopy. Unlike gastric ulcers, duodenal ulcers are often 
located on the anterior wall of the duodenal bulb, so prone 
compression views of the duodenum should be obtained rou- 
tinely to detect these lesions. Duodenal ulcers may also be 
obscured by edema, spasm, or scarring of the bulb. Conversely, 
barium trapped in the crevices of a deformed bulb can mimic 
ulcer craters. Radiologists should therefore be aware of the limi- 
tations of barium studies in diagnosing duodenal ulcers and of 
the need to perform a biphasic examination in these patients. 

Examination Technique 

Double-contrast views of the duodenum must be comple- 
mented by prone compression views to demonstrate ulcers on 
the anterior wall of the bulb. 102 These anterior wall ulcers may 
be hidden in the barium pool unless adequate compression of 
the bulb is obtained with an inflatable balloon or other prone 
compression device (Fig. 29-23). Other duodenal ulcers are best 
seen on upright compression views. Thus, optimal radiologic 
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Figure 29-23 Importance of prone compression for anterior wall duodenal ulcers. A. Initial prone view shows no evidence of a duodenal 
ulcer. B. Prone compression of the bulb with an inflatable balloon clearly demonstrates an ulcer crater (arrow) on the anterior wall. This ulcer was 
hidden in the barium pool on the earlier radiograph. 


evaluation of the duodenum requires a biphasic examination 
that includes double-contrast views of the duodenal bulb with 
a high-density barium suspension and prone or upright com¬ 
pression views with a low-density barium suspension. 103 

Shape 

Most duodenal ulcers appear as round or ovoid collections 
of barium (Fig. 29-24). About 5% of duodenal ulcers diag- 
nosed on double-contrast studies have a linear configuration 
(Fig. 29-25). 68,104 These linear ulcers tend to be located near 
the base of the duodenal bulb and often have a transverse 
orientation in relation to the bulb (see Fig. 29-25A). 104 As in 
the stomach, linear ulcers are thought to represent a stage of 
ulcer healing, 66,104 and they may be indistinguishable from 
linear ulcer scars. 

Size 

Most duodenal ulcers diagnosed on double-contrast studies are 
smaller than 1 cm. A major advantage of double-contrast tech- 
nique is its ability to demonstrate small ulcers, frequently no 
more than several millimeters in diameter (see Fig. 29-24B and 
C). Nevertheless, giant ulcers are occasionally detected in the 
duodenum (see later, “Giant Duodenal Ulcers”). 

Location 

About 90% of duodenal ulcers are located in the duodenal bulb 
and the remaining 10% in the postbulbar duodenum. 46,105 
Bulbar ulcers may involve the apex, central portion, or base of 
the bulb (see Fig. 29-24). Unlike gastric ulcers, which rarely 
develop on the anterior wall, as many as 50% of duodenal ulcers 
are located on the anterior wall of the bulb. Postbulbar 
ulcers are usually located in the proximal descending duode¬ 
num above the papilla of Vater (see later, “Postbulbar Ulcers”). 
Thus, the presence of one or more ulcers distal to the papilla 
should raise the possibility of Zollinger-Ellison syndrome (see 
later, “Zollinger-Ellison Syndrome”). 


Morphologic Features 

Bulbar Ulcers. Ulcers in the duodenal bulb usually appear as 
discrete niches that can be visualized en face or in profile (see 
Fig. 29-24). The ulcers are often surrounded by a smooth, radio- 
lucent mound of edematous mucosa. Occasionally, the size of 
the ulcer mound may be quite striking in relation to the central 
crater (see Fig. 29-26B). Bulbar ulcers also tend to be associated 
with radiating folds that converge centrally at the edge of the 
crater (see Fig. 29-24B and C). In patients with shallow ulcers 
or small healing ulcers, the ulcer crater may be visible only with 
optimal radiographic technique. Thus, the presence of radiating 
folds should prompt a careful search for an active ulcer at the 
site of fold convergence before attributing these folds to an 
ulcer scar. 

As in the stomach, ulcers on the anterior wall of the duode¬ 
nal bulb may be difficult to detect on routine double-contrast 
views. O ther anterior wall ulcers may be manifested by a ring 
shadow caused by barium coating the rim of the unfilled ulcer 
crater (Fig. 29-26A). 85 These anterior wall ulcers can be dem- 
onstrated by obtaining prone or upright compression views of 
the bulb to fill the crater with barium (Fig. 29-26B). 

Duodenal ulcers are often associated with considerable 
deformity of the bulb secondary to edema and spasm accom- 
panying the ulcer or scar ring from a previous ulcer (see Fig. 
29-24B). 102 This deformity may obscure small ulcers in the bulb, 
resulting in a substantial number of false-negative examina- 
tions. It is therefore important to recognize the limitations of 
the radiologic diagnosis of duodenal ulcers in the presence of a 
deformed bulb. Nevertheless, symptomatic patients with a 
deformed bulb on barium studies should probably be treated 
for an active duodenal ulcer because of the high risk of 
ulcer disease, whether or not an ulcer is demonstrated with 
certainty. 

Postbulbar Ulcers. Postbulbar ulcers are usually located on the 
medial wall of the proximal descending duodenum above the 
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Figure 29-24 Duodenal ulcers in various 
locations. A. A large ulcer ( arrow) is seen at the 
apex of the bulb. B. A small ulcer (arrow) is 
present in the central portion of the bulb. This 
ulcer is associated with radiating folds and 
bulbar deformity. C. A small ulcer (arrow) is seen 
at the base of the bulb, with folds radiating 
toward the ulcer crater. (A from Laufer I, Levine 
MS [eds]: Double Contrast Gastrointestinal 
Radioloqy, 2nd ed. Philadelphia, WB Saunders, 
1992.) 



Figure 29-25 Linear duodenal ulcers. A. A linear ulcer (arrow) is seen at the base of the bulb. The ulcer has a transverse orientation in relation 
to the bulb. B. In another patient, a linear ulcer (arrows) is seen at the apex of the bulb. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 29-26 Ring shadow 
caused by an anterior wall 
duodenal ulcer. A. Supine 
oblique double-contrast view of 
the duodenum shows a ring 
shadow (arrow) in the bulb as a 
result of barium coating the rim 
of an unfilled ulcer crater on the 
nondependent surface. B. Prone 
compression view shows filling of 
the anterior wall ulcer (arrow). 
Note the large radiolucent 
mound of edema surrounding 
the ulcer. (From Laufer I, Levine 
MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd 
ed. Philadelphia, WB Saunders, 
1992.) 



Figure 29-27 Postbulbar 
duodenal ulcers. A. An ulcer 
(arrow) is seen on the medial wall 
of the proximal descending 
duodenum. There is also a 
smooth, rounded indentation 
of the lateral wall caused by 
associated edema and spasm. 

B. Another patient has a large, 
relatively flat ulcer (arrow) on the 
medial wall of the postbulbar 
duodenum above the papilla of 
Vater. Folds radiate toward the 
ulcer crater. 



papilla of Vater (Fig. 29 - 27). 46,105,107 These ulcers are notoriously 
difficult to demonstrate on barium studies, presumably because 
severe edema and spasm accompanying the ulcer prevent visu- 
alization of the ulcer crater. This edema and spasm often result 
in circumferential nar rowing of the adj acent lumen or eccentric 
narrowing with a smooth, rounded indentation on the lateral 
wall of the descending duodenum opposite the crater (see Fig. 


29-27A). 10/ If the ulcer crater itself is obscured by edema and 
spasm, this indentation may be the only radiologic sign of a 
postbulbar ulcer (Fig. 29-28). 

Many postbulbar duodenal ulcers are larger than 1 cm, so 
they tend to be larger than bulbar ulcers, which are usually 
smaller than 1 cm. 46 Large postbulbar ulcers may cause marked 
narrowing of the adj acent duodenum proximally and distally, 
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Figure 29-28 Postbulbar duodenal ulcer not visualized on barium 
study. A prominent indentation is seen on the lateral aspect of the 
proximal descending duodenum (arrow) as a result of edema and 
spasm accompanying a postbulbar ulcer that was not visualized on 
this study. The ulcer was seen at subsequent endoscopy. 


secondary to severe edema and spasm accompanying these 
ulcer craters (Fig. 29-29). 46 The larger size of the ulcers could 
help explain the higher prevalence of upper GI bleeding and the 
poorer response of postbulbar ulcers to medical therapy. 46 
Healed postbulbar ulcers may occasionally be associated with 
focal scarring and fibrosis, resulting in the development of a 
so-called ring stricture with eccentric narrowing of the postbul¬ 
bar duodenum (Fig. 29-30). 108 An annular pancreas constricting 
the postbulbar duodenum may produce similar Åndings. 

Giant Duodenal Ulcers. Giant duodenal ulcers are defined as 
duodenal ulcers larger than 2 cm. 1 These ulcers are important 
because of a greater risk of complications such as perforation, 
obstruction, and upper GI bleeding. 110 Nevertheless, treatment 
with antisecretory agents may lead to dramatic ulcer healing, so 
these patients can often be managed conservatively without 
need for surgery. 111 Giant duodenal ulcers are almost always 
located in the duodenal bulb and may be so large that they 
replace virtually the entire bulb (Figs. 29-31 and 29-32). Para- 
doxically, giant ulcers can be mistaken on barium studies for a 
scarred or even normal bulb. However, the duodenal bulb 
would be expected to change in size and shape at fluoroscopy, 
whereas these giant ulcers will have a fixed, unchanging con- 
figuration (see Fig. 29-32). 109 ’ 111 ’ 112 

Giant duodenal ulcers may occasionally be recognized on 
ultrasound studies as discrete, hypoechoic cystic lesions antero- 
lateral to the head of the pancreas. 113 The differential diagnosis 


for these lesions includes a duodenal diverticulum and panere - 
atic pseudocyst. In such cases, a barium study should be per- 
formed for a more definitive diagnosis. 

Multiplicity 

About 15% of patients with duodenal ulcers have multiple 
ulcers. 114 Most of these are located in the duodenal bulb. 
The presence of multiple ulcers should raise the possibility 
of Zollinger-Ellison syndrome (see later, “Zollinger-Ellison 
Syndrome”). 

Ulcer Healing and Scarring 

Duodenal ulcers usually heal rapidly during treatment with 
antisecretory agents. As the ulcers decrease in size, they often 
have a linear configuration. 66,104 Ulcer healing may lead to the 
development of an ulcer scar, manifested by radiating folds, 
bulbar deformity, or both. When radiating folds are present, 
they almost always converge at the site of the previous ulcer. In 
some patients, a residual depression in the central portion of 
the scar simulates an active ulcer crater. As a result, it is often 
difficult to differentiate small, healing ulcers from ulcer scars. 
Nevertheless, follow-up barium studies to demonstrate ulcer 
healing are probably unnecessary for patients with uncompli- 
cated duodenal ulcers who have an adequate clinical response 
to medical therapy because these ulcers are almost always 
benign. Follow-up studies should therefore be reserved for 
patients with intractable ulcer symptoms or ulcer complications 
such as obstruction. 

Bulbar deformity is caused by asymmetric scarring and 
retraction of the duodenal bulb during ulcer healing. Unin- 
volved segments of the bulb may balloon out between areas of 
fibrosis, producing one or more pseudodiverticula, which can 
usually be differentiated from ulcers by their tendency to change 
in size and shape at fluoroscopy. When multiple pseudodiver¬ 
ticula are present, the duodenal bulb may have a classic clover- 
leaf appearance (Fig. 29-33). 

PYLORIC CHANNEL ULCERS 

Pyloric channel ulcers should be treated as gastric ulcers rather 
than duodenal ulcers in terms of the need for aggressive evalu- 
ation and follow-up to differentiate these lesions from ulcerated 
carcinomas. Most pyloric channel ulcers are smaller than 1 cm 
and are located on the lesser curvature aspect of the pylorus. 
These ulcers tend to be located on the anterior wall of the 
pylorus, so they may appear as ring shadows on routine double- 
contrast views (Fig. 29-34A). 115 In such cases, the ulcers should 
fill with barium on prone or upright compression views (Fig. 
29-34B). Some pyloric channel ulcers may cause marked edema 
and spasm of the pylorus and distal antrum, so optimal radio- 
logic evaluation of this area is not always possible. 

Pyloric channel ulcers must be differentiated on barium 
studies from pseudodiverticula caused by scarring from previ¬ 
ous ulcer disease or surgical pyloroplasty. However, ulcers 
usually have a fixed configuration, whereas pseudodiverticula 
are more likely to change in size and shape at fluoroscopy. 
The presence of folds in the region of the outpouching should 
also suggest a pseudodiverticulum rather than an ulcer. Occa¬ 
sionally, adult hypertrophic pyloric stenosis may be manifested 
by a narrowed, elongated pyloric channel with diamond- 
shaped outpouchings or dimples extending superiorly or 
inferiorly from this region, but these patients usually have a 
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Figure 29-29 Large postbulbar duodenal ulcers. A, B. Two patients with large postbulbar ulcers ( arrows ) in the proximal descending 
duodenum. In both cases, note marked narrowing of the adjacent duodenum proximally and distally ( arrowheads ) as a result of severe edema 
and spasm accompanying these ulcer craters. (From Carucci LR, Levine MS, Rubesin SE, et al: Upper gastrointestinal tract barium examination of 
postbulbar duodenal ulcers. AJR 182:927-930, 2004.) 


long-standing history of obstructive symptoms. Healing of 
pyloric channel ulcers may lead to narrowing, elongation, or 
angulation of the pylorus, sometimes associated with gastric 
outlet obstruction. 

Differential Diagnosis 

Gastric or duodenal ulcers may occasionally be simulated by 
various double-contrast artifacts. 116 An inadequate or poorly 
prepared barium suspension may result in the development of 
barium precipitates that resemble tiny ulcers in the stomach or 
duodenum. However, these precipitates can be differentiated 
from ulcers by their failure to project beyond the contour of the 
stomach or duodenum in profile and by the absence of associ¬ 
ated findings such as mucosal edema or radiating folds. Stalac- 
tites are hanging droplets of barium that are sometimes seen on 
the anterior (nondependent) gastric wall. 1 Although a stalac- 
tite can be mistaken for a small ulcer on a single view, the 
transient nature of this finding at fluoroscopy differentiates a 
stalactite from a true ulcer. Finally, calcified densities (e.g., renal 
calculi or calcified splenic arteries) or contrast-containing 
structures (e.g., colonic diverticula) overlying the stomach or 
duodenum can be mistaken for ulcers on double-contrast 
images. These artifacts are easily recognized by obtaining mul¬ 
tiple images in different projections. 


The most important consideration in the differential diag¬ 
nosis of a benign gastric ulcer is an ulcerated gastric carcinoma 
(see earlier, “Benign Versus Malignant Ulcers”). An ulcer that is 
surrounded by a discrete mound of edema can also be mistaken 
for an ulcerated submucosal mass such as a gastrointestinal 
stromal tumor (GIST). 118,1 However, the edematous mass sur- 
rounding an ulcer usually has poorly defined horders that form 
obtuse angles with the adjacent gastric wall, whereas a submu¬ 
cosal mass has well-defined horders that form right angles with 
the adjacent gastric wall. 119 When gastric ulcers are associated 
with massive edema, there may be such narrowing and defor- 
mity that the radiographic findings erroneously suggest an infil- 
trating carcinoma. This problem is more likely to occur with 
prepyloric ulcers that cause gastric outlet obstruction, so it is 
not possible to adequately assess the distal antrum. If a malig¬ 
nant lesion cannot be excluded on radiologic criteria, endos- 
copy and biopsy should be performed for a more definitive 
diagnosis. 

Although multiple gastric or duodenal ulcers may be present 
in patients with uncomplicated peptic ulcer disease, this finding 
should raise the possibility of Zollinger-Ellison syndrome, cyto- 
megalovirus infection, caustic ingestion, lymphoma, and other 
granulomatous conditions such as Crohn s disease, tuberculo- 
sis, sarcoidosis, and syphilis (see Chapters 30 and 33). In many 
cases, the correct diagnosis is suggested by the clinical history. 
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Figure 29-30 Postbulbar ring stricture. There is eccentric 
narrowing ( arrow ) of the postbulbar duodenum secondary to scarring 
and fibrosis from a previous ulcer in this location. (From Laufer I, 
Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. 
Philadelphia, WB Saunders, 1992.) 


Figure 29-31 Giant duodenal ulcer. This giant ulcer ( arrows ) has 
replaced almost the entire duodenal bulb. Paradoxically, such ulcers 
can be mistaken for a scarred or even normal bulb. 
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Figure 29-33 Scarred duodenal bulb. A, B. Two examples of marked bulbar deformity with multiple pseudodiverticula, producing a cloverleaf 
appearance. 



Figure 29-34 Pyloric channel ulcer. A. Initial double-contrast view with the patient in a supine position shows a partial ring shadow ( arrow ) in 
the region of the pylorus. B. Prone compression view shows barium filling an ulcer crater (arrow) on the anterior wall of the pyloric channel. 


Gastric ulcer scars that are manifested by radiating folds 
must be differentiated from early gastric cancers in which the 
folds tend to have a more lobulated, nodular, or irregular 
appearance. 100 If the radiographic Åndings are equivocal, endos- 
copy and biopsy should be performed for a more certain diag- 
nosis. Benign-appearing ulcer scars may also result from healing 
of lymphomatous gastric lesions treated with chemotherapy 
(see Chapter 33). 120 Finally, ulcer scars may resemble surgical 
scars resulting from prior gastrostomy, cystogastrostomy (inter¬ 
nal drainage of a pancreatic pseudocyst into the stomach), or 
wedge resection of the stomach, 92 but ulcer scars can usually be 
differentiated from surgical scars on the basis of the clinical 
history. 

Approach to Ulcers 

In view of current recommendations that all H. pylori -positive 
patients with gastric or duodenal ulcers be treated with 


antimicrobial and antisecretory agents, 52,53 it is important to 
determine whether patients with ulcers are infected with H. 
pylori. Although endoscopy and biopsy may be performed to 
document the presence of this infection, highly accurate non- 
invasive tests for H. pylori, such as a urea breath test and sero- 
logic test, are widely available (see Chapter 30). The combination 
of a double-contrast upper GI study and noninvasive testing for 
H. pylori could therefore replace endoscopy as a reasonable 
approach for evaluating patients with dyspepsia, epigastric pain, 
or other upper GI symptoms. 8 

Here is one scenario. Patients with persistent upper GI symp¬ 
toms who fail to respond to an empiric trial of antisecretory 
agents could undergo a double-contrast barium study as the 
first diagnostic examination. If the barium study reveals a 
gastric or duodenal ulcer, a noninvasive test for H. pylori could 
be performed to determine whether the patient should receive 
antibiotics and conventional antisecretory agents. If the barium 
study reveals gastritis or duodenitis without an ulcer, however, 
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there is not yet enough evidence to justify treatment with anti- 
biotics, even if these patients are infected with H. pylori (see 
Chapter 30). Thus, testing for H. pylori would not be required 
in most cases. Finally, if the barium study reveals a suspicious 
gastric ulcer or any abnormality that is equivocal or suspicious 
for malignant tumor, endoscopy should be performed for a 
more definitive diagnosis. 

If randomized, controlled trials ultimately reveal that symp- 
tomatic patients with H. pylori gastritis should be treated with 
antimicrobial agents in the absence of ulcers, noninvasive tests 
for H. pylori could be performed routinely at the time of the 
initial barium study. Clinical decisions regarding treatment 
with antisecretory agents or antibiotics could then be made on 
the basis of the combined results of the barium study and non¬ 
invasive tests for H. pylori. Nevertheless, endoscopy would still 
be required for any patients with equivocal or suspicious radio- 
graphic findings. 

Complications 

The major complications of peptic ulcers include upper GI 
bleeding, obstruction, and perforation. Such events can be life- 
threatening, so early diagnosis and treatment of these complica¬ 
tions are essential for decreasing the morbidity and mortality 
in patients with peptic ulcers. 

UPPER GASTROINTESTINAL BLEEDING 

Endoscopy has a sensitivity of more than 90% in detecting the 
site of hemorrhage in patients with bleeding peptic ulcers. 121 
Barium studies are less accurate because of the difficulty obtain- 
ing adequate mucosal coating in the presence of bleeding and 
the inability to determine whether a radiographically diagnosed 
lesion is the actual source of bleeding. Nevertheless, double- 
contrast studies can detect the bleeding site in 70% to 80% of 
patients with acute upper GI hemorrhage. 121,122 

The most frequent radiologic sign of bleeding in a gastric or 
duodenal ulcer is a biood clot at the base of the ulcer, typically 
seen as a smooth or irregular filling defect in the barium-filled 
ulcer crater (Fig. 29-35). 122 Although granulation tissue or 
debris in the ulcer may produce similar findings, the defect is 
likely to represent an adherent biood clot in patients with a 
history of recent upper GI bleeding. If the clot is dislodged, 
recurrent bleeding may result in potentially catastrophic conse- 
quences. These patients should therefore be observed carefully 
for 24 to 48 hours when a biood clot is detected on barium 
studies. 

OBSTRUCTION 

Although ulcers in the fundus, body, or proximal antrum of the 
stomach rarely cause gastric outlet obstruction, ulcers in the 
distal antrum, pyloric channel, or duodenum may cause 
obstruction secondary to edema and spasm associated with the 
ulcer crater or scarring and fibrosis associated with ulcer 
healing. In patients with severe gastric outlet obstruction, 
abdominal radiographs may reveal a dilated stomach contain- 
ing food and debris (Fig. 29-36A). This food or fluid in the 
stomach may dilute ingested barium, compromising the radio- 
graphic examination (Fig. 29-36B). The stomach should there¬ 
fore be decompressed with a nasogastric tube before performing 
barium studies on these patients. 


¥ 



Figure 29-35 Ulcer with biood clot. A radiolucent filling defect 
is seen in the central portion of a barium-filled ulcer (arrow) on the 
posterior wall of the stomach. This patient presented with hematemesis 
1 day earlier. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


Severe scarring from ulcers in the distal antrum or pyloric 
channel may be manifested on barium studies by a relatively 
short segment of narrowing with delayed emptying of barium 
from the stomach (see Fig. 29-19A). It is sometimes difficult to 
differentiate areas of scarring from a localized scirrhous carci- 
noma involving the prepyloric region of the antrum, 123 but 
irregular narrowing and abrupt, shelflike proximal borders 
should favor a malignant lesion (see Chapter 32). If the findings 
are equivocal or suspicious for tumor, endoscopy and biopsy 
should be performed for a more definitive diagnosis. 

Although scarring from duodenal bulbar ulcers rarely causes 
obstruction, postbulbar ulcers may lead to obstructing stric- 
tures in the proximal descending duodenum (see earlier, “Post¬ 
bulbar Ulcers”). O ther causes of duodenal narrowing and 
obstruction include Crohns disease, tuberculosis, tumors, 
hematomas, duplication cysts, and extrinsic compression of the 
duodenum by an annular pancreas, pancreatitis, pancreatic 
pseudocyst, or pancreatic carcinoma. 

PERFORATION 

Penetrating ulcers on the anterior wall of the stomach or duo¬ 
denum may perforate directly into the peritoneal cavity, whereas 
penetrating ulcers on the posterior wall of the stomach or duo¬ 
denum usually result in a walled-off or confined perforation. 
Some penetrating ulcers may also involve other hollow organs, 
producing a fistula. These various types of perforations are 
considered separately in the following sections. 

Free Perforation 

Ulcers on the anterior wall of the stomach or duodenum directly 
abut the peritoneal cavity, so perforation of a penetrating ulcer 
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Figure 29-36 Gastric outlet obstruction caused by pyloric channel ulcers. A. Abdominal radiograph shows a markedly dilated stomach with 
retained food and debris caused by gastric outlet obstruction. After the stomach was decompressed, endoscopy revealed a pyloric channel ulcer 
causing the obstruction. B. In another patient, an overhead radiograph from a barium study shows a dilated stomach with retained fluid diluting 
the barium and no emptying into the duodenum. A large pyloric channel ulcer ( arrow ) is also seen. 


in this location may result in acute peritonitis with free spillage 
of gastric and duodenal contents into the peritoneal cavity. 
Because duodenal ulcers are often located on the anterior wall 
of the bulb, a perforated duodenal ulcer is the most common 
cause of peritonitis in the adult population. The volume of gas 
that escapes into the peritoneal cavity from a perforated ulcer 
depends on how quickly the site of perforation seals off. In one 
study, free intraperitoneal air was detected on abdominal radio - 
graphs in only about two thirds of patients with perforated 
duodenal ulcers. 124 Thus, the presence of pneumoperitoneum 
in an acutely ill patient strongly supports the diagnosis of a 
perforated ulcer, but the absence of pneumoperitoneum in no 
way excludes this diagnosis. 

If abdominal radiographs reveal pneumoperitoneum in 
patients with clinical signs of peritonitis, immediate surgery 
is warranted. If there is no evidence of pneumoperitoneum, 
studies with water-soluble contrast agents or computed 
tomography (CT) may be performed to determine whether 
a perforation has occurred. Only about 50% of patients with 
perforated duodenal ulcers are found to have extravasation 
of contrast medium from the duodenum, presumably because 
the perforation has sealed off by the time the examination 
is performed. 125 When extravasation of contrast medium 
does occur, about 50% of patients are found to have a gen- 
eralized leak into the peritoneal cavity and 50% are found 
to have a walled-off leak (Fig. 29-37) 125 (see later, “Confined 
Perforation”). 

When an ulcer causes free perforation, studies with water- 
soluble contrast agents may show contrast medium leaking 
from the stomach or duodenum into the subhepatic Space or 
elsewhere into the peritoneal cavity. CT may reveal inflamma- 
tory changes in the soft tissues abutting the stomach and duo¬ 
denum, extraluminal fluid or contrast material, and varying 
amounts of free intraperitoneal air. 126 The site of perforation 


can sometimes be identified on CT by interruption of the 
enhanced gastroduodenal wall or by tiny extraluminal air 
bubbles in close proximity to the perforation. 12 

Less frequently, ulcers on the posterior wall of the stomach 
may perforate into the lesser peritoneal cavity, or lesser sac, a 
potential Space between the stomach and pancreas. An abscess 
in the lesser sac may be manifested by extraluminal gas collec- 
tions in the left upper quadrant on abdominal radiographs 
(Fig. 29-38) or by extrinsic mass effect on the posterior wall 
of the stomach or actual leakage of contrast material into the 
lesser sac on studies with water-soluble contrast agents. CT is 
extremely useful for documenting these lesser sac collections or 
abscesses. 128 

Confined Perforation 

Penetrating ulcers on the posterior wall of the stomach or duo¬ 
denum are often associated with the development of a walled- 
off or confined perforation secondary to an inflammatory 
reaction and fibrous adhesions that seal off the perforation site 
as the ulcer enters adjacent structures. The pancreas is involved 
in most patients with confined perforations. Other less common 
sites of involvement include the lesser omentum, transverse 
mesocolon, liver, spleen, biliary tract, and colon. If the affected 
structure is a hollow organ such as the colon or biliary tract, 
this process may lead to the development of a fistula (see later, 
“Fistulas”). 

Less than 50% of patients with posterior penetrating ulcers 
and confined perforations have evidence of extraluminal gas or 
contrast medium collections on studies with water-soluble con¬ 
trast agents. A posterior penetrating ulcer should be suspected, 
however, when an unusually deep ulcer crater is seen in profile 
on the posterior wall of the stomach or duodenum. In such 
cases, CT may be helpful for demonstrating signs of pancreatic 
penetration, including loss of fascial planes and the presence of 
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Figure 29-37 Perforated duodenal ulcer. Water-soluble contrast 
medium is seen tracking superiorly from the region of the duodenal 
bulb into a sealed-off collection (arrow). This patient presented with 
clinical signs of peritonitis. 



Figure 29-38 Lesser sac abscess caused by a perforated gastric 
ulcer. Upright abdominal radiograph shows an air-fluid level (arrow) 
in the lesser sac caused by a lesser sac abscess. Subsequent study 
with a water-soluble contrast agent revealed a perforated posterior 
wall gastric ulcer with leakage of the contrast agent directly into the 
lesser sac. 


soft tissue bands or low-density sinus tracks between these 
structures. 129 

Penetrating ulcers on the lesser curvature of the stomach 
may occasionally enter the adj acent hepatic parenchyma, result¬ 
ing in the development of an abscess in the left lobe of the 
liver. This complication should be suspected when contrast 
studies demonstrate a deep ulcer on the lesser curvature asso- 
ciated with a large area of extrinsic mass effect on the adj acent 
gastric wall (Fig. 29-39A). In such cases, CT can be used to 
confirm the presence of a confined perforation involving the 
liver (Fig. 29-39B). 

Splenic penetration by a gastric ulcer is extremely unusual 
because of the rarity of benign ulcers on the posterior wall or 
greater curvature of the gastric fundus. Although barium 
studies are usually nonspecific, transmural penetration by an 
ulcer high on the greater curvature or posterior wall of the 
stomach may be suspected if the ulcer extends well beyond the 
adjacent gastric contour. 130 In such cases, CT may demonstrate 
extension of the ulcer directly into the substance of the spleen. 131 
If CT confirms splenic penetration by a benign gastric ulcer, 
early surgery is required because of the risk of massive, poten¬ 
tially life-threatening GI bleeding if the ulcer ruptures into the 
spleen. 131 

Fistulas 

Penetrating ulcers in the stomach or duodenum may occa¬ 
sionally erode through the wall of adjacent hollow organs, 
producing a variety of fistulas, including gastroduodenal, gas- 
trocolic, duodenocolic, choledochoduodenal, duodenorenal, 


and gastropericardial fistulas. These fistulas are considered 
separately in the following sections. 

Gastroduodenal Fistulas (Double-Channel Pylorus). The 

double-channel pylorus is an acquired gastroduodenal fistula 
caused by a penetrating ulcer in the distal antrum that erodes 
directly into the base of the duodenal bulb. 1 These ulcers 
are usually located on the lesser curvature of the prepyloric 
antrum but are occasionally located on the greater curva¬ 
ture. 1 134 Paradoxically, the development of a double-channel 
pylorus may lead to improved ulcer symptoms, possibly because 
the fistula facilitates gastric emptying. 

Although the double-channel pylorus is difficult to visualize 
on endoscopy, it is readily detected on barium studies. 133,134 The 
double-channel pylorus is typically manifested by two discrete 
tracks extending from the distal antrum into the base of the 
duodenal bulb (Fig. 29-40). The track on the greater curvature 
side of the stomach usually represents the true pyloric channel, 
whereas the track on the lesser curvature side represents the 
fistula. The barium-filled tracks are often separated by a thin 
radiolucent bridge or septum that is best seen on prone com- 
pression views. Sequential barium studies may show progres¬ 
sion from a penetrating prepyloric ulcer to a double-channel 
pylorus. 

Gastrocolic Fistulas. In the past, most gastrocolic fistulas were 
thought to be caused by primary carcinoma of the stomach or 
transverse colon invading the gastrocolic ligament. 135 With the 
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Figure 29-39 Penetrating lesser curvature ulcer with an 
associated hepatic abscess. A. Barium study shows a deep ulcer 
(curved arrow) on the lesser curvature of the distal antrum. Also note 
the large area of extrinsic mass effect ( straight arrows) on the adjacent 
gastric wall. B. CT scan reveals several gas- and fluid-containing 
abscess cavities ( arrows ) in the left lobe of the liver. These abscesses 
were caused by penetration of the ulcer into the hepatic parenchyma. 


increasing use of aspirin and other NSAIDs in today’s pill- 
oriented society, however, benign NSAID-induced ulcers on the 
greater curvature of the stomach have become a more common 
cause of gastrocolic fistulas than carcinoma of the stomach or 
transverse colon. 78,136 ' 138 Affected individuals typically have a 
history of taking high doses of aspirin or other NSAIDs. As the 
ulcers enlarge, they penetrate inferiorly into the gastrocolic liga¬ 
ment, eventually producing a gastrocolic fistula. These fistulas 
are classically manifested by the triad of feculent vomiting, foul- 
smelling eructations, and diarrhea, 135 but some patients may 
present with abdominal pain or other nonspecific clinical 
Åndings. 1 When a gastrocolic fistula is suspected on clinical 
grounds, endoscopy is contraindicated because of the risk of 
perforation and peritonitis. 136 In contrast to gastrocolic fistulas 
caused by malignant tumors, fistulas complicating NSAID- 
induced greater curvature ulcers sometimes heal on medical 
therapy without need for surgery. 137,139 

In patients with gastrocolic fistulas complicating NSAID- 
induced ulcers, barium studies may reveal giant ulcers on the 
greater curvature of the gastric antrum or body with early 
filling of the transverse colon via the fistula (Fig. 29-41). 136,137 
Because of the greater pressures generated during a barium 
enema examination, this technique can sometimes demonstrate 
fistulas that are not visualized on upper GI studies. 13 When 
fistulas are shown on barium studies, patients should be ques- 
tioned about a possible history of NSAID use. Other causes of 
gastrocolic fistulas include gastric or colonic carcinoma, lym- 
phoma, Crohn’s disease, and tuberculosis. 

Duodenocolic Fistulas. Duodenocolic fistulas are usually 
caused by carcinoma of the ascending colon or hepatic flexure 
invading the descending duodenum. Occasionally, these fistulas 
may result from penetrating ulcers in the duodenal bulb or 
postbulbar duodenum that have eroded into the hepatic flexure 
of the colon. 140,141 Affected individuals may present with 
abdominal pain, diarrhea, feculent vomiting, foul-smelling 


Figure 29-40 Double channel 
pylorus. A. Double-contrast view 
of the antrum shows a prepyloric 
lesser curvature ulcer ( curved 
arrow) that communicates distal ly 
with the base of the duodenal 
bulb ( straight arrow). B. Prone 
view of the antrum also 
delineates the lesser curvature 
ulcer ( curved arrow) with a track 
(straight arrow) extending from 
the ulcer into the duodenum. 
Note the normal pyloric channel 
(open arrow) inferiorly. 
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Figure 29-41 Gastrocolic fistula caused by an aspirin-induced 
greater curvature ulcer. Double-contrast upper GI study reveals a 
giant ulcer ( large arrow) on the greater curvature of the stomach, with 
barium entering a wide fistulous track ( small arrows ) that 
communicates directly with the transverse colon. This patient had 
been on high doses of aspirin. (From Levine MS, Kelly MR, Laufer /, 
et al: Gastrocolic fistulas: The increasing role of aspirin. Radiology 
187:359-361, 1993.) 


eructations, or undigested food in the stool. Although upper 
GI studies may fail to demonstrate the fistula, barium enema 
examinations are often successful because of the greater pres¬ 
sures generated by this technique. 141 

Choledochoduodenal Fistulas. About 90% of enterobiliary 
fistulas occur as complications of stones in the biliary tract; only 
about 5% are caused by peptic ulcer disease. 142 Most of the latter 
patients have penetrating duodenal ulcers that rupture into the 
common bile duet, producing a choledochoduodenal fistula. 142 
These patients usually have symptoms related to their underly- 
ing ulcers but occasionally present with abnormal liver funetion 
tests, jaundice, or ascending cholangitis. 143 Abdominal radio- 
graphs may reveal pneumobilia with gas in the gallbladder or 
bile duets (Fig. 29-42), and barium studies may demonstrate a 
duodenal ulcer or duodenal scarring, sometimes associated 
with reflux of barium into the biliary tree. 143-145 Rarely, these 
ulcers may lead to the development of cholecystoduodenal, 
cholecystogastric, or choledochogastric fistulas. 142 

Duodenorenal Fistulas. Penetrating postbulbar duodenal 
ulcers rarely may rupture posteriorly into the pyelocalyceal 
system of the right kidney, producing a duodenorenal fistula. 
These fistulas may be demonstrated on barium studies or ret¬ 
rograde pyelography. Other rare causes of duodenorenal fistulas 
include malignant tumors, infeetion, and trauma. 

Gastropericardial Fistulas. Ulcers in the intrathoracic portion 
of the stomach (a hiatal hernia or gastric pull-through after 



Figure 29-42 Pneumobilia caused by a choledochoduodenal 
fistula. Close-up view from an abdominal radiograph shows gas 
in the gallbladder ( straight arrow) and bile duets ( curved arrow) 
secondary to a choledochoduodenal fistula in a patient with a giant 
duodenal ulcer. 


esophagogastrectomy) rarely may erode through the pericar- 
dium, producing a gastropericardial fistula. 146 This complica- 
tion is catastrophic for the patient because it usually leads to 
the rapid development of purulent pericarditis, cardiac tam¬ 
ponade, and death. The sudden appearance of pneumopericar- 
dium on chest radiographs of an acutely ill patient with an 
intrathoracic stomach should raise the possibility of a gastro¬ 
pericardial fistula. Upper GI studies with water-soluble contrast 
agents may doeument the presence of a fistula by showing 
extravasation of contrast medium into the pericardial sac. 14/ 
Because of the high mortality associated with this complication, 
the best hope for survival is early surgery with drainage of the 
pericardium and closure of the fistula. 146 

Zollinger-Ellison Syndrome 

Since its original description by Zollinger and Ellison in 1955, 148 
Zollinger-Ellison syndrome has been recognized as a life- 
threatening condition characterized by marked hypersecretion 
of gastric acid and a severe form of peptic ulcer disease second¬ 
ary to high levels of gastrin in patients with underlying gastri- 
nomas. These tumors not only may cause a devastating ulcer 
diathesis but may also behave as malignant lesions, metastasiz- 
ing to the liver or other structures (see Chapter 98). The devel¬ 
opment of potent antisecretory agents for controlling acid 
secretion and sophisticated techniques for localizing these islet 
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cell tumors have had a major impact on patient survival. 
Although barium studies may reveal typical findings of peptic 
ulcer disease, it is sometimes possible to suggest the diagnosis 
of Zollinger-Ellison syndrome on the basis of the radiographic 
findings. 

PATHOLOGY 

Zollinger-Ellison syndrome is caused by the uncontrolled 
release of gastrin from autonomously functioning non-beta 
islet cell tumors, also known as gastrinomas (see Chapter 98). 
About 75% of these tumors are located in the pancreas, 15% in 
the duodenum, and 10% in other extraintestinal locations such 
as the liver, ovaries, and lymph nodes. 149,150 Most gastrinomas 
are thought to be malignant; metastases are found at the time 
of diagnosis in 30% to 50% of patients. The liver is the most 
frequent site of metastatic disease. 

Most gastrinomas occur sporadically, but 25% of these 
tumors are transmitted as part of a hereditary syndrome (mul¬ 
tiple endocrine neoplasia type l). 151 This syndrome is character- 
ized not only by pancreatic tumors but also by parathyroid, 
pituitary, and adrenal tumors. 

CLINICAL ASPECTS 

More than 90% of patients with Zollinger-Ellison syndrome 
have upper GI ulcers caused by hypersecretion of gastric acid. 150 
The presenting signs and symptoms may be indistinguishable 
from those associated with ordinary peptic ulcers. However, the 
possibility of Zollinger-Ellison syndrome should be considered 
in patients who have multiple ulcers, ulcers in unusual loca¬ 
tions, ulcers that are resistant to medical therapy, or recurrent 
ulcers postoperatively. 149,150 

The second most common clinical problem in Zollinger- 
Ellison syndrome is diarrhea, which occurs in up to 50% of 
patients and is the presenting symptom in 35%. 149,150 This 
diarrhea is related primarily to the severe volume load caused 
by the secretion of several liters of acid into the intestines 
each day. The acidic pH of the small bowel may also damage 
the intestinal mucosa, resulting in a spruelike State with villous 
atrophy, malabsorption, and steatorrhea. 152 Other patients may 
initially present with reflux symptoms or dysphagia secondary 
to the development of severe reflux esophagitis or peptic 
strictures. 153 

The diagnosis of Zollinger-Ellison syndrome is established 
by the demonstration of hypergastrinemia and gastric acid 
hypersecretion in a patient with peptic ulcers, diarrhea, or 
other clinical features of a gastrinoma. In the appropriate clini¬ 
cal setting, fasting serum gastrin levels higher than 1000 pg/ 
mL should be virtually diagnostic of Zollinger-Ellison syn¬ 
drome. 150 However, not all patients have such high serum 
gastrin levels. Furthermore, hypergastrinemia may occur in 
patients with atrophic gastritis, gastric outlet obstruction, and 
G-cell hyperplasia. 

In the past, total gastrectomy was the treatment of choice for 
preventing hypersecretion of acid and its complications in 
patients with Zollinger-Ellison syndrome. However, H2 recep¬ 
tor antagonists (e.g., cimetidine, ranitidine) and proton pump 
inhibitors (e.g., omeprazole) have proved to be extremely effec- 
tive in suppressing acid secretion and promoting ulcer healing 
without need for surgery. 150,154,155 A total gastrectomy should 
therefore be reserved for noncompliant patients. 


As fewer patients succumb to the ulcer diathesis in Zollinger- 
Ellison syndrome, malignant spread of gastrinomas has become 
a major cause of long-term morbidity and mortality in these 
individuals. Greater attention has therefore been focused on 
early detection and excision of the gastrinomas before the 
development of hepatic metastases. 156,157 Although the primary 
tumors are often difficult to detect on preoperative imaging 
studies, successful localization of gastrinomas can be achieved 
by CT, angiography, or selective portal venous sampling 
for gastrin or by whole-body imaging with somatostatin 
scintigraphy. 158-161 The most important prognostic factor affect- 
ing survival is the extent of tumor at the time of surgery. 
Patients with no tumor or lesions that are resectable at lapa- 
rotomy have 5-year survival rates higher than 90%, whereas 
patients with liver metastases have 5-year survival rates less 
than 20%. 150 

RADIOGRAPHIC FINDINGS 

Zollinger-Ellison syndrome may be manifested on barium 
studies by a characteristic constellation of findings. 162 ' 166 
Hypersecretion of acid often results in a large volume of 
fluid in the stomach, duodenum, and proximal jejunum that 
dilutes ingested barium and compromises the mucosal coating. 
Many patients have markedly thickened gastric folds, particu- 
larly in the fundus and body of the stomach, not only because 
of edema and inflammation but also because of gastrin- 
induced parietal cell hyperplasia (Fig. 29-43A). Duodenal and 
jejunal folds may also have a grossly thickened, edematous 
appearance because of a severe inflammatory response to the 
enormous volume of gastric secretions entering the small 
bowel. Although thickened folds may be caused by a variety 
of conditions in the stomach and duodenum (see later, “Dif- 
ferential Diagnosis”), the combination of thickened folds and 
excessive fluid in the stomach, duodenum, and proximal 
jejunum should suggest the possibility of Zollinger-Ellison 
syndrome. 

Approximately 75% of the ulcers in Zollinger-Ellison syn¬ 
drome are located in the stomach or duodenal bulb, so they 
cannot be differentiated from uncomplicated peptic ulcers. 167 
The remaining 25% are located in the postbulbar duodenum or 
proximal jejunum. 167 Because peptic ulcers rarely occur distal 
to the papilla of Vater, the presence of one or more ulcers in the 
third or fourth portion of the duodenum or even the proximal 
jejunum should be highly suggestive of Zollinger-Ellison syn¬ 
drome (Fig. 29-43B). Patients with this syndrome are also more 
likely to have multiple ulcers than other patients with peptic 
ulcer disease. 167 

DIFFERENTIAL DIAGNOSIS 

Markedly thickened gastric folds may be present in a variety of 
conditions, including H. pylori gastritis, hypertrophic gastritis, 
Ménétrier’s disease, and lymphoma. Similarly, thickened duo¬ 
denal or jejunal folds may be caused by inflammatory or infec- 
tious processes. Although thickened folds are a nonspecific 
finding, the simultaneous presence of increased fluid in the 
upper GI tract and one or more ulcers in unusual locations 
should strongly suggest Zollinger-Ellison syndrome. If this syn¬ 
drome is suspected on the basis of the radiographic findings, a 
fasting serum gastrin level should be obtained for a more defini¬ 
tive diagnosis. 
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Figure 29-43 Zollinger-Ellison syndrome. A. There are markedly thickened folds in the gastric fundus and body. Also note how the barium is 
diluted by excessive fluid in the stomach. B. In another patient, two discrete ulcers ( arrows ) are seen in the third and fourth portions of the 
duodenum. Ordinary peptic ulcers rarely occur distal to the papilla of Vater, so ulcers in this location should suggest the possibility of Zollinger- 
Ellison syndrome. (B courtesy Stephen W. Trenkner, MD, Minneapolis.) 
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Erosive Gastritis 

Erosions are defined histologically as epithelial defects that 
do not penetrate beyond the muscularis mucosae. Although 
erosive gastritis is rarely diagnosed on conventional single- 
contrast barium studies, it has become a relatively frequent 
finding on double-contrast studies, with an overall prevalence 
of 0.5% to 20% reported in the radiology literature. 1 However, 
not all patients with erosive gastritis are symptomatic. As a 
result, it is diffkult to be certain of the clinical importance 
of gastric erosions demonstrated on radiologic or endoscopic 
examinations. 

PATHOGENESIS 

Aspirin or other nonsteroidal anti-inflammatory drugs 
(NSAIDs) are thought to be the most common cause of erosive 
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gastritis, accounting for about 50% of cases. Other causes 
include alcohol, stress, trauma, burns, Crohn’s disease, viral or 
fungal infection, and endoscopic heater probe therapy or other 
iatrogenic trauma. 813 Still other patients with erosive gastritis 
have no apparent predisposing factors for this condition. 14 
These cases presumably occur as a variant of peptic ulcer 
disease. 

Considerable attention has been focused on the role of 
aspirin and other NSAIDs in the development of erosive gastri¬ 
tis. Clinical and laboratory investigations have shown that these 
agents are capable of disrupting the mucosal barrier in the 
stomach, causing erosive gastritis and gastric ulcers (see Chapter 
29).8,is-is j n one stuc [y ? 4 qo/ 0 Q f patients receiving aspirin for 3 
months or longer had endoscopic evidence of erosive gastritis. 16 
Other studies on healthy volunteers have shown that as few as 
two aspirin tablets may cause acute erosive gastritis that is rec- 
ognized on endoscopy within 24 hours. 17,18 Maximal damage 
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usually occurs within 1 to 3 days, and healing may be docu- 
mented on endoscopy within 1 week. 19 Thus, gastric erosions 
may form rapidly after ingestion of aspirin or other NSAIDs 
and may heal rapidly when these drugs are withdrawn. 

CLINICAL FINDINGS 

Patients with erosive gastritis may present with dyspepsia, epi- 
gastric pain, or signs of upper gastrointestinal (GI) bleeding. 20 
However, other patients are asymptomatic. Gastric erosions can 
persist for years in the absence of clinical symptoms/ Because 
erosions may be detected as an incidental finding on barium 
studies or endoscopy, it is important to rule out other abnor- 
malities in the stomach before assuming that these erosions are 
the cause of the patient’s symptoms. 

RADIOGRAPHIC FINDINGS 

Two types of erosions may be detected on double-contrast 
studies. The most common type is the complete or varioliform 


erosion in which punctate or slitlike collections of barium 
representing the epithelial defects are surrounded by radio - 
lucent halos of edematous, elevated mucosa (Fig. 30-1). 3,5,14 
Varioliform erosions typically occur in the gastric antrum and 
are often aligned on the crests of the rugal folds. 3 Because 
they are shallow lesions, erosions on the posterior (dependent) 
wall may be better delineated by flow technique to manipulate 
a thin layer of barium over the dependent mucosal surface. 22 
The surrounding mounds of edema may prevent filling of 
the central pits or depressions, so these erosions sometimes 
appear as filling defects in the thin barium pool without central 
collections of barium. In other patients, erosive gastritis may 
be manifested only by scalloped antral folds (Fig. 30-2A). 
Depending on the quality of mucosal coating, erosions may 
be faintly seen on the crest of the folds (Fig. 30-2B). These 
scalloped antral folds often persist after the erosions have 
healed. Residual epithelial nodules or polyps may occasionally 
be detected at the site of the healed erosions. These hyper- 
plastic polyps are thought to represent the sequelae of chronic 
erosive gastritis. 20 



Figure 30-1 Erosive gastritis 
with varioliform erosions. 

A, B. In both patients, multiple 
varioliform erosions are seen in 
the antrum as tiny barium 
collections with surrounding halos 
of edematous mucosa. (A from 
Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal 
Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992.) 



Figure 30-2 Erosive gastritis 
with scalloped antral folds. 

A. A thickened, scalloped fold is 
present in the gastric antrum. 

B. In another patient, several 
erosions ( arrows ) can be seen on 
the crest of a scalloped fold. 
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Figure 30-3 Erosive gastritis with incomplete erosions. Numerous 
linear and punctate erosions are seen in the gastric antrum and body. 
Many of the erosions are incomplete (i.e., they are not surrounded by 
radiolucent mounds of edema). 


Incomplete or flat erosions are epithelial defects that are not 
associated with elevation of the surrounding mucosa. These 
erosions appear as linear streaks or dots of barium (Fig. 30-3). 6,14 
Because the surrounding mucosa is normal, incomplete ero¬ 
sions are much more difficult to detect than varioliform ero¬ 
sions, accounting for only 5% to 19% of all erosions found on 
double-contrast studies. 6,7 

Although no causative significance is generally attributed 
to the shape or location of gastric erosions seen on double- 
contrast studies, aspirin and other NSAIDs may occasionally 
produce incomplete, linear or serpiginous erosions that tend 
to be clustered in the body of the stomach on or near the 
greater curvature (Fig. 30-4). 23 It has been postulated that 
these erosions result from localized mucosal injury as the dis- 
solving capsules or tablets collect by gravity in the dependent 
portion of the stomach. Whatever the explanation, these dis- 
tinctive linear or serpiginous erosions should be highly sug¬ 
gestive of recent aspirin or other NSAID use. Nevertheless, 
most patients with NSAID-induced erosive gastritis have typical 
varioliform erosions in the gastric antrum. 7,23 Aspirin or other 
NSAIDs should therefore be considered the most likely cause 
of erosive gastritis, even when the erosions have a varioliform 
appearance. 

Recurrent episodes of NSAID-induced erosion formation 
and healing may eventually lead to relatively subtle flattening 
and deformity of the greater curvature of the antrum, a radio- 
logic sign of NSAID-related gastropathy (Fig. 30-5). 24,25 Detec- 
tion of gastric erosions or greater curvature flattening should 
therefore lead to careful questioning of the patient about a 
possible history of aspirin or other NSAID use. If recent diges¬ 
tion of these drugs is confirmed in symptomatic patients, 



Figure 30-4 Erosive gastritis caused by nonsteroidal anti-inflammatory drugs. A, B. Distinctive linear and serpiginous erosions are clustered 
in the body (A) and antrum (B) of the stomach near the greater curvature as a result of NSAID ingestion. The patient in A was taking naproxen, 
and the patient in B was taking ibuprofen. (A from Levine MS, Verstandig A, Laufer I: Serpiginous gastric erosions caused by aspirin and other 
nonsteroidal antiinflammatory drugs. AJR 146:31-34, 1986.) 
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Figure 30-5 Antral flattening caused by NSAIDs. There is 
flattening and deformity of the greater curvature of the distal antrum 
(arrow ) as a result of chronic aspirin therapy. This finding is 
characteristic of NSAID-related gastropathy. 



Figure 30-6 Heater probe ulcers and erosions. Shallow, irregular 
ulcers and linear erosions are seen en face ( white arrows ) and in 
profile ( black arrow) on the greater curvature of the stomach. These 
ulcerations occurred as a direct complication of endoscopic heater 
probe therapy. (From Rummerman J, Rubesin SE, Levine MS, et al: 
Gastric ulceration caused by heater probe coagulation. Gastrointest 
Radiol 13:200-202, 1988.) 


withdrawal of the offending agent usually produces a marked 
clinical response. 23 

Crohn’s disease is another condition that can be manifested 
on double-contrast studies by multiple erosions or aphthoid 
ulcers in the stomach. 0,1 However, these patients usually have 
associated Crohn s disease involving the small bowel or colon 
(see later, “Crohns Disease”). Shallow ulcers or erosions may 
also result from opportunistic infection by cytomegalovirus 
(CMV) in patients with AIDS (see later, “Cytomegalovirus”), 26 
or they may occur as a complication of endoscopic heater probe 
therapy or other iatrogenic trauma (Fig. 30-6). 13 

DIFFERENTIAL DIAGNOSIS 

Gastric erosions can sometimes be mistaken on barium studies 
for ulcerated submucosal masses or bulks-eye lesions in the 
stomach. However, the central ulcer of a bulks-eye lesion is 
considerably larger than an erosion, and the surrounding mass 
tends to be larger than the radiolucent mound of edema sur¬ 
rounding an erosion (see Chapter 33). Bulks-eye lesions also 
tend to be more sporadic than erosions and are not typically 
aligned on the crests of the folds. As a result, it is almost always 
possible to distinguish these lesions by radiographic criteria. 

Antral Gastritis 

Some patients have a form of gastritis that is confmed to the 
gastric antrum, an entity also known as antral gastritis. Alcohol, 
tobacco, coffee and, more recently, Helicobacter pylori have been 
implicated in the development of antral gastritis (see later, 
“Helicobacter pylori Gastritis”). Some patients with this 


condition have increased secretion of peptic acid, but others 
have normal or even decreased acid secretion. Affected indi- 
viduals may present with dyspepsia, epigastric pain, or other 
symptoms indistinguishable from those of peptic ulcer disease. 
Treatment is generally aimed at suppressing acid secretion in 
the stomach. 

RADIOGRAPHIC FINDINGS 

Antral gastritis may be manifested on barium studies by thick- 
ened folds, antral erosions (see earlier, “Erosive Gastritis”), 
crenulation of the lesser curvature, mucosal nodularity, trans¬ 
verse antral striae, a hypertrophied antral-pyloric fold, and 
antral narrowing. Some patients have thickened, scalloped, or 
lobulated folds that are oriented longitudinally in the antrum 
(Fig. 30-7A), whereas others have thickened transverse antral 
folds (Fig. 30-7B). Thickened folds, which are detected radio- 
graphically in about 75% of cases, should be recognized as 
the single most common sign of antral gastritis on barium 
studies. The vast majority of these patients are found to have 
H. pylori as the cause of their gastritis (see later, “ Helicobacter 
pylori Gastritis”). 7 

Crenulation or irregularity of the lesser curvature of the 
distal antrum may also be recognized as a sign of antral gas¬ 
tritis on barium studies (see Fig. 30-7B)/ Other patients may 
have fine transverse striations, or antral striae, as a sign of 
chronic antral gastritis, 28 although this finding can also be seen 
as a normal variant. ’ Still other patients may have a single 
lobulated fold that arises on the lesser curvature of the pre- 
pyloric antrum and extends into the pylorus or base of the 
duodenal bulb (Fig. 30-8). 30,31 This so-called hypertrophied 
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Figure 30-7 Antral gastritis. A. This patient has thickened scalloped folds that are oriented longitudinally in the antrum. B. In another patient, 
there are thickened transverse folds in the antrum with fine nodularity and crenulation of the adjacent lesser curvature ( arrows ). 


Figure 30-8 Hypertrophied antral-pyloric fold. 

A, B. In both patients, there is a smooth, slightly 
lobulated fold ( arrows ) on the lesser curvature of 
the distal antrum extending through the pylorus into 
the base of the duodenal bulb. The characteristic 
appearance and location of this fold should 
differentiate it from a polypoid or plaquelike antral 
carcinoma. 




antral-pyloric fold is thought to be a sequela of chronic antral 
gastritis and is often associated with other radiographic signs 
of gastritis. Endoscopy is not warranted when a characteristic 
antral-pyloric fold is seen on barium studies. 31 If the fold is 
more lobulated and cannot be distinguished from a polypoid 
or plaquelike carcinoma on the lesser curvature, however, 
endoscopy and biopsy should be performed to rule out malig- 
nant tumor. 

DIFFERENTIAL DIAGNOSIS 

Severe antral gastritis associated with antral narrowing must 
be differentiated from gastric carcinoma. With malignant 
tumors, however, the narrowed antrum tends to have a more 
abrupt transition with the adjacent stomach and a more fixed, 
rigid contour. Thus, it is usually possible to differentiate these 


conditions by radiographic criteria. When the folds are mark¬ 
edly thickened and lobulated, antral gastritis can also mimic 
the appearance of lymphoma or even a submucosally infil- 
trating carcinoma. 32 In such cases, endoscopy may be required 
for a more definitive diagnosis. 

Helicobacter pylori Gastritis 

H. pylori (formerly known as Campylobacter pylori ) is a gram¬ 
negative bacillus that was first isolated from the stomach by 
Warren and Marshall in 1983. 33 Since then, H. pylori has been 
recognized as the most common cause of chronic active gastri¬ 
tis. 4 5 The organism is usually fo und in clusters or dumps 
beneath the mucous layer on surface epithelial cells or, less com- 
monly, superficial foveolar cells in the stomach. 36 H. pylori gas¬ 
tritis is characterized pathologically by an acute inflammatory 
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reaction in the mucosa with accumulation of neutrophils, 
plasma cells and, eventually, lymphoid nodules. 36 The gastric 
antrum is the most common site of involvement, but the proxi- 
mal half of the stomach or even the entire stomach may be 
involved by this disease. 35,3 H. pylori gastritis is important not 
only because it may cause upper GI symptoms but also because 
it is associated with the development of gastric and duodenal 
ulcers (see Chapter 29), gastric carcinoma (see Chapter 32), and 
low-grade, B-cell, mucosa-associated lymphoid tissue (MALT) 
lymphoma (see Chapter 33). 

CLINICAL FINDINGS 

H. pylori infection is acquired by oral ingestion of the bacterium 
and is mainly transmitted within families during early child- 
hood. 8 H. pylori is a worldwide pathogen, being most common 
in developing countries. In developed countries, H. pylori is 
more common in lower socioeconomic populations. 35,38 The 
prevalence of H. pylori also increases with age; more than 50% 
of Americans over 60 years of age are infected by this organ- 
ism. 39 Some people with H. pylori may present with dyspepsia, 
epigastric pain, or other upper GI symptoms, 35 but most are 
asymptomatic." 9 Even when symptoms are present, it is often 
difficult to prove that the symptoms are caused by H. pylori 
because of the high prevalence of this infection. 

H. pylori gastritis can be eradicated from the stomach by 
treatment with a combination of antibiotics and antisecretory 
agents (proton pump inhibitors). 40 In a consensus development 
panel sponsored by the National Institutes of Health in 
1994 and a subsequent update conference sponsored by the 
American Digestive Health Foundation in 1997, combination 
therapy with antibiotics and antisecretory agents was recom- 
mended for all H. pylori- positive patients with gastric or duo¬ 
denal ulcers to accelerate ulcer healing and decrease the rate of 
ulcer recurrence. 41,42 However, there are conflicting data about 
the value of H. pylori eradication therapy in patients with non- 
ulcer dyspepsia. 43 ' 45 As a result, the panels did not recommend 
treatment for this subset of patients. 41,42 It therefore remains 
unclear whether combination therapy should be reserved for 
patients with H. pylori who have gastric or duodenal ulcers or 
whether patients with H. pylori who have nonulcer dyspepsia 
would also benefit from treatment. 


H. pylori gastritis can be accurately diagnosed at endoscopy 
on the basis of histologic specimens, cultures, and the rapid 
urease test. 46,47 However, noninvasive tests for H. pylori such as 
the ureabreath test (using orally administered 14 C- or 13 C-labeled 
urea) serologic tests, and stool antigen tests have reported sen- 
sitivities and specificities of greater than 90%. 38,46,47 Highly 
accurate noninvasive tests are therefore available for detecting 
this infection. 

RADIOGRAPHIC FINDINGS 

H. pylori gastritis is the most common cause of thickened folds 
in the gastric antrum or body on double-contrast barium 
studies (Fig. 30-9). 7 However, other patients may have dif- 

fusely thickened folds in the stomach or thickened folds that are 
confined to the fundus. 49 Still others with H. pylori gastritis may 
have markedly thickened, lobulated gastric folds (i.e., polypoid 
gastritis) in a diffuse (Fig. 30-10) or localized (Fig. 30-11) dis¬ 
tribution. 7,49 In such cases, it may be difficult or impossible to 
differentiate H. pylori gastritis from other infiltrative conditions 
or even malignant tumor involving the stomach (see later, “Dif- 
ferential Diagnosis”). 

H. pylori gastritis may also be manifested on double-contrast 
studies by enlarged areae gastricae (>3 mm in diameter) in the 
stomach (see Fig. 30-9). 7,49 In the past, enlarged areae gastricae 
were associated with hypersecretory States and duodenal 
ulcers. 5 " 4 In retrospect, however, this association was probably 
related to underlying H. pylori gastritis in many of these patients. 
The presence of enlarged areae gastricae should therefore 
suggest the possibility of H. pylori, particularly if associated 
with thickened gastric folds. 7,49 

Patients with chronic H. pylori gastritis may gradually 
acquire lymphoid tissue in the gastric mucosa, resulting in 
the development of intramucosal aggregates of lymphocytes 
or lymphoid follicles containing germinal centers. 55 6 This 
phenomenon is thought to be mediated by a specific immune 
response to H. pylori. 57 In one study, more than 90% of 
patients with lymphoid hyperplasia of the stomach were found 
to have H. pylori gastritis. 2 Lymphoid hyperplasia is therefore 
a potential marker for H. pylori gastritis, even in the absence 
of other findings. These enlarged lymphoid follicles are mani¬ 
fested on double-contrast barium studies by innumerable tiny 



Figure 30-9 H. pylori gastritis. 

A, B. In both patients, thickened 
folds are seen in the body of the 
stomach and enlarged areae 
gastricae in the proximal antrum 
as a result of chronic infection by 
H. pylori. (A from Levine MS, 
Laufer I: The gastrointestinal tract: 
Dos and don'ts of digital 
imaging. Radiology 207:311-316, 
1998.) 
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Figure 30-10 H. pylori causing diffuse polypoid gastritis. A, B. Markedly thickened, lobulated folds are seen in the gastric body (A) and 
fundus (B). This appearance could be mistaken for severe hypertrophic gastritis, Ménétrier's disease, or lymphoma, but endoscopic biopsy 
specimens revealed H. pylori gastritis without evidence of tumor. (From Sohn J, Levine MS, Furth EE, et al: Flelicobacter pylori gastritis: 
Radiographic findings. Radiology 195:763-767, 1995.) 



Figure 30-11 H. pylori causing localized polypoid gastritis. A, B. Focally thickened, lobulated folds are seen in the gastric antrum in A and 
in the gastric body ( arrows ) in B. These findings are worrisome for a localized lymphoma or submucosally infiltrating carcinoma. In both patients, 
however, endoscopic biopsy specimens revealed H. pylori gastritis without evidence of tumor. 



Figure 30-12 H. pylori gastritis with lymphoid hyperplasia. A, B. In both patients, enlarged lymphoid follicles are seen as innumerable tiny, 
round nodules that carpet the mucosa of the gastric antrum. In A, note how many of the nodules have central umbilications with punctate 
collections of barium seen en face in the lesions. (From Torigian DA, Levine MS, GUI NS, et al: Lymphoid hyperplasia of the stomach: 
Radiographic findings in five adult patients. AJR 177:71-75, 2001.) 


(1-3 mm in diameter), round, frequently umbilicated nodules 
that carpet the mucosa of the gastric antrum or antrum and 
body (Fig. 30-12). 58 The radiographic findings are therefore 
similar to those of lymphoid hyperplasia in the small bowel 
or colon. 


DIFFERENTIAL DIAGNOSIS 

The radiographic findings of H. pylori gastritis may be indis- 
tinguishable from those of hypertrophic gastritis, Ménétrier’s 
disease, or lymphoma when the thickened, lobulated folds 
have a diffuse distribution, 59 and the findings may be 



30 


Inflammatory Conditions of the Stomach and Duodenum 503 



Figure 30-13 Low-grade gastric MALT lymphoma. There are 
multiple round, variably sized, confluent nodules with poorly defined 
borders in the gastric antrum. These findings are characteristic of 
gastric MALT lymphoma. In contrast, the nodules of lymphoid 
hyperplasia have more discrete borders and a more uniform size (see 
Fig. 30-12). (From Yoo CC, Levine MS, Furth EE, et al: Gastric 
mucosa-associated lymphoid tissue lymphoma: Radiographic findings 
in six patients. Radiology 208:239-243, 1998.) 


indistinguishable from malignant tumors such as lymphoma 
or a submucosally infiltrating carcinoma when the enlarged, 
polypoid folds have a focal distribution. 7,4 " In other patients 
with H. pylori gastritis, computed tomography (CT) may reveal 
circumferential thickening of the antrum or focal thickening 
of the posterior gastric wall, occasionally simulating a gastric 
carcinoma. 60 Endoscopy and biopsy are required for a defini¬ 
tive diagnosis when malignant tumor is suspected on the 
basis of the radiographic findings. Nevertheless, it is important 
to be aware of the association between H. pylori and this 
polypoid form of gastritis, so careful testing for the organism 
is performed at the time of endoscopy. 

When H. pylori gastritis is associated with lymphoid hyper¬ 
plasia of the stomach, the major consideration in the dif- 
ferential diagnosis is low-grade gastric MALT lymphoma (see 
Chapter 33). However, gastric MALT lymphoma is manifested 
on double-contrast studies by multiple round, variably sized, 
often confluent nodules with poorly defined borders (Fig. 
30-13). 61 In contrast, the nodules of gastric lymphoid hyper¬ 
plasia have more discrete borders, a more uniform size, and, 
not infrequently, central umbilications (see Fig. 30-12). 58 Lym¬ 
phoid hyperplasia of the stomach should also be differentiated 
from enlarged areae gastricae, another finding associated with 
H. pylori gastritis. 7,46 However, enlarged areae gastricae have 
a more polygonal or angulated configuration, producing a 
sharply marginated reticular network (see Fig. 30-9), and they 
do not contain central umbilications. Other unusual neoplastic 
lesions such as leukemic infiltrates or even some of the pol¬ 
yposis syndromes may also be manifested on double-contrast 
studies by multiple small nodules, but the nodules tend to 



Figure 30-14 Hypertrophic gastritis. Markedly thickened, 
lobulated folds are seen in the body of the stomach. The antrum 
appears normal. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology. 2nd ed. Philadelphia, WB Saunders, 1992.) 


have a more variable size and more sporadic distribution. 
Thus, it is usually possible to differentiate lymphoid hyper¬ 
plasia in the stomach from other conditions on radiographic 
criteria. If the findings are equivocal, however, endoscopic 
biopsy specimens should be obtained for a more definitive 
diagnosis. 

Hypertrophic Gastritis 

Hypertrophic gastritis, also known as hypertrophic hypersecre- 
tory gastropathy, is characterized by marked glandular hyper¬ 
plasia and increased secretion of acid in the stomach. 62,63 Gastric 
folds may be thickened, not only because of glandular hyper¬ 
plasia but also because of edema and inflammation. Although 
the pathogenesis of this condition is uncertain, glandular 
hyperplasia in the stomach may be caused by pituitary, hypo- 
thalamic, or vagal stimuli. 62 These patients may present with 
epigastric pain, nausea and vomiting, or, less frequently, signs 
of upper GI bleeding. 62,63 If the radiographic or endoscopic 
findings support the diagnosis of hypertrophic gastritis, treat- 
ment with antisecretory agents is usually recommended to sup- 
press acid secretion in the stomach. 

RADIOGRAPHIC FINDINGS 

Hypertrophic gastritis is manifested on barium studies by 
thickened folds, predominantly in the gastric fundus and body, 
because the acid-secreting portion of the stomach is most 
affected by this condition (Fig. 30-14). Several studies have 
shown a signifkant correlation between the degree of fold 
thickening and the amount of acid secretion in the stomach. 64,65 
The presence of markedly thickened, lobulated folds in the 
stomach should therefore suggest the possibility of hypertro¬ 
phic gastritis. In retrospect, however, many if not most cases 
of previously diagnosed hypertrophic gastritis probably 
resulted from infection by H. pylori a much more common 
cause of thickened gastric folds (see earlier, u Helicobacter pylori 
Gastritis”). 
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DIFFERENTIAL DIAGNOSIS 

H. pylori gastritis, Ménétrier’s disease, and lymphoma are the 
major considerations in the differential diagnosis of thickened, 
lobulated gastric folds. H. pylori gastritis can usually be differ- 
entiated from hypertrophic gastritis by noninvasive tests for H. 
pylori, such as the urea breath test and serologic tests (see earlier, 
“Helicobacter pylori Gastritis”). Ménétrier’s disease should be 
suspected in patients who have normal or decreased acid seere- 
tion and a protein-losing enteropathy (see later, “Ménétrier’s 
Disease”), whereas lymphoma should be suspected when asso- 
ciated Åndings such as ulcers, masses, or bull’s-eye lesions are 
present in the stomach (see Chapter 33). Gastric carcinoma is 
a less common cause of thickened folds and is usually associated 
with loss of distensibility and decreased or absent peristalsis in 
the involved portion of the stomach. 66 If the radiographic Ånd¬ 
ings are equivocal, endoscopy and biopsy may be required to 
rule out malignant tumor. Rarely, other conditions such as 
Zollinger-Ellison syndrome, eosinophilic gastritis, and varices 
may be manifested by thickened folds in the stomach, but the 
correct diagnosis can usually be suggested on the basis of the 
clinical history and presentation. 

Ménétrier's Disease 

Since its original description by Ménétrier in 1898, Ménétrier’s 
disease has been recognized as a rare condition of unknown 
etiology characterized by marked foveolar hyperplasia in the 
stomach, enlarged gastric rugae, hypochlorhydria, and hypo- 
proteinemia. In the past, this condition was also called cystic 
gastritis, giant hypertrophic gastritis, giant mucosal hypertro- 
phy, and hyperplastic gastropathy. Ménétrier’s disease may 
cause chronic disabling symptoms, occasionally necessitating 
gastric resection. Despite its rarity, this entity has received 
considerable attention in the radiology literature because of its 
often dramatic appearance on barium studies. 

PATHOLOGY 

Ménétrier’s disease is characterized histologically by thickening 
and hyperplasia of the mucosa as a result of cystic dilation 
and elongation of gastric mucous giands associated with deep- 
ening of the foveolar pits. 67 Despite these Åndings, gastric acid 
output is decreased or absent in about 75% of cases. 68 Some 
patients have a protein-losing enteropathy resulting from loss 
of protein from the hyperplastic mucosa into the gastric 
lumen. 69 Others have varying degrees of gastritis in a patchy 
or diffuse distribution. 

CLINICAL FINDINGS 

Ménétrier’s disease tends to occur in older patients and is more 
common in men than in women. 68 Affected individuals often 
present with epigastric pain, nausea and vomiting, diarrhea, 
anorexia, weight loss, and/or peripheral edema. 68,70 Laboratory 
studies may reveal hypoalbuminemia resulting from a protein- 
losing enteropathy, hypochlorhydria resulting from decreased 
acid secretion, or both. Rarely, the development of gastric car¬ 
cinoma has been described in patients with preexisting Méné¬ 
trier’s disease. 1,72 However, it is unclear whether Ménétrier’s 
disease is a premalignant condition or whether this association 
is coincidental. 


Some patients with Ménétrier’s disease have spontaneous 
remission of symptoms, whereas others respond to treatment 
with antisecretory agents, vagotomy, or antibiotics. However, 
most patients have a prolonged illness with intractable symp¬ 
toms. 0 A total gastrectomy may be required for patients who 
are unresponsive to medical therapy. 

RADIOGRAPHIC FINDINGS 

Ménétrier’s disease is typically manifested on barium studies by 
considerably thickened, lobulated folds in the gastric fundus 
and body, with relative sparing of the antrum (Fig. 30-15A). 73,74 
In one study, however, the antrum was involved in almost 50% 
of patients, 75 so diffuse thickening of gastric folds in no way 
precludes this diagnosis. The greatest degree of fold thickening 
usually occurs on or near the greater curvature. 3 When the 
disease is conAned to one portion of the stomach, focally 
enlarged folds may erroneously suggest a polypoid carcinoma 
(Fig. 30-15B). 73 

Ménétrier’s disease is characterized on CT by a markedly 
thickened gastric wall, with masslike elevations representing 
giant, heaped-up folds protruding into the lumen (Fig. 
30-15C). 74 When Ménétrier’s disease is suspected on barium 
studies or CT, full-thickness endoscopic biopsy specimens 
should be obtained to conArm the diagnosis. 

DIFFERENTIAL DIAGNOSIS 

Although a variety of conditions may be manifested by thick¬ 
ened gastric folds, these conditions rarely produce the degree of 
fold thickening seen in Ménétrier’s disease. When H. pylori 
gastritis is associated with markedly thickened, lobulated folds, 
the radiographic Åndings may be indistinguishable from those 
of Ménétrier’s disease. 46 Gastric lymphoma is sometimes associ¬ 
ated with enlarged folds, but neoplastic inAltration should be 
suggested by the presence of polypoid masses, ulcers, or bull’s- 
eye lesions in these patients (see Chapter 33). Occasionally, 
gastric carcinoma may be manifested by thickened folds, but 
inAltrating cancers tend to narrow the lumen, whereas the 
stomach usually remains pliant and distensible in patients with 
Ménétrier’s disease. Zollinger-Ellison syndrome may also be 
characterized by thickened folds, but the presence of increased 
secretions in the stomach or other associated abnormalities 
(e.g., ulcers, thickened folds) in the duodenum and proximal 
jejunum should suggest the correct diagnosis (see Chapter 29). 
Gastric varices should also be included in the differential diag¬ 
nosis, but varices tend to have a more serpiginous appearance 
and are usually conAned to the region of the gastric cardia or 
fundus (see Chapter 34). Other conditions involving the 
stomach, such as Crohn’s disease, eosinophilic gastritis, sarcoid- 
osis, tuberculosis, and syphilis, may also be manifested by thick¬ 
ened folds. In these cases, however, the correct diagnosis is 
usually suggested by the clinical history and presentation. 

Atrophic Gastritis 

Atrophic gastritis is important because of its association with 
pernicious anemia, a megaloblastic anemia caused by decreased 
synthesis of intrinsic factor and subsequent malabsorption of 
vitamin B 12 . Pernicious anemia is a disease of older adults; it 
accounts for 50 of 100,000 hospital admissions in the United 
States. 76 Although the pathogenesis of this disease is uncertain, 
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Figure 30-15 Ménétrier's disease. A. Grossly 
thickened folds are present in the gastric 
fundus. B. In another patient, masslike 
protrusions of the folds are seen on the greater 
curvature of the gastric body. This appearance 
could be mistaken for a polypoid gastric 
carcinoma. The distal antrum is relatively 
spared. C. In the patient shown in B, a CT scan 
shows massive thickening of the gastric wall 
with masslike protrusions into the lumen. 
Endoscopic biopsy specimens in this patient 
revealed typical pathologic findings of 
Ménétrier's disease without evidence of tumor. 
(A from Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 2nd ed. 
Philadelphia, WB Saunders, 1992.) 


an autoimmune mechanism has been postulated because of the 
frequent finding of parietal cell or intrinsic factor antibodies in 
these individuals. 

More than 90% of patients with pernicious anemia have 
underlying atrophic gastritis, characterized pathologically by 
atrophy of mucosal giands, loss of parietal and chief cells, thin- 
ning of the mucosa and, eventually, intestinal metaplasia. 8 The 
finding of intestinal metaplasia is particularly worrisome 
because it is widely believed to be the precursor lesion of the 
intestinal type of gastric cancer. The literature has also impli- 
cated chronic H. pylori infection as a major cause of atrophic 
gastritis, intestinal metaplasia, and gastric carcinoma (see 
Chapter 32). 

PATHOGENESIS 

Atrophic gastritis may be classified into two types—type A and 
type B—which have different histologic, immunologic, and 
secretory characteristics. 36,79,80 In type A gastritis, mucosal 
atrophy is confined to the gastric fundus and body with antral 
sparing. This type of atrophic gastritis is thought to result from 
immunologic injury (i.e., antiparietal cell antibodies) and is 
usually associated with pernicious anemia. 79 

In contrast, type B gastritis is characterized predominantly 
by antral disease with limited involvement of the fundus and 
body. This form of atrophic gastritis is more common and 
usually results from mucosal injury by H. pylori or, less 


commonly, by other endogenous or exogenous agents such as 
bile acids or alcohol. 36,79,80 In patients with H. pylori, it has been 
postulated that the organism progressively damages the gastric 
mucous layer, causing chronic atrophic gastritis and gastric 
atrophy. 34,81 A particular strain of H. pylori known as cagA 
(cytotoxin-associated gene A) has been associated with an 
increased prevalence and degree of atrophic gastritis, predispos- 
ing these patients to the development of gastric carcinoma, 82 so 
the risk of malignant degeneration may not be the same for all 
patients with this infection. 

CLINICAL FINDINGS 

Although atrophic gastritis rarely causes symptoms, some 
patients with pernicious anemia initially present with neu- 
rologic symptoms as a result of long-standing vitamin B 12 
deficiency. Early diagnosis of pernicious anemia is therefore 
important, so vitamin B 12 replacement therapy can be 
initiated before the development of irreversible neurologic 
sequelae. Because the average adult has a 3- to 6-year body 
store of vitamin B 12 , the gastric abnormalities in pernicious 
anemia may predate the hematologic and neurologic abnor¬ 
malities in this condition by several years. The diagnosis of 
atrophic gastritis on upper GI studies might therefore permit 
these patients to be treated with vitamin B 12 supplements 
before the full-blown clinical entity of pernicious anemia 
has developed. 
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Relationship to Gastric Carcinoma 

Patients with atrophic gastritis and pernicious anemia are at 
increased risk for the development of gastric carcinoma. In 
one study, the risk of developing gastric cancer in these patients 
was found to be about three times greater than that in the 
general population. 83 Although some investigators advocate 
endoscopic or radiologic surveillance of patients with known 
pernicious anemia, others believe that the risk of cancer is 
not high enough to warrant routine screening. 84 ' 86 Neverthe- 
less, any patient with pernicious anemia who has occult GI 
bleeding should be evaluated aggressively to rule out a super- 
imposed gastric carcinoma. 

The literature suggests that patients with H. pylori -associated 
atrophic gastritis have a substantially increased risk of develop¬ 
ing gastric carcinoma (see Chapter 32). Evidence from several 
studies has shown that the risk of gastric cancer in H. pylori- 
positive patients is about four times greater than that in patients 
without this infection. 87 Because of the high prevalence of H. 
pylori in the population, however, it remains unclear whether 
widespread eradication of H. pylori is justified from a societal 
perspective to prevent the development of cancer. 

RADIOGRAPHIC FINDINGS 

The diagnosis of atrophic gastritis may be suggested on single- 
contrast studies by the presence of a narrowed, tubular stomach 
with decreased or absent mucosal folds, predominantly in the 
body and fundus, also known as a bald fundus (Fig. 30-16). 88 
In one study, 80% of patients with atrophic gastritis and perni¬ 
cious anemia had a fundal diameter of 8 cm or less, absent folds 
in the fundus and body, and small (1-2 mm in diameter) or 
absent areae gastricae in the stomach; however, this combina- 
tion of Åndings was also present in about 10% of age-matched 
Controls. 89 The radiologic diagnosis of atrophic gastritis in 
patients with pernicious anemia has therefore been limited by 
a lack of criteria that are sensitive and specific for this condition. 


When atrophic gastritis is suspected on double-contrast studies, 
serum vitamin B 12 levels should be obtained to determine 
whether vitamin B 12 replacement therapy is indicated. 

Many questions remain about the appearance of the areae 
gastricae in patients with atrophic gastritis. It was previously 
postulated that variations in the size of the areae gastricae 
depend on parietal cell mass. 90 Thus, the small size and frequent 
absence of areae gastricae in patients with atrophic gastritis may 
be explained by the loss of parietal cells in these individuals. In 
contrast, focal enlargement of the areae gastricae should raise 
the possibility of intestinal metaplasia or even a superficial 
spreading carcinoma, so this finding should be evaluated by 
endoscopy and biopsy. 

DIFFERENTIAL DIAGNOSIS 

Scirrhous carcinoma of the stomach (i.e., linitis plastica) is the 
most important consideration in the differential diagnosis of 
atrophic gastritis. However, scirrhous tumors are usually char- 
acterized by a nodular, distorted mucosa and thickened, irregu- 
lar folds, 91 whereas atrophic gastritis is characterized by a 
smooth, featureless mucosa and decreased or absent folds. 
Thus, scirrhous carcinomas can almost always be differentiated 
from atrophic gastritis by radiologic criteria. Scarring from 
peptic ulcer disease or other conditions may also be character¬ 
ized by gastric narrowing, but the antrum and body tend to be 
involved, rather than the fundus. 

Granulomatous Conditions 

CROHN'S DISEASE 

Although Crohn’s disease primarily affects the small bowel and 
colon, early signs of upper GI involvement may be detected on 
double-contrast barium studies in more than 20% of patients 
with granulomatous ileocolitis." Occasionally, the onset of 
upper GI disease coincides with or even precedes the onset of 


Figure 30-16 Atrophic gastritis. A, B. The stomach has a 
tubular configuration with decreased distensibility, a paucity of 
mucosal folds, and absence of discernible areae gastricae. 
These findings are characteristic of atrophic gastritis. 
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ileal or colonic disease, so these patients do not necessarily have 
known Crohns disease when they seek medical attention. 
Endoscopic biopsy specimens from the stomach or duodenum 
may fail to reveal granulomas because of the superficial nature 
of the biopsy specimens and patchy distribution of the disease. 9 " 
Thus, the absence of definitive histologic Åndings should not 
discourage a diagnosis of gastroduodenal Crohn s disease if the 
clinical and radiographic Åndings suggest this condition. 

Clinical Findings 

Patients with early gastroduodenal involvement by Crohns 
disease are oAen asymptomatic, but those with more advanced 
disease may present with pain, vomiting, weight loss, or signs 
of upper GI bleeding. 94,91 Others may have diarrhea because of 
associated ileocolic Crohns disease. The development of a gas- 
trocolic or duodenocolic Astula is classically manifested by fecu- 
lent vomiting, diarrhea, and weight loss, 9 but this triad of 
Åndings is present in only about 30% of patients, so gastrocolic 
Astulas are not oAen suspected on clinical grounds. 97 

Asymptomatic patients with early gastroduodenal Crohns 
disease require no speciAc treatment. In patients with more 
advanced disease, medical treatment for Crohns disease may 
relieve epigastric pain or other upper GI complaints. 9 In con- 
trast, a surgical bypass procedure such as a gastrojejunostomy 
or duodenoj ej unostomy may be required to alleviate symptoms 
of gastric outlet obstruction. 94 

Radiographic Findings 

As in the ileum or colon, gastroduodenal Crohns disease is 
characterized by nonstenotic and stenotic phases of involve¬ 
ment. The initial nonstenotic phase is manifested by a Spectrum 
of Åndings, including aphthoid ulcers, larger ulcers, thickened 
folds, and distorted, effaced or, rarely, cobblestoned mucosa. 
Subsequent scarring and Abrosis may cause antral, pyloric, or 
duodenal narrowing with progressive gastric outlet obstruction. 
Thus, the radiologic features of gastroduodenal Crohns disease 
are similar to those in the small bowel and colon. 

Gastric Involvement. Gastric Crohns disease almost always 
involves the antrum or antrum and body of the stomach. 98 
More proximal extension of Crohns disease is unusual, and 
isolated fundal involvement rarely occurs." When the stomach 
is affected by Crohns disease, the duodenum also tends to be 
involved. 98,100,101 Most patients have associated granulomatous 
ileocolitis, but the diagnosis of Crohns disease may not be 
known at the time of clinical presentation. When gastric involve¬ 
ment is suggested by upper GI studies, a small bowel follow- 
through or barium enema should be performed to determine 
whether there is concomitant ileocolic disease. 

Aphthoid ulcers, the earliest histologic lesions of Crohns 
disease, are detected in the stomach on double-contrast studies 
in more than 20% of patients with granulomatous ileocolitis. 92 
These aphthoid ulcers tend to be located in the gastric antrum 
or in the antrum and body, appearing as punctate or slitlike 
collections of barium surrounded by radiolucent mounds of 
edema (Fig. 30-17). 11,92,102 As a result, these lesions may be indis- 
tinguishable from varioliform gastric erosions (see earlier, 
“Erosive Gastritis”). 

More advanced gastroduodenal Crohns disease may be 
manifested by one or more larger ulcers, thickened folds 
(Fig. 30-18), or a nodular or cobblestoned mucosa in the 
gastric antrum or body. 98,100 Subsequent scarring may lead 



Figure 30-17 Early gastric Crohn's disease with aphthoid ulcers. 

These lesions are indistinguishable from varioliform erosions in the 
stomach, but the patient had typical findings of Crohn's disease in 
the terminal ileum. (Courtesy Robert A. Goren , MD, Philadelphia.) 





Figure 30-18 Gastric Crohn # s disease. Thickened, nodular folds are 
seen in the antrum of the stomach. (From Levine MS: Crohn's disease 
of the upper gastrointestinal tract. Radiol Clin North Am 25:79-91, 
1987.) 


to the development of a narrowed, tubular, funnel-shaped 
antrum that has been likened to the appearance of the sac- 
ramental rarns horn, or shofar, used to sound the advent 
of the Jewish New Year (Fig. 30-19). 103 In other patients, 
combined gastroduodenal scarring may produce a single, 
continuous tubular structure involving the antrum and duo¬ 
denum with obliteration of the normal anatomic landmarks 
at the pylorus (Fig. 30-20). 94,100 Because of its resemblance 
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Figure 30-19 Gastric Crohn # s disease with antral narrowing. 

There is smooth, funnel-shaped narrowing of the antrum, resulting in 
the classic ram's horn sign of gastric Crohn's disease. (From Levine 
MS: Crohn's disease of the upper gastrointestinal tract. Radiol Clin 
North Am 25:79-91, 1987.) 



Figure 30-20 Gastroduodenal Crohn's disease. There is 
contiguous narrowing of the antrum and duodenum with obliteration 
of the normal anatomic landmarks at the pylorus. Because the antrum 
and duodenum merge together as a single tubular structure, this 
finding has been described as the pseudo-Billroth I sign of 
gastroduodenal Crohn's disease. (From Levine MS: Crohn's disease of 
the upper gastrointestinal tract. Radiol Clin North Am 25:79-91, 1987.) 

to a postsurgical stomach after a Billroth I partial gastrectomy, 
this finding has been described as the pseudo-Billroth I sign 
of gastroduodenal Crohn’s disease. 104 Rarely, filiform polyps 
may be found in the stomach as a sequela of granulomatous 
gastritis (Fig. 30-21). 105 



Figure 30-21 Gastric Crohn's disease with filiform polyps. 

Multiple linear and ovoid filling defects are seen in the stomach of a 
patient with long-standing Crohn's disease. (From Levine MS: Crohn's 
disease o f the upper gastrointestinal tract. Radiol Clin North Am 
25:79-91, 1987.) 


Patients with Crohn’s disease may occasionally develop gas- 
trocolic fistulas. 96,97,106 These individuals usually have underly- 
ing Crohn’s disease of the transverse colon with extension of a 
fistula via the gastrocolic ligament to the greater curvature of 
the stomach. On barium studies, the greater curvature may have 
a nodular or spiculated appearance with thickened, distorted 
folds in the region of the fistula. These Åndings probably rep¬ 
resent a nonspecific inflammatory response to the adjoining 
fistula rather than actual extension of Crohn’s disease to the 
stomach. Gastrocolic fistulas are demonstrated on only about 
one third of upper GI examinations, so barium enemas are 
often required for diagnosis of these fistulas. 9 

Although patients with ileocolic Crohn’s disease are thought 
to be at increased risk for developing carcinoma of the small 
bowel and colon, the relationship between gastric Crohn’s 
disease and gastric carcinoma remains controversial. Anecdotal 
cases of gastric cancer have been reported in patients with long- 
standing gastric Crohn’s disease, 10 but it is uncertain whether 
this association is coincidental. 

Duodenal Involvement. Although duodenal involvement by 
Crohn’s disease is usually associated with antral involvement, 
isolated duodenal Crohn’s disease occurs more frequently than 
isolated Crohn’s disease of the stomach. 100 As elsewhere in the 
GI tract, aphthoid ulcers represent the earliest morphologic 
abnormality on double-contrast studies of the duodenum (Fig. 
30-22). 11,102 With progression, duodenal Crohn’s disease may be 
manifested by thickened, nodular folds (Fig. 30-23), ulcers, or 
even a cobblestoned appearance because of intersecting linear 
ulcers similar to those found in advanced ileocolitis. 108 

Subsequent scarring may lead to the development of one or 
more areas of asymmetric duodenal narrowing with outward 
ballooning or sacculation of the duodenal wall between areas 
of fibrosis. These strictures typically involve the postbulbar 
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Figure 30-22 Duodenal Crohn's disease with aphthoid ulcers. 

Several discrete aphthoid ulcers ( arrows ) are seen in the distal 
duodenum near the ligament of Treitz. Note the stel I ate configuration 
of the ulcers. (Courtesy Louis Engelhom, MD, Brussels.) 


Figure 30-24 Duodenal Crohn # s disease with stricture formation. 

There is smooth, tapered narrowing of the apical portion of the bulb 
and adjacent segment of the descending duodenum. This 
appearance is characteristic of Crohn's disease. _ 

Figure 30-23 Duodenal Crohn # s disease with thickened folds. 

The folds have a thickened, nodular appearance in the proximal 
duodenum. Peptic duodenitis could produce similar findings. 


duodenum, appearing as smooth, tapered areas of narrowing 
that extend from the apical portion of the duodenal bulb into 
the descending duodenum (Fig. 30-24). 104,108 As a result, scar- 
ring from duodenal Crohns disease can usually be differenti- 
ated on barium studies from the cloverleaf bulbar deformity 
associated with scarring from peptic ulcer disease. 104 Other 
patients may have one or more strictures in the second or third 
portions of the duodenum that cause marked obstruction 
and proximal dilation, resulting in a so-called megaduodenum 
(Fig. 30-25). 108 

Primary duodenal Crohns disease is rarely associated with 
the development of fistulas. However, duodenocolic fistulas 
may occasionally result from advanced Crohns disease 


Figure 30-25 Duodenal Crohn's disease with a megaduodenum. 

There is high-grade obstruction (arrow) of the distal duodenum with 
marked duodenal dilation above this level. (From Levine MS: Crohn's 
disease of the upper gastrointestinal tract. Radiol Clin North Am 
25:79-91 1987.) 
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Figure 30-26 Crohn's disease with duodenocolic fistulas. 

Barium enema shows three separate fistulas ( arrows ) extending 
from the superior border of the transverse colon to the third and 
fourth portions of the duodenum. The tubular, severely ulcerated 
appearance of the transverse colon is secondary to advanced 
granulomatous colitis. Duodenocolic fistulas almost always result from 
primary Crohn's disease of the colon with nonspecific inflammatory 
changes in the duodenum adjoining the fistula. (From Levine MS: 
Crohn's disease of the upper gastrointestinal tract. Radiol Clin North 
Am 25:79-91, 1987.) 

involving the transverse colon with subsequent fistulization to 
the third or fourth portions of the duodenum (Fig. 30-26). 104,109 
Thickened, spiculated folds may be demonstrated in the affected 
duodenum, but the fistula itself is more likely to be visualized 
on barium enema than on upper gastrointestinal examination 
because of the higher pressures generated with this technique. 
Because these duodenal changes represent a nonspecific inflam¬ 
matory response rather than actual involvement of the duode¬ 
num by Crohn’s disease, follow-up barium studies after resection 
of the fistula may show a completely normal duodenum. 109 

Differential Diagnosis 

Stomach. Aphthoid ulcers in the stomach may be indistinguish- 
able on double-contrast studies from gastric erosions resulting 
from NSAIDs or other causes. Although gastric involvement 
by Crohn’s disease is much less common than erosive gastritis, 
the possibility of Crohn’s disease should be suspected when 
gastric erosions are present in patients with crampy abdominal 
pain and diarrhea. A small bowel follow-through should there- 
fore be performed to evaluate the terminal ileum in these 
individuals. 

The funnel-shaped antral narrowing associated with more 
advanced gastroduodenal Crohn’s disease must be differenti- 
ated from other conditions, particularly a scirrhous gastric 
carcinoma. In one study, about one third of patients with antral 
narrowing caused by Crohn’s disease underwent surgery 
because the radiographic Åndings simulated those of a scir¬ 
rhous carcinoma. 103 However, the narrowed antrum of Crohn’s 
disease tends to have a smooth, tubular configuration, whereas 


scirrhous carcinoma produces a linitis plastica appearance with 
a distorted, more irregular mucosal contour. 91 Antral narrowing 
may also be caused by a variety of other conditions, including 
scarring from peptic ulcer disease, sarcoidosis, tuberculosis, 
syphilis, eosinophilic gastritis, caustic ingestion, and radiation. 
In such cases, the correct diagnosis is often suggested by the 
clinical history and presentation. 

Gastrocolic fistulas may be caused not only by Crohn’s 
disease but also by benign penetrating ulcers on the greater 
curvature of the stomach in patients who are taking aspirin or 
other NSAIDs (see Chapter 29). 110 Occasionally, these fistulas 
may also be caused by carcinoma of the stomach or transverse 
colon invading the gastrocolic ligament. 106 When Crohn’s 
disease is responsible for the fistula, a barium enema examina¬ 
tion usually reveals findings of advanced granulomatous colitis 
in the transverse colon. 

Duodenum. Aphthoid ulcers in the duodenum may be indis- 
tinguishable on double-contrast studies from varioliform duo¬ 
denal erosions (see later, “Duodenitis”). However, erosive 
duodenitis usually involves the duodenal bulb, whereas the aph¬ 
thoid ulcers of Crohn’s disease may be located anywhere in the 
duodenum from the bulb to the ligament of Treitz. The pres- 
ence of one or more ulcers in the duodenal bulb or postbulbar 
duodenum should raise the possibility of Zollinger-Ellison syn- 
drome, but these patients usually have markedly thickened folds 
and increased secretions in the stomach (see Chapter 29). 
Thickened, nodular folds in the descending duodenum may be 
caused not only by Crohn’s disease but also by duodenitis, pan- 
creatitis, or other conditions. 

Although a smooth segment of tapered narrowing in the 
postbulbar duodenum is characteristic of the stenotic phase of 
Crohn’s disease, scarring from uncomplicated postbulbar duo¬ 
denal ulcers may produce a similar appearance. 111 In contrast, 
annular duodenal carcinomas can usually be differentiated 
from benign strictures by their shelflike, overhanging horders. 
When duodenal involvement by Crohn’s disease is suspected on 
an upper GI examination, a small bowel follow-through or 
barium enema should be performed to search for associated 
Crohn’s disease in the small bowel or colon. 

SARCOIDOSIS 

Sarcoidosis is a systemic granulomatous disease of unknown 
origin, characterized pathologically by the presence of nonca- 
seating granulomas. Most patients have thoracic sarcoidosis, 
with bilateral hilar lymphadenopathy or fibronodular pulmo- 
nary infiltrates on chest radiographs. About 40% of patients 
have extrathoracic disease involving the eye, skin, lymph nodes, 
liver, spleen, heart, and musculoskeletal or nervous system. 
Although sarcoidosis is rarely thought to affect the GI tract, one 
study found noncaseating granulomas on mucosal biopsy spec- 
imens from the stomach in 10% of patients with known sar¬ 
coidosis. 112 Thus, GI involvement by sarcoidosis may be more 
common than is generally recognized. 

Clinical Findings 

Sarcoidosis involves the stomach more frequently than any 
other portion of the GI tract. Most patients with gastric sarcoid¬ 
osis are asymptomatic, 112 but some may present with nausea, 
vomiting, bloating, or weight loss because of gastric outlet 
obstruction. 113 Others may present with epigastric pain or signs 
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Figure 30-27 Gastric sarcoidosis. A. Double-contrast study shows 
considerable nodularity of the mucosa in the gastric antrum. This 
patient had pulmonary sarcoidosis, and endoscopic biopsy specimens 
revealed noncaseating granulomas in the stomach. B. In another 
patient, more advanced gastric sarcoidosis is manifested by marked 
antral narrowing and deformity. (B courtesy Seth N. Glick, MD, 
Philadelphia.) 


of upper GI bleeding resulting from ulceration of the overlying 
mucosa. 114 Treatment with steroids produces a dramatic clinical 
response in about two thirds of symptomatic patients. 113 Surgi- 
cal intervention may occasionally be required for patients who 
have persistent gastric outlet obstruction, massive bleeding, or 
radiographic or endoscopic Åndings suggestive of malignant 
tumor. 

Radiographic Findings 

Gastric sarcoidosis may be manifested by a Spectrum of 
radiographic findings. In patients with superficial disease, 
double-contrast studies may reveal a localized area of mucosal 
nodularity or thickened, irregular folds (Fig. 30-27A). 115,116 
Other patients may have benign- or malignant-appearing ulcers 
in the stomach. 114,116 More advanced sarcoidosis may result in 
smooth, cone-shaped antral narrowing and deformity (Fig. 
30-27B). 114 Similar findings may be caused by scarring from 
peptic ulcer disease, caustic ingestion, radiation, and other 
granulomatous conditions, including Crohns disease, tubercu- 
losis, and syphilis. Rarely, sarcoidosis may produce more irregu¬ 
lar gastric narrowing, mimicking the linitis plastica appearance 
of an advanced scirrhous carcinoma of the stomach. 117 The 
possibility of gastric sarcoidosis should be suspected, however, 


when chest radiographs reveal characteristic findings of sar¬ 
coidosis in the thorax. 

TUBERCULOSIS 

Gastroduodenal involvement occurs in less than 0.5% of all 
patients with tuberculosis. 118 The stomach and duodenum are 
rarely involved because of the paucity of lymphoid tissue in the 
upper GI tract, high acidity of peptic secretions, and rapid 
passage of ingested organisms into the small bowel. Most 
patients with gastric or duodenal tuberculosis are found to have 
generalized tuberculosis. Gastroduodenal infection is presum- 
ably caused by ingestion of the bacillus or by hematogenous 
spread to lymphatics in the wall of the stomach or duode¬ 
num. 119 Although routine pasteurization of milk has dramati- 
cally decreased the incidence of GI tuberculosis in the United 
States, some patients may travel to the United States from other 
countries such as South Africa or India, where tuberculosis is 
endemic. Gastric and duodenal tuberculosis have also been 

encountered in patients with AIDS, particularly those of Haitian 

• • 120 

ongm. 

Clinical Findings 

Patients with gastroduodenal tuberculosis may present with 
epigastric pain or signs of upper GI bleeding. 121123 Subsequently, 
they may develop nausea and vomiting because of progressive 
scarring and gastric outlet obstruction. 123 Although the clinical 
findings are nonspecific, the possibility of gastroduodenal 
tuberculosis should be considered in patients who have known 
pulmonary tuberculosis or who have migrated from areas in 
which tuberculosis is endemic. 

Stool cultures for tuberculosis are unreliable; some patients 
with pulmonary tuberculosis have positive cultures in the 
absence of GI infection, whereas others have negative cultures 
despite GI infection. 119 A definitive diagnosis of gastroduodenal 
tuberculosis can be made when endoscopic biopsy specimens 
reveal caseating granulomas in the stomach or duodenum, but 
granulomas may not be found because of their submucosal 
location and the small size of the specimen samples. 1 Depend- 
ing on the severity of disease, gastroduodenal tuberculosis may 
be treated by antituberculous drug therapy or, if necessary, 
gastric resection or bypass. 

Radiographic Findings 

Gastric tuberculosis may be manifested on barium studies by 
one or more areas of ulceration, usually on the lesser curvature 
of the antrum or in the region of the pylorus. 120,124 Subsequent 
scarring may cause marked antral narrowing, eventually leading 
to the development of gastric outlet obstruction. 124,125 Occa¬ 
sionally, the narrowed antrum may have an irregular contour, 
simulating the linitis plastica appearance of a primary scirrhous 
carcinoma of the stomach. 124 As in the ileocecal region, advanced 
gastric tuberculosis may be associated with the development of 
multiple tracks and fistulas. 124 

Duodenal tuberculosis may also be manifested on barium 
studies by ulcers, thickened folds, narrowing, or fistulas. 126 128 As 
in Crohns disease, duodenal tuberculosis is often associated 
with contiguous involvement of the distal antrum. Enlarged 
tuberculous lymph nodes adjacent to the duodenum may cause 
widening, narrowing, or obstruction of the duodenal sweep. 128 
Rarely, duodenorenal fistulas may result from spread of tuber¬ 
culosis from the right kidney to the duodenum. 129 
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SYPHILIS 

Gastric syphilis is a rare disease, occurring in less than 1% of 
all patients with secondary or tertiary syphilis. 130 Nevertheless, 
gastric involvement should be suspected in young patients with 
untreated lues who develop epigastric pain, nausea, vomiting, 
or signs of upper GI bleeding. 131 The diagnosis of gastric syphi¬ 
lis can be confirmed by isolating Treponema pallidum on endo- 
scopic biopsy specimens or by demonstrating the typical 
spirochetes with dark-held microscopy. 132 Affected individuals 
usually have a marked clinical response to antiluetic ther apy if 
they are treated before substantial gastric scarring has occurred. 

Radiographic Findings 

Secondary syphilis involving the stomach is sometimes associ- 
ated with a severe form of gastritis. In such cases, barium studies 
may reveal nodules, erosions, shallow or deep ulcers, and thick- 
ened folds, predominantly in the antrum (Fig. 30-28). 130,131,133 
In contrast, tertiary syphilis involving the stomach is character- 
ized by progressive scarring and fibrosis, eventually producing 
a tubular, funnel-shaped antrum. 1 155 This appearance may be 
indistinguishable from antral narrowing caused by Crohn’s 
disease, caustic ingestion, radiation, or other granulomatous 
conditions such as tuberculosis and sarcoidosis. Other patients 
with tertiary syphilis may have focal narrowing of the gastric 
body, producing an hourglass- or dumbbell-shaped stomach. 133 
Rarely, the narrowed stomach may have a more irregular 
contour, mimicking the linitis plastica appearance of a scir- 
rhous carcinoma of the stomach. 134 When gastric syphilis is 
suspected on the basis of the clinical and radiographic findings, 
endoscopic biopsy specimens are required for a definitive 
diagnosis. 

FUNGAL DISEASES 

A variety of fungal diseases may rarely involve the stomach. 
Gastric histoplasmosis may be manifested by thickened folds, 
ulceration, or narrowing of the stomach. 135 Gastric candidiasis 
may be associated with the development of large aphthoid 
ulcers or even centrally ulcerated bulFs-eye lesions. 12,136 Other 



Figure 30-28 Gastric syphilis. Mucosal nodularity and thickened 
folds are seen in the antrum in a patient with proven gastric 
syphilis. 


rare fungal infections of the stomach include actinomycosis and 
mucormycosis. 137,138 


Other Infections 

CYTOMEGALOVIRUS INFECTION 

Cytomegalovirus (CMV), a member of the herpesvirus group, 
is the most common viral pathogen affecting the GI tract in 
patients with AIDS. 139 Although the esophagus and colon are 
more frequent sites of involvement (see Chapters 20 and 58), 
patients infected with the human immunodeficiency virus 
(HIV) may occasionally develop CMV gastritis and duodeni- 
tis. 26, 140-144 Affected individuals may present with severe abdomi- 
nal pain or signs of upper GI bleeding. 143 The treatment of 
CMV gastritis or duodenitis includes relatively toxic antiviral 
agents such as ganciclovir, which is associated with bone marrow 
suppression. 145 Thus, endoscopic biopsy specimens, brushings, 
or cultures are required for a definitive diagnosis before treating 
these patients. 

Radiographic Findings 

CMV gastritis may be manifested on barium studies by mucosal 
nodularity, erosions, ulcers, thickened folds and, in severe cases, 
irregular antral narrowing (Fig. 30-29). 26,140,141 Other opportu- 
nistic infections such as cryptosporidiosis and toxoplasmosis 
may occasionally produce similar findings in patients with 
AIDS (see later, “Cryptosporidiosis” and “Toxoplasmosis”). 
Rarely, deep ulcers can result in the development of fistulas to 
adjacent structures such as the colon. 142 When CMV gastritis is 
suspected, the diagnosis may be confirmed by demonstrating 
characteristic inclusion bodies on endoscopic biopsy specimens 
or brushings or by obtaining positive cultures for CMV. 

CMV duodenitis may be manifested on barium studies by 
luminal narrowing with thickened or effaced folds in the proxi- 
mal duodenum (Fig. 30-30). 143,144 The differential diagnosis 
includes other opportunistic infections in the duodenum in 
patients with AIDS, such as cryptosporidiosis, strongyloidiasis, 



Figure 30-29 Cytomegalovirus gastritis. Mucosal nodularity and 
tiny ulcerations are seen in the gastric antrum. Note the irregular 
contour of the stomach. This patient had AIDS. 
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Figure 30-30 Cytomegalovirus duodenitis. There is marked 
narrowing and effacement of folds in the proximal descending 
duodenum and a relatively abrupt transition ( arrow ) to a normal- 
appearing duodenum more distally. This patient had AIDS. (From 
Mong A, Levine MS, Furth EE, et al: Cytomegalovirus duodenitis in an 
AIDS patient. AJR 172:939-940, 1999.) 


and tuberculosis. Endoscopic biopsy specimens, brushings, or 
viral cultures for CMV are therefore required for a definitive 
diagnosis. 

CRYPTOSPORIDIOSIS 

Cryptosporidium, a protozoan, may infect the small bowel in 
patients with AIDS, causing a profuse secretory diarrhea (see 
Chapter 42). Much less frequently, cryptosporidiosis may 
involve the stomach; in these cases, barium studies may reveal 
antral narrowing and rigidity, occasionally associated with 
one or more deep ulcers. 140,146,147 CT may also reveal a nar- 
rowed antrum with marked thickening of the gastric wall. 148 
CMV gastritis should be the major consideration in the dif- 
ferential diagnosis of antral narrowing and ulceration in 
patients with AIDS (see earlier, “Cytomegalovirus Infection”). 
When infectious gastritis is suspected on the basis of the 
radiographic Åndings, biopsy specimens, brushings, or viral 
cultures should be obtained from the stomach for a more 
definitive diagnosis. 

TOXOPLASMOSIS 

Opportunistic infection of the stomach by toxoplasmosis is a 
rare cause of antral narrowing on barium studies or of a 
thickened gastric wall on CT in patients with AIDS. 149,150 
The diagnosis may be confirmed by demonstration of the 
teardrop-shaped trophozoites in histologic specimens from the 
stomach. 149,150 Toxoplasmosis should therefore be included in 
the differential diagnosis of gastric narrowing or wall thicken¬ 
ing in HIV-positive patients. 


STRONGYLOIDIASIS 

Strongyloides stercoralis is a parasite of worldwide distribution 
that causes infection of the stomach, duodenum, and proximal 
small bowel. 151153 Cases are occasionally encountered in metro- 
politan areas of the United States in patients who have emi- 
grated from areas of endemic infection, such as Africa, Asia, and 
South America. 153 Strongyloidiasis also occurs as an opportu¬ 
nistic infection in patients with AIDS. Affected individuals may 
present with abdominal pain, nausea and vomiting, diarrhea, 
malabsorption, or hypoalbuminemia as a result of a protein- 
losing enteropathy. 152 A peripheral eosinophilia is present in 
25% to 35% of cases. 152 

Radiographic Findings 

Gastric involvement by strongyloidiasis may occasionally be 
manifested on barium studies by antral gastritis or narrow¬ 
ing. 151153 However, the duodenum and proximal jejunum are 
more common sites of involvement. Barium studies may reveal 
thickened or effaced folds, ulceration, and narrowing or dik¬ 
tion of the affected bowel (Fig. 30-31A). 151-153 As the disease 
progresses, there may be tubular narrowing of the lumen 
and obliteration of the normal fold pattern in the duodenum, 
producing a classic lead pipe appearance (Fig. 30-3IB). Some 
patients may eventually develop a massively dilated duode¬ 
num, or megaduodenum (see Fig. 30-3IB). Other conditions 
associated with a megaduodenum include Zollinger-Ellison 
syndrome, scleroderma, Crohn’s disease, and celiac disease. 
Scarring of the duodenal wall may occasionally permit reflux 
of barium into the biliary tree via an incompetent sphincter 
of Oddi. 152 153 Although strongyloidiasis is rarely found in the 
United States, this diagnosis should be considered when 
barium studies reveal characteristic findings in patients with 
AIDS or in patients who have a recent history of travel to 
endemic areas. 

Eosinophilic Gastroenteritis 

Eosinophilic gastroenteritis is an unusual condition charac- 
terized by eosinophilic infiltration of the gastrointestinal 
tract, primarily the stomach and small bowel. 154 This condi¬ 
tion should be differentiated from eosinophilic esophagitis 
(see Chapter 21). Most patients with eosinophilic gastroen¬ 
teritis have a peripheral eosinophilia ranging from 10% to 
80%, 154 and about 50% of patients have a history of allergic 
diseases. The clinical symptoms are related to the site 
and extent of GI disease. Gastric involvement may be mani¬ 
fested by epigastric pain, nausea and vomiting, or, less fre¬ 
quently, signs of upper GI bleeding, whereas small bowel 
involvement may be manifested by diarrhea, malabsorption, 
or a protein-losing enteropathyA 4 Some patients have self- 
limited disease that resolves spontaneously without relapse, 
but others have chronic relapsing disease, requiring treatment 
with steroids. 154,155 

RADIOGRAPHIC FINDINGS 

Eosinophilic gastritis usually involves the antrum or antrum 
and body of the stomach. 15 Rarely, however, disease may be 
confined to the proximal portion of the stomach with antral 
sparing. 1 Barium studies may reveal mucosal nodularity, 
thickened folds, or narrowing and rigidity of the distal half of 
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Figure 30-31 Duodenal 
strongyloidiasis. A. Markedly 
thickened, edematous folds are 
present in the duodenum. This 
patient had AIDS. B. In another 
patient with more advanced 
disease, there is a markedly 
dilated duodenum (a 
megaduodenum) with obliteration 
of folds. Also note the smooth, 
tubular appearance of the 
proximal jejunum, producing a 
lead pipe appearance. This 
patient had recently immigrated 
to the United States from an area 
in which strongyloidiasis was 
endemic. (B courtesy Murray K. 

Da I inka, MD, Phiiadeiphia.) 




Figure 30-32 Eosinophilic gastritis. Thickened, nodular folds are 
seen in the gastric antrum. Other causes of antral gastritis could 
produce identical findings. (From Herlinger H, Maglinte D [eds]: Clinical 
Radiology o f the Small Intestine. Phiiadeiphia, WB Saunders, 1989.) 


the stomach (Fig. 30-32). 158 Occasionally, severe antral narrow- 
ing may cause gastric outlet obstruction. 159 About 50% of 
patients with eosinophilic gastritis have concomitant involve- 
ment of the small bowel, manifested by diffuse thickening and 
nodularity of small bowel folds (see Chapter 43). 158 


DIFFERENTIAL DIAGNOSIS 

When eosinophilic gastritis is manifested by thickened folds, the 
differential diagnosis includes antral gastritis, H. pylori gastritis, 
hypertrophic gastritis, Ménétrier’s disease, Zollinger-Ellison 
syndrome, lymphoma, and other conditions associated with 
thickened folds. Despite its rarity, eosinophilic gastritis should 
be considered in patients who have a peripheral eosinophilia or 
history of allergic diseases. When eosinophilic gastritis causes 
antral narrowing, the differential diagnosis includes scirrhous 
gastric carcinoma, caustic ingestion, radiation, Crohn’s disease, 
and other granulomatous conditions involving the stomach, 
such as sarcoidosis, tuberculosis, and syphilis. In such cases, the 
correct diagnosis may be suggested by the clinical history and 
presentation. When eosinophilic gastritis is suspected on the 
basis of the upper GI examination, a small bowel follow-through 
should be performed to determine whether the small bowel is 
also involved by this disease. 

Emphysematous Gastritis 

Emphysematous gastritis is a rare type of phlegmonous gastritis 
in which gas is found in the gastric wall because of infection 
by gas-forming organisms such as Escherichia coli , Proteus vul- 
garis , Clostridium perfringens , and Staphylococcus aureus. 160,161 
This condition is usually caused by profound insults to the 
stomach, such as caustic ingestion, gastroduodenal surgery, or 
gastric volvulus. 160 Subsequent ischemia or necrosis permits 
gas-forming organisms to enter the gastric wall. Affected indi- 
viduals may present with an acute fulminating illness character- 
ized by severe abdominal pain, hematemesis, tachycardia, fever, 
and shock. 160 Supportive therapy with parenteral fluids and 
antibiotics should be initiated, but a nasogastric tube should 
not be placed in the stomach because of the high risk of 
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Figure 30-33 Emphysematous gastritis. Close-up view from an 
abdominal radiograph shows numerous mottled and bubbly 
collections of gas in the wall of the stomach. An attempted 
embolization of a gastric carcinoma led to gastric necrosis and 
subsequent infection by gas-forming organisms. 


perforation. Despite intensive treatment, mortality rates as high 
as 60% have been reported. 160 

RADIOGRAPHIC FINDINGS 

Emphysematous gastritis is characterized on abdominal radio- 
graphs by multiple streaks, bubbles, or mottled collections of 
gas in the wall of the stomach, silhouetting the gastric shadow 
(Fig. 30-33). 160,161 These intramural gas collections have a con- 
stant relationship to the stomach with changes in the patient’s 
position, so they can be differentiated from residue or food, 
which shifts to the dependent portion of the stomach on upright 
or decubitus views. 160 Studies with water-soluble contrast agents 
may confirm the extraluminal location of these gas collections. 
In other patients, intramural dissection or actual extravasation 
of contrast medium may be demonstrated. Occasionally, CT 
may reveal small collections of gas in the gastric wall that are 
not recognized on abdominal radiographs. 162 

DIFFERENTIAL DIAGNOSIS 

Emphysematous gastritis must be differentiated from other rare 
conditions known as gastric emphysema and gastric pneuma- 
tosis. In contrast to emphysematous gastritis, gastric emphy¬ 
sema is characterized by long, linear collections of intramural 
gas that extend circumferentially around the stomach (see 
Chapter 34). 161,163 In gastric emphysema, gas is thought to enter 
the wall of the stomach via mucosal rents caused by increased 


intraluminal pressure associated with gastric outlet obstruction 
or by iatrogenic trauma resulting from endoscopy or other 
gastric instrumentation. Despite the dramatic radiographic 
fmdings, affected individuals are often asymptomatic. Thus, 
gastric emphysema can usually be differentiated from emphy¬ 
sematous gastritis on the basis of the clinical and radiographic 
fmdings. 

Gastric pneumatosis is an extremely rare form of pneuma- 
tosis intestinalis in which multiple gas-filled cysts or blebs are 
fo und in the wall of the stomach. 161 This condition much more 
commonly involves the small bowel or colon (see Chapter 12). 
When present in the stomach, the gas-filled intramural cysts 
may be indistinguishable from the bubbly gas collections asso¬ 
ciated with emphysematous gastritis. However, patients with 
gastric pneumatosis are usually asymptomatic, whereas patients 
with emphysematous gastritis are acutely ill. Thus, these condi¬ 
tions can be differentiated on the basis of the clinical history 
and presentation. 

Caustic Ingestion 

Accidental or intentional ingestion of caustic agents may lead 
to severe injury of the upper GI tract. Although the esophagus 
is more commonly involved (see Chapter 21), gastroduodenal 
injury may also occur. The esophagus is typically damaged by 
strong alkaline agents such as liquid lye (concentrated sodium 
hydroxide), whereas the stomach and duodenum are more 
likely to be damaged by strong acids such as hydrochloric, sul- 
furie, acetic, oxalic, carbolic, and nitric acids. Nevertheless, 
esophageal injury often occurs in patients who ingest strong 
acids, and gastroduodenal injury occurs in 5% to 10% of 
patients who ingest strong alkali. 16 Pathologically, injury to the 
stomach and duodenum occurs in three phases: (1) an acute 
necrotic phase 1 to 4 days after caustic ingestion; (2) an 
uleeration-granulation phase 5 to 28 days after caustic inges¬ 
tion; and (3) a final phase of cicatrization and scarring 3 to 4 
weeks after caustic ingestion. 164,165 

Patients with gastroduodenal injury by caustic agents 
may present with severe abdominal pain, nausea, vomiting, 
hematemesis, fever, and shock. 165,166 Studies with water-soluble 
contrast agents are sometimes performed to assess the extent 
and severity of injury to the upper GI tract. In patients who are 
stable and have no evidence of perforation, conservative treat¬ 
ment can be initiated with antibiotics, steroids, and parenteral 
feedings. 166 After a latent period of 3 to 4 weeks, however, many 
patients develop rapidly progressive gastric outlet obstruction 
because of antral scarring and fibrosis. 166 As a result, a gastro- 
jejunostomy or partial gastrectomy is sometimes required in 
these individuals. 165 

RADIOGRAPHIC FINDINGS 

Ingested caustic agents tend to flow down the lesser curvature 
of the stomach into the antrum, causing severe pylorospasm 
that delays emptying into the duodenum. 167 As a result, the 
lesser curvature and distal antrum of the stomach sustain the 
greatest degree of damage, whereas the duodenum is relatively 
spared. 167 During the acute phase of injury, studies with water- 
soluble contrast agents may reveal thickened folds, uleeration, 
gastric atony, or mural defeets resulting from edema and 
hemorrhage. 167 In fulminating cases, gastric necrosis may be 
manifested on abdominal radiographs or CT by streaky, bubbly, 
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or mottled collections of intramural gas that are unaffected 
by changes in the patient’s position. 168 These intramural col¬ 
lections may result from mechanical disruption of the wall 
or from secondary infection by gas-forming organisms. 168 In 
such cases, studies with water-soluble contrast agents may 
reveal a confmed perforation with intramural dissection of 
contrast medium or loculated perigastric collections (Fig. 
30-34). Rarely, these studies may reveal free perforation into 



Figure 30-34 Severe gastric injury caused by caustic ingestion. 

This study with a water-soluble contrast medium shows a grossly 
abnormal stomach with intramural dissection of contrast medium and 
numerous mural defects resulting from edema and hemorrhage after 
acid ingestion. 


the peritoneal cavity. A case of delayed gastric perforation 2 
days after ingestion of hydrochloric acid has been reported 
in which necrosis of the gastric wall was recognized on CT 
by the absence of the normally enhancing mucosa and remain- 
ing gastric wall. 169 

If patients survive the acute illness, barium studies per- 
formed 4 weeks or more after caustic ingestion may reveal pro¬ 
gressive narrowing and deformity of the antrum or antrum and 
body of the stomach. 167,170 In some patients, the narrowed 
antrum may have a smooth, tubular configuration (Fig. 30-35 A), 
whereas in others, it may have a more irregular contour, mim- 
icking the appearance of a primary scirrhous carcinoma of the 
stomach (Fig. 30-36). 167,171 Other conditions in the differential 
diagnosis of antral narrowing include Crohns disease, sarcoid- 
osis, tuberculosis, syphilis, radiation, and severe scarring from 
peptic ulcer disease. However, the diagnosis of caustic injury is 
usually apparent from the clinical history. About 20% of patients 
with antral scarring from caustic ingestion have associated 
esophageal scarring (Fig. 30-35B). 170 

Because caustic agents cause intense pylorospasm, which 
has a protective effect on the duodenum, the duodenal bulb 
and sweep may appear normal in patients with marked antral 
scarring (see Fig. 30-36). Occasionally, however, duodenal 
injury may be manifested on barium studies by thickened 
folds, spasm, ulceration and, eventually, strictures in the duo¬ 
denum anywhere from the bulb to the ligament of Treitz. 167 
These patients almost always have evidence of associated gastric 
injury. 

Radiation 

Radiation doses of 50 Gy or more to the upper abdomen may 
cause substantial injury to the stomach and duodenum when 
these structures are included in the radiation portal. 17 4 The 
distal antrum and pyloric region are usually affected, but the 
duodenal sweep may also be involved in patients who have 


Figure 30-35 Caustic scarring 
of the stomach and esophagus. 

A. Double-contrast study of the 
stomach shows marked antral 
narrowing and deformity as a 
result of scarring from previous 
lye ingestion. B. Esophagogram 
shows an associated stricture in 
the esophagus, extending distally 
from the carina ( arrows) to the 
gastroesophageal junction. 
Aspirated barium is also present 
in both main bronchi. (From 
Levine MS: Radiology o f the 
Esophagus. Philadelphia, WB 
Sa unders, 1989.) 
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received radiation to the right upper quadrant. Inflammatory 
changes in the stomach and duodenum typically occur 1 to 6 
months after radiation therapy, whereas scarring and fibrosis 
occur 6 months or more after treatment. 172,173 Affected indi- 
viduals may present with dyspepsia, epigastric pain, nausea, 
vomiting, or signs of upper GI bleeding. 3 Although the 
symptoms may suggest peptic ulcer disease, the possibility of 
radiation injury should be considered in any patient who has 
received radiation therapy to the upper abdomen during the 
previous 12 months. 

RADIOGRAPHIC FINDINGS 

The acute phase of radiation injury may be manifested on 
barium studies by gastroparesis, spasm, thickened folds, or 
ulceration, predominantly involving the distal gastric antrum 
and pyloric region and, occasionally, the duodenum. 121/4 
Rarely, perforation of deep ulcers may result in acute peritoni- 
tis. 1 2 Subsequent scarring can lead to the development of antral 
narrowing 6 months or more after completion of radiation 
therapy. 17 In such cases, CT may reveal luminal narrowing 
with nonspecific gastric wall thickening and stranding in the 
perigastric fat. 174 Rarely, the narrowed antrum may have an 
irregular contour, simulating a scirrhous carcinoma of the 
stomach. 175 

Floxuridine Toxicity 

Because floxuridine (5-FUDR) is taken up almost completely 
by the liver after infusion into the hepatic artery, it is the agent 
of choice for hepatic artery infusion chemotherapy in patients 
with unresectable liver metastases. In the past, 5-FUDR was 
administered via catheters placed percutaneously into the 
hepatic artery, but surgically implantable infusion pumps have 
replaced external catheter systems at many hospitals as the 
primary means of delivering 5-FUDR into the liver in patients 
with liver metastases. 176 Although uncommon, gastroduodenal 
inflammation, ulceration, and bleeding may occur as a direct 
complication of this form of chemotherapy. 



Figure 30-36 Caustic scarring of the stomach. There is asymmetric 
narrowing and deformity of the distal antrum secondary to scarring 
from previous acid ingestion. This appearance could be mistaken 
for a scirrhous carcinoma of the antrum. The duodenum appears 
normal. 


PATHOGENESIS 

In patients who are receiving 5-FUDR via percutaneous cath¬ 
eters in the hepatic artery, gastroduodenal toxicity occurs 
because the drug is infused directly into vessels supplying the 
stomach and duodenum, such as the gastroduodenal and right 
gastric arteries. In patients who have hepatic artery infusion 
pumps, the gastroduodenal and right gastric arteries are surgi¬ 
cally ligated at the time of pump placement to prevent overflow 
of the drug into these vessels. Despite such precautions, gastro¬ 
duodenal toxicity has been reported as a complication of 
5-FUDR therapy via a hepatic artery infusion pump, 179 pre- 
sumably because of the development of small collateral chan- 
nels between the hepatic artery and gastroduodenal or right 
gastric arteries after these vessels have been ligated. Whatever 
the explanation, it is important to recognize that severe gastro¬ 
duodenal toxicity may occur as a complication of hepatic artery 
infusion of 5-FUDR, not only via an external catheter system 
but also via an implantable pump. 

CLINICAL FINDINGS 

Gastroduodenal toxicity should be suspected when patients 
who are receiving hepatic artery infusion of 5-FUDR develop 
intractable nausea, vomiting, epigastric pain, or sign of upper 
GI bleeding. 79 Although the possibility of metastatic tumor 
may be considered in these patients, the temporal relationship 
between 5-FUDR therapy and the onset of symptoms should 
suggest the correct diagnosis. In most cases, cessation of che¬ 
motherapy produces rapid clinical improvement. 

RADIOGRAPHIC FINDINGS 

Gastroduodenal toxicity resulting from 5-FUDR may be mani¬ 
fested on barium studies by gastroduodenal ulceration or by 
severe gastritis or duodenitis with markedly thickened, edema- 
tous folds in the stomach or duodenum (Fig. 30-37). 179 182 



Figure 30-37 Severe duodenitis caused by 5-floxuridine toxicity. 

A barium study shows markedly thickened, edematous folds in the 
duodenum to the level of the ligament of Treitz. This patient was 
receiving 5-FUDR via a hepatic artery infusion pump. (From Fliehle JF, 
Levine MS: Gastrointestinal toxicity of 5-FU and 5-FUDR: Radiographic 
findings. Can Assoc Radiol J 42:109-112, 1991.) 
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Ischemia, bleeding, vasculitis, or other inflammatory or infec- 
tious conditions may produce similar findings. However, the 
temporal relationship between 5-FUDR therapy and the onset 
of symptoms should suggest the correct diagnosis. 

Duodenitis 

The pathophysiology of duodenitis is controversial. Because 
this condition is often associated with gastric hyperacidity, it 
has been postulated that duodenitis represents part of the Spec¬ 
trum of peptic ulcer disease. 18 " 185 However, some patients with 
duodenitis have normal or even decreased gastric acid secretion, 
so it may be a distinet clinical entity unrelated to peptic ulcer 
disease. 186-188 Other data suggest that H. pylori may also have a 
role in the development of this condition. 189 

Whatever the pathophysiology, duodenitis is thought to be 
an important cause of upper GI symptoms, including dyspep¬ 
sia, epigastric pain, nausea, fatty food intolerance, and early 
satiety. 183,184,187,190 Less frequently, erosive duodenitis may be 
associated with signs of upper GI bleeding, such as hemateme- 
sis, melena, and guaiae-positive stool. 187 

RADIOGRAPHIC FINDINGS 

The diagnosis of duodenitis may be suggested on barium studies 
in patients who have a spastic, irritable duodenal bulb or thick- 
ened, nodular folds in the proximal duodenum (Fig. 30-38). 191 
For reasons that are unclear, patients with chronic renal failure 
who are undergoing dialysis often have enlarged duodenal folds 
to a degree rarely encountered in other patients with duodenitis 
(Fig. 30-39). 1921 However, thickened folds are sometimes 
present on barium studies in patients in whom there is no 
endoscopic or histologic evidence of inflammation, so duode¬ 
nitis has not generally been considered to be a reliable radio- 
logic diagnosis. 194 

With double-contrast technique, it is possible to demon- 
strate more subtle signs of inflammatory disease in the duode¬ 
num. This inflammation may be manifested by mucosal 


nodules or nodular folds or by diffuse coarsening of the mucosal 
surface pattern of the bulb, with lucent areas surrounded by 
barium-filled grooves that resemble the areae gastricae in the 
stomach. 194 ' 196 With double-contrast technique, it also is pos¬ 
sible to diagnose erosive duodenitis, a condition previously 



Figure 30-39 Severe duodenitis associated with chronic renal 
failure. Grossly thickened, polypoid folds are seen in the proximal 
duodenum. This patient was undergoing dialysis for chronic 
renal failure. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 




Figure 30-38 Duodenitis. A. Thickened, irregular folds 
are seen in the proximal duodenum. B. In another patient, 
thickened folds and mucosal nodularity are present in the 
duodenal bulb. 


30 


Inflammatory Conditions of the Stomach and Duodenum 519 



Figure 30-40 Erosive duodenitis. Varioliform erosions are seen in 
the duodenum as tiny flecks of barium surrounded by radiolucent 
mounds of edematous mucosa ( arrows ). (From Levine MS, Rubesin 
SE, Herlinger H, et al: Double-contrast upper gastrointestinal 
examination: technique and interpretation. Radiology 168:593-602, 
1988.) 



Figure 30-41 Mucosal pits simulating erosive duodenitis. 

Punctate collections of barium trapped in tiny epithelial pits can be 
mistaken for duodenal erosions. However, these collections are not 
surrounded by radiolucent mounds of edema. (From Bova JG, 
Kamath V, Tio FO, et al: The normal mucosal surface pattern o f the 
duodenal bulb: Radiologic-histologic correlation. AJR 145:735-738, 
1985.) 


thought to be solely in the domain of the endoscopist. 6,194,196 
These erosions may be found in the duodenal bulb or, less 
commonly, in the descending duodenum. As in the stomach, 
incomplete erosions appear as tiny flecks of barium in the duo¬ 
denum, whereas complete or varioliform erosions appear as 
central barium collections surrounded by radiolucent halos of 
edematous mucosa (Fig. 30-40). 6,194,196 False-positive radiologic 
diagnoses may occasionally be made because of normal mucosal 
pits in the duodenum that are mistaken for incomplete erosions 
on double-contrast studies (Fig. 30-41 ). 19/ Thus, a confident 
diagnosis of erosive duodenitis can be made only when true 
varioliform erosions are demonstrated. 

Some patients with celiac disease (nontropical sprue) may 
have severe duodenitis with thickened folds, nodular mucosa, 
ulcers, or strictures in the descending duodenum. 111 Others 
may have small (1-4 mm) hexagonal filling defects in the 
duodenal bulb, producing a distinctive mosaic pattern, or 
so-called bubbly bulb (Fig. 30-42). 200 In contrast to hetero- 
topic gastric mucosa, which predominantly involves the jux- 
tapyloric region of the bulb (see Chapter 31), these nodules 
tend to be distributed more diffusely throughout the bulb. 
The presence of a bubbly bulb or thickened duodenal folds 
should therefore suggest the possibility of celiac disease in 
patients with malabsorption. A small bowel enema or small 
bowel biopsy may be required for a definitive diagnosis (see 
Chapter 43). 

Duodenitis may also be caused by Crohns disease, caustic 
ingestion, radiation, 5-FUDR toxicity, and infectious processes 
such as tuberculosis and strongyloidiasis. These conditions and 
their radiographic findings are discussed elsewhere in this 
chapter. Finally, duodenitis may occur in patients with underly- 
ing pancreatitis involving the head of the pancreas. In such 
cases, the correct diagnosis is suggested by thickened, spiculated 



Figure 30-42 Celiac disease with a bubbly bulb. There are 
multiple hexagonal filling defects in the duodenal bulb and 
thickened, irregular folds in the descending duodenum caused by 
severe duodenitis in a patient with celiac disease. (From Jones B, 
Bayless TM, Hamilton SR, et al: "Bubbly" duodenal bulb in celiac 
disease: Radiologic-pathologic correlation. AJR 142:119-122, 1984.) 

duodenal folds associated with widening of the duodenal sweep 
or compression of the medial aspect of the descending duode¬ 
num (see Chapter 34). When underlying pancreatitis is sus- 
pected as the cause of these findings, CT should be performed 
for a more definitive diagnosis. 
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Between 85% and 90% of all neoplasms in the stomach and 
duodenum are benign. 1 About 50% are mucosal lesions and 
50% are submucosal. Most of these benign neoplasms are dis¬ 
covered fortuitously on radiologic or endoscopic studies per- 
formed for other reasons. Occasionally, however, tumors that 
are large or ulcerated may cause abdominal pain or upper gas¬ 
trointestinal (GI) bleeding. Depending on their histologic fea¬ 
tures, some benign tumors are also important because of an 
associated risk of malignancy. Although gastric and duodenal 
polyps are rarely diagnosed on single-contrast barium studies, 
the use of double-contrast technique has led to greater detec- 
tion of these lesions. 

Mucosal Lesions 

Gastric polyps comprise about 50% of all benign neoplasms in 
the stomach. 2 Polyps are much less common in the duodenum. 
In the past, gastric polyps were rarely detected on single-contrast 
barium studies, with a reported incidence of only 0.01% to 
0.05%/ However, the routine use of double-contrast technique 
has dramatically improved our ability to detect gastric polyps, 
with a reported incidence of 1% to 2% on double-contrast 
studies. 4,5 Most are small, innocuous hyperplastic polyps, but 
some larger lesions are adenomatous polyps capable of under- 
going malignant degeneration via an adenoma-carcinoma 
sequence similar to that in the colon. The need for endoscopic 


biopsy and removal of these polyps is directly related to their 
size and appearance. Radiologists therefore have an important 
role in the detection of gastric polyps and in subsequent deci¬ 
sions about patient management. 

HYPERPLASTIC POLYP 

Hyperplastic polyps are the most common benign epithelial 
neoplasms in the stomach, comprising 75% to 90% of all gastric 
polyps. 6 Because hyperplastic polyps are not premalignant, they 
must be differentiated from adenomatous polyps, which have a 
known risk of malignant degeneration. Although histologic 
specimens are required for a definitive diagnosis, hyperplastic 
polyps have such a characteristic appearance on double-contrast 
barium studies that they can usually be differentiated from 
adenomatous polyps without need for endoscopy. 

Pathology 

Hyperplastic polyps consist histologically of elongated, branch- 
ing, cystically dilated glandular structures. 7,8 They usually 
appear grossly as small, sessile nodules with a smooth, dome- 
shaped contour. Because these polyps have a self-limited growth 
pattern, most are smaller than 1 cm. 4 8 Hyperplastic polyps 
almost never undergo malignant degeneration. 8 9 Nevertheless, 
affected individuals are at increased risk for harboring separate, 
coexisting gastric carcinomas. In various series, 8% to 28% of 
patients with hyperplastic polyps in the stomach have been 
fo und to have synchronous gastric carcinomas. This associa¬ 
tion is probably related to the presence of underlying atrophic 
gastritis, which predisposes to the development of polyps and 
cancer. 8 Hyperplastic polyps are therefore important because 
of the increased risk of these patients developing gastric 
carcinoma. 

Fundic giand polyps appear to be a variant of hyperplastic 
polyps arising within fundic giand mucosa in the fundus and 
body of the stomach. 10 They consist histologically of cystically 
dilated, hyperplastic fundic giands that have no malignant 
potential. Because affected individuals almost always have 
multiple (up to 50) gastric polyps, this entity has been called 
fundic giand polyp osis. 11 Fundic giand polyps are typically fo und 
in middle-aged women. 12 Fundic giand polyposis can occur as 
an isolated condition in the stomach but also develops in about 
40% of patients with familial adenomatous polyposis syndrome 
(FAPS; see Chapter 61). 13 Thus, colonoscopy is often recom- 
mended for patients with fundic giand polyposis to determine 
whether they have FAPS and whether colonic surveillance is 
warranted. 

Clinical Findings 

Most hyperplastic polyps are small (<1 cm in diameter), innoc¬ 
uous lesions detected as incidental findings on radiologic or 
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endoscopic examinations. 4 Rarely, polyps that have a friable or 
ulcerated surface may cause low-grade upper GI bleeding, and 
pedunculated polyps in the gastric antrum may prolapse 
through the pylorus, causing intermittent symptoms of gastric 
outlet obstruction. 14 

Radiographic Findings 

Most hyperplastic polyps in the stomach appear on double- 
contrast studies as smooth, sessile, round or ovoid nodules, 
ranging from 5 to 10 mm in diameter. 4,8 They tend to occur as 
multiple lesions in the gastric fundus or body (Fig. 31-1). 4 
When multiple polyps are present, they also tend to be similar 
in size. 8 

Hyperplastic polyps on the dependent surface of the stomach 
(i.e., the posterior wall) typically appear on double-contrast 
studies as smooth, round filling defects in the barium pool, 
whereas polyps on the nondependent surface (i.e., the anterior 
wall) appear as ring shadows that are etched in white because 
of trapping of barium between the edge of the polyp and adja- 
cent mucosa (see Fig. 31-1A). A small hanging droplet of 
barium, or stalactite, on a nondependent or anterior wall polyp 
can be mistaken en face for a central area of ulceration (see Fig. 
31-IB), 15 but this droplet of barium is seen as a transient fmding 
at fluoroscopy. Occasionally, one or more stalactites may be 
present as the only sign of hyperplastic polyps on the anterior 
wall. 16 In such cases, careful examination of the area with prone 
compression views should demonstrate the underlying polyps 
responsible for this phenomenon. 

Although most hyperplastic polyps are smaller than 1 cm, 
some atypical polyps can be as large as 2 to 6 cm, appearing 
as lobulated or pedunculated lesions (Fig. 31-2). 14,1 A giant 


hyperplastic polyp or conglomerate mass of hyperplastic polyps 
can occasionally be mistaken for a polypoid gastric carcinoma 
(see Fig. 31-2B). 14,17 Rarely, pedunculated hyperplastic polyps in 
the antrum may prolapse through the pylorus into the duode¬ 
num, causing gastric outlet obstruction (Fig. 31-3). 14 

Fundic giand polyps appear on double-contrast examina¬ 
tions as multiple small (<1 cm in diameter), rounded nodules 
in the gastric fundus or body that are indistinguishable from 
hyperplastic polyps (Fig. 31-4). 11,12,18 In some patients, sponta- 
neous regression of fundic giand polyps has been reported. 12,1318 

Differential Diagnosis 

Hyperplastic polyps that appear as ring shadows on double- 
contrast studies must be differentiated from shallow ulcers on 
the dependent or posterior gastric wall and from unfilled ulcers 
on the nondependent or anterior wall. With flow technique, 
however, shallow ulcers on the dependent wall should hil with 
barium, 19 whereas ulcers on the nondependent wall should hil 
with barium on prone compression views. Thus, it is usually 
possible to differentiate these lesions with a biphasic examina¬ 
tion, which includes flow technique and prone compression. 

Polyps that appear as ring shadows must also be distin- 
guished from see-through artifacts caused by overlying struc- 
tures that are calcified (e.g., phleboliths) or partially filled with 
contrast material (e.g., barium-containing colonic diverticula). 
Such structures can mimic the appearance of anterior wall 
polyps on a single view (Fig. 31-5A), but their location outside 
the stomach is readily apparent on images obtained in other 
projections (Fig. 31-5B). 

Hyperplastic polyps that are lobulated or are larger than 
1 cm in size cannot be distinguished from adenomatous polyps 


Figure 31-1 Multiple 
hyperplastic polyps. A. Polyps 
on the dependent surface or 
posterior wall appear as filling 
defects in the barium pool ( small 
curved arrows), whereas polyps 
on the nondependent surface or 
anterior wall are etched in white 
(straight arrows). B. This patient 
has multiple anterior wall polyps 
containing hanging droplets of 
barium, or stalacites, which could 
be mistaken for central areas 
of ulceration. C. Innumerable 
hyperplastic polyps are present in 
the gastric body. (B from Laufer /, 
Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd 
ed. Philadelphia, WB Saunders, 
1992.) 
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Figure 31-2 Atypical 
hyperplastic polyps. A. A long, 
pedunculated polyp is present in 
the gastric body. The polyp has 
a discrete stalk ( arrows ). This 
patient had pernicious anemia. 

B. A conglomerate mass of 
hyperplastic polyps (arrow) is 
seen in the antrum in another 
patient. This lesion is quite 
lobulated and could be mistaken 
for a polypoid carcinoma. 



Figure 31-3 Prolapsed hyperplastic polyp. This patient has a 
pedunculated polyp (arrow) that has prolapsed from the antrum into 
the base of the duodenal bulb. 


Figure 31-4 Fundic giand polyposis. Multiple tiny polyps ( arrows ) 
are present in the gastric fundus. These lesions have no malignant 
potential and are indistinguishable radiographically from hyperplastic 
polyps. 


adenomatous polyps tend to be larger and less numerous and 
are more lobulated than most hyperplastic polyps. Both types 
of polyps can occur simultaneously in some patients, 14 but an 
adenomatous polyp should be suspected if one lesion is dispro- 
portionately larger than the others. 4 A generalized polyposis 
syndrome should be suspected if multiple polyps are also 
present in the small bowel or colon (see Chapter 61). 


in the stomach. Rarely, giant hyperplastic polyps or a conglom¬ 
erate mass of hyperplastic polyps can mimic a polypoid gastric 
carcinoma (see Fig. 31-2B). 14,17 Thus, polyps that are unusually 
large or lobulated should be evaluated by endoscopy and biopsy 
and, if necessary, resected for a definitive diagnosis. 

The differential diagnosis for multiple hyperplastic polyps in 
the stomach includes multiple adenomatous polyps and gastric 
involvement by one of the polyposis syndromes. However, 


Treatment 

Almost all smooth, sessile polyps smaller than 1 cm are hyper¬ 
plastic polyps that have no malignant potential. Small, round, 
or ovoid gastric polyps detected on double-contrast studies 
should therefore be considered innocuous lesions without need 
for further investigation or treatment. Endoscopic biopsy or 
polypectomy should be performed, however, if the polyp is 
lobulated or pedunculated, larger than 1 cm, or enlarges on 
follow-up barium studies. 
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Figure 31-5 See-through artifacts mimicking 
hyperplastic polyps in the stomach. A. Multiple ring 
shadows are seen in the gastric body. These could 
represent hyperplastic polyps on the anterior wall that are 
etched in white. B. Lateral view shows multiple barium-filled 
colonic diverticula posterior to the stomach. (From Laufer I, 
Levine MS [eds]: Double Contrast Gastrointestinal 
Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


ADENOMATOUS POLYP 

Adenomatous polyps constitute less than 20% of all gastric 
polyps. Nevertheless, these polyps are important because 
they are capable of undergoing malignant degeneration. Thus, 
they must be treated more aggressively than hyperplastic polyps 
in the stomach. 

Pathology 

Adenomatous polyps are composed of dysplastic epithelium. 
Depending on the predominant glandular architecture, they 
may be classified as tubular, villous, or tubulovillous adenomas; 
the vast majority are tubular or mixed tubulovillous adenomas. 7 
Malignant degeneration of these lesions occurs via an adenoma- 
carcinoma sequence similar to that in the colon. Foci of carci- 
noma in situ or invasive carcinoma are present in almost 50% 
of resected adenomatous polyps larger than 2 cm, but malig¬ 
nant changes are rarely found in smaller lesions. 7,20 As in the 
colon, the risk of malignant tumor therefore depends primarily 
on polyp size. Nevertheless, adenocarcinoma is 30 times more 
common than adenomatous polyps in the stomach, so most 
gastric cancers are thought to originate de novo and not from 
preexisting polyps. 8,9 

Adenomatous polyps are often found in the stomach in 
patients with chronic atrophic gastritis. 21 Because of the 
association between atrophic gastritis and gastric carcinoma 
(see Chapter 32), the risk of developing a separate gastric 
cancer may be greater than the risk of malignant degeneration 
in an adenomatous polyp. 8 As many as 30% to 40% of patients 
with adenomatous polyps in the stomach have been found to 
have gastric carcinomas. 8,9 Thus, detection of an adenomatous 
polyp in the stomach should lead to a careful search for other 
lesions. 

Clinical Findings 

Because of their larger size, adenomatous polyps in the 
stomach produce symptoms more frequently than hyperplastic 
polyps. These patients may present with epigastric pain, 


bloating, upper GI bleeding or, rarely, symptoms of gastric 
outlet obstruction. 23,24 

Radiographic Findings 

Most adenomatous polyps diagnosed in the stomach on barium 
studies are larger than 1 cm. 9,22 They usually occur as solitary 
lesions, most frequently in the antrum (Fig. 31-6), 8,20 but 
multiple adenomatous polyps are sometimes found (Fig. 31-7). 
The polyps may be sessile or pedunculated, and they tend 
to be more lobulated than hyperplastic polyps (see Figs. 31-6 
and 31-7). When the lesions are pedunculated, the stalk may 
be seen en face as an inner ring shadow overlying the 
head of the polyp, producing the Mexican hat sign, which 
is typically found with pedunculated polyps in the colon 
(see Fig. 31-6B). Rarely, pedunculated antral polyps may 
prolapse through the pylorus, causing intermittent gastric 
outlet obstruction. 3 

As with hyperplastic polyps, lesions on the nondependent or 
anterior wall may be etched in white on double-contrast views. 
Occasionally, a hanging droplet of barium (i.e., stalactite) on 
these nondependent lesions can mimic the appearance of ulcer- 
ation. 1 However, adenomatous polyps are rarely ulcerated. 

Differential Diagnosis 

Adenomatous polyps in the stomach that appear as smooth, 
sessile lesions may be difficult to distinguish on barium 
studies from hyperplastic polyps. However, most adenoma¬ 
tous polyps are larger than 1 cm and usually occur as solitary 
lesions, whereas hyperplastic polyps are almost always smaller 
than 1 cm and are often multiple. 4 Adenomatous polyps that 
are sessile and have a smooth contour can also be mistaken 
for benign gastrointestinal stromal tumors (GISTs) or other 
submucosal lesions. Finally, adenomatous polyps that are 
larger and more lobulated may be indistinguishable from 
polypoid gastric carcinomas (see Fig. 31-7). Adenomatous 
polyps often harbor one or more foci of carcinoma in situ 
or invasive carcinoma, so aggressive management of these 
lesions is required. 
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Figure 31-6 Adenomatous polyps. A. A sessile polyp (arrow) is 
present in the antrum. B. A pedunculated antral polyp (arrow) is seen 
in another patient. The stalk appears as an inner ring shadow 
overlying the head of the polyp, producing the Mexican hat sign. 

(B courtesy Dean D. Maglinte, MD, Indianapolis.) 


Treatment 

When a gastric polyp is detected on barium studies, endoscopic 
biopsy specimens should be obtained if the lesion has features 
of an adenomatous polyp (i.e., >1 cm, is lobulated or pedun¬ 
culated, or enlarges on follow-up barium studies). If biopsy 
specimens confirm the presence of an adenomatous polyp, it 
should be resected because of the risk of malignant degenera¬ 
tion. 25 Regardless of the endoscopic Åndings, polyps larger than 
2 cm should always be resected because of the even greater 
likelihood that they are adenomatous and the high risk of 
malignant tumor in adenomatous polyps of this size. 3 5,9 If 
invasive carcinoma is present in the resected specimen, a wedge 
resection of the stomach or partial gastrectomy may be 
required. 26 As in the colon, a much more aggressive approach 
is therefore warranted in the management of adenomatous 



Figure 31-7 Multiple adenomatous polyps. The polyps ( arrows) are 
larger and more lobulated than most hyperplastic polyps in the 
stomach. The most distal lesion on the greater curvature is 
indistinguishable from a polypoid carcinoma. (From Laufer I, Levine 
MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. 
Philadelphia, WB Saunders, 1992.) 


polyps than hyperplastic polyps because of the increased cancer 
risk in these patients. 

DUODENAL POLYP 

Duodenal polyps are much less common than gastric polyps. 
Hyperplastic polyps, which constitute most gastric polyps, are 
rarely found in the duodenum. Instead, most duodenal polyps 
are adenomatous. 2 Because these polyps rarely cause symp¬ 
toms, they are usually detected as incidental Åndings on 
radiologic or endoscopic examinations. Occasionally, however, 
duodenal polyps may cause low-grade upper GI bleeding or 
obstructive jaundice. 28 

Radiographic Findings 

Duodenal polyps usually appear on barium studies as smooth, 
sessile lesions in the Arst or second portion of the duodenum 
(Fig. 31-8). They tend to be smaller than 2 cm, but giant 
duodenal polyps have occasionally been described. 29 Most 
duodenal polyps occur as solitary lesions, but multiple adeno¬ 
matous, hamartomatous, or inAammatory polyps may be found 
in the duodenum as part of a diffuse polyposis syndrome (see 
Chapter 61). 

Differential Diagnosis 

Sessile polyps in the duodenum may be difAcult to distinguish 
on barium studies from benign GISTs, Brunner giand hamar- 
tomas, or other submucosal masses, so endoscopy may be 
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Figure 31-8 Duodenal polyps. 

A. Two polyps are present in the 
duodenal bulb. The lower polyp 
is seen as a ring shadow ( curved 
arrow) and the higher polyp as a 
bowler hat ( straight arrow). 

B. Several adenomatous 
polyps ( arrows ) are seen in 
the descending duodenum in 
another patient. This study was 
performed by injecting barium 
through a tube in the proximal 
duodenum. (A from Laufer I, 
Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd 
ed. Philadelphia, WB Saunders, 
1992.) 



required for a definitive diagnosis. Occasionally, antral mucosa 
or even pedunculated antral polyps that prolapse through the 
pylorus can be mistaken for polypoid lesions in the duodenum 
(Fig. 31-9; see also Fig. 31-3). However, prolapsed antral mucosa 
is usually manifested by a characteristic mushroom-shaped 
defect at the base of the bulb. In other patients, apparent pol¬ 
ypoid lesions may result from heaped-up areas of redundant 
mucosa on the inner aspect of the superior duodenal flexure 
between the first and second portions of the duodenum (Fig. 
31-10). However, these flexural pseudolesions can usually be 
differentiated from true polyps by their characteristic location 
and changeable appearance at fluoroscopy. 30,31 

VILLOUS TUMOR 

Adenomatous polyps in the stomach and duodenum that 
contain predominantly villous elements have been called villous 
adenomas, papillary adenomas, papillomas, or adenomatous 
papillomas. Because of their high malignant potential, 
however, the term villous tumors is probably best, because it 
avoids the erroneous impression that these lesions are always 
benign. 33 ’ 34 

Pathology 

Villous tumors in the stomach and duodenum closely resemble 
those in the colon, appearing grossly as polypoid masses with 
numerous frondlike projections. They usually occur as solitary 
lesions, ranging from 3 to 9 cm in size, but giant villous tumors 
as large as 15 cm have been reported. 34 35 Villous tumors rarely 
cause gastric outlet obstruction because of the soft consistency 



Figure 31-9 Prolapsed antral mucosa. The prolapsed mucosa 
produces a mushroom-shaped defect ( arrows ) at the base of the 
duodenal bulb. The characteristic appearance and location of 
prolapsed antral mucosa should differentiate this finding from a true 
polypoid lesion. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 31-10 Duodenal pseudolesion. Redundant mucosa at the 
superior duodenal flexure simulates an ulcerated mass ( arrows ) at the 
apex of the duodenal bulb. However, the characteristic appearance 
and location of this finding should suggest a flexural pseudolesion. 


of these lesions. They are equally distributed in the stomach, 
but duodenal lesions tend to be located in the descending duo¬ 
denum near the papilla of Vater. 33 ' 35 

Villous tumors in the stomach and duodenum are associated 
with an even higher risk of malignant change than villous 
tumors in the colon. The risk of malignant tumor is directly 
related to the size of the lesion. In the stomach, malignant 
changes are found in 50% of lesions 2 to 4 cm in size and in 
80% of lesions larger than 4 cm. Similarly, malignant changes 
are found in 30% to 60% of villous tumors in the duodenum, 
with the highest cancer risk in lesions larger than 4 cm. 32,33 
Although villous tumors in the stomach and duodenum have 
been classified as benign neoplasms in this chapter, for all prac¬ 
tical purposes they should be treated as malignant lesions. 

Clinical Findings 

Most patients with villous tumors in the stomach and duode¬ 
num are over 50 years of age. They may present with signs or 
symptoms of upper GI bleeding, such as melena, guaiac-positive 
stool, and iron deficiency anemia. 33 34 Because villous tumors in 
the duodenum are often located near the papilla of Vater, some 
patients may develop obstructive jaundice. 33 In contrast to 
villous tumors in the colon, however, villous tumors in the 
stomach and duodenum rarely cause diarrhea or electrolyte 
depletion. 33,34 Although gastric and duodenal lesions have the 
same secretory capabilities as those in the colon, reabsorption 
of fluid and electrolytes in the small and large bowel apparently 
prevents the development of a diarrheal syndrome. 

Villous tumors in the stomach and duodenum should be 
resected because of the high risk of malignant degeneration. 



Figure 31-11 Villous tumor in the stomach. A giant villous tumor 
( arrows ) in the gastric antrum has a characteristic soap bubble 
appearance because of trapping of barium between the frondlike 
projections of the tumor. This lesion could be mistaken for a bezoar 
but, in contrast to bezoars, it did not move with changes in the 
patient's position. (Courtesy Abraham Ghiatis, MD, San Antonio, TX.) 


Some benign lesions can be removed by endoscopy, but those 
harboring invasive cancer usually require surgery. 32,33,35 

Radiographic Findings 

Villous tumors in the stomach and duodenum usually appear 
on barium studies as polypoid masses, ranging from 2 to 9 cm 
in size. 34 ' 36 The lesions often have a reticular or soap bubble 
appearance with serrated, feathery margins caused by trapping 
of barium in multiple clefts between the frondlike projections 
of the tumor (Figs. 31-11 and 31-12). 30,36,37 Thus, villous tumors 
in the stomach and duodenum have the same radiographic 
features as those in the colon. 

Villous tumors in the duodenum tend to be located near the 
papilla of Vater (see Fig. 31-12), 33 35 but occasionally are found 
as far proximally as the duodenal bulb. : Because these lesions 
are easily obscured by superimposed mucosal folds, they are 
best visualized on do uble-contrast studies with optimal disten- 
tion of the duodenum. Hypotonic duodenography (after intra- 
venous [IV] administration of 1 mg of glucagon) is a particularly 
effective technique for effacing the overlying folds, so subtle 
lesions in the periampullary duodenum are better seen (see Fig. 
31-12B). 35,37 

Differential Diagnosis 

A large gastric bezoar may occasionally produce a soap bubble 
appearance, mimicking that of a villous tumor in the stomach 
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Figure 31-12 Villous tumors in 
the duodenum. A. This villous 
tumor appears as a polypoid 
mass ( arrows ) just below the level 
of the papilla. Note the 
characteristic reticular surface of 
the lesion. B. In another patient, 
a more subtle villous tumor 
(arrows ) is seen with optimal 
distention of the descending 
duodenum. Again, note the 
reticular surface of the lesion. 

(A from Laufer I, Levine MS [eds]: 
Double Contrast Gastrointestinal 
Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992.) 



as a result of barium trapped in the interstices of the bezoar. 
However, the freely mobile nature of the bezoar with changes 
in the patient s position should suggest the correct diagnosis. 
Carcinoma or lymphoma of the stomach or duodenum may 
also be manifested by a bulky intraluminal mass, but these 
lesions rarely produce a soap bubble appearance. 

POLYPOSIS SYNDROMES 

With the widespread use of double-contrast radiography and 
endoscopy, gastroduodenal involvement by the polyposis syn¬ 
dromes has proved to be far more common than previously 
recognized (see Chapter 61). In patients with FAPS, detection 
of adenomatous polyps in the stomach or duodenum is particu- 
larly important because of the malignant potential of these 
lesions and the increased risk of developing gastric or duodenal 
carcinoma. Some investigators therefore believe that periodic 
surveillance of the upper GI tract should be performed on all 
patients with FAPS. Other polyposis syndromes involving the 
stomach and duodenum include Peutz-Jeghers syndrome, 
Cronkhite-Canada syndrome, juvenile polyposis, and Cowdens 
disease (see Chapter 61). In patients with Cronkhite-Canada 
syndrome, barium studies may reveal distinctive whiskering 
along the margins of the stomach because of trapping of barium 
between tiny mucosal excrescences (Fig. 3 1-13). 39 When accom- 
panied by characteristic ectodermal Åndings, this appearance 
should be highly suggestive of Cronkhite-Canada syndrome. 

Submucosal Lesions 

The terms submucosal and intramural are used interchangeably 
in this chapter. Nevertheless, it should be recognized that all 
submucosal lesions are intramural, but not all intramural 



Figure 31-13 Cronkhite-Canada syndrome involving the stomach. 

A single-contrast view shows whiskering ( arrows ) of the greater 
curvature because of trapping of barium between tiny mucosal 
excrescences. This finding is characteristic of gastric involvement by 
Cronkhite-Canada syndrome. 


lesions are submucosal because they can also arise from the 
muscularis propria or even the subserosa. These mesenchymal 
lesions constitute about 50% of all benign neoplasms in the 
stomach or duodenum. 2 Almost 90% are GISTs. 40 Other sub¬ 
mucosal lesions include leiomyoblastomas, lipomas, hemangio- 
mas, lymphangiomas, glomus tumors, neural tumors, granular 
cell tumors, inflammatory fibroid polyps, ectopic pancreatic 



31 Benign Tumors of the Stomach and Duodenum 531 


rests, Brunner giand hamartomas, and duplication cysts. Most 
benign submucosal tumors are discovered as incidental findings 
at surgery or autopsy, but lesions that are large or ulcerated may 
cause abdominal pain or upper GI bleeding. Some mesenchy- 
mal tumors are important because of an increased risk of malig- 
nancy. Submucosal masses may be difficult to visualize at 
endoscopy because the overlying mucosa appears normal. As a 
result, barium studies are particularly helpful for detecting these 
lesions. 

GASTROINTESTINAL STROMAL TUMOR 

Although GISTs were once thought to represent smooth muscle 
tumors (leiomyomas and leiomyosarcomas), they are now 
believed to arise from the interstitial cells of Cajal and are char- 
acterized by their unique immunohistochemical expression of 
CD-I 17, also known as c-kit, a cell surface membrane receptor 
with tyrosine kinase activity. 41,42 In one study, almost all sub¬ 
mucosal masses previously classified as smooth muscle tumors 
were found to be GISTs, with the exception of submucosal 
masses in the esophagus, in which true leiomyomas were far 
more common. 42 GISTs constitute about 90% of mesenchymal 
tumors and 40% of all benign tumors in the stomach and duo¬ 
denum. 1,40,43 These lesions are important, not only because they 
may cause symptoms, but also because a small percentage are 
found to be malignant. 

Pathology 

GISTs consist histologically of intersecting bundles of spindle- 
shaped cells in a characteristic whorling pattern that dis- 
tinguishes these tumors from normal smooth muscle. 40,44 
Depending on their growth pattern, GISTs may appear grossly 
as endogastric, exogastric, or so-called dumbbell lesions. 1 About 
80% are endogastric lesions that remain intramural but grow 
toward the lumen. Another 15% are exogastric lesions that grow 
outward from the stomach toward the peritoneal cavity. The 
remaining 5% are dumbbell-shaped lesions that have endogas¬ 
tric and exogastric components. 

Almost all benign gastric and duodenal GISTs occur as soli- 
tary lesions, but multiple tumors are found in 1% to 2% of 
patients. 1 Most benign GISTs in the stomach and duodenum 
are smaller than 3 cm, but some patients may have giant lesions 
as large as 25 cm. 44 As these tumors enlarge, they often outgrow 
their biood supply, causing central necrosis and ulceration. 45 In 
various series, ulceration has been documented in 50% to 70% 
of all gastric GISTs larger than 2 cm. 1,45 

About 90% of GISTs in the stomach are found to be benign 
lesions. However, it is often difficult to differentiate benign 
from malignant GISTs by histopathologic criteria. 46,47 The most 
commonly accepted microscopic index of malignancy is the 
degree of mitotic activity in the tumor. 44 Nevertheless, mitotic 
activity may be increased in only a portion of a malignant GIST, 
so random biopsy specimens or frozen sections may errone- 
ously suggest a benign lesion. Thus, a definitive diagnosis of 
malignant tumor ultimately depends on the tumor’s biologic 
behavior and the demonstration of invasive growth beyond the 
stomach via direct extension, lymphatic spread, or hematoge- 
nous metastases (see Chapter 33). 43 

Clinical Findings 

Benign gastric and duodenal GISTs occur with about equal 
frequency in men and women. Affected individuals are usually 


over 50 years of age. 44 Most patients with lesions smaller than 
3 cm are asymptomatic. As these tumors enlarge, ulceration of 
the lesion may cause epigastric pain or upper GI bleeding, man¬ 
ifested by hematemesis, melena, guaiac-positive stool, or iron 
deficiency anemia. 43,44 Occasionally, pedunculated GISTs in the 
gastric antrum may cause nausea and vomiting because of 
intermittent gastric outlet obstruction. 48,49 

Radiographic Findings 

Most benign GISTs are not diagnosed on abdominal radio- 
graphs, but a large tumor in the stomach can occasionally be 
recognized as a soft tissue mass indenting the gastric air shadow. 2 
Rarely, benign GISTs in the stomach contain irregular streaks 
or dumps of mottled calcification that are visible on abdominal 
radiographs, barium studies, or computed tomography (CT) 
(Fig. 31-14). 50,51 Mucinous adenocarcinomas of the stomach 
may also calcify, but the calcification in these lesions tends to 
have a punctate, granular, or finely stippled appearance (see 
Chapter 32). 54 The differential diagnosis for left upper quadrant 
calcification also includes calcified adrenal, renal, or splenic 
lesions. 

Benign GISTs typically appear on barium studies as discrete 
submucosal masses (Figs. 31-15 and 31-16). These tumors have 
the same radiographic features as intramural, extramucosal 
lesions elsewhere in the GI tract. When viewed in profile, the 
lesions have a smooth surface that is etched in white on double- 
contrast images, and their horders form right angles or slightly 
obtuse angles with the adjacent gastric or duodenal wall (see 
Fig. 31-15A). When viewed en face, the intraluminal surface 
of these tumors has abrupt, well-defined horders (see Fig. 
31-15B). Because the overlying mucosa is usually intact, a 
normal areae gastricae pattern can sometimes be seen overlying 
these lesions. 

Gastric GISTs vary in size from tiny lesions of several mil¬ 
limeters to enormous masses that encroach substantially on the 
lumen. 44 Tumors larger than 2 cm frequently contain areas of 
ulceration, manifested by a central barium-filled crater within 
the surrounding submucosal mass (see Fig. 31-16A). Because of 
their characteristic appearance, centrally ulcerated GISTs viewed 
en face have been described as bulks-eye or target lesions. Occa¬ 
sionally, a hanging droplet of barium (i.e., stalactite) on an 
anterior wall GIST can mimic the appearance of ulceration (see 
Fig. 31-15B), but the stalactite can usually be recognized as a 
transient finding at fluoroscopy. 15 

Because ulcerated GISTs may cause major upper GI bleed¬ 
ing, ulceration is generally considered an indication for surgery. 
Rarely, however, complete healing of ulceration in benign 
gastric GISTs can occur in patients treated conservatively with 
antisecretory agents (see Fig. 31-16B), so medical treatment 
may lead to cessation of bleeding when surgery is contraindi- 
cated. 53 If necessary, bleeding can also be controlled angio- 
graphically by selective embolization of feeding vessels." 4 

Although most benign GISTs in the stomach have a typical 
submucosal appearance, exogastric tumors that grow outward 
from the stomach may be difficult to differentiate from extrinsic 
mass lesions. However, the presence of a central dimple or 
spicule at the apex of the mass should suggest an intramural 
rather than an extrinsic lesion. 55 This area of tenting probably 
results from traction on the gastric wall by the base or pedicle 
of the mass as it enlarges. Other GISTs that grow intralumi- 
nally may develop pseudopedicles. Rarely, pedunculated antral 
GISTs may prolapse into the duodenum or act as the lead 
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Figure 31-14 Benign GISTs with calcification. A. Close-up view of an abdominal radiograph reveals a dense dump of calcification ( arrow ) in 
the left upper quadrant. B. Barium study shows that this calcification ( black arrow) is located within a discrete submucosal mass ( white arrows ) in 
the stomach. At surgery, the lesion was found to be a benign GIST. C. In another patient, a peripherally calcified benign gastric GIST (arrow) is 
shown on a CT scan. (C courtesy Alec J. Megibow, MD, New York.) 



Figure 31-15 Benign GISTs. A. A submucosal mass is seen in profile in the gastric fundus. The lesion has smooth borders that form slightly 
obtuse angles with the adjacent gastric wall. This view was taken with the patient upright, and a barium stalactite (arrow) is seen hanging down 
from the inferior surface of the lesion. B. In another patient, a small GIST is seen en face (arrow) in the gastric body. This lesion also has typical 
features of a submucosal mass with smooth, well-defined borders. A hanging droplet of barium or stalactite is visible on the surface of this 
anterior wall lesion. (From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


point for a gastrogastric or gastroduodenal intussusception 
(Fig. 31-17). 48)49 

Differential Diagnosis 

GISTs are the most common benign submucosal tumors in 
the stomach and duodenum. However, other intramural lesions 


may also be manifested by discrete submucosal masses. Occa- 
sionally, lipomas may be recognized by their tendency to change 
in size and shape at fluoroscopy (see later, “Lipoma”), whereas 
ectopic pancreatic rests may be suggested by their characteristic 
location on the greater curvature of the distal antrum (see 
later, “Ectopic Pancreatic Rest”). In most cases, however, these 
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Figure 31-16 Ulcerated GIST 
with complete healing of the 
ulcer. A. Initial study reveals a 
relatively large benign GIST 
(arrows ) in the fundus with a 
central area of ulceration, 
producing a bull's-eye lesion. 

B. Follow-up study 3 years later 
shows complete healing of the 
ulcer within the tumor (arrows). 
(From O'Riordan D, Levine MS, 
Yeager BA: Complete healing of 
ulceration within a gastric 
leiomyoma. Gastrointest Radiol 
10:47-49, 1985.) 



Figure 31-17 Benign GIST with 
gastroduodenal intussusception. 

A. A large, smooth mass extends 
from the duodenal bulb into the 
descending duodenum. Note the 
characteristic coiled spring 
appearance of an intussusception 
and foreshortening of the distal 
antrum. This patient had a benign 
GIST in the stomach that 
prolapsed through the pylorus, 
acting as the lead point for this 
gastroduodenal intussusception. 

B. CT scan shows the target sign 
of an intussusception with 
concentric rings ( arrows ) in the 
descending duodenum. 


submucosal lesions cannot be differentiated by radiologic 
criteria. 

Centrally ulcerated GISTs that are viewed en face appear as 
typical bull’s-eye or target lesions. Although a solitary bull’s-eye 
lesion in the stomach or duodenum is most likely to represent 
an ulcerated GIST on empiric grounds, other benign mesenchy- 
mal tumors that are ulcerated can produce identical findings. 
In contrast, the presence of multiple bull’s-eye lesions should 
suggest a malignant tumor such as metastatic disease or lym- 
phoma because GISTs in the stomach or duodenum are rarely 
multiple. 1 

An antral or duodenal ulcer surrounded by a radiolucent 
mound of edema may simulate an ulcerated GIST. Conversely, 
an ulcerated GIST may erroneously suggest an ulcer in the 
stomach or duodenum. However, a benign GIST usually has 
discrete horders, whereas the edematous mound surrounding 
a gastric or duodenal ulcer tends to have a more gradual 
transition. 


Exogastric GISTs are often diffkult to distinguish on barium 
studies from extrinsic masses involving the stomach, particu- 
larly pancreatic pseudocysts or other pancreatic lesions com- 
pressing the stomach. Gastric compression by an enlarged liver, 
spleen, kidney, or other abdominal mass may produce similar 
findings. As noted, however, the presence of a central dimple or 
spicule at the apex of the mass should suggest an exogastric 
intramural lesion such as a GIST. 55 When extrinsic mass lesions 
are suspected, ultrasound, CT, and magnetic resonance imaging 
(MRI) may be helpful for establishing the correct diagnosis. 

Treatment 

Small, asymptomatic submucosal masses detected in the 
stomach or duodenum on barium studies can probably be fol- 
lowed conservatively without need for endoscopic or surgical 
intervention, because most of these lesions are found to be 
benign GISTs. In such cases, follow-up barium studies or endos- 
copy may be performed at yearly intervals to be certain that the 
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tumor is not enlarging. However, ulcerated lesions or lesions 
larger than 2 cm should probably be resected because of the 
increased risk of malignancy and the difficulty distinguishing 
benign and malignant GISTs by histopathologic criteria. 1,41,43 
Depending on the size of the lesion, it can be enucleated, locally 
excised or, if necessary, removed by partial gastrectomy or duo- 
denectomy. 43,44 Patients who have more worrisome lesions may 
benefit from adjuvant therapy with imatinib (Gleevec), a tyro- 
sine kinase inhibitor, to decrease the risk of developing recur- 
rent tumor. 56 

LEIOMYOBLASTOMA 

Leiomyoblastomas are unusual smooth muscle tumors that 
occur predominantly in the stomach. However, these tumors 
have also been reported in the small bowel, retroperitoneum, 
and uterus. 5 Leiomyoblastomas differ histologically from 
GISTs, but the gross morphologic Åndings are almost identi- 
cal. 44 As with GISTs, leiomyoblastomas are important because 
of the risk of malignancy in these lesions. 

Pathology 

Leiomyoblastomas consist histologically of round, polygonal, or 
epithelioid cells with eccentric nuclei, perinuclear vacuoliza- 
tion, and a clear or acidophilic cytoplasm. Because of the 
histologic Åndings, these tumors have also been called epitheli¬ 
oid leiomyomas . 58,59 Most leiomyoblastomas are benign lesions, 
but metastases to the liver or other structures occur in about 
10% of patients. 60 As with GISTs, malignant lesions usually have 
increased mitotic activity on microscopic examination. 58 Size is 
also an important factor in predicting biologic behavior because 
metastases rarely occur with lesions smaller than 6 cm. 58 Nev- 
ertheless, some authors believe that all leiomyoblastomas should 
be resected because of the difficulty in distinguishing benign 
and malignant lesions by histopathologic criteria. 

Leiomyoblastomas tend to occur as solitary lesions in the 
stomach, usually in the antrum, but multiple tumors have been 
reported. 58 61 As with GISTs, most lesions appear as submucosal 
masses, often with central necrosis and ulceration. 60,61 Occa- 
sionally, they may have an exogastric pattern of growth. 61 

Clinical Findings 

In contrast to leiomyomas, leiomyoblastomas are more common 
in men than in women. 60,61 These patients may be asymptom- 
atic or may present with pain, vomiting, upper GI bleeding, or 


a palpable abdominal mass. 57,60,61 Rarely, giant exogastric leio¬ 
myoblastomas may rupture suddenly into the peritoneal cavity, 
causing catastrophic intraperitoneal bleeding. 62 

Radiographic Findings 

Gastric leiomyoblastomas are indistinguishable on barium 
studies from GISTs (see earlier, “Gastrointestinal Stromal 
Tumor”). Most appear as smooth submucosal masses, often 
containing central areas of ulceration (Fig. 31-18). 61 Some 
endogastric lesions can become pedunculated, whereas exogas¬ 
tric lesions can be mistaken for extrinsic masses involving the 
stomach (Fig. 31-19A). 61 Cystic degeneration of these exogastric 



Figure 31-18 Gastric leiomyoblastoma. A large submucosal mass 
is present in the gastric body. This lesion is indistinguishable from a 
benign GIST. 


Figure 31-19 Exogastric 
leiomyoblastoma. A. Barium 
study shows a smooth extrinsic 
impression ( arrows ) on the lesser 
curvature of the gastric body. 

B. CT scan shows a smooth, 
well-defined cystic mass (arrow) 
abutting the stomach. At surgery, 
this patient was found to have an 
exogastric leiomyoblastoma with 
cystic degeneration of the tumor. 
(Courtesy Kyunghee C. Cho, MD, 
Newark, NJ.) 
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leiomyoblastomas is occasionally manifested on CT by a cystic 
mass abutting the stomach (see Fig. 31-19B). 63,64 Rarely, CT may 
show areas of calcification within the tumor. 64 The differential 
diagnosis for these lesions is discussed in detail in the previous 
section on GISTs. 

LIPOMA 

Gastric lipomas are rare tumors, accounting for only about 5% 
of GI tract lipomas and less than 1% of all gastric neoplasms. 65 
Duodenal lipomas are even rarer. Most of these lesions are 
detected as incidental findings on barium study, endoscopy, or 
autopsy. Thus far, no cases of malignant degeneration of GI 
lipomas have been reported. Occasionally, however, lesions that 
are large or ulcerated may cause obstruction or bleeding. 
Although lipomas are difficult to differentiate on barium studies 
from other submucosal masses in the stomach or duodenum, 
CT has proved to be a valuable technique for diagnosing these 
lesions. 

Pathology 

Lipomas are composed of mature fat cells surrounded by a 
fibrous capsule. They tend to occur as solitary lesions, usually 
in the gastric antrum. 66 ' 68 About 95% are endogastric lesions 


that arise in the submucosa and grow toward the lumen, whereas 
the remaining 5% are exogastric lesions that arise in the subse- 
rosa and grow outward from the stomach. 66 As lipomas enlarge, 
they may develop central ulcers caused by pressure necrosis of 
the overlying mucosa. 67 

Clinical Findings 

Small lipomas usually cause no symptoms, but larger lesions 
may undergo ulceration, causing abdominal pain or upper GI 
bleeding. 66,67,69 Rarely, pedunculated antral lipomas that pro¬ 
lapse through the pylorus may cause intermittent gastric outlet 
obstruction with recurrent nausea and vomiting. 66 Small 
lipomas in asymptomatic patients can be followed without 
need for surgery. However, larger lesions that cause symptoms 
should be resected. 67 

Radiographic Findings 

Barium studies typically reveal a smooth submucosal mass or 
centrally ulcerated bull’s-eye lesion indistinguishable from a 
benign GIST or other mesenchymal tumor (Fig. 31-20A). 68 
Most gastric lipomas occur as isolated lesions in the antrum, 66 ' 68 
but multiple lipomas are occasionally present in the stomach or 
duodenum. Because lipomas have a soft consistency, the 
correct diagnosis can be suggested if the lesions change in size 




Figure 31-20 Gastric lipoma. A. Double-contrast 
view shows a smooth submucosal mass ( arrow ) in 
the antrum. B. Prone single-contrast views show 
how the lesion changes in size and shape with 
varying degrees of compression. This changing 
appearance should be highly suggestive of a 
lipoma. C. CT scan shows how the lesion in the 
antrum (cursor 2) has the same density as perirenal 
fat ( cursor 1), confirming the presence of a lipoma. 
(From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992.) 


536 SECTION V Stomach and Duodenum 


and shape at fluoroscopy (Fig. 31-20B). 70 Rarely, pedunculated 
antral lipomas may prolapse through the pylorus into the 
duodenum, acting as the lead point for a gastroduodenal 
intussusception. 68 

CT has proved to be of considerable value for diagnosing 
GI lipomas. 71 ' 75 These lesions typically appear on CT as 
well-circumscribed lesions of uniform fatty density with an 
attenuation of 70 to 120 HU (Fig. 31-20C). 71,74 Occasionally, 
CT may reveal linear strands of soft tissue density or ulcer- 
ation within the tumor. It should therefore be recognized 
that these findings can occur in a benign lipoma and are 
not signs of a liposarcoma, which is extremely rare in the 
GI tract. When a gastric or duodenal lipoma is definitively 
diagnosed by CT, unnecessary endoscopy or surgery can be 
avoided. 

HEMANGIOMA 

Hemangiomas constitute less than 2% of all benign tumors in 
the stomach. They are even rarer in the duodenum. The lesions 
may be classified as capillary hemangiomas composed of 
numerous tiny vascular structures or, less commonly, as cavern- 
ous hemangiomas composed of large biood spaces or sinusoids 
lined by endothelial tissue. It is uncertain whether these lesions 
are congenital malformations or true neoplasms capable of 
autonomous growth. They tend to occur as solitary lesions, but 
multiple hemangiomas may be present in the stomach, small 
bowel, and colon in patients with hemangiomatosis. Occasion¬ 
ally, GI hemangiomas are associated with telangiectasia of the 
skin. 76 

Although sarcomatous changes are rarely found in GI hem¬ 
angiomas, these highly vascular lesions are dangerous because 
of the risk of massive upper GI bleeding. Endoscopy typically 
reveals a bluish black submucosal lesion. Surgical resection is 
usually curative. 

Radiographic Findings 

Hemangiomas in the stomach typically appear on barium 
studies as smooth submucosal masses indistinguishable from 
GISTs or other mesenchymal tumors. 76 However, the presence 
of phleboliths within the lesion should be virtually pathogno- 
monic of a hemangioma. Such phleboliths are occasionally 
visible on abdominal radiographs, and their intimate relation- 
ship to the stomach may be confirmed on barium studies or 
CT. The presence of other hemangiomas on the skin should 
also suggest the correct diagnosis. 

LYMPHANGIOMA 

Lymphangiomas are rare benign tumors of the stomach and 
duodenum. These lesions consist histologically of irregularly 
dilated lymphatic channels lined by benign-appearing endothe¬ 
lial cells. Lymphangiomas are thought to be developmental mal¬ 
formations arising from sequestered lymphatic tissue. 78 They 
often have a cystic appearance because of progressive accumula- 
tion of fluid. 

Although they may occur anywhere in the body, lymphan¬ 
giomas rarely affect the GI tract. These lesions are usually 
detected as incidental findings in asymptomatic patients. Occa¬ 
sionally, however, they are large enough to cause obstruction or 
intussusception. 8 Gastric or duodenal lymphangiomas that 
cause symptoms should be resected. 


Radiographic Findings 

Lymphangiomas may appear on barium studies as smooth 
intramural masses indistinguishable from benign GISTs or 
other mesenchymal tumors in the stomach and duodenum. 78 
Because of their cystic nature, these lesions may be pliable at 
fluoroscopy and are occasionally seen to change in shape with 
manual compression. 3 However, gastric and duodenal lipomas 
may produce identical findings. 

GLOMUS TUMOR 

Glomus tumors are derived from glomus bodies, specialized 
arteriovenous Communications that regulate temperature in the 
skin. 79 Because glomus bodies are particularly abundant in the 
nail beds and pads of the finger tips and toes, glomus tumors 
are typically subungual in location. Rarely, glomus tumors are 
found in the stomach. 79 ' 81 

Most patients with glomus tumors in the stomach are 
asymptomatic. However, ulcerated tumors may cause upper GI 
bleeding. 9 81 Local excision is usually curative, but these highly 
cellular lesions can appear malignant on frozen sections at the 
time of surgery, so an unnecessarily extensive resection is some- 
times performed. 79,80 

Radiographic Findings 

Glomus tumors in the stomach usually occur as solitary 
lesions in the antrum, ranging from 1 to 4 cm in size. 80 
These tumors appear on barium studies as smooth submucosal 
masses (with or without ulceration) that are indistinguishable 
from benign GISTs or other more common mesenchymal 
tumors in the stomach (Fig. 31-21). 82 Occasionally, glomus 
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Figure 31-21 Glomus tumor. An ulcerated submucosal mass 
( arrows) is seen on the greater curvature of the antrum. This lesion 
cannot be distinguished from other more common mesenchymal 
tumors in the stomach. (Courtesy Bruce Knox, MD, Norfolk, VA.) 
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tumors contain tiny flecks of calcification. 9 These tumors also 
have a soft consistency, so they can be mistaken for lipomas 
because of their tendency to change in size and shape at 
fluoroscopy. 82 

NEURAL TUMOR 

Neural tumors constitute 5% to 10% of benign gastric 
neoplasms. 1 Most are nerve sheath tumors (schwannomas, neu- 
romas, or neurilemmomas). The tumors are composed histo- 
logically of Schwann cells with elongated nuclei that have a 
palisade arrangement. As they outgrow their biood supply, these 
tumors may undergo central necrosis and ulceration, causing 
GI bleeding. Most nerve sheath tumors are benign, but sarco- 
matous changes have occasionally been reported. 1 

Neurofibromas are other less common neural tumors in the 
stomach. These tumors arise from sympathetic nerves of the 
Auerbach myenteric plexus or, less frequently, the Meissner 
plexus. 83 Gastric neurofibromas are usually small lesions 
detected as incidental Åndings at surgery or autopsy. Occasion¬ 
ally, however, these tumors may cause epigastric pain, nausea, 
vomiting, or upper GI bleeding. 83 They tend to be isolated 
lesions, but multiple neurofibromas may be present in the 
stomach and duodenum in patients with generalized neurofi- 
bromatosis (von Recklinghausens disease). 84,85 This condition 
is characterized by cutaneous, intracranial, or intraspinal neu¬ 
rofibromas, skin pigmentation, bone abnormalities, and other 
congenital malformations. About 10% of neurofibromas in the 
stomach eventually undergo malignant degeneration. 83 The risk 
of malignancy seems to be greatest in lesions associated with 
generalized neurofibromatosis. 

Radiographic Findings 

Neural tumors in the stomach usually appear on barium 
studies as discrete submucosal masses (with or without ulcer¬ 
ation) that are indistinguishable from benign GISTs or other 
mesenchymal tumors (Fig. 31-22). However, some exogastric 
lesions may grow outward from the stomach, projecting as 
lobulated masses into the peritoneal cavity. Others may 
have an hourglass or dumbbell configuration. 83 Although 
they are rare lesions, gastric and duodenal neurofibromas 
should be suspected when multiple submucosal masses are 
found in the stomach and duodenum in patients with cuta¬ 
neous neurofibromas or other stigmata of neurofibromatosis 
(Fig. 31-23). 

GRANULAR CELL TUMOR 

Granular cell tumors are rare benign tumors that occur pre- 
dominantly in the skin, tongue, breast, and subcutaneous 
tissues.' These tumors originally were called granular cell myo- 
blastomas, but subsequent histochemical and electron micro- 
scopic data have indicated that they have a neural derivation, 
arising from Schwann cells. 8 The lesions consist histologically 
of sheets of polygonal tumor cells containing an eosinophilic- 
staining granular cytoplasm. 87 About 7% of granular cell tumors 
are located in the GI tract, including the esophagus, stomach, 
colon, appendix, and biliary tree. 88 Granular cell tumors in the 
stomach are usually found unexpectedly at surgery or autopsy. 89 
Occasionally, however, ulcerated lesions may cause epigastric 
pain or upper GI bleeding. 89 Surgical resection is almost always 
curative. 



Figure 31-22 Gastric neurofibroma. An ulcerated submucosal mass 
is seen en face in the antrum. This lesion cannot be distinguished from 
an ulcerated GIST. (Courtesy Sat Somers, MD, Ontario, Canada.) 



Figure 31-23 Duodenal neurofibromas in a patient with 
neurofibromatosis. Multiple submucosal masses are present in the 
first and second portions of the duodenum. This patient also had 
cutaneous neurofibromas and other stigmata of neurofibromatosis. 
(Courtesy Seth N. Glick, MD, Philadelphia.) 
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Radiographic Findings 

Granular cell tumors in the stomach usually appear on barium 
studies as discrete submucosal masses, ranging from 0.5 to 
2.5 cm in size. 9 Occasionally, multiple granular cell tumors 
are present in the stomach (Fig. 31-24). 90 Despite their rarity, 
granular cell tumors should be suspected when one or more 
submucosal lesions are found in the stomach in patients 
who have additional lesions involving the skin, tongue, or 
breast. 

INFLAMMATORY FIBROID POLYP 

Inflammatory fibroid polyps are uncommon submucosal 
lesions characterized histologically by whorls of fibrous tissue 
and biood vessels associated with an inflammatory infiltrate 
containing a high percentage of eosinophils. 91 These lesions 
tend to occur in the stomach but are also found in the small 
bowel and colon. Because of the histologic findings, inflamma¬ 
tory fibroid polyps have also been called eosinophilic granulo- 
mas and fibromas with eosinophilic infiltration. 92 However, 
inflammatory fibroid polyps are unrelated to eosinophilic gran- 
ulomas of the lung or bone, which are composed primarily of 
histiocytes rather than fibroblasts. These lesions are not associ¬ 
ated with a peripheral eosinophilia, as is eosinophilic gastroen- 
teritis, a separate and more diffuse condition. 

Although the pathogenesis is uncertain, it has been postu¬ 
lated that inflammatory fibroid polyps have an allergic or 
inflammatory origin and are therefore not true neoplasms. One 
theory is that a localized break in the mucosa incites an inflam¬ 
matory response in the adjacent submucosa, with connective 
tissue proliferation in the form of a polypoid mass. Whatever 
their origin, inflammatory fibroid polyps are benign lesions 
without any known risk of malignant degeneration. 



Figure 31-24 Granular cell tumors. Several small submucosal 
masses ( arrows ) are present on the greater curvature of the stomach. 
This patient had additional granular cell tumors on the tongue. 


Clinical Findings 

Most patients with inflammatory fibroid polyps are asymptom- 
atic, but some may present with epigastric pain or upper GI 
bleeding because of superficial ulceration of these lesions. 91 
Rarely, pedunculated polyps in the distal antrum may cause 
intermittent gastric outlet obstruction. 91 

Radiographic Findings 

Inflammatory fibroid polyps in the stomach are usually located 
in the antrum, occurring as solitary lesions that range from 1 
to 5 cm in size. 93 The lesions may appear on barium studies 
as sessile or, less frequently, pedunculated polyps with a smooth 
or slightly lobulated contour (Fig. 31-25). 93,94 As a result, they 
may be indistinguishable from adenomatous polyps in the 
stomach. Other inflammatory fibroid polyps that have a sub¬ 
mucosal appearance may be indistinguishable from benign 
GISTs. 94 When these lesions are pedunculated, they may occa¬ 
sionally prolapse through the pylorus, causing gastric outlet 
obstruction. Rarely, inflammatory fibroid polyps are larger or 
more lobulated, mimicking the appearance of polypoid gastric 
carcinomas. 91 

ECTOPIC PANCREATIC REST 

Although they are not true neoplasms, ectopic pancreatic rests 
are included in this chapter because they are submucosal lesions 
that are difficult to distinguish from GISTs or other mesenchy- 
mal tumors in the stomach and duodenum. Most ectopic pan¬ 
creatic rests are discovered as incidental findings in patients 
seeking medical attention for other reasons. It may be necessary 
to resect these lesions, however, if they cause symptoms or if a 
neoplastic condition cannot be excluded on radiologic or endo- 
scopic examinations. 



Figure 31-25 Inflammatory fibroid polyp. A sessile, slightly 
lobulated polyp ( arrow ) is seen on the greater curvature of the gastric 
antrum. This lesion is indistinguishable from an adenomatous polyp in 
the stomach. 
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Pathology 

Ectopic pancreatic rests consist histologically of all pancreatic 
elements, including acini, duets, and islet cells, but ductal struc- 
tures tend to be arranged more haphazardly in these lesions 
than in normal pancreatic tissue. Ectopic pancreatic rests are 
thought to result from abnormal embryologic development in 
which fragments of the ventral or dorsal pancreatic anlage are 
implanted in the intestinal wall. 95 These primitive epithelial 
buds may undergo varying degrees of differentiation toward 
mature glandular tissue. The term adenomyosis has been used 
to encompass a histologic Spectrum of lesions, ranging from 
undifferentiated glandular epithelium to well-differentiated 
pancreatic tissue. 96 Lesions consisting of poorly differentiated 
acinar and ductal structures have been called adenomyomas, 
whereas well-differentiated nodules of pancreatic tissue have 
been called ectopic, heterotopic, or aberrant pancreatic rests. 96 

Ectopic pancreatic rests occur throughout the GI tract, but 
about 80% are located in the stomach, duodenum, or proximal 
jejunum. Occasionally, this anomaly is fo und in the gallblad- 
der, biliary tree, liver, spleen, omentum, mesentery, appendix, 
or mediastinum, or even in a Meckels diverticulum. 9 " 

Clinical Findings 

Most patients with ectopic pancreatic rests in the stomach or 
duodenum are asymptomatic, but some may present with 
epigastric pain or upper GI bleeding. (l It has been postulated 
that complications result from irritation or uleeration of the 
adjacent gastric or duodenal mueosa by pancreatic secretions. 95 
Occasionally, lesions arising near the pylorus may cause gastric 
outlet obstruction. 101 Rarely, ectopic pancreatic rests develop 
the same diseases that affeet normal pancreatic tissue, includ¬ 
ing panereatitis, pseudocysts, and benign or malignant pan¬ 
creatic tumors. 102 Because upper GI symptoms are more likely 
to be caused by peptic uleer disease or other unrelated dis- 
orders, this anomaly should not be accepted as the source 
of the patient’s symptoms without careful radiographic or 
endoscopic evaluation of the entire stomach and duodenum. 
Ectopic pancreatic rests should be resected only if the patient 
is symptomatic or if a significant neoplasm cannot be exeluded 
nonoperatively. 

Radiographic Findings 

Ectopic pancreatic rests in the stomach and duodenum usually 
appear on barium studies as smooth, broad-based submucosal 
masses, closely resembling benign GISTs or other mesenchymal 
tumors (Fig. 31-26). 95,97,103,104 They almost always occur as soli- 
tary lesions, ranging from 1 to 3 cm in size. 104 Ectopic pancre¬ 
atic rests in the stomach tend to be located on the greater 
curvature of the distal antrum within 1 to 6 cm from the pylorus 
(see Fig. 31-26), 103,104 whereas duodenal lesions are most fre- 
quently found in the proximal duodenum between the duode¬ 
nal bulb and papilla of Vater. 

Ectopic pancreatic rests in the stomach and duodenum 
often contain a central umbilication or dimple, representing 
the orifice of a primitive ductal system. 103,104 In about 50% of 
patients, this orifice is manifested by a central collection of 
barium, ranging from 1 to 5 mm in diameter and 5 to 10 mm 
in depth. 1(b When viewed en face, these umbilicated lesions have 
the typical bulls-eye appearance of uleerated GISTs or other 
mesenchymal tumors. Rarely, barium may reflux into rudimen- 
tary ductal structures that terminate in tiny club-shaped 



4 || 



Figure 31-26 Ectopic pancreatic rest. The lesion appears as 
a discrete submucosal mass ( arrows ) on the greater curvature of 
the distal antrum. This is a characteristic location for ectopic 
pancreatic rests. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 

pouches, a Ånding that is almost pathognomonic of ectopic 
pancreatic rests. 95 

Differential Diagnosis 

The presence of a centrally umbilicated submucosal mass on 
the greater curvature of the distal gastric antrum within 1 to 
6 cm from the pylorus should be highly suggestive of an ectopic 
pancreatic rest. Benign GISTs on the greater curvature may 
produce similar findings, but these lesions often contain areas 
of uleeration, and their location in the stomach is more variable. 
Other conditions such as metastatic disease and lymphoma may 
also be manifested by bulEs-eye lesions, but these patients 
usually have multiple lesions in the stomach and duodenum, 
whereas ectopic pancreatic rests almost always occur as solitary 
lesions. Rarely, ectopic pancreatic rests that are found elsewhere 
in the stomach and are larger or more lobulated may be indis- 
tinguishable from benign or malignant gastric tumors. 105 If the 
radiographic findings are equivocal, endoscopy and biopsy 
should be performed for a more definitive diagnosis. 

BRUNNER GLAND HYPERPLASIA 
(BRUNNER GLAND HAMARTOMA) 

Brunner giands in the duodenum normally secrete an alkaline 
mueus that protects the mueosa from the damaging effeets of 
acidic gastric juices entering the duodenum. Brunner giand 
hyperplasia is therefore thought to occur as a response to hyper- 
secretion of acid in the stomach. 106 However, hyperchlorhydria 
has been doeumented by gastric analysis in less than 50% of 
patients with this condition, 107 so a causal relationship between 
gastric hyperacidity and Brunner giand hyperplasia has not 
been proved. 

Pathology 

Hyperplastic Brunner giands may be manifested grossly by 
diffuse enlargement of Brunner giands throughout the proxi¬ 
mal duodenum or by massive enlargement of a single giand. In 
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the past, solitary lesions were called Brunner giand adeno- 
mas. 108,109 However, pathologic examination of these lesions has 
revealed an intimate admixture of duets, acini, smooth muscle, 
and adipose tissue without evidence of cellular atypia, so many 
investigators now believe that these lesions should be classified 
as hamartomas rather than as true neoplasms. 110,111 Their ham- 
artomatous origin is supported by the absence of malignant 
degeneration in these enlarged giands. Nevertheless, Brunner 
giand hamartomas are important because they can be mistaken 
for neoplastic lesions on radiologic or endoscopic examination 
and because they may occasionally cause symptoms. 

Clinical Findings 

Except for its association with duodenal uleers and gastric 
hypersecretory States , 106 the diffuse form of Brunner giand 


hyperplasia has no clinical significance. In contrast, solitary 
Brunner giand hamartomas may occasionally cause obstructive 
symptoms, epigastric pain, or upper GI bleeding because of 
uleeration of the overlying mueosa. 108,111,112 Although the diffuse 
form of Brunner giand hyperplasia requires no specific treat - 
ment, solitary lesions should be resected if they cause symptoms 
or if the pathologic diagnosis is in doubt. 111 An endoscopic 
polypectomy may be feasible if the lesion is small or peduneu- 
lated, but surgery may be required for larger lesions. 111,112 

Radiographic Findings 

The diffuse form of Brunner giand hyperplasia is manifested 
on barium studies by multiple small, rounded nodules in the 
proximal duodenum, producing a characteristic cobblestone 
or Swiss cheese appearance (Fig. 31-27A). 113,114 The nodules 


Figure 31-27 Brunner giand 
hyperplasia: Spectrum of 
findings. A. Multiple tiny, 
rounded nodules are present in 
the duodenal bulb in a patient 
with diffuse Brunner giand 
hyperplasia. B. This patient has 
several Brunner giand 
hamartomas in the duodenum, 
manifested by submucosal 
masses ( arrows ) in the bulb. C. A 
large polypoid defeet ( arrows ) is 
seen in the duodenal bulb in 
another patient with a giant 
Brunner giand hamartoma. D. A 
fourth patient with enlarged 
Brunner giands has markedly 
thickened, disorganized folds in 
the descending duodenum 
because of concomitant 
duodenitis. (A from Laufer I, 
Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd 
ed. Philadelphia, WB Saunders, 
1992; C courtesy Jackie Brown, 
MD, Vancouver; Canada; 

D courtesy Dean D. T. Maglinte, 
MD, Indianapolis.) 
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tend to be most abundant in the duodenal bulb, with fewer 
nodules in the descending duodenum, so the lesions corre- 
spond to the normal anatomic distribution of Brunner 
giands. 113 Occasionally, central flecks of barium may be identi- 
fied in the nodules. In these cases, it has been postulated that 
these lesions represent chronic duodenal erosions in various 
stages of reepithelialization. 115 

Brunner giand hamartomas may appear as one or more sub- 
mucosal or sessile lesions, ranging from several millimeters to 
several centimeters in size (Fig. 3 i_ 27B). 109111,113,114,116)117 Some 
patients with giant Brunner giand hamartomas may have large 
polypoid defects in the duodenum (Fig. 31-27C). 118 Other 
patients with enlarged Brunner giands may have markedly 
thickened, irregular folds in the proximal duodenum because 
of concomitant duodenitis (Fig. 31-27D). 11 Rarely, large 
intramural masses may cause mechanical obstruction of the 
duodenum or act as the lead point for a duodenojejunal 
intussusception. 1 11,116,119 

Differential Diagn os is 

The differential diagnosis for the diffuse form of Brunner 
giand hyperplasia includes the various polyposis syndromes, 
benign lymphoid hyperplasia, heterotopic gastric mucosa, and 
nodular duodenitis. Although the polyposis syndromes may 
be manifested by multiple rounded nodules in the duodenum, 
these patients almost always have a generalized intestinal 
polyposis, whereas Brunner giand hyperplasia is confmed to 
the duodenum. Similarly, benign lymphoid hyperplasia is 
characterized by multiple small nodules in the duodenal bulb 
and proximal duodenum (Fig. 31-28). 120 However, these 
patients often have generalized lymphoid hyperplasia of the 
small bowel or colon. Unlike Brunner’s giands, heterotopic 
gastric mucosa in the duodenum is characterized by angulated 
or polygonal 1- to 5-mm nodules or plaques that tend to 
be clustered near the base of the duodenal bulb (Fig. 
31-29). 121,122 Finally, nodular duodenitis may be manifested 
by thickened nodular folds that can resemble hyperplastic 
Brunner giands. However, the nodular folds tend to coalesce 
in the inflamed duodenum, whereas enlarged Brunner giands 
have more discrete horders. 

Solitary Brunner giand hamartomas are difficult to dis- 
tinguish from other polypoid lesions in the duodenum. 
Depending on their appearance, they can resemble mucosal 
lesions such as adenomatous polyps or submucosal lesions 
such as benign GISTs. Occasionally, prolapsed gastric mucosa 
in the duodenal bulb may produce a similar appearance. 
However, prolapsed mucosa is usually recognized as a 
mushroom-shaped defect at the base of the bulb that occurs 
as a transient finding at fluoroscopy (see Fig. 31-9). Rarely, 
a pedunculated polyp in the gastric antrum that has pro¬ 
lapsed into the duodenum can also be mistaken for a Brunner 
giand hamartoma. 3 

DUPLICATION CYST 

Duplication cysts are hollow, epithelium-lined, spherical or 
tubular structures that are directly attached to some portion 
of the GI tract, usually the distal ileum. 123,124 They tend to 
occur on the mesenteric border of the bowel, often sharing 
a common biood supply and muscular coat with the adjacent 
bowel wall. Most duplication cysts are spherical duplications 
that have no direct communication with the normal GI 



Figure 31-28 Benign lymphoid hyperplasia. Innumerable tiny 
nodules are present in the duodenal bulb. This patient had 
hypogammaglobulinemia. (From Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB 
Saunders, 1992.) 



Figure 31-29 Heterotopic gastric mucosa in the duodenum. 

There are discrete, angulated filling defects near the base of the 
duodenal bulb. This appearance is so characteristic of heterotopic 
gastric mucosa that a confident diagnosis can be made on the basis 
of double-contrast studies without need for endoscopy. (From Laufer 
I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd 
ed. Philadelphia, WB Saunders, 1992.) 


tract. 124,12 However, the rare tubular form of duplication cyst 
may communicate with the GI lumen at its proximal or 
distal end. 124,125 

Duplication cysts of the stomach and duodenum are uncom- 
mon lesions, comprising only 4% to 5% of all intestinal dupli¬ 
cations. 1 However, they may be associated with a variety of 
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complications such as bleeding, obstruction, or perforation. 
These lesions should therefore be surgically repaired or removed 
whenever feasible. 

Pathology 

GI duplication cysts are congenital malformations, probably 
resulting from faulty embryologic budding or defective recana- 
lization of the alimentary tube during early fetal life. 124,127,128 
Histologically, they are fluid-filled cysts containing a well- 
developed smooth muscle layer and mucous membrane lining. 
This mucous membrane is usually identical to that of the 
parent bowel, but duplication cysts may occasionally contain 
gastric, intestinal, pancreatic, or even respiratory epithe- 
lium. 124,129 When ectopic gastric mucosa is present in the cyst, 
secretion of peptic acid may cause ulceration or bleeding. 129 
Depending on the volume of secretions within the cysts, they 
may vary from 1 to 25 cm in size. 129 Gastric duplication cysts 
usually arise from the greater curvature of the antrum or 
body, 123,126 whereas duodenal duplication cysts usually arise 
from the medial aspect of the first or second portion of the 
duodenum. 125,127,129 

Duplication cysts of the stomach and duodenum may be 
associated with a variety of other congenital anomalies, includ- 
ing intestinal or biliary atresia, malrotation, imperforate anus, 
double gallbladder, and double uterus. These patients also tend 
to have duplication cysts elsewhere in the GI tract. 130 Unlike 
mediastinal duplication cysts, those in the stomach and duode¬ 
num are rarely associated with hemivertebrae or other vertebral 
anomalies. 126,129 

Clinical Findings 

Gastric duplication cysts are twice as common in women as in 
men, 1 0 whereas duodenal duplication cysts have an approxi- 
mately equal gender distribution. 127 Because most gastric dupli¬ 
cation cysts cause symptoms during the first year of life, they 
are almost always diagnosed during early childhood. 126,131 In 
contrast, 35% to 40% of duodenal duplication cysts are discov¬ 
ered in patients over 20 years of age. 129,131 

Children or adults with duplication cysts of the stomach or 
duodenum typically present with a palpable abdominal mass 
and vomiting as the enlarging cyst eneroaches on the adj acent 
stomach or duodenum. 126,127,1 In infants with gastric dupli¬ 
cation cysts, nonbilious vomiting may erroneously suggest 
hypertrophic pyloric stenosis. 13 In contrast, duodenal duplica¬ 
tion cysts tend to be associated with bilious vomiting. 125 Less 
frequently, older children or adults may present with abdominal 
pain, weight loss, fever, or upper GI bleeding. 125 ' 127,129,130 Abdom¬ 
inal pain most likely results from progressive distention of the 
cyst by its own secretions. Fever occurs if the cyst becomes 
infeeted. Upper GI bleeding is caused by localized pressure 
necrosis of the adj acent gastric or duodenal wall or by ulcer¬ 
ation of a cyst that communicates direetly with the stomach or 
duodenum. 125,127 Occasionally, duodenal duplication cysts may 
compress the ampulla of Vater or the pancreatic or common 
bile duets, causing acute panereatitis or obstructive jaun- 
dice. 127,129 Rarely, duplication cysts may present as surgical 
emergencies because of torsion or perforation of the cyst with 
associated peritonitis. 129,133 

Because of these complications, duplication cysts of the 
stomach and duodenum should be treated surgically. Gastric 
duplication cysts can often be excised without difficulty from 
their attachment to the greater curvature of the stomach. 130 


Because of their proximity to the ampulla of Vater, however, 
duodenal duplication cysts frequently cannot be resected 
without performing a pancreaticoduodenectomy and recon- 
structive biliary surgery. Alternatively, some surgeons prefer 
to create a window between the cyst and duodenum by 
excising a portion of the common wall between these struc- 
tures to permit internal drainage and decompression of 
the cyst. 125,129 

Radiographic Findings 

Duplication cysts of the stomach and duodenum may 
occasionally be recognized on abdominal radiographs by 
curvilinear calcification in the cyst wall. 134,131 However, cal- 
cification is more commonly seen in mesenteric, renal, or 
adrenal cysts. 

Gastric duplication cysts typically appear on barium studies 
as intramural or extrinsic mass lesions involving the greater 
curvature or, less commonly, the posterior wall or lesser curva¬ 
ture of the gastric antrum (Fig. 31-30A). 123,136 Similarly, duode¬ 
nal duplication cysts may be recognized as smooth intramural 
or extrinsic masses involving the medial wall of the descending 
duodenum (Fig. 31-31). 125,129,131 As gastric and duodenal dupli¬ 
cation cysts enlarge, they may encroach considerably on the 
lumen of the stomach and duodenum, causing progressive 
obstruction. Rarely, communicating duplication cysts can be 
recognized as ovoid or tubular barium-filled structures adjacent 
to the stomach or duodenum because of opacification of the 
cyst lumen (Fig. 31-32). 137,138 

Both ultrasonography and CT may be helpful in confirming 
the cystic nature of gastric and duodenal duplication cysts that 
are visualized indireetly on barium studies. These structures 
usually appear on ultrasound examination as sonolucent masses 
withstrongposteriorwallechoesandthrough-transmission. 1 8139 
In some patients, the mucosal lining of the cyst is manifested 
by an echogenic inner ring surrounded by a relatively hypoechoic 
muscle layer. 138,139 Echogenic internal components may occa¬ 
sionally be seen in cysts that are infeeted or hemorrhagic. 139 
Duplication cysts can also be recognized by CT as thin-walled, 
fluid-filled structures abutting the greater curvature of the 
stomach or medial wall of the descending duodenum (see Fig. 
31-30B). 135,137,140 Rarely, CT may demonstrate cyst wall calcifica¬ 
tion or enteroliths within the cyst. 140 

Differential Diagnosis 

The finding on barium studies of a smooth intramural lesion 
on the greater curvature of the gastric antrum or medial 
wall of the descending duodenum should suggest the pos- 
sibility of a duplication cyst, particularly in children. Other 
intramural lesions (e.g., benign GISTs, lipomas, or hematomas) 
or extrinsic lesions (e.g., pancreatic tumors or pseudocysts 
or choledochal cysts) involving the stomach or duodenum 
may produce similar findings. When duplication cysts are 
suspected on barium studies, ultrasonography or CT may be 
helpful for doeumenting the cystic nature of these structures. 
Other cystic lesions in the upper abdomen, such as chole¬ 
dochal cysts, mesenteric cysts, omental cysts, and pancreatic 
pseudocysts, may resemble duplication cysts on ultrasound 
or CT studies. 139,140 Nevertheless, the finding of a cystic mass 
contiguous with the greater curvature of the stomach or 
medial wall of the duodenum, but separable from the gall¬ 
bladder, extrahepatic biliary tree, and panereas, should be 
highly suggestive of a duplication cyst. 
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Figure 31-30 Gastric duplication cyst. 

A. Barium study shows a smooth mass 
(arrows ) indenting the posterior wall of 
the gastric fundus. B. CT scan shows a 
thin-walled, fluid-filled mass (arrow) abutting 
the stomach. (From Thornhill BA, Cho KC, 
Morehouse HT: Gastric duplication 
associated with pulmonary sequestration: CT 
manifestations. AJR 138:1168-1171, 1982.) 



Figure 31-31 Duodenal duplication cyst. There is a large 
intramural mass ( arrows ) in the descending duodenum. Note the 
smooth contour of the lesion. An intramural hematoma or 
choledochal cyst could produce similar findings. 



Figure 31-32 Communicating gastric duplication. Barium has 
entered a long, tubular duplication cyst ( short arrows ) on the greater 
curvature of the stomach. The duplication extends from the fundus to 
the pylorus, where it communicates with the lumen ( long arrow). This 
form of duplication is extremely uncommon. (From Marshak RH, 
Lindner AE, Maklansky D [eds]: Radiology of the Stomach. 
Philadelphia, WB Saunders, 1983.) 
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Gastric Carcinoma 

There has been a dramatic decline in the incidence of gastric 
carcinoma since the late 1940s. 14 Nevertheless, it remains a 
deadly disease, with overall 5-year survival rates of less than 
20%. 4-8 Since the 1980s, attention has been focused on the role 
of double-contrast barium studies and endoscopy for the early 
diagnosis of gastric cancer. The Japanese have had tremendous 
success in detecting early gastric cancer by mass screening of 
the adult population with these techniques. However, it is dif- 
ficult to justify such screening programs outside Japan because 
of the lower incidence of this malignancy. Thus, the prognosis 
for gastric carcinoma remains dismal in most parts of the world. 

EPIDEMIOLOGY 

Gastric carcinoma has striking geographic variations, with the 
highest incidences reported in Japan, Chile, Finland, Poland, 
and Iceland. 3,8 However, Japanese immigrants and their off- 
spring living in the United States have a significantly lower 
incidence of gastric cancer than those living in Japan. 8,9 Such 
epidemiologic data suggest that environmental factors have a 
major role in the development of gastric carcinoma. Dietary 
habits may be particularly important in explaining the observed 
geographic differences in cancer risk. Helicobacter pylori infec- 
tion of the stomach has also increasingly been implicated as a 
major risk factor in the development of gastric carcinoma in 
various parts of the world. Other predisposing conditions 
include atrophic gastritis, pernicious anemia, gastric polyps, 
partial gastrectomy, Ménétrier’s disease, and hereditary factors. 
These risk factors for gastric cancer are discussed separately in 
the following sections. 
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DIETARY FACTORS 

Studies have shown that diets rich in salted, smoked, or poorly 
preserved foods are associated with an increased risk of gastric 
cancer, 4,1011 whereas diets rich in fruits and vegetables are 
associated with a decreased risk. 4,1 Foods containing nitrates 
or nitrites have also been implicated in the development of 
gastric cancer. 4,9 These compounds are converted by bacteria 
to nitrosamines, which are thought to have a carcinogenic 
effect on the stomach. 13 Thus, populations with a higher average 
intake of nitrates and nitrites probably have a higher gastric 
cancer risk. Conversely, vitamin C (ascorbic acid) appears to 
have a protective effect by reducing nitrites to nitric oxide 
and preventing the formation of nitrosamine compounds. 14 
This could explain why the consumption of fruit and vegetables 
is associated with a lower risk of developing gastric cancer. 
One study also found that a high intake of cereal fiber is 
associated with a significantly lower risk of carcinoma of the 
cardia, 15 possibly because of the nitrite-scavenging properties 
of cereal fiber. 

Helicobacter pylori Gastritis 

H. pylori has increasingly been implicated as a major risk 
factor in the pathogenesis of gastric carcinoma; H. pylori is 
thought to be the leading cause of gastric cancer worldwide. 16 
Various studies have found that people with H. pylori gastritis 
have a two to six times greater risk of developing gastric 
cancer than those without this infection. 19 It has been well 
documented that people with long-standing H. pylori gastritis 
are more likely to develop atrophic gastritis. 16,20,21 Over a period 
of years, chronic atrophic gastritis may progress to gastric 
atrophy, intestinal metaplasia, dysplasia, and, eventually, gastric 
carcinoma. 4,22 ' 24 Other studies have found that people with 
H. pylori gastritis are more likely to develop the intestinal 
type of gastric carcinoma than people without this infection 
(see later, “Gastric Carcinoma: Pathology”). 25,26 It has also been 
shown that certain strains of H. pylori , which produce a vacu- 
olating cytotoxin, cytotoxin-associated gene A (cagA ), are 
associated with a higher prevalence of atrophic gastritis and 
gastric carcinoma. 18 A meta-analysis of 16 studies from the 
literature found that infection with cagA-positive strains of 
H. pylori substantially increased the risk of gastric cancer 
compared to the risk associated with H. pylori infection irre- 
spective of cagA status. 29 

Nevertheless, gastric cancer develops in only a tiny percent- 
age of all people with H. pylori gastritis, so other genetic or 
environmental factors presumably have a role in cancer patho¬ 
genesis. In a cost-effectiveness model, Parsonnet and colleagues 
found that widespread screening and treatment of adults for 
H. pylori is a potentially cost-effective strategy for the preven- 
tion of gastric cancer, particularly in high-risk populations. 30 
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However, further investigation is needed to determine whether 
such an approach is justified. 

Atrophic Gastritis 

Atrophic gastritis has been classified into two types, which 
have different histologic, immunologic, and secretory charac- 
teristics. Type A gastritis is usually associated with pernicious 
anemia (see next section). In contrast, type B gastritis (which 
is more common) predominantly involves the antrum and 
usually results from mucosal injury by H. pylori or, less com- 
monly, by o ther toxic agents (see Chapter 3 O). 31 Long-term 
studies indicate that about 10% of patients with type B gastritis 
develop gastric carcinoma within 10 to 20 years. 32,33 It has 
been postulated that chronic atrophic gastritis leads to the 
development of intestinal metaplasia, dysplasia, and, eventually, 
adenocarcinoma. This pathologic sequence of events is 
supported by the frequent association of gastric carcinoma 
and intestinal metaplasia on surgical specimens. 22,23 Thus, 
chronic atrophic gastritis and intestinal metaplasia are thought 
to be important precursor conditions for the development of 
gastric carcinoma. 

Pernicious Anemia 

Type A gastritis predominantly involves the gastric fundus and 
body and is usually thought to result from immunologic injury 
by antiparietal cell antibodies in patients with pernicious 
anemia. 31 This type of gastritis may also be associated with an 
increased risk of gastric cancer. In various studies, the incidence 
of gastric cancer in patients with pernicious anemia has been 
two to three times greater than that expected for the general 
population. 34,35 Most such tumors involve the gastric fundus or 
body. Although some investigators advocate radiologic or endo- 
scopic surveillance of patients with known pernicious anemia, 
others believe that the cancer risk is not high enough to warrant 
routine surveillance. 36 Nevertheless, any patient with pernicious 
anemia who has guaiac-positive stool or other upper gastroin- 
testinal (GI) complaints should be aggressively evaluated for 
possible gastric carcinoma. 

Gastric Polyps 

Adenomatous polyps account for less than 20% of all gastric 
polyps. 37 Despite their rarity, these polyps are premalignant 
lesions that are capable of undergoing malignant degeneration 
via an adenoma-carcinoma sequence similar to that found in 
the colon. 38 Nearly 50% of gastric adenomas larger than 2 cm 
are found to harbor carcinomatous foci. 39,40 All adenomatous 
polyps should therefore be resected because of the risk of malig¬ 
nant transformation. Nevertheless, adenocarcinoma is about 30 
times more common than adenomatous polyps in the stomach, 
so most gastric cancers are thought to originate de novo and 
not from preexisting polyps. 38 

Partial Gastrectomy 

Patients who undergo partial gastrectomy appear to be at 
increased risk for the development of gastric carcinoma. A 
gastric stump cancer is defined as a primary carcinoma of the 
gastric remnant occurring a minimum of 5 years after partial 
gastrectomy for gastric ulcers or other benign disease. 41 Affected 
individuals have usually undergone a Billroth II rather than 
a Billroth I procedure. 42,43 These tumors tend to be located in 
the distal portion of the gastric remnant near the gastrojejunal 
anastomosis. It has been postulated that recurrent bile reflux 


above the anastomosis causes chronic gastritis, intestinal meta¬ 
plasia, and, eventually, gastric carcinoma. In various studies, 
the mortality from gastric cancer 15 years or more after partial 
gastrectomy has been three to seven times greater than that 
expected for the general population. 43 45 Some authors therefore 
advocate routine endoscopic surveillance of the gastric remnant 
starting 15 years after surgery. 45 However, other investigators 
have found no greater incidence of gastric carcinoma than 
that expected for the general population as long as 25 years 
after surgery. 46 Thus, the need for surveillance in these patients 
remains controversial. 

Gastric carcinoma has also been reported as a late complica- 
tion of gastrojejunostomy for benign disease in the absence of 
partial gastrectomy. 47,48 As in patients who have undergone a 
Billroth II procedure, bile reflux gastritis and intestinal meta¬ 
plasia are thought to be predisposing factors. Whatever the 
explanation, the risk of developing gastric carcinoma also 
appears to be increased in patients who undergo a gastrojeju- 
nostomy without a gastric resection. 

Ménétrier's Disease 

Ménétrier’s disease is a rare disorder of unknown etiology 
characterized by a hypertrophic gastropathy associated with 
decreased gastric acid secretion and a protein-losing enteropa- 
thy (see Chapter 30). Anecdotal cases of gastric carcinoma have 
been described in patients with Ménétrier’s disease. 4 However, 
it is unclear whether this association is coincidental or whether 
Ménétrier’s disease is a premalignant condition. 

Hereditary Factors 

Hereditary factors have also been implicated in the develop¬ 
ment of gastric cancer because a positive family history has been 
associated with an increased risk of this malignancy/" 0 In one 
study, the prevalence of H. pylori gastritis was significantly 
higher in subjects who had parents with gastric cancer than in 
other subjects. 51 Such Åndings suggest that familial aggregation 
of gastric cancer may be explained at least partly by familial 
clustering of H. pylori gastritis. Patients with gastric cancer also 
have been found to have a higher frequency of biood type A 
and a lower frequency of biood type O than the general 
population. 52 

PATHOLOGY 

Gross Features 

Most gastric carcinomas are polypoid or ulcerated lesions. 53 ' 55 
Polypoid carcinomas have a plaquelike, lobulated, or fungating 
appearance. Ulcerated carcinomas may contain deep, irregular 
or broad, shallow areas of ulceration caused by necrosis and 
excavation of the tumor. 53 The ulcer may be surrounded by a 
thin rind of malignant tissue or by an obvious mass lesion, so 
many polypoid tumors have ulcerated components. Less com- 
monly, gastric carcinomas may be diffusely infiltrative lesions 
that spread along the gastric wall with relatively little intralu- 
minal growth. 53 These scirrhous tumors may produce a classic 
linitis plastica appearance because of submucosal thickening 
and fibrosis incited by the tumor. Other gastric carcinomas may 
be superficial spreading lesions that are confined to the mucosa 
or submucosa without invading the deep muscle layers of the 
gastric wall. 53 

Rarely, patients with gastric carcinoma have multiple primary 
lesions separated by normal intervening mucosa. In various 
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series, two or more synchronous tumors have been found in 2% 
to 8% of all patients with gastric cancer. 56,57 In such cases, indi- 
vidual lesions may have different morphologic features. 

Histologic Features 

More than 95% of malignant neoplasms in the stomach are 
adenocarcinomas. 3 The remaining lesions consist of lymphoma, 
gastrointestinal stromal tumors (GISTs), Kaposi’s sarcoma, car- 
cinoid, and other rare malignant tumors (see Chapter 33). 
Gastric carcinomas may be classified into two types: (1) an 
intestinal type characterized by well-formed glandular struc- 
tures that tend to grow in a fungating manner; and (2) a diffuse 
type characterized by poorly cohesive cells that tend to infiltrate 
and thicken the gastric wall without producing a discrete mass. 58 
Intestinal-type lesions are more likely to involve the distal 
stomach and are often associated with underlying atrophic gas¬ 
tritis. In contrast, diffuse-type lesions are more likely to involve 
the entire stomach (especially the gastric cardia) and tend to 
have a worse prognosis. 59 

Gastric carcinomas have been further classified by the World 
Health Organization into the following subtypes—papillary, 
tubular, mucinous, and signet ring cell. 60 Most tumors that are 
capable of forming glandular structures secrete mucinous sub- 
stances and, occasionally, excessive mucin accumulates extracel- 
lularly in colloid or mucinous adenocarcinomas. 53 Other 
adenocarcinomas are composed of distinctive signet ring cells 
containing large amounts of intracytoplasmic mucin and com- 
pressed, eccentric nuclei. 53 As they infiltrate the gastric wall, 
these signet ring cells often incite a desmoplastic response in 
the submucosa and muscularis propria, producing the classic 
pathologic features of a primary scirrhous carcinoma. In various 
series, scirrhous tumors have been found to account for 5% to 
15% of all gastric cancers. 5 

Most adenocarcinomas of the stomach are diagnosed at an 
advanced stage. By definition, advanced gastric cancers have 
already invaded the muscularis propria. These tumors are 
usually associated with metastases to regional lymph nodes or 
other local or distant structures. In contrast, early gastric cancers 
are defined histologically as cancers in which malignant inva¬ 
sion is limited to the mucosa or submucosa, regardless of the 
presence or absence of lymph node metastases. 61,62 The largest 
number of early gastric cancers has been reported in Japan as a 
result of mass screening of the adult population. Unlike 
advanced carcinomas, which have a dismal prognosis, early 
gastric cancers are curable lesions with 5-year survival rates 
greater than 90% (see later, “Treatment and Prognosis”). 

Distribution 

At one time, most gastric carcinomas were located in the 
antrum. 63 Since the late 1940s, however, there has been a gradual 
shift in the distribution of gastric cancer from the antrum prox- 
imally to the body and fundus. 1 This changing distribution 
has been attributed primarily to a rising incidence of carcinoma 
of the gastric cardia, which has increased at a rate exceeding that 
of any other cancer. 4,65 ' 67 As a result, these tumors now have a 
relatively even distribution in the stomach, with about 30% 
located in the antrum, 30% in the body, and 40% in the fundus 
or cardiac region. 1,6,7,64 This changing pattern of disease has 
important implications for cancer detection because the gastric 
cardia and fundus must be carefully evaluated for signs of 
malignancy in all patients who undergo barium studies or 
endoscopy to rule out gastric carcinoma. 


ROUTES OF SPREAD 

Gastric carcinoma may invade local, regional, or distant struc¬ 
tures by four pathways—direct extension, lymphatic spread, 
intraperitoneal seeding, and hematogenous metastases. The 
various pathways of spread are discussed separately in the fol¬ 
lowing sections. 

Direct Extension 

Gastric carcinoma has a tendency to invade adj acent structures 
such as the liver, pancreas, and spleen. 55 Longitudinal spread 
of tumor along the GI tract is also relatively common. The 
distal esophagus is directly involved by carcinoma of the cardia 
in about 60% of patients, 69 whereas the duodenum is involved 
by carcinoma of the antrum in 5% to 25% of patients. 
Tumor involving the greater curvature of the stomach may also 
spread inferiorly via the gastrocolic ligament to the transverse 
colon, occasionally resulting in the development of a gastrocolic 
fistula. 73 

Lymphatic Spread 

Because of the abundant lymphatics in the stomach, lymph 
node metastases are found in 74% to 88% of patients with 
gastric carcinoma. 53 These patients may initially have involve - 
ment of local (perigastric) nodes and, subsequently, regional 
(celiac, hepatic, left gastric, and splenic) or distant (left supra- 
clavicular and left axillary) nodes. 8 The frequency of lymphatic 
metastases is related to the size and depth of penetration of the 
tumor. Nevertheless, lesions are still classified histologically as 
early gastric cancers, regardless of the presence of local lymph 
node metastases, if malignant invasion is confmed to the 
mucosa or submucosa. 61 

Intraperitoneal Seeding 

Patients with advanced gastric carcinoma may develop malig¬ 
nant ascites, resulting in intraperitoneal-seeded or omental 
metastases. 68 Diffuse carcinomatosis may also lead to the devel¬ 
opment of small bowel obstruction. Some patients with signet 
ring cell adenocarcinomas have bilateral “drop” metastases to 
the ovaries, known as Krukenberg tumors. 74 Although other 
malignant tumors can also have drop metastases to the ovaries, 
gastric carcinoma is responsible for most cases. 74 Some patients 
with gastric carcinoma may present with bilateral ovarian 
masses as the initial manifestation of their disease. 

Hematogenous Metastases 

Because the stomach is drained by the portal vein, the liver is 
the most common site of hematogenous (blood-borne) metas¬ 
tases from gastric carcinoma. 55 Other less common sites of 
hematogenous spread include the lungs, adrenals, kidneys, 
bones, and brain. 

CLINICAL FINDINGS 

Gastric carcinoma is usually considered a disease of middle and 
late life, with a peak incidence between 50 and 70 years of 
age. However, 3% to 5% of patients with gastric cancer are 
less than 35 years of age and 1% are less than 30 years of age. 
The percentage of young patients with gastric cancer has more 
than doubled since 1970. 7 For reasons that are unclear, these 
young people tend to have more aggressive lesions that are 
associated with a worse prognosis than most gastric cancers. 
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Gastric carcinoma is twice as common in men as in 
women. 2,8,11 The male predilection of these tumors is even 
greater for carcinoma of the cardia, which is seven times more 
likely to occur in men than in women. This explanation for 
this discrepancy is unclear. 

Most patients with gastric carcinoma are symptomatic only 
when they have advanced tumors with local or distant metas¬ 
tases. 8,9 The most common presenting Åndings include epigas- 
tric pain, bloating, early satiety, nausea, vomiting, dysphagia, 
anorexia, weight loss, and signs or symptoms of upper GI bleed- 
ing, such as hematemesis, melena, guaiac-positive stool, and 
iron deficiency anemia. 8,9,54 However, similar Åndings may be 
caused by ulcers, gastritis, or other benign conditions. As a 
result, there is often a considerable lag between the onset of 
symptoms and the diagnosis of gastric cancer. 

The clinical presentation is also affected by the location and 
morphologic features of the tumor. For example, nausea and 
vomiting are common Åndings in patients with obstructing 
lesions involving the distal antrum or pyloric region. 4 In con- 
trast, patients with scirrhous carcinomas may develop early 
satiety because of the decreased compliance of a stomach that 
is diffusely inAltrated by tumor. 81 Other patients with carci¬ 
noma of the cardia may present with recent onset of dysphagia 
caused by tumor obstructing the cardia. 82 83 Some individuals 
with dysphagia may complain of food sticking behind the 
sternum, whereas others may have a sensation of blockage 
referred upward to the thoracic inlet or even the pharynx. The 
gastric cardia and fundus should therefore be carefully evalu- 
ated in all patients with dysphagia, regardless of the subjective 
site of obstruction, to rule out a carcinoma of the cardia mas- 
querading as a esophageal or pharyngeal disorder. 

Some patients with advanced gastric cancer may initially 
present with signs or symptoms of metastatic disease, such as 
anorexia, weight loss, abdominal masses, hepatic enlargement, 
jaundice, ascites, back pain, or neurologic Åndings. Patients 
with ovarian metastases may have bilateral pelvic masses 
(so-called Krukenberg tumors), and patients with drop metas¬ 
tases to the rectosigmoid colon may have a palpable Blumers 
shelf on rectal examination. 

ENDOSCOPIC FINDINGS 

When brushings and biopsy specimens are obtained, endoscopy 
has a reported overall sensitivity of 94% to 98% in the diagnosis 
of gastric carcinoma. 84 However, multiple biopsy specimens 
should be taken from suspicious lesions to decrease the risk of 
sampling error. It should also be recognized that endoscopy is 
a much less reliable technique for diagnosing scirrhous tumors 
than other gastric carcinomas. In various series, the sensitivity 
of endoscopic brushings and biopsy specimens in detecting 
these lesions has ranged from only 33% to 70%. 88-90 False¬ 
negative histologic Åndings may occur not only because these 
scirrhous carcinomas are located predominantly in the submu- 
cosa, but also because the tumor cells are often separated by 
sheets of Abrosis. In some cases, multiple endoscopic examina- 
tions may be required for a deAnitive histologic diagnosis. 90 
Thus, excessive reliance on negative endoscopic biopsy speci¬ 
mens may cause inordinate delays in the treatment of these 
patients. Finally, the presence and extent of tumor is often 
underestimated on the basis of the gross endoscopic Åndings 
because the mucosa overlying these lesions usually appears 
normal. 91 


RADIOGRAPHIC FINDINGS 

Early Gastric Cancer 

The double-contrast upper GI examination has been widely 
recognized as the hest radiologic technique for the diagnosis of 
early gastric cancer. 92 ' 95 The Japanese Endoscopic Society has 
divided these lesions into three basic types. 96 Type I lesions are 
elevated lesions that protrude more than 5 mm into the lumen. 
Type II lesions are superAcial lesions that are further subdivided 
into three groups—types Ila, Ilb, and Ile—depending on their 
morphologic features. Type Ila lesions are elevated but protrude 
less than 5 mm into the lumen. Type Ilb lesions are essentially 
Aat. Type Ile lesions are slightly depressed but do not penetrate 
beyond the muscularis mucosae. Type III lesions are true 
mucosal ulcerations, with the ulcer penetrating the muscularis 
mucosae but not the muscularis propria. When early gastric 
cancers exhibit more than one of these morphologic features, 
they may have a dual classiAcation, with the most predominant 
pattern listed Arst (e.g., type III + Ile). 

Type I early gastric cancers typically appear as small, elevated 
lesions in the stomach. 9 94 Because adenomatous polyps may 
undergo malignant degeneration (see earlier, “Gastric Polyps”), 
the possibility of early gastric cancer should be suspected for 
any sessile or pedunculated polyps larger than 1 cm. Other type 
I lesions may protrude considerably into the lumen and still be 
classiAed histologically as early gastric cancers (Fig. 32-1A). 94 
Thus, polypoid carcinomas cannot be diagnosed deAnitively as 
early or advanced lesions on the basis of the radiographic 
Åndings. 

Type II early gastric cancers are superAcial lesions with ele¬ 
vated (Ila), Aat (Ilb), or depressed (Ile) components. These 
lesions may be manifested by plaquelike elevations, mucosal 
nodularity, shallow areas of ulceration, or some combination of 
these Åndings (Fig. 32-IB and C). 92 ' 95 Occasionally, type II 
lesions may be quite extensive and involve a considerable surface 
area of the stomach. 

Type III early gastric cancers are characterized by shallow, 
irregular ulcer craters with nodularity of the adj acent mucosa 
and dubbing, fusion, or amputation of radiating folds (Fig. 
32-ID). 93,9 Careful analysis of the radiographic Åndings usually 
allows these lesions to be distinguished from benign gastric 
ulcers, which have different radiographic features (see Chapter 
29). Although some lesions with an equivocal or suspicious 
appearance are fo und to be benign ulcers, endoscopy and biopsy 
should be performed for all lesions with suspicious radio¬ 
graphic Åndings to avoid missing early cancers. 

About 70% of the ulcers in type Ile or III early gastric 
cancers are reported to undergo substantial healing on medical 
treatment. It has been postulated that these cancers are 
characterized by a cycle of ulceration, healing, and recurrent 
ulceration. Rarely, complete healing of malignant ulcers has 
also been described. 9 However, malignant tumors should still 
be suspected on follow-up barium studies if mucosal nodu¬ 
larity or other abnormalities are detected at the site of the 
previous ulcer. 

Japanese researchers have reported an incidence of early 
gastric cancer (i.e., the percentage of all gastric cancers detected 
as early lesions) of 25% to 46% 98-101 compared with an incidence 
of only 5% to 24% in Western countries. 93-95, 102-108 This discrep¬ 
ancy can be attributed to mass screening of the adult population 
in Japan because of the unusually high prevalence of gastric 
carcinoma in that country. Occasionally, early gastric cancers 
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Figure 32-1 Early gastric 
cancers. A. A type I lesion is seen 
as a polypoid mass ( arrow) on the 
greater curvature of the gastric 
body. Despite its size, this lesion 
was found to be an early cancer. 
B. A type Ila lesion is manifested 
by a focal cluster of shallow 
elevations and nodules ( arrows ) 
in the gastric body. C. A type Ile 
lesion is manifested by shallow, 
irregular areas of uleeration and 
nodularity ( arrows ) in the gastric 
antrum. D. A type III lesion is 
seen as a scalloped, irregular 
antral uleerwith nodular, clubbed 
folds surrounding the uleer 
crater. (A courtesy Kyunghee C. 
Cho, MD, Newark, NJ; B from 
Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal 
Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992; D from 
Levine MS, Creteur V, Kressel HY, 
et al: Benign gastric uleers: 
diagnosis and follow-up with 
double-contrast radiography. 
Radiology 164:9-13 , 1987.) 



Figure 32-2 Findings of 
gastric carcinoma on abdominal 
radiographs. A. Close-up view 
from an abdominal radiograph 
shows a soft tissue mass ( arrows ) 
indenting the lesser curvature of 
the gas-filled stomach. This was 
a polypoid gastric carcinoma. 

B. In another patient, the 
gas-filled stomach has a 
narrowed, tubular appearance 
(arrow) caused by a scirrhous 
carcinoma (linitis plastica). 



may be detected in symptomatic patients with epigastric pain, 
upper GI bleeding, or other complaints. 95 Early gastric cancers 
may also be discovered fortuitously in patients who undergo 
radiologic or endoscopic examinations for other reasons. Nev- 
ertheless, radiologists and endoscopists in the West are unlikely 
to detect a substantial number of early gastric cancers as long 
as these examinations are performed predominantly on symp¬ 
tomatic patients. 95 

Advanced Carcinoma 

Abdominal Radiographs. Polypoid gastric carcinomas are 
occasionally recognized on abdominal radiographs by the pres- 
ence of a soft tissue mass indenting the gastric air shadow (Fig. 


32-2A). Primary scirrhous carcinomas can also be recognized 
by a narrowed, tubular configuration of the gas-filled stomach 
(Fig. 32-2B). Rarely, mucin-producing scirrhous carcinomas 
may contain gross areas of calcification that have a stippled, 
punetate, or sandlike appearance (Fig. 32-3A). 109-111 When 
abdominal radiographs are worrisome for gastric carcinoma, 
barium studies or computed tomography (CT) should be per¬ 
formed for a more definitive diagnosis (Fig. 32-3B). CT is a 
particularly sensitive technique for demonstrating the calcifica¬ 
tion in mucin-producing scirrhous tumors (Fig. 32-3C). 

Barium Studies. Accurate diagnosis of gastric cancer has 
always been an important goal of barium studies of the upper 
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GI tract. Unfortunately, single-contrast examinations have an 
overall sensitivity of only 75% in diagnosing these tumors. 112 
In one study of 80 patients with gastric carcinoma, however, 
the lesion was detected on double-contrast examinations in 
99% of cases, and malignant tumor was diagnosed or sus- 
pected on the basis of the radiographic Åndings in 96%. 112 
In the same study, it was found that endoscopy had been 
recommended because of radiographic Åndings that were 
equivocal or suggestive of tumor in only 4% of all patients 
who underwent double-contrast examinations during this 
period. Thus, a high sensitivity can be achieved in the diag- 
nosis of gastric carcinoma on do uble-contrast studies without 
exposing an inordinate number of patients to unnecessary 
endoscopy. In another study, missed gastric cancers usually 
resulted from perceptual errors related to depressed lesions 
overlooked in the thin barium pool with compression or flow 
technique. 113 

Advanced gastric carcinomas may appear as polypoid, 
ulcerative, or infiltrating lesions. However, many tumors have 
mixed morphologic features, so there is considerable overlap 
in the classification of these lesions. Because scirrhous car¬ 
cinomas and cardiac carcinomas produce distinctive radio¬ 
graphic Åndings, these lesions are considered separately in 
later sections. 

Polypoid carcinomas are lobulated or fungating masses that 
protrude into the lumen (Figs. 32-4 and 32-5). On double- 
contrast studies, lesions on the dependent or posterior wall are 
seen as Alling defects in the barium pool, whereas lesions on the 
nondependent or anterior wall are etched in white by a thin 
layer of barium trapped between the edge of the mass and 
adj acent mucosa. These tumors often contain one or more 
irregular areas of ulceration. Occasionally, polypoid antral car¬ 
cinomas may prolapse through the pylorus into the duodenum, 



Figure 32-3 Calcified scirrhous carcinoma. 

A. Close-up view from an abdominal radiograph 
shows a large cluster of punctate or sandlike 
calcifications in the region of the stomach. 

B. Barium study in the same patient reveals 
marked antral narrowing caused by a scirrhous 
carcinoma of the stomach. Again, note multiple 
calcifications in this mucin-producing tumor. 

C. CT scan shows lobulated thickening of the 
gastric wall with extensive calcification in another 
patient with a scirrhous carcinoma. (C courtesy 
Eugene Libson, MD, Jerusalem, Israel.) 



Figure 32-4 Polypoid gastric carcinoma. A polypoid mass ( arrow ) 
is seen on the greater curvature of the stomach. 


appearing as mass lesions at the base of the bulb (Fig. 32-6). 
Rarely, two or more synchronous carcinomas may be present in 
the stomach (see Fig. 32 - 5). 56,57,114 

Ulcerated carcinomas are those in which the bulk of the 
tumor mass has been replaced by ulceration (Figs. 32-7 and 
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32-8). Although these lesions are often called malignant ulcers , 
the term is a misnomer, because it is not the ulcer but the sur- 
rounding tumor that is malignant. In general, malignant ulcers 
are characterized en face by an irregular ulcer crater eccentri- 
cally located within a rind of malignant tissue. 115,116 The ulcers 
may have scalloped, angular, or stellate horders. Discrete tumor 
nodules are often seen in the adjacent mucosa. Folds converging 
to the edge of the ulcer may be blunted, nodular, clubbed, or 
fused as a result of tumor infiltration. 115,116 On double-contrast 
studies, malignant ulcers on the nondependent or anterior wall 



Figure 32-5 Synchronous gastric carcinomas. Two discrete 
polypoid masses ( arrows ) are seen in the stomach as a result of 
separate, primary gastric carcinomas. 



Figure 32-6 Prolapsed antral carcinoma. A polypoid mass ( arrow) 
is seen at the base of the duodenal bulb. This patient had an antral 
carcinoma that had prolapsed into the duodenum. 



Figure 32-7 Ulcerated gastric carcinoma. A. Double-contrast view of the stomach shows a relatively large mass that is etched in white (large 
arrows ) near the lesser curvature of the gastric body. Also note a second curvilinear density (small arrows ) secondary to barium coating the rim 
of an unfilled central ulcer. B. Prone compression view shows the mass as a radiolucent filling defect (black arrows ) on the anterior wall of the 
stomach. Note how the central ulcer (white arrows ) filis with barium when the patient is in the prone position. The ulcer has a convex inner 
border and an intraluminal location, demonstrating the features of a Carman-Kirklin meniscus complex. (From Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


32 Carcinoma of the Stomach and Duodenum 553 




Figure 32-8 Malignant gastric ulcers. A. A meniscoid 
ulcer (white arrows) is seen on the lesser curvature of the 
antrum. Note the rind of malignant tumor (black arrows ) 
surrounding the ulcer. B. Another malignant ulcer ( arrow) is 
seen on the lesser curvature of the antrum. This ulcer has 
an intraluminal location. Also note how the folds converging 
to the ulcer have a nodular, clubbed appearance because 
of infiltration by tumor. C. A third patient has an ulcerated 
mass on the greater curvature of the antrum. Again, note 
how the ulcer (white arrow ) has an intraluminal location. 

Also note how the mass itself is etched in white (black 
arrows ). 



may be etched in white, so a double ring shadow is observed in 
the stomach, with the outer ring representing the edge of the 
tumor and the inner ring representing the edge of the ulcer (see 
Fig. 32-7A). In such cases, prone compression views should 
demonstrate filling of the ulcer crater within a discrete tumor 
mass on the anterior wall (see Fig. 32-7B). A biphasic examina- 
tion is therefore essential for proper interpretation of these 
lesions. 

When viewed in profile, malignant ulcers usually have an 
intraluminal location, often within a discrete tumor mass (see 
Figs. 32-8B and C), whereas benign ulcers project beyond the 
adjacent contour of the stomach. 115,116 However, this criterion 
can be used only for ulcers on or near the lesser or greater 
curvature. The tumor mass surrounding malignant ulcers 
usually forms acute angles with the adjacent gastric wall rather 
than the obtuse, gently sloping angles expected for a benign 
mound of edema. 115,116 Clubbed or nodular folds may also be 
seen radiating to the edge of the ulcer crater or to the edge of 
the surrounding mass as a result of tumor infiltrating these 
folds (see Fig. 32-8B). 

No sign in GI radiology has generated more confusion than 
the meniscus sign of a malignant ulcer, which was originally 
described by Carman in 1921 117 and refined by Kirklin in 


1934. 118 The Carman-Kirklin meniscus complex is caused by a 
cancer straddling the lesser curvature of the gastric antrum or 
body, in which the tumor is a broad, flat lesion with central 
ulceration and elevated margins. Careful compression of the 
lesion may reveal a meniscoid ulcer with a convex inner border 
and a concave outer border that does not project beyond the 
expected gastric contour (see Figs. 32-7B and 32-8A). 115,116 A 
radiolucent halo may be seen abutting the meniscus because of 
apposition of the elevated edges of the tumor on the anterior 
and posterior walls. Although the Carman-Kirklin meniscus 
complex is a reliable radiologic sign of malignancy, it can be 
demonstrated in only a small percentage of all patients with 
malignant ulcers. 

Infiltrating carcinomas are manifested by irregular narrow- 
ing of the stomach with nodularity and spiculation of the 
mucosa (Fig. 32-9). Some infiltrating lesions may have polypoid 
or ulcerated components. In advanced cases, these lesions may 
cause gastric outlet obstruction. 

Transpyloric spread of antral carcinoma into the duodenum 
can be demonstrated on barium studies in 5% to 25% of 
patients. 70 72 Duodenal involvement is manifested by mass 
effect, nodularity, ulceration, or irregular narrowing of the 
proximal duodenum. Although transpyloric spread of tumor 
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Figure 32-9 Infiltrating gastric carcinomas. A. Irregular narrowing and ulceration are seen in the antrum because of an advanced, infiltrating 
carcinoma. B. In another patient, an infiltrating carcinoma of the proximal stomach causes marked narrowing and spiculation of the upper gastric 
body. 


Figure 32-10 Scirrhous carcinomas of the stomach. 

A. There is marked narrowing of the antrum caused by 
infiltration of the wall by tumor. B. In another patient, 
there is encasement of the entire stomach by a scirrhous 
tumor, producing a diffuse linitis plastica appearance. 





occurs in a higher percentage of patients with gastric lym- 
phoma, gastric carcinoma is more likely to produce this finding 
because of its higher incidence. 72 

Rarely, advanced gastric carcinomas on the greater curvature 
of the stomach may spread inferiorly via the gastrocolic liga¬ 
ment to the superior border of the transverse colon, resulting 
in the development of a gastrocolic fistula. 3 Although these 
fistulas may occasionally be shown on an upper GI study, they 
are more likely to be demonstrated on a barium enema because 
of the higher pressures generated during this examination. 

Scirrhous Carcinoma 

Scirrhous gastric carcinomas are traditionally thought to involve 
the distal half of the stomach, arising near the pylorus and gradu- 
ally extending upward from the antrum into the body and 
fundus. 81,119 These tumors are classically manifested on barium 
studies by irregular narrowing and rigidity of the stomach, 


producing a linitis plastica (“leather bottle”) appearance (Fig. 
32-10). 81,119 In advanced cases, the stomach may be diffusely 
infiltrated by tumor (see Fig. 32-1 OB). O ther patients may have 
localized scirrhous tumors confmed to the prepyloric region of 
the antrum, appearing as short, annular lesions with shelflike 
proximal margins (Fig. 32-11). 120 With double-contrast tech- 
nique, however, 20% to 40% of patients with scirrhous tumors 
are found to have localized lesions involving the gastric fundus 
or body with sparing of the antrum (Figs. 32-12 and 32-13). 90,91 
Detection of these lesions has presumably improved because of 
better gaseous distention of the proximal stomach on double- 
contrast studies. Whatever the explanation, radiologists should 
be aware that a large percentage of scirrhous carcinomas are 
localized lesions involving the gastric fundus or body rather than 
the classic form of linitis plastica involving the distal stomach. 

Because of intense fibrosis incited by scirrhous gastric carci¬ 
nomas, these tumors may convert the stomach into a narrowed, 
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rigid tube that loses its normal compliance and distensibility. 
As a result, barium paradoxically may empty from the stomach 
more rapidly than normal, so all the ingested barium enters the 
duodenum and proximal small bowel within minutes of start¬ 
ing the examination. This same phenomenon accounts for the 
early satiety that develops in some patients because the nar- 
rowed, rigid stomach is incapable of expanding to accommo- 
date ingested food. 

Although scirrhous carcinomas are often manifested by 
relatively marked gastric narrowing, some tumors cause only 
mild loss of distensibility. Instead, these lesions may be recog- 
nized on double-contrast studies primarily by distortion of 
the normal surface pattern of the stomach with mucosal nodu- 
larity, spiculation, ulceration, or thickened, irregular folds (see 



Figure 32-11 Localized scirrhous carcinoma of the distal antrum. 

A short, annular lesion is seen in the prepyloric region of the antrum. 
Note how the lesion has an abrupt, shelflike proximal border. (From 
Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 
2nd ed. Philadelphia, WB Saunders, 1992.) 


Fig. 32-13). 90 Thus, some lesions are likely to be missed if the 
radiologist relies too heavily on gastric narrowing as the major 
criterion for diagnosing these tumors. 

CARCINOMA OF THE CARDIA 

Tumors arising at the cardia are notoriously difficult to detect 
on conventional single-contrast barium studies. Because the 
overlying rib cage precludes manual palpation or compression 
of the fundus, even large lesions at the cardia may be obscured 
by crowded folds or relatively opaque barium, which prevents 
adequate visualization of this region. With double-contrast 
technique, however, it is possible to evaluate the normal ana- 
tomic landmarks at the cardia and surrounding gastric mucosa 
for signs of malignancy. As a result, double-contrast barium 
studies may detect lesions at the cardia that are missed on con¬ 
ventional single-contrast examinations. 121-125 

When viewed en face, the normal cardia often appears 
on double-contrast studies as a circular elevation containing 
four or five stellate folds that radiate to a central point at the 
gastroesophageal junction, also known as the cardiac rosette 
(see Chapter 26). 122,123 Some lesions at the cardia may be recog- 
nized only by subtle nodularity, mass effect, or ulceration in this 
region with distortion, effacement, or obliteration of the rosette 
(Fig. 32-14). 122-125 Enlargement or lobulation of the surround¬ 
ing elevation should also suggest a neoplastic lesion. Finally, an 
abnormal protrusion at the cardia should persist when addi¬ 
tional barium is swallowed, whereas an apparent abnormality 
at the cardia must be an artifact if it vanishes as the lower 
esophageal sphincter relaxes and the cardia opens. 1 

Advanced carcinomas of the gastric cardia or fundus may be 
polypoid or infiltrating lesions. Polypoid tumors usually appear 
as lobulated intraluminal masses in the gastric fundus, often 
containing irregular areas of ulceration. 125,126 In contrast, infil¬ 
trating lesions are manifested by thickened, nodular folds and 
decreased distensibility of the fundus. 125,126 Advanced tumors 
may completely encase the fundus, producing a linitis plastica 
appearance (Fig. 32-15). 

When an equivocal or suspicious lesion is detected in the 
region of the gastric cardia or fundus, endoscopy should be 



Figure 32-12 Localized scirrhous carcinomas of the proximal stomach. A. Irregular narrowing is seen in the gastric fundus and body with 
sparing of the antrum. B. Another patient has a scirrhous carcinoma of the gastric body with sparing of the fundus and antrum. (A from Laufer I, 
Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 
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Figure 32-13 Scirrhous carcinomas of the proximal stomach with thickened folds. A. This patient has a localized scirrhous carcinoma of the 
gastric body. The tumor has caused only mild loss of distensibility. However, there is distortion of the normal surface pattern of the stomach with 
thickened, irregular folds and mucosal nodularity. B. In another patient, a scirrhous carcinoma of the fundus and body is manifested by thickened, 
lobulated folds without significant narrowing. (A from Levine MS, Kong V, Rubesin SE, et al: Scirrhous carcinoma of the stomach: Radiologic and 
endoscopic diagnosis. Radiology 175:151-154, 1990.) 




Figure 32-14 Carcinoma of the cardia. 

A. The normal anatomic landmarks at the 
cardia have been obliterated and replaced by 
a plaquelike lesion ( straight arrows ) containing 
a shallow area of ulceration ( curved arrow). 

B. In another patient, the cardiac rosette has 
been replaced by a relatively flat mass ( straight 
black arrows ) with a central ulcer ( white arrow). 
The tumor extends into the distal esophagus 

(curved black arrow). C. In a third patient, 
there is diffuse nodularity in the fundus with 
obliteration of the normal cardiac landmarks. 
Also note involvement of the distal esophagus. 
(B from Levine MS, Laufer I, Thompson JJ: 
Carcinoma of the gastric cardia in young 
people. AJR 140:69-72, 1983.) 


performed for a more definitive diagnosis. Nevertheless, radio- 
graphically demonstrated lesions at the cardia may occasion- 
ally be missed at endoscopy. 127 The barium study should 
therefore be repeated, despite a negative endoscopic examina- 
tion, if the initial barium study suggests a malignant lesion. 
Rarely, some patients with continuing radiologic evidence of 


malignancy may require surgery without preoperative histo- 
logic confirmation. 

Secondary esophageal involvement by advanced lesions may 
be manifested on barium studies by a polypoid or fungating 
mass extending from the gastric fundus into the distal esopha¬ 
gus or by thickened folds or irregular narrowing of the distal 




32 Carcinoma of the Stomach and Duodenum 


557 



Figure 32-15 Secondary achalasia caused by gastric carcinoma. A. There is smooth, tapered narrowing of the distal esophagus, producing 
the classic beaklike appearance of achalasia. B. A radiograph of the stomach reveals an advanced scirrhous carcinoma of the gastric fundus that 
has invaded the distal esophagus. (From Levine MS: Radiology of the Esophagus. Philadelphia, WB Saunders, 1989.) 


esophagus without a discrete lesion (see Fig. 32-14B and 
C). 125,126 Esophageal involvement is usually confined to a 4- to 
5-cm segment above the gastroesophageal junction but may 
occasionally extend as far proximally as the aortic arch. 126 
Submucosal spread of tumor can also result in secondary 
achalasia with tapered, beaklike narrowing of the distal esopha¬ 
gus at or just above the gastroesophageal junction (see 
Fig. 32-15A and Chapter 24). 126,128 However, certain morpho- 
logic features such as asymmetry, abrupt transitions, and 
mucosal nodularity or ulceration should suggest an underlying 
malignancy. 128 Secondary achalasia should also be suspected 
when the narrowed segment extends proximally a discrete 
distance from the gastroesophageal junction. 129 In such cases, 
careful radiologic evaluation of the gastric fundus is essential 
to rule out a carcinoma of the cardia as the cause of these 
Åndings. 

COMPUTED TOMOGRAPHIC FINDINGS 

The widespread availability of multidetector CT (MDCT) scan- 
ners has improved the diagnosis of gastric carcinoma on CT 
because of its ability to create high-quality images in any con- 
ceivable view plane (Fig. 32-16). Detection of these lesions 
requires optimal gastric distention to efface the overlying rugal 
folds and accentuate areas of asymmetry along the contour of 
the stomach. Some authors recommend oral administration 
of a neutral (water-attenuation) contrast agent, 130 ' 133 whereas 
others recommend the use of an oral effervescent agent (as is 
used for double-contrast barium studies of the stomach) to 
optimize gastric distention. 134,135 



Figure 32-16 MDCT evaluation of gastric carcinoma. A, B. Two 

3D volume-rendered images in a patient with antral carcinoma show 
localized wall thickening in the antropyloric region of the stomach. 

A shows the lesion ( arrow) in a rendering that simulates a left 
posterior oblique view from an upper GI barium study, whereas 
B shows the lesion ( arrowhead ) in an orientation that simulates a right 
anterior oblique view from a barium study. Note the importance of 
adequately distending the stomach to demonstrate this finding. 
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Figure 32-17 MDCT of gastric carcinoma correlated with Borrmann classification. Images from four different patients show the various CT 
appearances of gastric carcinoma ( arrows ). A. Type I polypoid neoplasm. B. Type II fungating neoplasm. Also note the presence of multiple 
hepatic metastases in this patient. C. Type III ulcerated neoplasm. D. Type IV infiltrating neoplasm. 


Optimal MDCT detection of gastric cancer requires that 
imaging data be collected with the thinnest possible detector 
configuration (0.6-0.75 mm). Overlapping reconstructions 
enable the creation of 3D data sets with near-isotropic voxels. 
Display images are created at 3- to 4-mm intervals and are 
transmitted directly to the picture archiving and Communica¬ 
tions system (PACS). Thin slices are simultaneous transmitted 
to a workstation or thin client server, enabling the creation of 
3D images. Clinically useful 3D images displaying the gastric 
tumor and extragastric extension can be created and selected 
for the patient’s electronic imaging database. The thin sections 
are not permanently archived, although 3D renderings created 
from these sections are archived. Intravenous administration of 
iodinated contrast material is critical, not only for assessing the 
primary tumor but also for local staging and detection of 
distant metastases. The images should include the abdomen and 
pelvis because of the tendency for gastric carcinoma to dissemi- 
nate widely in the peritoneal cavity. 

The Borrmann classification of gastric carcinoma includes 
four morphologic types of gastric cancer—type I (polypoid), 
type II (fungating), type III (ulcerated), and type IV (infiltrat¬ 
ing). Each of these four types can be visualized on MDCT (Fig. 
32-17). 136 This classification encompasses the Spectrum of 
radiographic findings expected for gastric carcinoma. Although 
the infiltrating and ulcerated types of cancer are readily rec- 
ognized as distinet imaging entities, 137,138 the polypoid and 
fungating types may be difficult to differentiate. MDCT is not 
generally used to predict the histology of the tumor, but cal- 
cification and/or areas of low attenuation within a thickened 
gastric wall should suggest the presence of a mueinous carci¬ 
noma (Fig. 32-18). 139 



Figure 32-18 Mueinous adenocarcinoma of the stomach. This 
MDCT scan shows massive thickening of the gastric wall and marked 
luminal narrowing by an advanced, infiltrating carcinoma. Also note 
extensive calcification within the tumor. This type of calcification is 
characteristic of mueinous tumors of the stomach. 


Gastric carcinoma is often manifested on MDCT by focal 
thickening of the gastric wall. In one study, wall thickening 
greater than 1 cm on CT had a sensitivity of 100% for detecting 
gastric cancer, but a specificity of less than 50%. 140 Focalized 
wall thickening is a particularly frequent finding in the gastric 
antrum 141 and at the gastroesophageal junetion, 142 leading to 
false-positive diagnoses of tumor. Smooth antral wall thicken¬ 
ing (<12 mm), with or without submucosal low attenuation, is 
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Figure 32-19 False-positive MDCT for gastric carcinoma. A. Representative axial MDCT scan shows a focal area of apparent wall thickening 
( arrow ) on the greater curvature of the gastric body that is worrisome for an infiltrating tumor. B. A frontal view of the stomach from a 
subsequent double-contrast upper GI examination shows a normal-appearing stomach without any findings to suggest tumor in the gastric body. 
In patients with known gastric cancer, the accuracy of MDCT can be improved by using appropriate technique to ensure that the stomach is 
maximally distended. Nevertheless, it is not always possible to achieve optimal gastric distention on routine abdominal CT. 


often seen as a normal finding. 141 When a mass is suspected at 
the gastroesophageal junction, repeat scanning with oral effer- 
vescent agent in the prone or left-side down decubitus position 
should distend the normal stomach and efface the wall, accen- 
tuating the presence of tumor. 141 If there is still a high index of 
suspicion for malignant tumor, endoscopic ultrasound (EUS) 
and biopsy are recommended for a more definitive diagnosis. 
If, however, the index of suspicion for tumor is low, a double- 
contrast barium study may be performed to confirm that the 
stomach is normal. A similar approach may be used to exclude 
malignant tumor in patients with apparent wall thickening else- 
where in the stomach on MDCT (Fig. 32-19). The symmetry of 
wall thickening and uniformity of contrast enhancement are 
also features that help differentiate benign from malignant 
causes of wall thickening. 

Gastric carcinomas often enhance on MDCT after intrave- 
nous (IV) administration of iodinated contrast material at rates 
of 3 mL/s or greater (Fig. 32-20). Some of these tumors may 
have stratified wall enhancement characterized by brightly 
enhancing mucosal and serosal layers with less enhancement 
of the submucosal and muscular layers (Fig. 32-21). 131,143 
Radiologic-pathologic correlation has shown that the degree 
of enhancement depends on differences in proliferation of 
cancer cells; more tightly aggregated cells tend to enhance more 
brightly, whereas more scattered cells result in lower regions 
of attenuation. 144 MDCT with IV contrast enhancement 
therefore improves tumor detection and can also be used to 
produce high-quality CT angiograms that serve as roadmaps 
for surgeons. 145 

DIFFERENTIAL DIAGNOSIS 

Early Gastric Cancer 

Early gastric cancers may appear on barium studies as depressed 
(ulcerated), elevated (polypoid), or superficial lesions. Ulcer- 
ated cancers must be distinguished from benign gastric ulcers 
(see earlier, “Early Gastric Cancer”). Occasionally, early gastric 



Figure 32-20 Gastric carcinoma with differential wall 
enhancement on MDCT. This 3D MDCT scan shows wall thickening 
and hyperdense attenuation in the distal esophagus and region of the 
gastroesophageal junction (straight arrow) caused by a biopsy-proven 
adenocarcinoma. The gastric wall is diffusely abnormal, with a thin, 
uniformly enhancing mucosal layer and a thickened, hypodense 
submucosal layer (curved arrow), possibly from edema. A focal area of 
increased mural density ( arrowhead) is seen extending from the 
greater curvature of the distal antrum into the adjacent perigastric fat, 
suggesting tumor extension. 


lymphomas may also appear as ulcerated lesions (see Chapter 
33). Polypoid cancers must be distinguished from adenomatous 
or hyperplastic polyps or other benign or malignant tumors in 
the stomach. Finally, superficial cancers must be distinguished 
from a focal area of gastritis or intestinal metaplasia. When early 
gastric cancer is suspected on barium studies, endoscopy and 
biopsy are required for a definitive diagnosis. 
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Figure 32-21 Gastric carcinoma with stratified enhancement patterns on MDCT. A. Contrast-enhanced MDCT scan shows a malignant 
posterior wall ulcer ( arrow ) with irregular margins. Note decreased enhancement of the adjacent mucosa and a relatively hypodense submucosa. 
B, C. Contrast-enhanced MDCT scans through the proximal stomach in a 35-year-old man show an irregularly thickened gastric wall extending to 
the gastroesophageal junction secondary to a primary scirrhous carcinoma with linitis plastica. Note the variable enhancement of the mucosa, 
prominent hyperdensity interspersed throughout the submucosa, and poor margination at the serosa. 



Figure 32-22 Metastatic breast cancer involving the stomach. 

There is antral narrowing with distortion of the normal surface pattern 
and a nodular, irregular mucosa in this region. A primary scirrhous 
carcinoma of the stomach could produce identical findings. (From 
Levine MS, Kong V, Rubesin SE, et al: Scirrhous carcinoma of the 
stomach: Radiologic and endoscopic diagnosis. Radiology 175:151- 
154, 1990.) 

Advanced Carcinoma 

The major consideration in the differential diagnosis of an 
ulcerated gastric carcinoma is a benign gastric ulcer with a sur¬ 
ro unding mound of edema (see Chapter 29). Polypoid or ulcer¬ 
ated carcinomas must also be distinguished from other polypoid 
or ulcerated malignant tumors such as lymphoma and malig¬ 
nant GISTs (see Chapter 33). Although the presence of a large, 
lobulated submucosal mass should favor the diagnosis of lym¬ 
phoma or a malignant GIST, histologic specimens are required 
to differentiate these lesions. 

Most cases of linitis plastica are caused by gastric carcinoma, 
but metastatic breast cancer (Fig. 32-22), omental metastases, 
and non-Hodgkins lymphoma involving the stomach may 


produce similar radiographic findings (see Chapter 33) . 90 > 146 > 147 
Cone-shaped antral narrowing and deformity may also be 
caused by scarring from peptic ulcer disease, caustic ingestion, 
radiation, or a variety of granulomatous diseases, including 
Crohns disease, tuberculosis, sarcoidosis, and syphilis (see 
Chapter 3O). 148 Antral narrowing may also occur in older 
patients who have a so-called senile antrum secondary to gastric 
atrophy. 149 In general, a smooth antral contour and lack of 
nodularity, spiculation, or ulceration should suggest benign 
disease. Rarely, however, these conditions may produce more 
irregular gastric narrowing, mimicking the appearance of 
malignant linitis plastica. 

Carcinoma of the cardia invading the distal esophagus 
may be indistinguishable from a primary adenocarcinoma in 
Barrett’s esophagus invading the stomach (see Chapter 23). 150 
However, carcinoma of the cardia tends to have a greater degree 
of gastric involvement in relation to that of the esophagus, 
whereas primary adenocarcinoma of the esophagus usually has 
a greater degree of esophageal involvement. Squamous cell car¬ 
cinoma of the esophagus may also spread distally via submu¬ 
cosal esophageal lymphatics to the gastric cardia or fundus, 
producing a polypoid lesion in the fundus (see Chapter 
23). 151,152 Occasionally, a conglomerate mass of varices in the 
fundus may be manifested by a single lobulated lesion that 
closely resembles a polypoid fundal or cardiac carcinoma (see 
Chapter 34). 153,154 Inadequate gaseous distention of the fundus 
can also mimic the appearance of an infiltrating fundal tumor 
on double-contrast studies (Fig. 32-23A). However, additional 
views of the stomach after administration of an additional dose 
of effervescent agent should show that the fundus is normal 
in these patients (Fig. 32-23B). 

STAGING 

CT, EUS, magnetic resonance imaging (MRI), and 18 F- 
fluorodeoxyglucose (FDG)-positron emission tomography (18- 
FDG-PET)/CT have important roles in staging patients with 
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Figure 32-23 Inadequate 
gaseous distention mimicking 
a fundal tumor. A. Double- 
contrast radiograph of the 
stomach shows a possible 
infiltrating lesion ( arrows ) on 
the posterior wall of the fundus. 
B. After administration of 
additional effervescent agent, 
there is better distention of the 
fundus, eliminating the possibility 
of tumor. Note how the normal 
cardiac rosette is now visible. 



Figure 32-24 Perigastric lymph 
node metastases from gastric 
carcinoma. A. 3D MDCT scan 
shows an ulcerated carcinoma 
of the gastroesophageal junction 
manifested by an irregular mass 
with central ulceration ( arrow ). 
Enlarged perigastric lymph nodes 
( asterisks ) are present in a 
periceliac distribution. B. In 
another patient who underwent a 
previous gastrectomy for gastric 
carcinoma, an MDCT scan shows 
peripancreatic lymphadenopathy 
simulating a carcinoma of the 
head of the pancreas. 


gastric carcinoma. These techniques are therefore discussed 
separately in the following sections. 

Computed Tomography 

MDCT is a useful imaging test for staging gastric carcinoma, 
not only to assess disease spread beyond the gastric wall, but 
also intraperitoneal seeding and blood-borne metastases. At the 
same time, MDCT does not always permit accurate depiction 
of local tumor extension or lymph node involvement. When the 
diagnosis of gastric carcinoma is already known, MDCT is 
facilitated by the use of oral effervescent or water-attenuation 
agents to distend the stomach maximally. 

Studies have indicated that MDCT has an increasing role in 
gastric cancer staging. In a study of 106 patients with gastric 
carcinoma, T-stage accuracy improved from 77% on axial 
images to 84% on volumetric images. 155 In another study of 65 


patients with gastric cancer, MDCT enabled detection of 96% 
of advanced gastric cancers and 41% of early gastric cancers, 
with an overall T-stage accuracy of 85%. 144 By using an effer¬ 
vescent agent to maximize gastric distention and create a 3D 
volume-rendered “luminal cast” (CT gastroscopy) with multi¬ 
planar reformatted images and IV contrast enhancement, other 
investigators have been able to achieve high accuracy in differ- 
entiating Tla from Tlb tumors. In one study of 41 patients 
with gastric cancer, the accuracy of MDCT for serosal invasion 
was 93%, 131 so MDCT is better for staging patients who have 
more advanced disease. 

Multiple lymphatic channels freely communicate within 
the gastric wall, providing collateral pathways that facilitate 
the spread of tumor into regional and distant lymph nodes 
(Fig. 32-24). Despite numerous technologic advances, MDCT 
is less useful for detecting lymphatic metastases from gastric 
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carcinoma, with an overall N-stage accuracy of only 60% to 
80%. CT is limited by its inability to identify lymphatic 
metastases in lymph nodes that are not enlarged. The detec- 
tion of such metastases could potentially be improved by 
using monoenergetic, low-keV images derived from dual- 
energy CT acquisitions. 

Gastric carcinoma can metastasize by various routes, includ- 
ing direct extension, spread of tumor via ligamentous and 
mesenteric structures, intraperitoneal seeding, lymphatic 
extension, and hematogenous metastases. Each of these modes 
of spread may be recognized on MDCT. For example, carci¬ 
noma of the cardia may extend via the gastrohepatic ligament 
into the liver; this pathway of spread is particularly well shown 
on MDCT. 157 Similarly, carcinoma of the gastric antrum or 
body may extend via the gastrocolic ligament to invade the 
transverse colon (Fig. 32-25). 

In patients with advanced gastric carcinoma, peritoneal car- 
cinomatosis may be manifested on MDCT by character istic 
Åndings, including soft tissue masses and nodules in peritoneal 
reflections, retraction of the mesenteric root, omental caking, 
and loculated ascites. Once tumor enters the peritoneal cavity, 
the tumor cells gravitate to its most dependent portion (the 
pouch of Douglas in a woman and rectovesical Space in a man). 
The ovaries are another frequent site of intraperitoneal seeding 
(Fig. 32-26). 158 Kruckenberg tumors were originally described 
as solid ovarian metastases from signet ring cell gastric adeno- 
carcinomas, but the term is now used to refer to any metastases 
to the ovaries, regardless of the primary source. Despite 



Figure 32-25 Gastric carcinoma invading the transverse colon via 
the gastrocolic ligament on sequential axial MDCT scans. A. The 

gastric tumor (T) is manifested by localized wall thickening in the 
midportion of the stomach. B. Nodular densities are present in the 
gastrocolic ligament (arrow). C. Another segment of localized wall 
thickening ( arrowhead ) is seen in the transverse colon secondary to 
invasion by tumor. 


widespread knowledge of the varied radiologic appearances of 
peritoneal carcinomatosis, detection of intraperitoneal metas¬ 
tases by MDCT remains poor. 159,160 In one study, 18-FDG-PET/ 
CT was fo und to have an even lower sensitivity than MDCT for 
detecting these intraperitoneal implants. 161 

Gastric cancers can also extend through regional lymphatics 
in a sheetlike fashion into the retroperitoneum, causing ureteral 
obstruction. Hematogenous metastases from gastric carcinoma 
are usually found in the liver, but these tumors can metastasize 
via the biood to a variety of sites. 

Endoscopic Ultrasonography 

The introduction and dissemination of EUS has substantially 
improved the accuracy of local staging for gastric cancer. 162 A 
major advantage of EUS is its ability to visualize the various 
layers of the gastric wall, perigastric lymph nodes, and relation- 
ship of the tumor to the surrounding tissues, enabling determi¬ 
nation of the depth of wall invasion and extent of regional 
lymph node involvement by tumor. Nevertheless, EUS is best 
performed as a complementary test to cross-sectional imaging 
studies such as CT for local tumor staging. 

Technique. EUS uses high-frequency transducers, typically in 
the frequency range of 5 to 12 MHz, yielding an effective usable 
clinical resolution of 200 pm. There are two basic types of 
endosonographic equipment available for clinical use—a dedi- 
cated EUS endoscope with maneuvering and biopsy capabilities 
and a standard endoscope in which the EUS equipment is fitted 
onto catheters and passed through the endoscope. The vast 
majority of published liter ature in the United States is based on 
data obtained with dedicated EUS endoscopes. 

EUS requires a trained examiner and is therefore oper¬ 
ator dependent. 3 The examination is usually performed under 
conscious sedation in an outpatient setting. Dedicated echo- 
endoscopes have a suction capability, so air can be removed 
from the stomach and deaerated water instilled to allow for 
better acoustic coupling. An inflatable balloon surrounds the 
transducer and is filled with deaerated water to increase the 
surface contact area and improve the imaging window. 

With standard technique, EUS visualizes the stomach as a 
five-layered structure; each individual layer corresponds to a 
histologically defined layer of the gastric wall (Fig. 32-27). 164 
The first hyperechoic layer represents the balloon-mucosal 
interface, the second hypoechoic layer represents the deep 
mucosa, the third hyperechoic layer represents the submucosa, 
the fourth hypoechoic layer represents the muscularis propria, 
and the fifth hyperechoic layer represents the subserosa and 
serosa. With proper sonographic technique, EUS may visualize 
these gastric wall layers and surrounding tissues without air- 
induced artifacts or interference from gastric contents. 

EUS is performed from the transgastric position, allowing 
visualization of the gastric wall, adjacent lymph nodes, and 
nearby organs, including the pancreas, spleen, left kidney, and, 
to a limited degree, the liver. However, EUS is limited by its 
inability to assess for metastases in the right lobe of the liver or 
more remote sites because of a limited depth of penetration and 
imaging window. 

If the diagnosis of gastric cancer has not been established 
before EUS, the examination can be combined with a standard 
upper endoscopy, so biopsy specimens of the primary tumor 
can be obtained. 165 As on CT, it may be difficult on EUS to 
differentiate neoplastic involvement of the stomach from 
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Figure 32-26 Gastric carcinoma with peritoneal and ovarian metastases. A. MDCT scan shows a linitis plastica type neoplasm infiltrating the 
gastric wall. Multiple nodules are seen in the gastrocolic ligament ( arrowhead ) associated with large-volume ascites. B. A so-called Sister Mary 
Joseph nodule is seen to the right of the umbilicus ( arrowhead ). C, D. Left and right adnexal masses ( asterisks ) are present. The morphology is 
similar to that of epithelial ovarian neoplasms. Although the term Kruckenberg tumor classically applies only to solid ovarian masses arising from 
signet ring cell carcinomas of the stomach, it is now generally used for ovarian metastases from any primary source. 



Figure 32-27 Endoscopic ultrasound appearance of the normal 
gastric wall. Note the typical five-layer wall pattern with a total wall 
thickness of only several millimeters. (Arrows denote the 
corresponding wall layers.) 


inflammatory processes or fibrosis. EUS also cannot differenti- 
ate an early gastric cancer from an adenoma based on echo- 
genicity alone, but evidence of disruption of the normal layers 
of the gastric wall, local invasion, or suspicious lymph nodes 
should strongly suggest malignant tumor. 


Results. EUS has been shown to be a highly accurate technique 
for assessing the depth of tumor invasion and presence or 
absence of regional lymph node involvement in patients with 
gastric carcinoma. 166 ' 168 In most studies, the overall accuracy of 
EUS for T staging has ranged from 85% to 88%. 169-171 Neverthe- 
less, EUS does have limitations in staging by T classification of 
gastric cancer because differentiation of subserosal (T2) from 
serosal (T3) invasion can be extremely difficult. EUS may also 
overestimate the depth of tumor invasion because of peritu- 
moral inflammation and fibrosis or may underestimate the 
extent of tumor because of microscopic tumor infiltration of 
deeper layers of the gastric wall or microscopic nodal metasta¬ 
ses. 172 In one study, over staging of the depth of invasion of 
tumor in the gastric wall led to inappropriate neoadjuvant 
therapy in 50% of patients. 1 

The finding of a thickened muscularis propria is almost 
pathognomonic of a malignant gastric tumor, usually gastric 
carcinoma and, less frequently, lymphoma (Fig. 32-28). 174,175 
EUS is also the most sensitivity imaging technique for detecting 
perigastric lymph nodes. Unlike CT, in which the detection of 
abnormal lymph nodes depends entirely on size, the EUS crite- 
ria for involved lymph nodes include roundness and hypoecho- 
genicity. 176,17/ Malignant lymph nodes can be detected on EUS 
with a specificity of almost 90%, but the sensitivity is lower, 
ranging from 55% to 80%. 166, 170,178,179 

The overall diagnostic accuracy of EUS for determining 
nodal status (N classification) has ranged from 70% to 90%. A 
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major limitation of EUS is its inability to detect unenlarged 
nodes more than 3 cm from the gastric wall. Thus, unless the 
nodes are enlarged and within range of the transducer, EUS may 
have limited value in planning the extent of lymphadenectomy. 
The development of real-time guided, fine-needle aspiration 
technique increases the accuracy of lymph node assessment 
because individual lymph nodes can be sampled for tumor. 180 



Figure 32-28 Endoscopic ultrasound appearance of linitis 
plastica. There is marked thickening of the entire gastric wall 
( arrowheads ) with associated thickening of the muscularis propria 
( arrows). 


Nevertheless, some studies have found no significant difference 
in the overall accuracy of EUS and MDCT for detecting lymph 
node metastases from gastric cancer, 181,182 so the ultimate role 
of EUS remains uncertain. 

Other Imaging Modalities. MRI has emerged as another clini- 
cally useful imaging test for staging gastric cancer. Diffusion- 
weighted imaging (DWI) has been shown to be comparable to 
MDCT for local staging but is more sensitive than MDCT for 
detecting lymph node metastases. 183 18-FDG-PET/CT is also a 
useful test for whole-body imaging of distant metastases from 
gastric cancer and for detecting recurrent tumor after treat- 
ment. 184 However, 18-FDG-PET/CT has been shown to be infe- 
rior to MDCT and diffusion-weighted MRI for detecting 
regional lymph node metastases (Fig. 32-29). 

Summary. The approach to the preoperative staging of patients 
with gastric carcinoma remains controversial and depends to a 
major degree on the available imaging, oncologic, and surgical 
expertise. 165 After the histologic diagnosis of gastric cancer has 
been made, a cross-sectional imaging study (usually MDCT) is 
performed to exclude liver metastases or direct extension of 
tumor into adjacent organs. In patients without metastases or 
disseminated tumor, EUS can then be performed for local 
staging of tumor. In such cases, EUS may help select patients 
with advanced carcinoma for whom neoadjuvant radiation or 
chemotherapy should be administered before surgery. Patients 
with TI to T3 tumors will most likely undergo attempts for 
curative resection and possibly multimodality therapy, whereas 



Figure 32-29 Comparison of MDCT f 18-FDG-PET/CT, and the diffusion-weighted MRI for detecting lymphatic metastasis from esophageal 
cancer. A. Barium study shows an infiltrating adenocarcinoma of the distal esophagus extending distally into the gastroesophageal junction. 

B. 18-FDG-PET/CT image shows marked FDG activity ( arrow ) in the region of the distal esophageal tumor. C. MDCT scan shows an enlarged 
lymph node (arrow) adjacent to the tumor that was not seen on the PET scan. D. Diffusion-weighted MRI scan shows two areas of increased signal 
secondary to restricted diffusion on this high B value image. Note how the tumor and adjacent lymph node (arrow) are both clearly visible. 
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patients with T4 tumors may undergo a palliative bypass pro¬ 
cedure or endoscopic palliation. Occasional patients with TI NO 
MO lesions may also undergo endoscopic therapy for attempts 
at cure if they are not reasonable candidates for surgery. 185 
Thus, MDCT and EUS should be considered complementary 
tests for the preoperative evaluation of patients with gastric 
carcinoma and selection of optimal treatment regimens. 186 

TREATMENT AND PROGNOSIS 

Surgery is the only curative form of therapy in patients with 
gastric carcinoma. Depending on the location of the tumor, a 
subtotal or total gastrectomy or esophagogastrectomy may be 
performed. Unfortunately, about 60% of patients who undergo 
surgery are found to have unresectable tumors. 8 Nevertheless, a 
palliative resection or bypass procedure may still be performed 
on these patients to prevent complications such as bleeding or 
obstruction. Radiation therapy has also been advocated for pal¬ 
liation of inoperable lesions. Adjuvant chemotherapy has been 
used in some patients, but the benefits of this treatment remain 
uncertain. Laser therapy and intraluminal stents have some- 
times been used for treatment of patients with obstructing 
tumors. A detailed discussion of the various operations and 
postoperative complications is presented in Chapter 35. 

Patients with advanced gastric carcinoma have a dismal 
prognosis, with 5-year survival rates of only 3% to 21%. 4 ' In 
contrast, patients with early gastric cancer have 5-year survival 
rates of 85% to 100%. 99, 100,107,108,187 Early detection of these 
lesions is therefore essential for improving patient survival. 
Thus far, most early gastric cancers have been detected in Japan 
as a result of mass screening of the adult population in that 
country. However, some symptomatic patients with gastric 
cancer in the West are also found to have early lesions. Because 
it frequently is not possible to distinguish early gastric cancer 
from advanced carcinoma on preoperative studies, an aggres¬ 
sive surgical approach is justified for all patients with resectable 
lesions. 

Duodenal Carcinoma 

Duodenal carcinoma is a rare malignant tumor, accounting for 
less than 1% of all gastrointestinal neoplasms. 188 Almost all 
these lesions are located in the second, third, or fourth portions 
of the duodenum at or distal to the ampulla of Vater. 189,190 
Patients with advanced duodenal cancer usually present with 
nausea, vomiting, abdominal pain, weight loss, or signs or 
symptoms of upper GI bleeding. Rarely, however, early duode¬ 
nal cancer may be detected on double-contrast barium studies 
or endoscopy in symptomatic patients. 191 An increased inci- 
dence of duodenal carcinoma has been reported in patients 
with G ardners syndrome (see Chapter 61) and celiac disease 
(see Chapter 43), so some form of radiologic or endoscopic 
surveillance may be warranted for these patients. Duodenal 
carcinoma has also been associated with Crohn s disease and 
neurofibromatosis. 194-196 

Duodenal carcinomas usually appear on barium studies as 
polypoid, ulcerated, or annular lesions at or, more commonly, 
distal to the ampulla of Vater (Fig. 32-30). Some polypoid 
carcinomas may arise in preexisting villous tumors (see 
Chapter 31). Occasionally, duodenal carcinomas have a more 
proximal location, appearing as ulcerated masses in the proxi- 
mal descending duodenum or even the duodenal bulb. 197 



Figure 32-30 Duodenal carcinoma. An annular, ulcerated lesion 
(arrows ) is seen in the third portion of the duodenum. 



Figure 32-31 Early duodenal cancer. Double-contrast spot image 
of the duodenum shows a sessile, slightly lobulated, 1.3-cm polypoid 
lesion ( arrows ) in the duodenal bulb. This was an early cancer that was 
confined to the mucosa. (From Bradford D, Levine MS, Floang D, 
et al: Early duodenal cancer: Detection on double-contrast upper 
gastrointestinal radiography. AJR 174:1564-1566 , 2000.) 


Nevertheless, the vast majority of duodenal ulcers are benign, 
so endoscopy should be considered only for lesions that have 
suspicious radiographic features. Rarely, early duodenal cancers 
may appear on double-contrast barium studies as small 
(<2 cm), sessile, polypoid or ulcerated lesions in the duodenum 
(Fig. 32-31). 191 

Duodenal carcinoma is usually manifested on CT by a local- 
ized area of wall thickening, producing a soft tissue mass (Fig. 
32-32). Features such as tumor necrosis and ulceration are 
readily identified. 198 When CT reveals an exophytic or intramu- 
ral mass containing central necrosis and ulceration, this com- 
bination of Åndings is reported to have a sensitivity of 100% 
and accuracy of 86% for the detection of malignant tumor. 199 
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Figure 32-32 Duodenal 
carcinoma. A. 3D volume- 
rendered MDCT scan shows 
narrowing of the postbulbar 
duodenum by an eccentric soft 
tissue mass arising in the wall 
( arrow ). B. A barium study from 
the same patient shows an 
advanced, infiltrating carcinoma 
of the descending duodenum. 



Figure 32-33 Duodenal 
carcinoma. A. Image from 3D 
MDCT enterography shows an 
annular lesion ( arrowheads ) in the 
third portion of the duodenum. 

B. Barium study confirms 
presence of this lesion in 
the distal duodenum. 



CT is also useful for differentiating primary duodenal carci¬ 
noma from extrinsic tumors involving the duodenum, usually 
from the pancreas. 200 Studies have shown that 3D MDCT is 
particularly helpful for localizing neoplasms to the duodenum 
and for accurately defming tumor extent (Fig. 32-33 and 34). 201 
MDCT can also be helpful for detecting periampullary duode¬ 
nal neoplasms. The differential diagnosis of duodenal wall 
thickening on CT includes lymphoma, Crohn’s disease, hema- 
tomas, and duodenitis from a wide variety of causes. However, 
it is usually possible to suggest the correct diagnosis on the basis 
of the clinical history and Åndings on barium studies and CT. 

Although ampullary and periampullary carcinomas may be 
confused with primary pancreatic carcinomas, it is important 
to distinguish these lesions because ampullary tumors have a 
much better prognosis. Hypotonic CT duodenography may 
be useful for differentiating these tumors. The examination 
is facilitated by placing the patient in the leff side down decu- 
bitus position after administration of an effervescent agent and 
1.0 mg of IV glucagon to obtain scans of the gas-filled duodenal 
sweep. Ampullary and periampullary lesions may be well dem- 
onstrated with this technique (Fig. 32-35). 202 CT and MRI scans 
may also suggest the diagnosis of an ampullary or periampul¬ 
lary tumor when these studies show an ampullary mass, papil- 
lary bulging, and irregular narrowing of the distal common 
bile duet. 203 



Figure 32-34 Periampullary duodenal carcinoma. This volume- 
rendered MDCT scan shows a mass ( asterisk ) in the periampullary 
duodenum obstructing the common bile duet with associated 
dilation of the common bile duet (cbd) and pancreatic duet (pd). 
MDCT is helpful for determining the cause of periampullary biliary 
obstruction. 
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Figure 32-35 Ampullary carcinoma. A. Barium study 
shows a mass (arrow) on the medial aspect of the 
descending duodenum at the level of the papilla. B. CT 
scan also shows a soft tissue mass (arrow) in this region. 

C. After the administration of additional effervescent agent 
and 1.0 mg of IV glucagon, a subsequent scan with the 
patient in the left side down decubitus position clearly 
delineates this intraluminal mass (arrow) in the descending 
duodenum. 
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Metastases 

Gastric metastases are found at autopsy in less than 2% of 
patients who die of carcinoma. 1 Duodenal metastases are 
even rarer. Nevertheless, metastases to the stomach and duo¬ 
denum have been encountered more frequently as combined 
treatment with surgery, radiation, and/or chemotherapy has 
led to prolonged survival of patients with widespread metastatic 
disease. Most lesions are hematogenous metastases from malig¬ 
nant melanoma or carcinoma of the breast or lung. Less 
frequently, the stomach or duodenum may be involved by 
lymphatic spread of tumor or by direct extension of tumor 
from neighboring structures or mesenteric reflections such as 
the gastrocolic ligament, transverse mesocolon, and greater 
omentum. These various forms of spread produce characteristic 


radiographic findings that are considered separately in the 
following sections. 

CLINICAL FINDINGS 

Most gastroduodenal metastases are discovered unexpectedly at 
surgery or autopsy. 2 However, some patients with ulcerated 
metastases may develop signs or symptoms of upper gastro¬ 
intestinal (GI) bleeding, such as hematemesis, melena, and 
guaiac-positive stool. 3,4 Others may present with epigastric pain, 
nausea, vomiting, early satiety, anorexia, or weight loss. One or 
more of these findings are sometimes caused by systemic che¬ 
motherapy or the hypercalcemia associated with widespread 
metastatic disease. 5 As a result, gastroduodenal metastases may 
not be suspected, even if symptoms are present. 

Most patients with gastroduodenal metastases have a known 
underlying malignancy. Occasionally, however, metastases to 
the stomach or duodenum may occur as the initial manifesta¬ 
tion of an occult primary tumor. 4 Certain malignancies such as 
carcinoma of the breast and kidney can also metastasize to the 
stomach or duodenum many years after treatment of the origi¬ 
nal lesion. 5 6 It is therefore important to obtain a detailed clini¬ 
cal history in these patients. 

RADIOGRAPHIC FINDINGS 

Hematogenous Metastases 

True hematogenous or blood-borne metastases to the stomach 
or duodenum may be caused by a variety of malignant tumors. 
Although malignant melanoma has the highest percentage of 
hematogenous metastases to the GI tract, 7 breast cancer is such 
a common disease that it rivals melanoma as the most common 
cause of metastases to the bowel. 5 Much less frequently, the 
stomach or duodenum may be involved by hematogenous 
metastases from thyroid or testicular carcinoma or from other 
remote tumors. 1 

Hematogenous metastases usually appear on barium studies 
as one or more discrete submucosal masses in the stomach, duo¬ 
denum, or small intestine (Fig. 33-1). 5,811 When multiple lesions 
are present, they tend to be of varying sizes because of periodic 
showers of tumor emboli into the arterial supply of the bowel. 812 
As these submucosal masses outgrow their biood supply, they 
may undergo central necrosis and ulceration, resulting in 
the development of classic “bulFs-eye” or “target” lesions (Fig. 
33-2). 8,10 In general, bulFs-eye lesions have large central ulcers 
in relation to the size of the surrounding mass. 8,12 Superficial fis¬ 
sures may occasionally radiate toward the central ulcer crater, 
producing a characteristic spoke wheel pattern (see Fig. 33-2B). 8 

Hematogenous metastases to the stomach or duodenum are 
sometimes manifested by larger, more lobulated masses that can 
be mistaken radiographically for malignant gastrointestinal 
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Figure 33-1 Gastric metastases from malignant 
melanoma. A. A discrete submucosal mass (arrow) is 
seen in the gastric fundus. B. In another patient, a large 
submucosal mass (arrow) is present in the duodenal bulb. 





Figure 33-2 Ulcerated gastric metastases from malignant 
melanoma. A. A centrally ulcerated submucosal mass or 
bull's-eye lesion (arrow) is seen in the gastric body. B. In 
another patient, a prone compression view reveals multiple 
bull's-eye lesions (black arrows) in the stomach. Superficial 
fissures are seen radiating from the central ulcer of a 
metastasis on the lesser curvature, producing a spoke wheel 
pattern (white arrow). 



stromal tumors (GISTs) or even polypoid carcinomas (Fig. 
33 -3). 13 O ther metastases, particularly those from malignant 
melanoma, may become necrotic, resulting in the development 
of giant cavitated lesions. These cavitated metastases can be 
recognized on barium studies as amorphous collections of 
barium (usually ranging from 5-15 cm in size) that communi- 
cate with the lumen (Fig. 33-4). 11,14 Computed tomography 
(CT) is particularly well suited for demonstrating these giant 
cavitated lesions. 15 


Hematogenous metastases to the stomach from breast cancer 
may produce a linitis plastica or “leather bottle” appearance 
indistinguishable from that of a primary scirrhous carcinoma 
of the stomach (Fig. 33-5). 5,8,9,11 This linitis plastica appearance 
is caused not by fibrosis (as in patients with scirrhous carci¬ 
noma) but by highly cellular infiltrates of metastatic tumor in 
the gastric wall. 8 Although the degree of luminal narrowing is 
variable, these lesions can still be recognized on double-contrast 
studies by distortion of the normal surface pattern of the 







stomach with mucosal nodularity, spiculation, ulceration, or 
thickened, irregular folds (see Fig. 33-5). 16 Some of these tumors 
may involve the proximal portion of the stomach with sparing 
of the antrum (see Fig. 33-5B). 16 The possibility of metastatic 
disease should therefore be considered in any patient with linitis 
plastica who has a history of breast carcinoma. 

Metastatic disease to the stomach is usually found on CT 
studies performed as part of the routine work-up of patients 
with known malignant tumors. Although many extragastric 
tumors can metastasize to the stomach, careful evaluation of 



Figure 33-3 Gastric metastasis from malignant melanoma. There 
is a large lobulated mass ( arrows ) on the greater curvature of the 
stomach. This lesion could be mistaken for a malignant GI stromal 
tumor or even an adenocarcinoma. 
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Figure 33-4 Cavitated metastasis from malignant melanoma. A 

giant cavitated lesion ( arrows ) is seen on the greater curvature of the 
stomach. A malignant GI stromal tumor or lymphoma could produce 
similar findings. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 



Figure 33-5 Metastatic breast cancer involving the stomach with a linitis plastica appearance. A. There is only mild loss of distensibility of 
the gastric antrum and body, but the mucosa has a nodular, irregular appearance because of infiltration by metastatic tumor. B. In another 
patient, the area of involvement is confined to the proximal half of the stomach. The fundus and body have an irregular contour with thickened, 
spiculated folds. (From Levine MS , Kong V, Rubesin SE , et al: Scirrhous carcinoma of the stomach: Radiologic and endoscopic diagnosis. 
Radiology 175:151-154, 1990.) 
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the stomach is particularly important in patients with known 
malignant melanoma or breast or lung cancer. It has been found 
that metastatic breast cancer involves the stomach in 5% to 27% 
of patients, often causing extensive gastric wall thickening 
(sometimes associated with increased attenuation of the wall 
after intravenous [IV] contrast enhancement) that simulates the 
linitis plastica appearance of a scirrhous gastric cancer (Fig. 
33-6). 17,18 In other patients, CT may demonstrate more focal 
wall thickening (Fig. 33-7). Because these tumors often reside 
deeply within the gastric wall, it can be difficult to obtain a 
definitive pathologic diagnosis from endoscopic biopsy speci- 
mens. Nevertheless, in the proper clinical setting, CT Åndings 
should be highly suggestive of metastatic breast cancer involv- 
ing the stomach. 19 

Hematogenous metastases to the stomach from malignant 
melanoma, bronchogenic carcinoma, and Kaposi s sarcoma 
may also be detected on CT. 


Lymphatic Spread 

Gastric metastases are found at autopsy in 2% to 15% of patients 
who die of squamous cell carcinoma of the esophagus. These 
metastases are thought to be caused by tumor emboli that seed 
the gastric cardia or fundus via submucosal esophageal lym- 
phatics extending subdiaphragmatically to paracardiac, lesser 
curvature, and celiac nodes. Squamous cell metastases to the 
gastric fundus may appear on barium studies as giant submu¬ 
cosal masses, often containing central areas of ulceration (Fig. 
33 -8). 20,21 As a result, these lesions can be mistaken for benign 
or malignant GISTs or even adenocarcinomas. 22 Squamous cell 
metastases to paracardiac or other lymph nodes in the upper 
abdomen are sometimes recognized on CT scans as low- 
attenuation masses relative to skeletal muscle (Fig. 33-9). 

The duodenum is occasionally involved by peripancreatic 
lymphadenopathy from pancreatic carcinoma, lymphoma, or 



Figure 33-6 Metastatic breast cancer to the stomach with a linitis plastica appearance on CT. A. Multidetector CT (MDCT) scan of an 
older woman with metastatic breast carcinoma and early satiety shows marked thickening of the wall of the gastric antrum ( arrows ). The 
radiographic findings are indistinguishable from those of a primary scirrhous carcinoma of the stomach. B. Barium study in the same patient 
shows marked narrowing of the antrum, producing a classic linitis plastica appearance. 


Figure 33-7 Metastatic breast cancer to the 
gastric wall on CT. A. MDCT scan of a middle- 
aged woman with metastatic breast carcinoma 
shows localized thickening of the greater curvature 
of the stomach ( arrowheads ). B. 18 F-FDG-PET/CT 
image in the same patient shows increased activity 
in the gastric wall (white arrow) and liver (black 
arrows). 
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other malignant tumors. In such cases, barium studies may 
reveal nodular indentations on the medial border of the 
descending duodenum or widening of the duodenal sweep. 
However, pancreatic carcinoma, pancreatic pseudocysts, and 
pancreatitis can produce identical radiographic Åndings. CT is 



Figure 33-8 Squamous cell metastasis to the gastric cardia. A 

giant submucosal mass (arrow) in the fundus could be mistaken for a 
benign or malignant gastrointestinal stromal tumor. (From Glick SN, 
Teplick SK, Levine MS: Squamous cell metastases to the gastric 
cardia. Gastrointest Radiol 10:339-344, 1985.) 


extremely helpful for determining the cause of a widened 
duodenal sweep and for differentiating a pancreatic mass from 
adj acent lymphadenopathy. 

Malignant tumors that metastasize to retroperitoneal lymph 
nodes near the superior mesenteric root may be manifested on 
barium studies by extrinsic mass effect, nodular indentations, 
ulceration, or, in advanced cases, obstruction of the distal duo¬ 
denum near the ligament of Treitz (Fig. 33-10A). 23 CT is ideally 
suited for demonstrating retroperitoneal adenopathy as the 
cause of these abnormalities (Fig. 33-10B). Occasionally, retro¬ 
peritoneal tumor involving the duodenum may cause delayed 



Figure 33-9 Metastatic adenopathy from squamous cell 
carcinoma of the esophagus. A bulky mass of adenopathy is seen in 
the region of the lesser sac. The low attenuation of the enlarged 
nodes is characteristic of squamous cell metastases. 



Figure 33-10 Duodenal invasion by retroperitoneal 
adenopathy. A. Barium study shows an ulcerated lesion 
(arrow) at the junction of the third and fourth portions of 
the duodenum. B. CT scan reveals a conglomerate mass 
of para-aortic adenopathy encasing the distal duodenum 
with associated ulceration (arrow). 
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Figure 33-11 Duodenal obstruction by retroperitoneal 
metastases. Delayed overhead radiograph from an upper 
gastrointestinal study shows abrupt narrowing of the descending 
duodenum ( arrow) with massive gastric dilation out of proportion to 
the degree of duodenal dilation. The dilated stomach extends 
inferiorly into the pelvis. (From Shammash JB, Rubesin SE, Levine MS: 
Massive gastric distention due to duodenal involvement by 
retroperitoneal tumors. Gastrointest Radiol 17:214-216, 1992.) 


gastric emptying and massive gastric dilation out of proportion 
to the degree of duodenal dilation (Fig. 33-li). 24 This dispro- 
portionate gastric dilation is probably related to vagal destruc- 
tion by retroperitoneal tumor, which decreases gastric peristalsis 
and exacerbates gastric distention. 

Direct Invasion 

The stomach and duodenum may be directly invaded by malig- 
nant tumors arising in neighboring structures such as the 
esophagus, pancreas, and kidney. The stomach and duodenum 
may also be involved by direct extension of colonic carcinoma 
along mesenteric reflections (including the gastrocolic ligament 
and transverse mesocolon) or by contiguous spread of tumor 
from the greater omentum. Because the radiographic Åndings 
depend on the pathways of spread, the various primary malig- 
nant tumors are discussed separately in the following sections. 

Esophageal Carcinoma. In contrast to squamous cell carcino- 
mas of the esophagus, adenocarcinomas arising in Barrett’s 
mucosa have a marked tendency to invade the gastric cardia or 
fundus. 25,26 Gastric involvement may be manifested on barium 
studies by a large polypoid or ulcerated mass in the gastric 
fundus. In other cases, however, double-contrast views of the 
fundus may reveal more subtle Åndings, with distortion or 
obliteration of the normal anatomic landmarks at the cardia 
(the cardiac rosette) and irregular areas of ulceration or nodu- 
larity (see Chapter 23). 25 It is sometimes difAcult to determine 
whether these tumors at the gastroesophageal junction have 
arisen in the esophagus or stomach. In general, however, esoph¬ 
ageal adenocarcinomas have a disproportionate degree of 


esophageal involvement in relation to that of the stomach, 
whereas gastric or cardiac carcinomas have a greater degree of 
fundal involvement. 

Pancreatic Carcinoma. The radiographic manifestations of 
gastroduodenal involvement by pancreatic carcinoma depend 
on whether the underlying tumor is located in the head, body, 
or tail of the pancreas. Carcinoma of the pancreatic head may 
cause widening of the duodenal sweep or extrinsic compression 
of the medial border of the descending duodenum or greater 
curvature of the gastric antrum, whereas carcinoma of the pan¬ 
creatic body or tail may cause extrinsic compression of the 
posterior wall of the gastric fundus and body or the superior 
border of the distal duodenum near the ligament of Treitz. 27 
Invasion of the stomach or duodenum may be manifested on 
barium studies by spiculated mucosal folds, nodularity, mass 
effect, ulceration, obstruction or, rarely, Astula formation (Figs. 
33-12 to 33-14). 27 

Many patients with suspected pancreatic neoplasms undergo 
CT as the initial diagnostic examination. Although CT is of 
limited value in predicting minimal duodenal invasion by pan¬ 
creatic carcinoma, distention of the duodenum with gas or 
water can facilitate detection of subtle Åndings of invasion. CT 
is of greater value in determining the cause of an abnormal 
retrogastric impression because it can differentiate pancreatic 
carcinoma from pancreatic pseudocysts (Fig. 33-15), retrogas¬ 
tric varices, or other abnormalities in the retroperitoneum 
compressing the stomach. 28,29 

Renal Cell Carcinoma. Direct invasion of the duodenum by 
right-sided renal cell carcinoma may be manifested on barium 
studies by mass effect, nodularity, or ulceration of the right 
posterolateral border of the descending duodenum. However, 
renal cell carcinoma tends not to elicit a desmoplastic response 
in the wall of the bowel, so duodenal involvement is some¬ 
times manifested by a polypoid intraluminal mass, mimicking 
the appearance of a primary duodenal carcinoma. 6,8 In patients 
with advanced renal cell carcinoma, CT is useful for deter¬ 
mining the extent of tumor and its proximity to the duode¬ 
num. When a contiguous lesion is identiAed, however, CT is 
not reliable for determining whether tumor is invading the 
duodenum. 

Colonic Carcinoma. Colonic carcinoma may involve the 
stomach or duodenum by direct extension along mesenteric 
reAections such as the gastrocolic ligament or transverse meso¬ 
colon. The gastrocolic ligament is the proximal portion of the 
greater omentum that extends superiorly from the anterosu- 
perior border of the transverse colon to the greater curvature 
of the stomach (Fig. 33-16). Because of this anatomic relation- 
ship, carcinoma of the transverse colon may invade the stomach 
via the gastrocolic ligament, producing mass effect, nodularity, 
and spiculated tethered folds on the greater curvature of the 
gastric antrum or body. In other patients, carcinoma of the 
ascending colon or hepatic Aexure may invade the duodenum 
via the lateral reAection of the transverse mesocolon, producing 
mass effect, nodularity, ulceration, or spiculated folds on the 
lateral border of the descending duodenum (Fig. 33-17A). 30,31 
In such cases, a barium enema examination may show the 
underlying colonic neoplasm responsible for these Åndings, and 
CT may show the mode of spread to the stomach or duodenum 
(Fig. 33-17B). 
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Figure 33-12 Duodenal invasion by pancreatic carcinoma. A. Irregular ulceration ( arrows ) is seen on the medial border of the descending 
duodenum, secondary to invasion by pancreatic carcinoma. B. In another patient, there is narrowing and obstruction of the descending 
duodenum (arrow) by an advanced pancreatic carcinoma. This patient has gastric outlet obstruction with a dilated, fluid-filled stomach diluting 
the ingested barium. (A from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 



Figure 33-13 Gastric invasion by pancreatic carcinoma. A. Barium study shows a focal area of mass effect (arrow) on the greater curvature of 
the stomach. B. CT scan reveals an advanced pancreatic carcinoma invading the stomach. 


Carcinoma of the transverse colon invading the stomach 
or carcinoma of the hepatic flexure invading the duodenum 
may occasionally lead to the development of a gastrocolic 
or duodenocolic fistula (see Chapter 34). 12 In today’s pill- 
oriented society, however, most such fistulas are caused by 
aspirin-induced or other nonsteroidal anti-inflammatory 
drug (NSAID)-induced greater curvature ulcers that pene- 
trate via the gastrocolic ligament into the transverse colon 
(see Chapter 29). 

Gallbladder Carcinoma. Advanced carcinoma of the gallblad- 
der may directly invade adj acent structures such as the liver, 
duodenum, and hepatic flexure of the colon. Duodenal 


involvement by tumor has been reported in about 20% of 
patients. 33 CT is particularly useful for showing gastric and 
duodenal invasion by tumor (Fig. 33-18). 

Omental Metastases. Bulky metastatic deposits in the greater 
omentum, or so-called omental cakes, usually result from wide- 
spread intraperitoneal dissemination of ovarian carcinoma or, 
less frequently, cervical, uterine, biadder, gastric, colonic, pan¬ 
creatic, or breast carcinoma. These omental deposits may 
spread superiorly to the stomach via the proximal portion of 
the greater omentum, also known as the gastrocolic ligament 
(see Fig. 33-16). Gastric involvement by omental metastases is 
characterized on barium studies by mass effect, nodularity, 
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flattening, or spiculated, tethered folds on the greater curvature 
of the gastric antrum or body (Fig. 33-19A). 35 These changes 
reflect serosal involvement by tumor and a desmoplastic 
response that occurs along the insertion of the gastrocolic liga¬ 
ment on the greater curvature. In advanced cases, there may be 
circumferential narrowing of the gastric antrum resulting from 
encasement by metastatic tumor. 35 

Carcinoma of the transverse colon invading the stomach via 
the gastrocolic ligament may produce identical radiographic 
fmdings (see earlier, “Colonic Carcinoma”). 8 In such cases, 
however, a barium enema examination should demonstrate the 
primary colonic carcinoma responsible for these fmdings. In 
contrast, patients with omental metastases involving the 
stomach almost always have associated colonic involvement by 
omental tumor, with mass effect, nodularity, and spiculated 
folds on the superior border of the transverse colon (Fig. 
33-19B) or, in advanced cases, circumferential narrowing of the 
bowel. 36 In our experience, gastric involvement by omental 
metastases is far more common than gastric invasion by colonic 
carcinoma via the gastrocolic ligament. 

When gastric involvement by omental metastases is sus- 
pected on barium studies, CT is extremely helpful for 



Figure 33-14 Gastric invasion by pancreatic carcinoma. There is 
extrinsic mass effect ( black arrows) on the posterior wall of the gastric 
fundus from an adjacent carcinoma of the pancreatic tail. The 
spiculated contour of the stomach ( white arrows ) indicates gastric 
invasion by tumor. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


delineating the extent of metastatic tumor. Although barium 
studies provide indirect evidence of omental tumor, CT can 
reveal omental masses as small as 1 cm in diameter. More 
extensive omental metastases may be manifested on CT by a 
Spectrum of fmdings, ranging from a lacy reticular appearance 
to bulky masses. 37 Non-neoplastic processes involving the 
omentum (notably tuberculous peritonitis) can simulate 
omental tumor. When the greater omentum is diffusely infil- 
trated by tumor, an omental cake may displace the colon or 
small bowel from the anterior abdominal wall (Fig. 33-19C). 34,38 
Unless the lumen of the bowel is distended with contrast 
medium or gas, however, it is difficult to determine whether 
tumor is invading the stomach or transverse colon. 

DIFFERENTIAL DIAGNOSIS 

Hematogenous metastases that appear as small nodular lesions 
in the stomach or duodenum may be difficult to differentiate 
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Figure 33-16 Sagittal diagram shows the mesenteric attachments 
of the stomach, small bowel, and colon. Because the proximal 
portion of the greater omentum (the gastrocolic ligament) inserts 
along the greater curvature of the stomach, contiguous spread of 
tumor from the transverse colon or greater omentum primarily affects 
this region. (From Rubesin SE, Levine MS: Omental cakes: colonic 
involvement by omental metastases. Radiology 154:593-596, 1985.) 



Figure 33-15 Gastric involvement by a pancreatic pseudocyst. A. Barium study shows smooth extrinsic compression ( arrows ) of the posterior 
wall of the gastric fundus. B. CT scan reveals a large pancreatic pseudocyst ( arrow ) as the cause of this finding. 
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Figure 33-17 Duodenal invasion by colonic carcinoma. A. A large area of mass effect is seen on the lateral border of the descending 
duodenum with associated ulceration ( arrow ). This finding was caused by carcinoma of the hepatic flexure invading the duodenum. B. In another 
patient, CT scan shows invasion of the duodenum by recurrent carcinoma arising from the region of an ileotransverse colonic anastomosis (A). A 
heterogeneous mass (M) is seen invading the duodenum (D) and right kidney (K). Contrast medium is present in the bowel (arrow) adjacent to 
the anastomosis. 



Figure 33-18 Gallbladder carcinoma invading the stomach and duodenum. A. Barium study shows narrowing and ulceration of the 
postbulbar duodenum (black arrow) and distortion of the duodenal sweep by tumor. Also note narrowing and deformity of the distal gastric 
antrum (white arrow) because of invasion by tumor. B. CT scan in the same patient shows an advanced carcinoma of the gallbladder (M) directly 
encasing and narrowing the descending duodenum ( arrowhead ). Also note tumor invading the distal stomach and infiltrating the peritoneal 
cavity. 


on barium studies from multiple hyperplastic or adenomatous 
polyps. Metastases that have a more typical submucosal appear- 
ance can be mistaken for benign intramural lesions such as 
GISTs, lipomas, or ectopic pancreatic rests. However, these 
benign mesenchymal tumors tend to occur as solitary lesions, 
whereas metastases are usually multiple. Centrally ulcerated 
bull’s-eye lesions may be caused not only by hematogenous 
metastases but also by lymphoma, Kaposi’s sarcoma, or carci- 
noid tumors. Occasionally, varioliform erosions surrounded by 
unusually prominent mounds of edema can be mistaken for 
bull’s-eye lesions. However, varioliform erosions are rarely 
larger than 1 cm, and the central barium collections are consid- 
erably smaller than those seen in ulcerated submucosal masses. 


Giant cavitated lesions in the stomach and duodenum may 
be caused not only by metastatic disease (particularly malignant 
melanoma) but also by lymphoma or malignant GISTs. 
However, malignant GISTs tend to occur as solitary lesions, so 
the presence of multiple cavitated masses in the stomach, duo¬ 
denum, or small bowel should favor a diagnosis of metastatic 
disease or lymphoma. 

The linitis plastica appearance caused by metastatic breast 
cancer may be indistinguishable on barium studies from that of 
a primary scirrhous carcinoma of the stomach. Circumferential 
gastric involvement by pancreatitis, pancreatic carcinoma, 
colonic carcinoma, omental metastases, lymphoma, or Crohns 
disease and scarring from various types of severe gastritis may 
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Figure 33-19 Gastric and colonic involvement by omental metastases from ovarian carcinoma. A. Upper GI study shows spiculated folds 
and nodularity on the greater curvature of the gastric antrum and body as a result of direct extension of tumor from the greater omentum. 

B. Barium enema shows spiculation and tethering of the superior border of the transverse colon ( arrows ) as a result of simultaneous colonic 
involvement by omental tumor. C. In another patient, CT scan reveals ascites with a bulky omental cake separating the small bowel from the 
anterior abdominal wall. (C from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


produce similar findings. Nevertheless, the possibility of meta- 
static disease should be considered when a linitis plastica 
appearance is detected in patients who were previously treated 
for breast cancer. 

Direct invasion of the stomach and duodenum by metastatic 
tumor may be simulated by various benign and malignant con- 
ditions in the upper abdomen. Compression or displacement 
of the greater curvature or posterior wall of the stomach or of 
the medial border of the descending duodenum may be caused 
not only by pancreatic carcinoma but also by pancreatitis, pan- 
creatic pseudocysts (see Fig. 33-15), peripancreatic lymphade- 
nopathy, abdominal aortic aneurysms, or other retroperitoneal 
processes. Various signs of bowel wall invasion (e.g., mass effect, 
nodularity, and spiculated, tethered folds) may also result from 
a nonspecific desmoplastic response to inflammatory condi- 
tions involving the stomach. Thus, pancreatitis may produce 
changes on the greater curvature that are impossible to distin- 
guish from pancreatic or colonic carcinoma or omental metas¬ 
tases involving the stomach. Other imaging techniques such as 
CT are usually helpful for differentiating these conditions. 

Lymphoma 

Lymphoma involves the stomach more frequently than any 
other portion of the gastrointestinal tract. Gastric lymphoma 
accounts for 50% of all GI lymphomas, 25% of all extranodal 
lymphomas, and 3% to 5% of all malignant tumors in the 


stomach. 39 ' 41 More than 50% of patients with gastric lym¬ 
phoma have localized disease that is confmed to the stomach 
and regional lymph nodes (primary gastric lymphoma); the 
remainder have generalized lymphoma with associated gastric 
involvement (secondary gastric lymphoma). 41 When it occurs, 
duodenal lymphoma usually results from contiguous trans- 
pyloric spread of lymphoma from the stomach. Because of 
its rarity, duodenal lymphoma is considered separately in a 
later section. 

The vast majority of gastric lymphomas are non-Hodgkin s 
lymphomas of B-cell origin. 42 There is considerable evidence 
that these lymphomas arise from mucosa-associated lymphoid 
tissue (MALT) occurring in patients with chronic Helicobacter 
pylori gastritis. 43 It has therefore been postulated that most 
primary non-Hodgkin s gastric lymphomas originate as low- 
grade MALT lymphomas, which, if untreated, eventually pro- 
gress to more high-grade lymphomas. In the past, low-grade 
proliferation of lymphoid tissue in the stomach was sometimes 
known as pseudolymphoma. 44 However, these pseudolympho- 
mas are currently thought to represent monoclonal B-cell pro- 
liferations or true B-cell MALT lymphomas. 45,46 As a result, the 
term pseudolymphoma has largely been abandoned. 

Because the gross pathologic findings are nonspecific, gastric 
lymphoma is often difficult to differentiate from gastric carci¬ 
noma on radiologic or endoscopic examination. However, 
gastric lymphoma has a much better prognosis than gastric 
carcinoma, with overall 5-year survival rates of 50% to 60%. 47 ' 49 
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Thus, failure to obtain biopsy specimens from an advanced 
lesion that is assumed to be inoperable gastric cancer may 
deprive the patient of the opportunity for cure or long-term 
palliation. Proper staging of the tumor is also important, so a 
rational decision can be made about treatment options such as 
surgery, radiation, and chemotherapy. 

PATHOLOGY 

The vast majority of gastric lymphomas are non-Hodgkins 
lymphomas. Only rarely are these patients found to have Hodg- 
kin s lymphoma. Because of confusion with prior classification 
systems, pathologists at the National Cancer Institute have 
developed a working formulation that recognizes three prog- 
nostic categories of non-Hodgkins lymphoma—low grade, 
intermediate grade, and high grade. 50 Advanced lesions are 
usually classified as high-grade lymphomas of the large cell or 
immunoblastic type. 1 

The literature suggests that most primary non-Hodgkins 
gastric lymphomas are low-grade B-cell lymphomas that arise 
from MALT. 52 53 These lesions have been classified as marginal 
zone B-cell MALT lymphomas by the International Lymphoma 
Study Group. 54 Paradoxically, these low-grade MALT lympho¬ 
mas often occur in the stomach, which normally contains no 
organized lymphoid tissue. 52,53 However, it has been well docu- 
mented that chronic H. pylori gastritis leads to the acquisition 
of lymphoid follicles and aggregates in the lamina propria 
(MALT) 55 5 and the subsequent development of low-grade, 
B-cell MALT lymphomas. 52,53,58 Studies have also suggested that 
almost all patients with low-grade MALT lymphomas have par- 
ticular strains of H. pylori containing the cytotoxin-associated 
gene A (cagA), 59 so these strains may have an important role in 
the pathogenesis of gastric MALT lymphoma. 

Gastric MALT lymphomas are manifested pathologically by 
infiltration of the epithelium with small centrocyte-like cells, 
giving rise to the lymphoepithelial lesions characteristic of these 
tumors. In various series, MALT lymphomas have been found 
to constitute as many as 50% to 72% of all primary gastric 
lymphomas, 60,61 so this is a more common tumor than was 
previously recognized. 

It has been shown that regions of low-grade MALT lym¬ 
phoma are present on histopathologic examination in approxi- 
mately 30% of patients with high-grade gastric lymphoma. 60,62 
The findings from these studies support the concept that most 
non-Hodgkins gastric lymphomas originate as low-grade 
gastric MALT lymphomas, which subsequently undergo trans¬ 
formation to intermediate- or high-grade lymphomas. These 
low-grade MALT lymphomas could therefore be considered to 
be a form of early gastric lymphoma, defined as lymphoma 
limited to the mucosa or submucosa of the gastric wall, regard- 
less of the presence or absence of lymph node metastases. 46 

Primary gastric lymphoma is usually confmed to the stomach 
or regional lymph nodes at the time of diagnosis. In the Ann 
Arbor staging system, 41 stage IE lesions involve the gastric wall, 
stage IIE lesions involve regional lymph nodes in the abdomen, 
stage III lesions involve lymph nodes above and below the dia- 
phragm, and stage IV lesions are widely disseminated lympho¬ 
mas that involve extra-abdominal lymph nodes and the 
omentum, mesentery, peritoneum, liver, spleen, lungs, or brain. 
The major factors affecting survival of patients with primary 
gastric lymphoma are the depth of invasion of the gastric wall 
and presence or absence of nodal disease. 


CLINICAL FINDINGS 

Gastric lymphoma occurs more frequently in men than in 
women, and the average age at the time of diagnosis is 55 to 60 
years. Patients with advanced lesions may present with 
abdominal pain, nausea, vomiting, anorexia, weight loss, a pal- 
pable epigastric mass, or signs of upper GI bleeding. 63 Occa- 
sionally, these patients may develop an acute abdomen because 
of spontaneous perforation of an ulcerated gastric lymphoma 
or perforation complicating systemic chemotherapy. 64 Patients 
with generalized lymphoma may also present with a fever or 
other signs of systemic disease. Whether or not affected indi- 
viduals have primary gastric lymphoma or generalized lym¬ 
phoma with gastric involvement, these lesions are often quite 
extensive in relation to the clinical presentation. Gastric lym¬ 
phoma should therefore be suspected when a relatively advanced 
lesion in the stomach is associated with a paucity of clinical 
complaints. 

In contrast to patients with early gastric cancer, who are 
usually asymptomatic (see Chapter 32), patients with early 
gastric lymphoma (particularly those with low-grade B-cell 
MALT lymphoma) may present with epigastric pain, dyspepsia, 
bloating, nausea, and/or vomiting. The symptoms at presen¬ 
tation are therefore indistinguishable from those caused by 
gastric or duodenal ulcers, gastritis, or duodenitis. Some 
patients may have underlying H. pylori gastritis as the cause of 
their symptoms. Whatever the explanation, the development of 
symptoms pro vides an opportunity to diagnose these low-grade 
gastric MALT lymphomas before they progress to more ad¬ 
vanced lesions. 

ENDOSCOPIC FINDINGS 

Low-grade gastric MALT lymphomas may be manifested at 
endoscopy by shallow ulcers, polypoid lesions, or erythematous, 
nodular mucosa. 65,67 In contrast, high-grade lymphomas may 
be manifested by enlarged rugal folds, infiltrative masses, 
or nodular, polypoid, or ulcerated lesions in the stomach. 68,69 
Occasionally, endoscopy may reveal a characteristic volcano 
crater, with a discrete ulcer surrounded by a narrow ridge of 
tumor. 69 Depending on the endoscopic findings, gastric lym¬ 
phomas may be difficult to differentiate from carcinomas, 
benign GISTs, metastatic tumor, Ménétrier’s disease, hypertro- 
phic gastritis, or even benign gastric ulcers. Endoscopic biopsy 
specimens are therefore required for a definitive diagnosis. 
Superficial biopsy specimens may be nondiagnostic because 
lymphomas often infiltrate the gastric wall beneath an intact 
mucosa. Whenever possible, multiple brushings and biopsy 
specimens should therefore be obtained from ulcerated or pol¬ 
ypoid areas in which tumor is more likely to be present. Deep 
biopsy specimens should also be obtained when the overlying 
mucosa appears normal. With adequate cytologic and biopsy 
specimens, endoscopy has a reported sensitivity of 85% to 95% 
in diagnosing gastric lymphoma. 2 

TREATMENT AND PROGNOSIS 

When the diagnosis of gastric lymphoma has been established, 
proper staging of the tumor is needed to determine the appro- 
priate treatment and assess prognosis. Additional diagnostic 
examinations include chest radiography, chest and abdominal 
CT scans, and 18 F-fluorodeoxyglucose ( 18 F-FDG)-labeled 
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Figure 33-20 Low-grade mucosa-associated lymphoid 
tissue (MALT) lymphoma with regression after treatment. 

A. Initial double-contrast study shows confluent, varying- 
sized nodules in the gastric body caused by a low-grade 
B-cell MALT lymphoma. B. After treatment with 
chemotherapy, a repeat study 2 years later shows marked 
regression of tumor in this patient. (A from Yoo CC, Levine 
MS, Furth EE, et al: Gastric mucosa-associated lymphoid 
tissue lymphoma: Radiographic findings in six patients. 
Radiology 208:239-243, 1998.) 




PET/CT imaging. When CT and 18 F-FDG-PET/CT scans are 
normal, routine staging laparotomy is probably unnecessary. 73 

Many investigators think that the best treatment for early or 
localized gastric lymphoma with or without regional lymph 
node involvement (stage IE or IIE lesions) is a subtotal gastrec- 
tomy with postoperative radiation or chemotherapy.* 

Although the role of systemic chemotherapy for localized 
gastric lymphoma remains controversial, advanced gastric 
lymphoma (stage III or IV lesions) is sometimes treated by 
radiation therapy, chemotherapy, or both, without a gastric 
resection. 63 Massive upper GI bleeding or even gastric perfora- 
tion may occur as a complication of systemic chemotherapy, 
resulting in treatment failures. 64 

In contrast to high-grade gastric lymphomas, low-grade 
MALT lymphomas can often be treated successfully by combi- 
nation therapy with proton pump inhibitors. In various studies, 
complete or partial regression of tumor has been reported in 
60% to 80% of patients after eradication of H. pylori from the 
stomach. 66,76 One theory is that H. pylori evokes an immuno- 
logic response that stimulates growth of the tumor. Whatever 
the explanation, eradication of H. pylori from the stomach with 
antibiotics appears to be a viable alternative to surgery, radia¬ 
tion, or chemotherapy as a first-line treatment for low-grade 
gastric MALT lymphomas. 

Long-term survival depends primarily on the stage of the 
tumor at the time of diagnosis. In various studies, reported 
5-year survival rates have ranged from 62% to 90% for stage IE 
lesions and from 29% to 50% for stage IIE lesions, but substan- 
tially lower rates are reported for stages III and IV lesions. 47,49,72,77 
Patients with low-grade gastric MALT lymphomas have a much 
better prognosis than patients with high-grade lymphomas; 
low-grade lymphomas are associated with 5-year survival rates 


*See references 41, 49, 63, 72, 74, and 75. 


of 75% to 91%, 60,67 whereas high-grade MALT lymphomas are 
associated with 5-year survival rates of less than 60%. 67 

After treatment, some patients may develop recurrent gastric 
lymphoma, whereas others are found to have recurrent tumor 
in distal nodal groups without evidence of gastric disease. 
Patients with recurrent lymphoma almost always become 
symptomatic within 2 years of treatment, so the prognosis 
is excellent for patients who remain asymptomatic for more 
than 5 years. 78 Gastric lymphoma has a better prognosis than 
gastric carcinoma because of its inherent growth characteristics 
and its tendency to remain in the gastric wall for prolonged 
periods. 

RADIOGRAPHIC FINDINGS 

Low-Grade Mucosa-Associated Lymphoid 
Tissue Lymphoma 

Low-grade gastric MALT lymphomas may be manifested on 
double-contrast studies by variably sized, rounded, often con¬ 
fluent nodules involving a focal or, less frequently, diffuse 
segment of the stomach (Fig. 33-20). 79-82 Other MALT lympho¬ 
mas may appear as small polypoid or ulcerated lesions, as 
shallow, irregular ulcers with nodular surrounding mucosa, or 
as focally distorted, enlarged rugal folds. 80 ' 82 These early lym¬ 
phomas may be indistinguishable from early gastric cancer on 
the basis of the radiographic findings. 

Endoscopic biopsy specimens should be obtained for a 
definitive diagnosis when low-grade MALT lymphomas are 
suspected on the basis of the radiographic findings. Although 
some patients may be found to have other conditions such 
as H. pylori gastritis without evidence of tumor (see later, 
“Differential Diagnosis”), it seems reasonable to accept a 
certain percentage of false-positive diagnoses because of the 
importance of detecting gastric MALT lymphomas at an early, 
curable stage. 
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Advanced Gastric Lymphoma 

Advanced gastric lymphomas have an average diameter of 
10 cm or more at the time of diagnosis. 40 Although the entire 
stomach may be infiltrated by tumor, most cases involve the 
antrum and body. 83 Depending on the gross pathologic features, 
gastric lymphomas may be classified radiographically as infil- 
trative, ulcerative, polypoid, or nodular lesions. 40,83 ' 86 There is 
considerable overlap between these types, however, with many 
lesions having combined radiographic features. 

Infiltrative gastric lymphomas are characterized by focal or 
diffuse enlargement of rugal folds caused by submucosal spread 
of tumor (Fig. 33-21A). 40,83 ' 86 The folds can be massively 
enlarged and often have a distorted, nodular contour, so they 


can be mistaken for polypoid masses. Even with extensive lym- 
phomatous infiltration, the stomach typically remains pliable 
and distensible because of the absence of associated fibrosis. 40,83 
However, some non-Hodgkins lymphomas may produce a 
linitis plastica appearance indistinguishable from that of a 
primary scirrhous carcinoma of the stomach. These lesions 
are characterized by varying degrees of narrowing of the gastric 
antrum, body, or fundus with nodularity, ulceration, and thick- 
ened or effaced mucosal folds (Fig. 33-21B). This linitis plastica 
appearance is caused by dense infiltrates of lymphomatous 
tissue in the gastric wall without associated fibrosis. 87 The his- 
topathologic findings are therefore similar to those of meta- 
static breast cancer in which gastric narrowing is caused 
by highly cellular deposits of metastatic tumor. 88 Conversely, 



Figure 33-21 Various forms of 
gastric lymphoma. A. Diffusely 
thickened, irregular folds are 
present in the stomach because 
of lymphomatous infiltration of 
the gastric wall. B. This patient 
has linitis plastica, manifested by 
focal narrowing of the gastric 
body with nodularity and 
sacculation of the adjacent 
greater curvature. C. Several 
discrete ulcers ( arrows ) and 
thickened, lobulated folds are 
seen in the gastric fundus and 
body. D. Two separate polypoid 
masses ( white arrows ) are seen 
on the lesser and greater 
curvature of the stomach. The 
greater curvature mass is 
ulcerated ( black arrow). E. Two 
centrally ulcerated submucosal 
masses, or bull's-eye lesions 
(arrows), are present in the 
gastric antrum. (A and E from 
Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal 
Radiology, 2nd ed. Philadelphia, 
WB Saunders, 1992; B from 
Levine MS, Pantongrag-Brown L, 
Aguilera NS, et al: Non-Hodgkin 
lymphoma of the stomach: A 
cause of linitis plastica. Radiology 
201:375-378, 1996; D courtesy 
Duane G. Mezwa, MD, Royal 
Oak, Ml.) 
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Hodgkin s lymphoma involving the stomach produces a linitis 
plastica appearance by inciting a marked desmoplastic response 
similar to that of a primary scirrhous carcinoma. 

Ulcerative lymphomas are characterized by one or more 
ulcerated lesions in the stomach (Fig. 33-2IC). 40,83 ' 86 Occasion- 
ally, the ulcers may be surrounded by a smooth mound of 
tumor or symmetric radiating folds, mimicking the appearance 
of benign gastric ulcers. 84 Usually, however, these ulcers have an 
irregular configuration associated with nodular surrounding 
mucosa or thickened, irregular folds resulting from lymphoma- 
tous infiltration of the gastric wall (see Fig. 33-21C). 40,84-86 Other 
gastric lymphomas may appear as giant cavitated lesions as a 
result of necrosis and excavation of the tumor. 84,86 

Polypoid gastric lymphomas are characterized by one or 
more lobulated intraluminal masses indistinguishable from 
those of polypoid carcinomas (Fig. 33-2ID). 40,83,84 Finally, the 
nodular form of gastric lymphoma is characterized by multiple 
submucosal nodules or masses, ranging from several milli¬ 
meters to several centimeters in size. 84,85 These submucosal 
masses often ulcerate, producing typical bulFs-eye or target 
lesions (Fig. 33-21E). 90 In such cases, the central barium col- 
lections tend to be relatively large in relation to the sur¬ 
rounding elevations. Other patients may have multiple polyps 
indistinguishable from those associated with the various polyp- 
osis syndromes. 

About 10% of patients with gastric lymphoma have contigu- 
ous transcardiac spread of tumor from the gastric fundus into 
the distal esophagus. 91 Esophageal involvement is usually mani¬ 
fested by thickened, irregular folds, luminal narrowing or, less 
frequently, a polypoid mass in the distal esophagus. 91 Because 


adenocarcinoma is a much more common malignant tumor in 
the stomach, these Åndings are more likely to result from distal 
esophageal involvement by a fundal or cardiac carcinoma. 

Gastric lymphoma may also extend into the duodenum by 
contiguous transpyloric spread. In various series, 30% to 40% 
of patients with gastric lymphoma have associated duodenal 
involvement on barium studies (see later, “Duodenal Lym¬ 
phoma”). 91,9 Because gastric carcinoma invades the duodenum 
in only 5% to 25% of patients, 92,93 it has been suggested that 
concomitant involvement of the stomach and duodenum by 
tumor should favor a diagnosis of lymphoma. However, adeno¬ 
carcinoma is so much more common than lymphoma that it is 
still the most likely diagnosis on empirical grounds. 92 

Patients with advanced gastric lymphoma are sometimes 
treated exclusively with radiation or chemotherapy. Follow-up 
barium studies or CT scans are useful in these patients for 
documenting the response to treatment and for evaluating GI 
bleeding or other symptoms that develop after the initiation 
of radiation or chemotherapy (Figs. 33-22 and 33-23). 94,95 
Follow-up studies may show dramatic regression or resolution 
of the lymphomatous lesions, often associated with narrowing 
and deformity of the stomach at the site of the previous lesion 
as a result of residual scarring and fibrosis. 95 In other patients, 
chemotherapy may lead to marked regression of ulcerated mass 
lesions with the development of benign-appearing ulcers or 
ulcer scars at the site of the previous lesions (see Fig. 33-22C). 94 
Chemotherapy may also lead to further ulceration, a confined 
perforation or, rarely, free perforation of these lymphomatous 
lesions with the development of massive upper GI bleeding or 
peritonitis (see Figs. 33-22B and 33-23B). 94 




Figure 33-22 Response of gastric 
lymphoma to chemotherapy. A. Initial 
barium study shows thickened, irregular folds 
on the greater curvature of the gastric body 
caused by lymphoma. B. After treatment 
with chemotherapy, follow-up study 6 
months later shows regression of the 
lymphoma with a large area of cavitation 
(.arrows ) adjacent to the posterior wall of the 
stomach. C. Another follow-up study 1 year 
later shows further regression of the 
lymphoma with radiating folds and a tiny, 
benign-appearing residual ulcer ( arrow) at 
the site of the previous excavation. (From 
Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. 
Philadelphia, WB Saunders, 1992.) 
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Figure 33-23 Response of duodenal lymphoma to chemotherapy. A. CT scan shows a conglomerate mass of adenopathy surrounding the 
mesenteric vessels. The duodenum is encased by this mass. B. Repeat CT scan after two cycles of chemotherapy shows multiple tiny collections 
of gas in the duodenal wall as a result of rapid tumor lysis and mural necrosis. A tiny amount of free air ( arrow) is seen in the peritoneal cavity. 
This patient had developed clinical signs of peritonitis. 



Figure 33-24 Gastric lymphoma on CT. CT scan shows marked 
thickening of the gastric wall with homogeneous enhancement 
caused by the infiltrative form of gastric lymphoma. Small perigastric 
lymph nodes are present in the adjacent fat. 


Imaging Modalities 

Computed Tomography. CT is the primary imaging modality 
for the pretreatment evaluation of abdominal lymphoma. It is 
important to recognize gastric involvement at the time of the 
initial study. As on barium studies, advanced gastric lymphoma 
is characterized on CT by infiltrating, polypoid, or ulcerated 
lesions. 96,97 In contrast, low-grade gastric MALT lymphomas 
infrequently produce any abnormalities on CT and, when 
abnormalities such as wall thickening or masses are detected, 
endoscopic biopsy specimens almost always reveal high-grade 
lymphoma. 98 With more advanced lesions, the most common 
CT finding is marked thickening of the gastric wall caused by 
infiltration by tumor (Fig. 33-24). The wall thickening is usually 
greater and displays a more uniform enhancement pattern than 
in patients with gastric cancer, unless cavitation is present (see 



Figure 33-25 Ulcerated gastric lymphoma on CT. A large ulcer 
crater (u) is present within a soft tissue mass in the stomach. A, gastric 
antrum. 


Fig. 33-24). Although the gastric contour is usually preserved, 
the mural stratification seen in the normal stomach and accen- 
tuated in hypertrophic gastritis is lost. Other patients may 
have polypoid or ulcerated masses on CT (Fig. 33-25). Growth 
into and away from the gastric lumen (endogastric and exogas- 
tric growth patterns) are common, and some lesions can directly 
invade adjacent organs (Fig. 33-26). Any portion of the stomach 
may be involved by tumor, and transpyloric spread of lym¬ 
phoma into the duodenum is often detected on CT (Fig. 33-27). 
The development of lymphadenopathy beyond the expected 
drainage pathways of primary gastric carcinoma should also 
favor a diagnosis of gastric lymphoma, but a histologic diagno- 
sis is required before initiating therapy. 

Endoscopic Ultrasonography. Endoscopic ultrasonography 
(EUS) has been shown to be a valuable technique for staging 
patients with non-Hodgkin s gastric lymphoma, with an overall 
accuracy of approximately 90%." ,10 ° The findings on EUS may 
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be highly suggestive of lymphoma, but histologic specimens are 
required for a definitive diagnosis. Non-Hodgkin s gastric lym¬ 
phoma may be manifested on EUS by a Spectrum of findings, 
ranging from a hypoechoic mass that disrupts the normal wall 
layer pattern to selective thickening of the second and third 
echogenic layers or diffuse thickening of all five wall layers. 100 
In patients who are treated nonoperatively, EUS is also useful 
for documenting the response to therapy. 

DIFFERENTIAL DIAGNOSIS 

Gastric MALT lymphomas that appear as small polypoid or 
ulcerated lesions in the stomach may be indistinguishable on 
barium studies from early gastric cancer. When MALT lympho¬ 
mas are manifested by multiple, confluent, rounded nodules in 
the stomach, the differential diagnosis includes severe gastritis, 
lymphoid hyperplasia, or even a polyposis syndrome involving 
the stomach. In some cases, this mucosal nodularity may be 
difficult to differentiate from enlarged areae gastricae, a finding 



Figure 33-26 Gastric lymphoma invading the spleen on CT. The 

gastric wall is eccentrically thickened ( asterisk) by tumor directly 
invading the splenic parenchyma ( arrow ). 


often associated with H. pylori gastritis. 101 However, areae gas¬ 
tricae tend to be more uniform in size, producing a sharply 
marginated reticular network. Lymphoid hyperplasia associated 
with chronic H. pylori gastritis may also be manifested by innu- 
merable nodules in the stomach (see Chapter 30). 102 However, 
the nodules of lymphoid hyperplasia appear as innumerable, 
tiny, rounded lesions carpeting the antrum or antrum and body 
of the stomach. Unlike the poorly defined, confluent nodules in 
low-grade MALT lymphoma, the nodules of lymphoid hyper¬ 
plasia also tend to have more discrete horders, a more uniform 
size, and, not infrequently, central umbilications. 102 

Advanced infiltrative gastric lymphomas may be difficult to 
distinguish radiographically from other causes of thickened 
gastric folds, such as H. pylori gastritis, hypertrophic gastritis, 
Ménétrier’s disease, and gastric carcinoma. Other infiltrative 
lymphomas may produce a linitis plastica appearance indistin¬ 
guishable from that of a primary scirrhous carcinoma. 16 Deep 
endoscopic biopsy specimens are therefore required for a defin¬ 
itive diagnosis. 

Ulcerated gastric lymphomas may be impossible to dis¬ 
tinguish radiographically from ulcerated carcinomas. Much 
less frequently, ulcerated lymphomas that have a relatively 
innocuous appearance can be mistaken for benign gastric 
ulcers. 84 When lymphoma is characterized by multiple areas 
of ulceration, the differential diagnosis includes various inflam- 
matory or infectious conditions involving the stomach, such 
as Zollinger-Ellison syndrome, Crohn’s disease, tuberculosis, 
syphilis, and cytomegalovirus (see Chapters 29 and 30). 
However, the correct diagnosis is often suggested by the clini- 
cal history. 

Polypoid gastric lymphomas may be indistinguishable from 
polypoid gastric carcinomas. Other lymphomas that appear 
as submucosal masses can be mistaken for malignant GISTs. 
Although uncommon, giant cavitated lymphomas may be 
impossible to differentiate from cavitated GISTs or cavitated 
metastases. However, malignant GISTs tend to occur as soli- 
tary lesions in the stomach, whereas lymphoma and metastatic 
disease are often manifested by multiple lesions in the 
stomach, duodenum, and small bowel. In patients with gastric 
lymphoma, exophytic masses typically demonstrate homoge- 
neous attenuation on CT, 96,97 whereas malignant GISTs often 



Figure 33-27 Transpyloric spread of lymphoma into the duodenum. A. Barium study shows nodularity and deformity of the distal antrum 
and pyloric region caused by gastric lymphoma. The duodenal bulb appears normal. B. CT scan reveals a lymphomatous mass extending from 
the distal antrum into the proximal duodenum. Even in retrospect, duodenal involvement is not seen on the barium study. D, duodenum; 

S, stomach. (Courtesy Edward Lubat, MD, Ridgewood, NJ.) 





have a heterogeneous appearance because of areas of lique- 
factive necrosis (see later, “Malignant Gastrointestinal Stromal 
Tumor”). 

BulFs-eye lesions in the stomach may be caused not only by 
lymphoma but also by Kaposi s sarcoma, carcinoid tumors, or 
metastases (particularly those from malignant melanoma). 
However, lymphomatous lesions tend to be of relatively uniform 
size, whereas metastases are often of variable size as a result of 
periodic showers of tumor emboli into the bowel. 8,12 Benign 
GISTs that are ulcerated may also have a bull’s-eye appearance, 
but they usually occur as solitary lesions in the stomach or 
duodenum. 

DUODENAL LYMPHOMA 

Duodenal involvement by lymphoma usually results from con- 
tiguous spread of tumor from the distal stomach or proximal 
jejunum (see Fig. 33-27) or from encasement of the duodenum 
by a conglomerate mass of lymphomatous nodes in the retro- 
peritoneum (see Fig. 33-23A). 103 Because of the paucity of lym- 
phoid tissue in the duodenum, primary duodenal lymphomas 
are rare lesions, constituting less than 5% of all small bowel 
lymphomas. 104 As in the stomach, duodenal lymphoma is char- 
acterized radiographically by infiltrative, ulcerative, polypoid, 
and nodular forms. 

Duodenal lymphoma may be manifested by a variety of 
appearances on CT. These include marked and uniform soft 
tissue attenuation thickening of the duodenal wall (Fig. 33-28), 
an ulcerated mass (Fig. 33-29), or thickened, exaggerated duo¬ 
denal folds (Fig. 33-30). 

Occasionally, duodenal or small bowel lymphoma may occur 
as a complication of long-standing celiac disease. 105,106 Treat- 
ment with a gluten-free diet has not been effective in preventing 
this complication. Thus, periodic radiologic surveillance of the 
duodenum and small bowel has been advocated to detect devel- 
oping lymphomas at the earliest possible stage. 106 

Malignant Gastrointestinal 
Stromal Tumor 

GISTs are uncommon tumors that constitute only 1% to 3% of 
all malignant neoplasms in the stomach. 63,10 These tumors are 
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often confined to the wall of the stomach for prolonged periods 
before invading adj acent structures, so they have a better prog- 
nosis than gastric adenocarcinomas. Because of their rarity, 
malignant GISTs in the duodenum are considered separately in 
a later section. 

PATHOLOGY 

GISTs are the most common mesenchymal tumors in the GI 
tract. Most of these tumors are incompletely differentiated or 
undifferentiated and do not fulfill modern pathologic criteria 
for classification as leiomyomas or leiomyosarcomas. As a result, 
the generic designation of gastrointestinal stromal tumors has 
been widely adopted. 108 GISTs are characterized by positive 
immunoreactivity for KIT (CD 117), a tyrosine kinase growth 
factor receptor, allowing differentiation from true leiomyomas 
or leiomyosarcomas. 1 Pharmacologic targeting of these recep¬ 
tors with KIT-tyrosine kinase inhibitors has been shown to be 
useful for treating patients with GISTs. 110 

GISTs have been classified pathologically into three 
categories—spindle cell type (70%), epithelioid type (20%), 



Figure 33-28 Duodenal lymphoma on CT. CT scan in an HIV- 

positive patient shows a large soft tissue mass encasing the third and 
fourth portions of the duodenum. 



Figure 33-29 Ulcerated duodenal lymphoma on CT. A. CT scan from a 6-year-old boy shows a soft tissue mass in the duodenum with an 
air-filled central ulcer crater ( arrow ). Endoscopic biopsy specimens revealed non-Hodgkin's lymphoma. B. Barium study shows a mass lesion with 
thickened, irregular folds and a large area of ulceration (arrow) in the third portion of the duodenum. 
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Figure 33-30 Duodenal lymphoma with exaggerated duodenal folds on CT. Sequential CT images in a patient with jaundice show 
deformity of the descending duodenum with a homogeneously thickened wall and thickened, exaggerated folds ( arrows ) caused by biopsy- 
proven non-Hodgkin's lymphoma. The duodenal lumen contains air and fluid ( asterisks). Also note dilation of the common bile duet ( arrowhead ). 


and mixed type (10%). 110 The spindle cell type consists histo- 
logically of interlacing whorls of spindle-shaped cells with 
eosinophilic cytoplasm and elongated nuclei. 111 The less 
common epithelioid type contains distinetive epithelioid cells 
with eccentric nuclei and perinuclear vaeuolization. In the past, 
GISTs with an epithelioid morphology were termed epithelioid 
leiomyosarcomas or leiomyoblastomas. 112 

The stomach is the most common site of GI involvement by 
malignant GISTs. About 90% involve the fundus and body, and 
the remaining 10% involve the antrum. 107 These tumors are 
mesenchymal lesions that usually originate from the outer layer 
of the muscularis propria. Malignant stromal tumors involving 
the stomach tend to be large lesions with an average diameter 
of 10 cm at the time of diagnosis. 107 They often contain large 
cystic cavities or uleers because of hemorrhage or necrosis 
within the tumor. 111 

Malignant GISTs of the stomach may have endogastric or 
exogastric patterns of growth. Because of their origin in the 
outer muscular layer, exogastric growth into the abdominal 
cavity is particularly common. 111 As they enlarge, exogastric 
lesions may invade adjacent structures such as the panereas, 
colon, or diaphragm. Patients with advanced lesions often have 
widespread intraperitoneal seeding or hematogenous metasta¬ 
ses to the liver. 113 Unlike gastric carcinomas, however, malignant 
GISTs rarely metastasize to regional lymph nodes, so lymphade- 
nopathy is quite uncommon. 11 " 

The most commonly accepted index of malignancy is the 
degree of mitotic activity in the tumor. Gastric GISTs smaller 
than 5 cm and with five or fewer mitoses/50 consecutive 


high-power helds (HPF) are most likely benign; GISTs larger 
than 10 cm and with more than five mitoses/50 HPF are con- 
sidered malignant; and GISTs that fali between these categories 
are considered indeterminate lesions with uncertain malignant 
potential. 114 Finally, GISTs with more than 50 mitoses/50 HPF 
are considered high-grade malignancies that behave in an 
extremely aggressive fashion. 114 However, the degree of mitotic 
activity, cellular atypia, and nuclear pleomorphism may vary 
markedly within an individual lesion, so histopathologic crite- 
ria are not always reliable for differentiating benign and malig¬ 
nant GISTs. 

CLINICAL FINDINGS 

Malignant GISTs of the stomach are more common in men, 115 
usually over 50 years of age. 116 The average duration of symp¬ 
toms at the time of diagnosis is 4 to 6 months. 107 Because 
malignant GISTS frequently uleerate, affeeted individuals 
often present with signs of upper GI bleeding, including 
hematemesis, melena, guaiae-positive stool, and iron dehciency 
anemia. 109,111 O ther common presenting Åndings include early 
satiety, bloating, vomiting, abdominal pain, weight loss, and a 
palpable abdominal mass. 117 However, some patients with 
exogastric tumors may remain asymptomatic until the lesions 
have reached enormous sizes. 

It is important to be aware of the limitations of endoscopy 
in diagnosing malignant GISTs because positive endoscopic 
biopsy specimens may not be obtained unless the overlying 
mueosa is uleerated. CT may be performed to determine the 
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relationship of suspicious lesions to the gastric wall and 
guide needle aspiration biopsies of endoscopically inaccessible 
lesions. 

Patients with malignant GISTs of the stomach generally have 
a better prognosis than patients with gastric carcinomas; 
reported 5-year survival rates range from 20% to 55%. 117 
Tumors smaller than 5 cm have the best possibility for cure, 
although it is questionable whether these lesions are all malig¬ 
nant. In contrast, tumors larger than 8 cm are often found to 
be advanced, unresectable lesions at the time of diagnosis. 118 
Surgery is the only curative form of therapy. Depending on the 
extent of tumor, a wedge resection or a subtotal or total gastrec- 
tomy may be required. However, malignant GISTs rarely metas- 
tasize to regional lymph nodes, so a lymph node dissection is 
of little therapeutic benefit to these patients. Chemotherapy 
also is highly ineffective, with a response rate of less than 10%. 110 
In contrast, imatinib, a tyrosine kinase inhibitor, has been 
shown to be an effective therapeutic agent for prolonging sur¬ 
vival in patients with unresectable lesions or metastatic 
disease. 110 

RADIOGRAPHIC FINDINGS 

Abdominal radiographs generally have limited value for diag- 
nosing malignant GISTs involving the stomach. Occasionally, 
however, these tumors may be recognized by the presence of a 
soft tissue mass indenting the gastric bubble. 119 One or more 
extraluminal gas collections may also be seen in the left upper 
quadrant as a result of necrosis and cavitation of the tumor. 120 
Rarely, abdominal radiographs may reveal mottled areas of cal- 
cification (see Fig. 33-33), but CT is a more sensitive technique 
for demonstrating this finding (see Fig. 33-35A). 121 

More than 90% of patients with malignant GISTs of the 
stomach have abnormal barium studies, 107 but the correct diag¬ 
nosis is suggested in only about 50% of cases because of diffi- 
culty distinguishing these lesions from benign GISTs or other 
benign or malignant lesions in the stomach. Intramural lesions 
typically appear as large, lobulated submucosal masses in the 
gastric fundus or body (Fig. 33-31). 107 Malignant GISTs may 
contain one or more ulcers or, not infrequently, large areas of 


cavitation (Fig. 33-32). 10 Exogastric lesions may be manifested 
by giant soft tissue masses that cause extrinsic compression 
of the adjacent gastric wall (Figs. 33-33 and 33-34). 107,122 An 
important clue to the diagnosis of an exogastric tumor is the 
presence of a central dimple or spicule at the site of attachment 
or pedicle of the mass (see Fig. 33-34A). 123 Rarely, endogastric 
tumors may appear as polypoid intraluminal masses indistin- 
guishable from primary gastric carcinomas. 111 

The diagnosis of a GIST should be suggested on CT or mag¬ 
netic resonance imaging (MRI) by the presence of an enhancing 
mass in the wall of the stomach (Fig. 33-35). 124,125 Size has been 
shown to an important predictive feature of malignancy because 
lesions smaller than 5 cm are more likely to be low-grade 
tumors (see Fig. 33-35), whereas lesions larger than 5 cm are 
more likely to be high-grade or frankly malignant tumors (Fig. 
33-36). 126 Large GISTs often have a more exogastric growth 
pattern and tend to be more heterogeneous and have a greater 



Figure 33-31 Malignant gastrointestinal stromal tumor. A large, 
lobulated submucosal mass is seen in the gastric fundus. 



Figure 33-32 Malignant gastrointestinal stromal tumor with cavitation. A. A giant mass is present in the stomach. Barium is trapped within 
irregular cavities in the mass. B. Another cavitated lesion is manifested by a giant extraluminal collection of barium ( arrows ). (A courtesy Hans 
Herlinger, MD, Philadelphia.) 
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degree of necrosis than higher grade tumors (Fig. 33-37). 111 
Ulceration or cavitation within malignant GISTs is easily 
recognized on CT (see Fig. 33-37). CT is particularly helpful 
for demonstrating the extent of the mass and invasion of 
adjacent structures (Fig. 33 - 38). 127 129 Rarely, malignant GISTs 
may be so necrotic that they appear as water-density lesions 
(Fig. 33-39). 



Figure 33-33 Exogastric malignant gastrointestinal stromal 
tumor with calcification. A giant exogastric mass causes 
displacement and compression ( arrows ) of the lesser curvature of the 
stomach. Mottled areas of calcification are seen in the tumor. 


Malignant GISTs in the stomach usually metastasize to the 
liver and peritoneal cavity (Fig. 33-40); 15% to 47% of patients 
present with overt metastatic disease to the liver and perito- 
neum. 110 Metastases are usually large heterogeneous lesions. 
Like the primary tumor, metastases may be multilocular lesions 
containing fluid-fluid levels and are usually positive on 
18 F-FDG-PET/CT. After treatment, liquefied lesions should be 
carefully inspected to exclude mural nodules, a sign of incom- 
plete response to therapy (see Fig. 33-40). Necrosis and cavita¬ 
tion are particularly common after treatment with tyrosine 
kinase inhibitors such as imatinib (see Fig. 33-40). Peritoneal 
involvement by tumor is indistinguishable on CT from other 
intraperitoneal-seeded metastases. 130 

Malignant GISTs of the stomach are characterized on angi- 
ography by relatively well-circumscribed, hypervascular masses 
with huge feeding arteries and draining veins and intense tumor 
staining. 1 ' 1 It is not possible, however, to differentiate benign 
and malignant GISTs by angiographic criteria. Angiography 
also is unable to distinguish malignant GISTs from other hyper¬ 
vascular lesions such as carcinoids, neurogenic tumors, and 
vascular metastases. 

DIFFERENTIAL DIAGNOSIS 

Because some malignant GISTs may be as small as 2 cm, it is 
not always possible to distinguish benign and malignant GISTs 
by radiographic criteria. 10 In general, however, submucosal 
masses that are larger and more lobulated or contain areas of 
necrosis or ulceration are more likely to be malignant. The 
major considerations in the differential diagnosis include lym- 
phoma and other benign or malignant tumors of mesenchymal 
origin. Cavitated GISTs may be impossible to distinguish radio- 
graphically from lymphoma or metastases from malignant 
melanoma or other tumors. However, patients with lymphoma 
or metastatic melanoma often have multiple lesions in the 
stomach and small bowel, whereas cavitary GISTs almost always 
occur as solitary lesions. 

Malignant GISTs that have an exogastric growth pattern can 
mimic the appearance of extrinsic mass lesions arising in the 
liver, pancreas, kidney, or mesentery. In such cases, the typical 



Figure 33-34 Exogastric malignant gastrointestinal stromal tumor. A. Lateral radiograph of the stomach shows a giant exogastric mass 
compressing the posterior wall of the gastric fundus (short arrows). A central dimple or spicule (long arrow) is seen at the site of attachment of 
the mass. This finding should suggest the possibility of an exogastric GIST. B. CT scan reveals a giant heterogeneous mass with multiple 
low-density areas caused by necrosis of tumor. This heterogeneous appearance is characteristic of malignant GISTs on CT. (Courtesy Hans 
Herlinger, MD, Philadelphia.) 
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Figure 33-35 Small, low-grade gastrointestinal stromal tumors on CT and MRI. A. A low-grade epithelioid lesion is seen on CT as a small 
(2 cm), well-defined mass (arrow) on the posterior wall of the gastric fundus. Note discrete areas of punctate calcification, an occasional finding in 
these tumors. B. Another low-grade lesion is seen on a 3D gadolinium radial VIBE (volumetric interpolated breath-hold examination) image at 
MRI as a small (3 cm), homogeneous intramural mass (arrow) at the level of the gastric incisura. 



Fig. 33-36 Gastrointestinal stromal tumor with high mitotic 
activity on CT. Axial CT scan shows a sharply circumscribed 
heterogeneous mass ( asterisk ) in the gastric antrum. This 
heterogeneity on CT should suggest a more high-grade lesion 
with areas of necrosis. 


CT finding of a bulky, heterogeneous mass involving the gastric 
wall should suggest the correct diagnosis (see Fig. 33-37). Exo- 
phytic adenocarcinomas have also been reported, but these 
lesions are extremely rare. 132 Occasionally, water-density GISTs 
may be difficult to distinguish from cystic pancreatic neoplasms 
or pancreatic pseudocysts. Angiography may be helpful in 
determining the origin of the mass in these patients. Duplica- 
tion cysts may also appear on CT as water-density lesions 
involving the greater curvature of the stomach. However, dupli- 
cation cysts tend to be smaller and may occasionally commu- 
nicate with the gastric lumen. 1 


MALIGNANT DUODENAL GASTROINTESTINAL 
STROMAL TUMOR 

Malignant GISTs constitute only 10% of all malignant tu¬ 
mors in the duodenum. 135 Unlike malignant GISTs of the 
stomach, the gender distribution is approximately equal. 1 
These patients may present with signs of upper GI bleeding, 
weight loss, abdominal pain, a palpable mass, or obstructive 
jaundice. 135,137 Many patients remain asymptomatic until they 
have advanced lesions. Aggressive surgical treatment (e.g., 
duodenectomy or pancreaticoduodenectomy) is often advo- 
cated. 135 Because malignant duodenal GISTs often invade 
adj acent structures or metastasize to the liver, these patients 
have a relatively poor prognosis. 137 

About 80% of malignant duodenal GISTs are located in 
the second or third portion of the duodenum. 135 Intramural 
lesions may appear on barium studies as submucosal masses, 
often containing areas of ulceration or cavitation (Fig. 
33-41). 135,137 Despite their large size, they rarely cause duodenal 
obstruction. Other tumors that have an exoenteric growth 
pattern may be indistinguishable on barium studies from 
pancreatic neoplasms, pancreatic pseudocysts, or other extrin- 
sic mass lesions involving the duodenum. Like GISTs elsewhere 
in the GI tract, smaller (<5 cm), more homogeneous duodenal 
GISTs on CT tend to be low-grade tumors (Fig. 33-42A), 
whereas GISTs larger than 5cm are more high grade or frankly 
malignant (Fig. 33-42B). Malignant GISTs usually appear on 
CT as bulky exophytic masses that enhance heterogeneously 
because of variable necrosis, ulceration, and cavitation (see 
Fig. 33-42B). 138 

Kaposi's Sarcoma 

The classic form of Kaposi’s sarcoma occurs primarily in older 
men and is manifested by slow-growing violaceous or hemor- 
rhagic lesions on the lower extremities. With the AIDS epidemic 
that began in the 1980s, patients with this disease were found 
to develop a much more aggressive form of Kaposi’s sarcoma 
characterized by widespread visceral lesions, particularly in the 
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Figure 33-37 Malignant gastrointestinal stromal 
tumors on CT. A. A large heterogeneous exogastric 
mass ( asterisk) is seen arising from the posterior wall 
of the stomach. An ulcer crater ( arrow) on the 
posterior wall of the stomach identifies the gastric 
wall as the origin of this mass. The heterogeneous 
enhancement and large size of the lesion strongly 
correlate with malignant histology. B. In another 
patient, a heterogeneous exogastric mass is seen 
insinuating between the stomach and pancreas. C. In 
a third patient, a gas- and fluid-filled mass projects 
posteriorly from the stomach. Although uncommon, 
this degree of necrosis can occur with malignant 
GISTs. 


GI tract. In various studies, about 35% of patients with AIDS 
had Kaposi’s sarcoma, 139 ' 142 and about 50% with Kaposi’s 
sar coma had GI tract involvement. 0,143 ‘ 145 The stomach, duo¬ 
denum, and small bowel were the most common sites of 
involvement. 143,146 The colon was affected less frequently, and 
the esophagus was rarely involved by Kaposi’s sarcoma. 143,146 
Demonstration of these lesions has important prognostic 
implications, so optimal radiographic technique is required 
when barium studies are performed on patients with AIDS. 
During the past two decades, however, the development of 
effective antiviral therapy for human immunodeficiency virus 
(HlV)-positive patients has markedly decreased the prevalence 
of AIDS and AIDS-associated conditions such as Kaposi’s 
sarcoma, so this malignancy is not often encountered in modern 
medical practice. 

CLINICAL FINDINGS 

For reasons that are unclear, most AIDS patients with Kaposi’s 
sarcoma are homosexuals rather than IV drug abusers or trans¬ 
fusion recipients. 142,147 148 GI tract involvement by Kaposi’s 
sarcoma is almost always associated with cutaneous disease, but 
occasional cases have been reported in the absence of skin 
lesions. 145,148 Although some patients may present with abdomi- 
nal pain or upper GI bleeding, Kaposi’s sarcoma involving the 
stomach or duodenum rarely causes symptoms, even if multiple 


lesions are present. 148 Instead, GI symptoms usually result from 
recurrent opportunistic infections in these patients. In faet, 
patients with Kaposi’s sarcoma have a worse prognosis than 
other patients with AIDS because they are even more likely to 
develop opportunistic infections. 141 142 148 In general, GI involve¬ 
ment by Kaposi’s sarcoma requires treatment only if it causes 
symptoms because these lesions rarely affeet the progression of 
AIDS or contribute direetly to the patient’s death. 48 Radiation 
or chemotherapy are occasionally used to treat GI Kaposi’s 
sarcoma, but these forms of therapy pose substantial risks in 
patients who are already immunocompromised. 148 

PATHOLOGIC AND ENDOSCOPIC FINDINGS 

Kaposi’s sarcoma is probably a lesion of vascular origin, 
consisting histologically of whorled bundles of spindle-shaped 
cells in a matrix of vascular clefts containing red biood cells 
and hemosiderin. 146,149 Gastroduodenal involvement by Kapo¬ 
si’s sarcoma may be manifested on endoscopy by a variety 
of Åndings, including flat hemorrhagic patches or macular 
discolorations, raised, reddish purpie nodules, often contain¬ 
ing central areas of uleeration (volcano lesions), and coalescent 
plaques or masses. 143,144,146,148 Although the gross appearance 
at endoscopy is characteristic, false-negative biopsy specimens 
are often obtained because of the submucosal origin of the 
lesions. 140,141,143,144,148 
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RADIOGRAPHIC FINDINGS 

Small macular discolorations of the mucosa cannot be shown 
on barium studies, so endoscopy is a much more sensitive tech- 
nique for detecting the earliest GI lesions of Kaposi’s 
sarcoma. 143,144,146 However, elevated lesions can be shown on 
barium studies, particularly if double-contrast technique is 
used. 140 Gastroduodenal involvement may be manifested on 
barium studies by one or more submucosal defects ranging 
from 0.5 to 3.0 cm (Fig. 33-43). 140,146,150,151 As these nodules 



Figure 33-38 Malignant gastrointestinal stromal tumor on CT. 

Off-axis, coronal, volume-rendered MDCT scan shows a large mass 
arising from the lesser curvature of the stomach. The wall of the 
lesion ( arrowheads ) is irregularly thickened. 


enlarge, they often ulcerate, producing one or more bulFs-eye 
or target lesions (Fig. 33-44). 143,146,151 Other patients may have 
thickened, nodular folds or polypoid masses in the stomach or 
duodenum (Fig. 33-45). 140,146 Rarely, an infiltrating form of 
Kaposi’s sarcoma involving the stomach may produce a linitis 
plastica appearance indistinguishable from that of a primary 
scirrhous carcinoma (Fig. 33-46). 152 When suspicious lesions 
are detected in the stomach or duodenum, a small bowel follow- 
through may be performed to determine whether additional 
lesions are present in the small bowel. 

CT may occasionally demonstrate tumor nodules in the 
stomach or duodenum caused by Kaposi’s sarcoma in AIDS 
patients who are being evaluated for opportunistic infection 
(see Fig. 33-44C). 153,154 CT can also be used to determine 
whether retroperitoneal adenopathy, splenomegaly, or other 
evidence of Kaposi’s sarcoma is present in the abdomen. 155,156 

DIFFERENTIAL DIAGNOSIS 

Kaposi’s sarcoma and non-Hodgkin’s lymphoma are the major 
considerations in the differential diagnosis of multiple, small 
nodular elevations or bull’s-eye lesions in the stomach or duo¬ 
denum in patients with AIDS. 140 146 In such cases, the presence 
of skin lesions should strongly favor Kaposi’s sarcoma, whereas 
the absence of skin lesions should favor lymphoma. Metastases, 
leukemic infiltrates, or a polyposis syndrome may produce 
similar Åndings, but the correct diagnosis is usually suggested 
on the basis of the clinical history. When ulceration, narrowing, 
or thickened folds are demonstrated in the stomach, the pos- 
sibility of opportunistic infections such as cryptosporidiosis, 
cytomegalovirus, and tuberculosis should also be considered. 151 
Endoscopic biopsy specimens, brushings, and cultures are 
therefore required to differentiate Kaposi’s sarcoma or other 
infiltrative lesions from the various opportunistic infections 
that occur in these patients. 

Carcinoid Tumors 

Carcinoids are neuroendocrine tumors that are capable of pro¬ 
ducing a variety of vasoactive substances. Only 2% to 3% of all 
GI carcinoids are located in the stomach or duodenum. 1 158 
Nevertheless, these lesions are important because they are slow- 
growing tumors with a well-recognized malignant potential. 



Figure 33-39 Malignant gastrointestinal stromal tumor with necrosis on CT. A. Non-contrast-enhanced CT scan shows a water-attenuation 
mass ( asterisk ) arising from the anterolateral wall of the stomach. B. 18 F-FDG-PET/CT image shows increased activity ( arrowheads ) in the 
periphery of the mass. Viable tissue is typically located in the periphery of malignant GISTs that are highly necrotic. 
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Figure 33-40 High-grade malignant gastrointestinal stromal 
tumor with intra-abdominal metastases on CT. Coronal CT scan 
shows metastatic tumor ( asterisk ) in the liver. Also note malignant 
ascites and multiple intraperitoneal masses, including a perihepatic 
diaphragmatic implant ( uppermost arrowhead), a subhepatic necrotic 
peritoneal implant with tumor nodules along its periphery ( central 
arrowheads), and a thick-walled, necrotic pelvic floor implant 
(lowermost arrowhead). The fluid attenuation of these lesions reflects 
their response to imatinib, whereas a more homogeneous soft tissue 
lesion (arrow) in the left abdomen is likely to be a more recent 
implant. 



Figure 33-41 Malignant gastrointestinal stromal tumor of the 
duodenum. Barium study shows a large intramural mass ( arrows ) on 
the lateral border of the descending duodenum. 



Figure 33-42 Gastrointestinal stromal tumors of the duodenum on CT. A. Coronal MDCT scan shows a small, round, uniformly hyperdense 
mass ( asterisk) in the periampullary region of the duodenum. After the lesion was resected, pathologic specimens revealed a low-grade GIST. 

B. In a different patient, MDCT scan shows a high-grade malignant GIST as a large (>5 cm), heterogeneously enhancing lesion ( asterisk) 
projecting from the lateral wall of the descending duodenum. 
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Figure 33-43 Kaposi # s sarcoma with submucosal masses in AIDS patients. A. A solitary submucosal mass (arrow) is seen in the gastric 
antrum. B. In another patient, multiple submucosal masses are present in the stomach. The tiny collections of barium ( arrows ) seen overlying 
several anterior wall lesions represent hanging droplets of barium (stalactites) rather than ulcers. 




Figure 33-44 Kaposi # s 
sarcoma with bull # s-eye 
lesions in AIDS patients. 

A. Multiple bull's-eye lesions 
or centrally ulcerated 
submucosal masses ( arrows ) 
are present in the gastric 
antrum. B. In another patient, 
several bull's-eye lesions 
( arrows ) are seen in the 
descending duodenum. C. In 
a third patient, CT scan shows 
an ulcerated submucosal mass 
on the anterior wall of the 
stomach. Gas outlines the 
ulcer (arrow). (B courtesy 
Robert Goren, MD, 
Philadelphia.) 
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Figure 33-45 Kaposi # s sarcoma in an AIDS patient. Multiple 
polypoid masses are seen on the posterior wall of the fundus. 



Figure 33-46 Kaposi # s sarcoma with a linitis plastica appearance 
in an AIDS patient. The stomach has a markedly narrowed, irregular 
appearance caused by the infiltrating form of Kaposi's sarcoma. 


PATHOLOGY 

Carcinoid tumors of the stomach usually originate from 
enterochromaffm-like cells (Kulchitsky cells) arising in the 
gastric mucosa. 159,160 These tumors are argyrophilic but 
argentaffin-negative and lack the enzyme required for the syn- 
thesis of 5-hydroxytryptamine (serotonin), so they rarely show 


evidence of endocrine function. 161 As a result, patients with 
gastric carcinoids almost never exhibit symptoms of the carci¬ 
noid syndrome. 

There are three major types of carcinoid tumors. Type I 
tumors are most common, accounting for 70% to 80% of 
gastric carcinoids. 158 This type is associated with chronic atro- 
phic gastritis and is usually characterized by one or more small 
(<1 cm) submucosal masses in the gastric fundus or body with 
infrequent metastases. 158 In contrast, type II tumors are least 
common, accounting for only 5% to 10% of gastric carci¬ 
noids. 158 Patients with Zollinger-Ellison syndrome (especially 
those with hypergastrinemia and multiple endocrine neoplasia 
type 1 [MEN-1 syndrome]) are at high risk for developing 
type II carcinoid tumors. 158, 159,160,162 164 It has been shown that 
hypergastrinemia in these patients causes proliferation of 
enterochromaffin-like cells responsible for the development of 
gastric carcinoids. Such carcinoids usually appear as multiple 
small polyps in the gastric fundus with little, if any malignant 
potential, so affected individuals have an excellent progno- 
sis. 159,162 Finally, type III tumors account for 15% to 25% of 
gastric carcinoids. 158 These lesions usually occur as solitary 
masses larger than 2 cm and are sporadic tumors that are not 
associated with atrophic gastritis, Zollinger-Ellison syndrome, 
or hypergastrinemia. 159,162 Type III carcinoids are more aggres¬ 
sive lesions, with metastases in 75% of cases. 158 

Duodenal carcinoids rarely arise from enterochromaffm cells 
or produce detectable serotonin levels, so these lesions almost 
never result in the development of the carcinoid syndrome. 165 
Duodenal carcinoids may be associated with Zollinger-Ellison 
syndrome or neurofibromatosis type l. 165 

CLINICAL FINDINGS 

Gastric carcinoids have an equal gender distribution and usually 
occur in patients over 40 years of age. 161 Many patients are 
asymptomatic, but some may present with abdominal pain, 
nausea, vomiting, weight loss, anorexia, or signs of upper GI 
bleeding. 161,165-168 Although larger lesions are more likely to 
bleed, massive bleeding of ulcerated carcinoids as small as 1 cm 
has been described. 169 Gastric carcinoids may be associated with 
primary hypergastrinemia in patients with Zollinger-Ellison 
syndrome or with secondary hypergastrinemia in patients with 
chronic atrophic gastritis. 159,162,163 

Most gastric carcinoids are low-grade malignant tumors that 
can eventually metastasize to the liver or other structures. 
Metastases are found in 20% to 30% of all patients with gastric 
carcinoids at the time of diagnosis, 158 but long-term survival has 
been reported, even when regional or hepatic metastases are 
present. Five-year survival rates approaching 95% have been 
reported for localized gastric carcinoids versus 5-year survival 
rates of about 50% for gastric carcinoids of all stages. 160 These 
patients therefore have a better overall prognosis than those 
with gastric carcinoma. 

RADIOGRAPHIC FINDINGS 

Gastric carcinoid tumors associated with hypergastrinemia 
usually appear on barium studies as multiple small polyps 
in the gastric fundus or body. 163 In contrast, sporadic car¬ 
cinoids may be manifested on barium studies or CT by 
one or more polypoid or submucosal masses in the stomach 
(Figs. 33-47 and 33-48). 161 Some of the masses may ulcerate, 
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Figure 33-47 Gastric carcinoid tumors. A. A solitary submucosal mass ( arrow) is seen in the gastric fundus. B. In another patient, multiple 
submucosal nodules are present in the fundus. 



Figure 33-48 Gastric carcinoid tumors on CT. Sequential CT scans show multiple carcinoid tumors as enhancing polypoid masses 
( arrowheads ) in the proximal stomach. 
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Figure 33-49 Gastric carcinoid tumor. A polypoid mass ( arrows) is 
present on the greater curvature of the gastric antrum. This lesion is 
indistinguishable from other polypoid tumors in the stomach. 


producing typical bull’s-eye lesions. 161 The differential diag- 
nosis for solitary, submucosal-appearing gastric carcinoids 
includes benign GISTs, ectopic pancreatic rests, and other 
mesenchymal tumors, whereas the differential diagnosis for 
multiple gastric carcinoids includes metastases, lymphoma, 
Kaposi’s sarcoma, and gastric involvement by one of the 
polyposis syndromes. Other patients may have sessile or 
pedunculated lesions indistinguishable from hyperplastic or 
adenomatous polyps. 170,171 Still other patients may have 
benign-appearing or malignant-appearing gastric ulcers. 163 
Occasionally, advanced carcinoid tumors may appear as large 
polypoid masses indistinguishable from polypoid carcinomas 
(Fig. 33-49). 161,172 

Duodenal carcinoids may be manifested by one or more 
polypoid defects in the duodenal bulb or proximal descending 
duodenum. 165,173 ' 17 These tumors may appear as discrete sub- 
mucosal masses or intraluminal polyps (Fig. 33-50) or, less 
frequently, as polypoid or ulcerated lesions on barium studies 
or CT (Fig. 33 - 51). 165,173-175 When gastric or duodenal carcinoids 
are detected radiographically, endoscopic biopsy specimens are 
required for a definitive diagnosis. 

Miscellaneous Tumors 

Other rare malignant tumors that may occur in the stomach or 
duodenum include liposarcomas, fibrosarcomas, neurofibro- 
sarcomas, plasmacytomas, hemangioendotheliomas, heman- 
giopericytomas, choriocarcinomas, and malignant autonomic 
nerve tumors. 176 " 181 Rarely, the stomach may be involved by 



Figure 33-50 Duodenal carcinoid. Barium study shows a smooth, 
round submucosal mass ( arrow) in the duodenal bulb. At surgery, this 
patient was found to have a malignant duodenal carcinoid tumor 
involving periduodenal lymph nodes. 



Figure 33-51 Duodenal carcinoids on CT. Arterial phase 3D 
volume-rendered MDCT scan shows two hyperdense masses ( arrows ) in 
the duodenal bulb. The larger mass contains a central area of ulceration. 
Endoscopic biopsy specimens revealed duodenal carcinoid tumors. 

leukemia or multiple myeloma (Fig. 33-52). 182,183 Squamous cell 
carcinomas and adenosquamous carcinomas have also been 
described as rare malignant tumors in the stomach arising from 
congenital rests of squamous epithelium or from preexisting 
areas of squamous metaplasia. 184,185 
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Figure 33-52 Other malignant tumors involving the 
stomach. A. Innumerable tiny nodules are seen in the 
gastric fundus as a result of chronic lymphocytic 
leukemia. B. In another patient, multiple submucosal 
masses are seen in the stomach as a result of multiple 
myeloma. 
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Pathophysiology 

Portal Hypertension. The gastric fundus contains a venous 
plexus that is normally drained by numerous short gastric 
veins anastomosing distally with the splenic vein and proxi- 
mally with branches of the coronary vein as well as venous 
channels surrounding the distal esophagus. Biood in the short 
gastric veins normally empties via the splenic vein into the 
portal venous system. In patients with portal hypertension, 
however, increased pressure in the portal and splenic veins 
leads to reversal of biood flow through the short gastric veins 
into the fundal venous plexus, producing fundal varices. As a 
result, gastric varices develop in 20% of patients with portal 
hypertension. 1 Because elevated portal pressure also causes 
reversal of flow through the coronary vein (producing uphill 
esophageal varices), some patients with portal hypertension 
have combined gastric and esophageal varices. However, others 
with portal hypertension have isolated gastric varices, and an 
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even greater number have isolated esophageal varices (see 
Chapter 25). 

One explanation for the frequent failure to visualize gastric 
varices in patients with portal hypertension is that the venous 
channels in the gastric fundus have thicker, better connective 
tissue support than the thin-walled, loosely supported veins in 
the distal esophagus. As a result, varices may be more likely to 
form in the esophagus than in the stomach, despite comparable 
elevations in pressure. Even when gastric varices are present, 
they may be obscured on barium studies or endoscopy by over- 
lying gastric rugae. 

Splenic Vein Obstruction. In patients with splenic vein 
obstruction, increased pressure in the splenic vein beyond 
the obstruction leads to reversal of flow through the short 
gastric veins to the fundal plexus of veins, producing gastric 
varices. Because these patients have normal portal pressure, 
however, venous biood from the dilated fundal plexus can 
enter the portal venous system via the coronary vein 
without producing uphill esophageal varices. As a result, 
splenic vein obstruction is characterized by isolated varices 
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in the gastric fundus without associated varices in the 
esophagus. 

Splenic vein obstruction may result from intrinsic thrombo- 
sis or, more commonly, from extrinsic compression of the 
splenic vein by a variety of benign or malignant conditions, 
including pancreatitis, pancreatic pseudocysts, pancreatic carci- 
noma, metastatic disease, lymphoma, and retroperitoneal fibro- 
sis or bleeding. 2 5 Intrinsic thrombosis of the splenic vein may 
be idiopathic or may result from polycythemia or other myelo- 
proliferative disorders. 3 

Clinical Findings 

Gastric varices are important because of the risk of gastrointes- 
tinal (GI) bleeding, which can range from low-grade, intermit- 
tent bleeding to massive hematemesis. 6,7 Gastric varices are less 
likely to bleed than esophageal varices because of their subse- 
rosal location and the greater thickness of overlying gastric 
tissue. 8 When gastric variceal bleeding occurs, however, it tends 
to be more severe than esophageal variceal bleeding and is asso¬ 
ciated with a higher mortality rate. 1 When gastric varices are 
associated with esophageal varices, affected individuals usually 
have the stigmata of portal hypertension. In contrast, patients 
with isolated gastric varices caused by splenic vein obstruction 
may present with abdominal pain and weight loss from under- 
lying pancreatitis or pancreatic carcinoma. 3 Splenomegaly is 
also a frequent finding in splenic vein obstruction, but a normal- 
sized spleen does not exclude this condition. 9 

Radiographic Findings 

Abdominal Radiographs. Large gastric varices may occasion- 
ally be recognized on chest or abdominal radiographs as one or 
more lobulated soft tissue densities in the gas-filled fundus. 
Depending on the cause of the varices (portal hypertension or 
splenic vein obstruction), abdominal radiographs may also 
reveal splenomegaly, ascites, or pancreatic calcification. When 
gastric varices are suspected on the basis of abdominal radio¬ 
graphs other imaging tests such as barium studies, endoscopy, 
or computed tomography (CT) should be performed for a more 
definitive diagnosis. 

Barium Studies. Conventional single-contrast barium studies 
are thought to be unreliable for detecting gastric varices. 
Double-contrast technique has therefore been advocated to 
improve visualization of these structures. 5,10 Gastric varices may 
appear as thickened, tortuous folds or as round submucosal 
filling defects in the gastric fundus, resembling the appearance 
of a bunch of grapes (Fig. 34-1). 3,5 Less frequently, a conglomer- 
ate mass of fundal varices, also known as tumorous gastric 
varices, may be manifested by a large polypoid mass that can be 
mistaken on barium studies for a polypoid carcinoma or even 
a malignant gastrointestinal stromal tumor (GIST) (Figs. 34-2 
and 34-3). 3,1 °' 13 Tumorous varices have characteristic features, 
however, appearing in profile as smooth submucosal masses 
with an undulating contour and discrete horders on the pos- 
teromedial wall of the gastric fundus (see Figs. 34-2 and 34-3) 
and en face as thickened, tortuous folds that fade peripherally 
in to the adj acent mucosa. 13 These radiographic features should 
allow differentiation from polypoid gastric neoplasms in most 
cases. Rarely, dilated gastroepiploic veins may be manifested by 
varices in the antrum or body of the stomach (Fig. 34-4). 14 

When gastric varices are detected on barium studies, it is 
important to determine whether uphill esophageal varices are 





Figure 34-1 Gastric varices. Multiple rounded submucosal filling 
defects are seen in the gastric fundus, resembling the appearance 
of a bunch of grapes. (From Levine MS, Kieu K, Rubesin SE, et al: 
Isolated gastric varices: Splenic vein obstruction or portal 
hypertension? Gastrointest Radiol 15:188-192, 1990.) 


also present in these patients. The presence of combined esoph¬ 
ageal and gastric varices almost always indicates portal hyper¬ 
tension as the underlying cause. In contrast, isolated gastric 
varices should raise the possibility of splenic vein obstruction 
with a patent portal vein (see Fig. 34-3). 3,5 Nevertheless, portal 
hypertension is much more common than splenic vein obstruc¬ 
tion, so most patients with gastric varices, even in the absence 
of esophageal varices, are found to have portal hypertension as 
the underlying cause (see Fig. 34-2). 15 If necessary, CT or angi- 
ography may be performed to document the presence of varices 
and elucidate their pathophysiology. 

Computed Tomography. Gastric varices are usually recognized 
on CT as enhancing, well-defmed, round or tubular densities 
on the posterior or posteromedial wall of the gastric fundus 
(Fig. 34-5). 16 CT is more sensitive than conventional radiologic 
examinations in detecting these lesions because barium studies 
can only demonstrate varices that protrude into the lumen, 
whereas CT can delineate deeper intramural and perigastric 
varices. 16 CT may also reveal cirrhotic liver disease, spleno¬ 
megaly, or ascites in patients with portal hypertension (see Fig. 
34-5) and splenomegaly or pancreatic disease in patients with 
splenic vein obstruction. 

Angiography. Angiography may be performed to confirm the 
presence of gastric varices and determine the nature of the 
underlying venous abnormality. With portal hypertension, 
reversal of flow through the coronary and short gastric veins 
leads to the formation of esophageal and gastric varices, with 
absent visualization of the portal and splenic veins. With splenic 
vein obstruction, however, delayed images reveal normal filling 
of a patent portal vein without evidence of esophageal varices, 
as biood is diverted from the fundal plexus of veins via the 
coronary vein to the portal venous system, bypassing the 
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Figure 34-2 Conglomerate 
mass of gastric varices (also 
known as tumorous varices). 

A. Barium study shows a large, 
lobulated submucosal mass 

(arrows ) on the medial aspect of 
the gastric fundus. Although this 
lesion could be mistaken for a 
malignant GI stromal tumor or 
even a polypoid carcinoma, note 
its smooth undulating contour. 

B. Unenhanced CT scan shows 
a lobulated soft tissue mass 

(arrows ) on the posteromedial 
wall of the fundus. C. Endoscopic 
photograph shows a 
conglomerate mass of varices 
(arrows ) in the gastric fundus 
adjacent to the cardia. This 
patient had underlying portal 
hypertension. (B and C from 
Levine MS, Kieu K, Rubesin SE, 
et al: Isolated gastric varices: 
Splenic vein obstruction or portal 
hypertension? Gastrointest Radiol 
15:188-192, 1990.) 



Figure 34-3 Conglomerate mass of isolated gastric varices 
caused by splenic vein obstruction. A smooth, undulating mass 
(arrows ) is seen on the posteromedial wall of the gastric fundus. Note 
the resemblance to the gastric varices in Figure 34-2. This patient had 
underlying pancreatitis causing splenic vein obstruction. (Courtesy 
William M. Thompson, MD, Minneapolis.) 





Figure 34-4 Nonfundal gastric varices. Thickened, tortuous folds 
are seen in the body of the stomach caused by markedly dilated 
gastroepiploic veins. This patient had severe portal hypertension. 
(From Levine MS: Radiology of the Esophagus. Philadelphia, WB 
Sa unders, 1989.) 
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Figure 34-5 Gastric varices on CT. Enhancing collaterals are seen 
in the gastric wall ( arrowheads ), gastrohepatic ligament (open arrows), 
and left retroperitoneal space. This patient also has cirrhosis with 
splenomegaly and minimal ascites ( solid arrow) caused by portal 
hypertension. S, stomach; SP, spleen. (Courtesy Richard M. Gore, MD, 
Evanston, IL.) 



Figure 34-6 Angiographic demonstration of gastric varices due to 
splenic vein obstruction. Image from the venous phase of a splenic 
arteriogram shows a densely opacified spleen with absent visualization 
of the splenic vein, extensive gastric varices (G), and a dilated coronary 
vein (cv) diverting biood from the fundal plexus of veins to the portal 
vein (pv). Note the presence of a dilated gastroepiploic vein (gev). 
(Courtesy Dana R. Burke, MD, Bethesda, MD.) 


obstructed splenic vein (Fig. 34-6). Thus, portal hypertension 
can usually be differentiated from splenic vein obstruction by 
angiography, so appropriate therapy can be instituted in these 
patients. 

Differential Diagnosis 

When gastric varices are manifested on barium studies by thick- 
ened, nodular folds in the fundus, the differential diagnosis 



Figure 34-7 Duodenal varices. Thickened, serpiginous folds are 
seen in the proximal descending duodenum. 


includes Helicobacter pylori gastritis, Ménétrier’s disease, 
Zollinger-Ellison syndrome, pancreatitis, and lymphoma. 
However, gastric varices tend to be more tortuous or lobulated 
than these other conditions and are often associated with 
esophageal varices. Occasionally, a conglomerate mass of fundal 
varices may resemble a polypoid carcinoma or even a malignant 
GIST (see Figs. 34-2 and 34-3). 3,10-13 However, the vascular 
origin of these lesions is suggested by their smooth undulating 
contour and typical location on the posteromedial wall of the 
gastric fundus. CT or angiography may be required for a defini¬ 
tive diagnosis. It is particularly important to differentiate gastric 
varices from other lesions before performing endoscopic biopsy 
or surgery because inadvertent perforation of a varix may lead 
to catastrophic GI bleeding. 

Treatment 

Emergent treatment for bleeding gastric varices is rarely neces- 
sary. When major bleeding does occur in patients with splenic 
vein obstruction, the patients are almost always cured by simple 
splenectomy because portal venous pressure is normal in these 
individuals. 18 In contrast, some form of portosystemic shunt 
may be required for gastric varices caused by portal hyperten¬ 
sion, as splenectomy alone has no effect on portal venous pres¬ 
sure in these patients. Thus, the choice of treatment for gastric 
varices depends on the underlying cause. 

DUODENAL VARICES 

Duodenal varices typically appear on barium studies as thick¬ 
ened, serpiginous folds in the proximal duodenum (Fig. 34-7). 
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They are almost always associated with esophageal varices 
and may be complicated by GI bleeding. Occasionally, 
an isolated duodenal varix can present as a solitary filling 
defect. 19 

Portal Hypertensive Gastropathy 

Portal hypertensive gastropathy is a distinet pathologic entity 
caused by chronic portal hypertension. 20 Chronic venous 
congestion in the stomach results in mucosal hyperemia, 
capillary ectasia, and inereased numbers of submucosal arte- 
riovenous Communications with dilated arterioles, capillaries, 
and veins in the gastric wall. 21 For reasons that are unclear, 
portal hypertensive gastropathy occurs more frequently in 
patients with cirrhosis than in other patients with portal 
hypertension. This condition is a cause of acute and chronic 
upper GI bleeding, even in the absence of esophageal or 
gastric varices. It has been estimated that nonvariceal bleed¬ 
ing from portal hypertensive gastropathy is responsible for 
up to 30% of all cases of upper GI bleeding in patients 
with portal hypertension. 22 

RADIOGRAPHIC FINDINGS 

Portal hypertensive gastropathy predominantly involves the 
gastric fundus and is manifested on barium studies by thick- 
ened, nodular folds with undulating contours and indistinet 
horders (Fig. 34-8). 23 Although the pathophysiologic basis for 
this fold thickening is uncertain, it could result from a combina- 
tion of mucosal hyperemia and dilated submucosal vessels. 
Gastric varices may also appear as thickened folds on barium 
studies, but the folds tend to have a more serpentine configura- 
tion and are often associated with discrete submucosal masses 
(see Fig. 34-1). The differential diagnosis also includes various 
forms of gastritis (especially H. pylori gastritis), lymphoma, 
and, rarely, Ménétrier’s disease. 



Figure 34-8 Portal hypertensive gastropathy. Thickened, nodular 
folds are seen in the gastric fundus. Note how the folds have an 
undulating contour and indistinet borders. Although gastric varices 
could produce a similar appearance, they tend to have a more 
serpentine configuration and are often manifested by discrete 
submucosal masses (see Fig. 34-1). (From Chang D, Levine MS, 
Ginsberg GG, et al: Portal hypertensive gastropathy: Radiographic 
iindings in eight patients. AJR 175:1609-1612, 2000.) 


Diverticula 

GASTRIC DIVERTICULA 

Gastric diverticula almost always arise on a discrete neck from 
the posterior wall of the fundus and usually cause no symp¬ 
toms. Barium studies best show a gastric fundal diverticulum 
in profile on lateral views of the fundus, but a collection of 
barium pooling within the diverticulum can occasionally mimic 
an area of uleeration (Fig. 34-9). 

Intramural or partial gastric diverticulum is a rare anomaly 
of no clinical importance that is characterized by focal invagi- 
nation of the mueosa into the muscular layer of the gastric 
wall. 24 These structures are almost always located on the greater 
curvature of the distal antrum. The diverticulum may be mani¬ 
fested on barium studies by a tiny collection of barium extend- 
ing outside the contour of the adjacent gastric wall (Fig. 34-10). 
Although these structures can be mistaken for uleers or even 
ectopic pancreatic rests on the greater curvature, they tend to 
have a changeable configuration at fluoroscopy, whereas true 
uleers have a fixed appearance. 

DUODENAL DIVERTICULA 

True Diverticula 

Duodenal diverticula are detected as incidental findings on 
upper GI barium studies in up to 15% of patients. The diver¬ 
ticula are acquired lesions, consisting of a sac of mucosal and 
submucosal layers herniating through a muscular defect. These 
diverticula often fill and empty by gravity as a result of pressure 
generated by duodenal peristalsis. Most duodenal diverticula 
are located on the medial border of the descending duodenum 
in the periampullary region (Fig. 34-11), but they not infre- 
quently are found in the third or fourth portion of the duode¬ 
num and can occasionally be located on the lateral border of 
the descending duodenum (Fig. 34-12). 



Figure 34-9 Gastric diverticulum. A large diverticulum is seen 
arising from the posterior wall of the fundus. Pooling of barium 
(arrowheads ) in the diverticulum could be mistaken for an area of 
uleeration. (From Eisenberg RL: Gastrointestinal Radiology: A Pattern 
Approach, 3rd ed. Philadelphia, JB Lippincott, 1996.) 
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Figure 34-10 Intramural or partial gastric diverticulum. Atiny 
barium-filled outpouching ( arrow) is seen on the greater curvature 
of the distal antrum. There is a heaped-up area overlying the 
diverticulum that could be mistaken for an ectopic pancreatic rest. 


Duodenal diverticula typically appear on barium studies as 
smooth, round or ovoid outpouchings arising on a discrete 
neck from the medial border of the descending duodenum (see 
Fig. 34-11). They are often multiple and may change in size and 
shape at fluoroscopy. The lack of inflammatory reaction (spasm 
or edema) allows a duodenal diverticulum to be differentiated 
from a postbulbar ulcer. Bizarre multilobulated or giant diver¬ 
ticula are occasionally seen. 25 Filling defects representing inspis- 
sated food particles or biood clots can sometimes be found 
within the diverticulum (Fig. 34-13). 

When duodenal diverticula contain gas or a combination 
of fluid and gas, they are readily visible on CT. However, a 
diverticulum that is predominantly fluid-filled can occasionally 
mimic the CT Åndings of a cystic neoplasm in the head of 
the pancreas (Fig. 34-14A). 26 The correct diagnosis can still 
be established, however, if intradiverticular gas is identified 
(Fig. 34-14B). 26 

More than 90% of patients with duodenal diverticula are 
asymptomatic. Occasionally, however, these patients may 
develop serious complications such as duodenal diverticulitis, 
upper GI bleeding, gastric outlet obstruction, and pancreati- 
cobiliary disease. Because duodenal diverticula are retroperi- 
toneal structures, duodenal diverticulitis and perforation can 
occur without clinical signs of peritonitis or radiographic signs 
of free intraperitoneal air. Instead, abdominal radiographs may 
reveal localized retroperitoneal gas adjacent to the duodenum 
and upper pole of the right kidney. 28 Studies with barium or 
water-soluble contrast agents may demonstrate localized 
extravasation of contrast material from the perforated diver¬ 
ticulum into a contained extraluminal collection or a deformed 
diverticulum secondary to a previous perforation that subse- 
quently sealed off. 29 CT is particularly helpful for showing a 



Figure 34-11 Duodenal diverticulum. A typical diverticulum 
(arrows ) is seen arising from the medial border of the descending 
duodenum. (From Eisenberg RL: Gastrointestinal Radiology: A Pattern 
Approach , 3rd ed. Philadelphia, JB Lippincott, 1996.) 




Figure 34-12 Lateral duodenal diverticulum. A diverticulum ( long 
arrow) is seen arising from the lateral border of the descending 
duodenum. Note how the diverticulum has a discrete neck ( short 
arrow). Also note how the diverticulum is compressing the adjacent 
duodenum. 
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contained perforation or inflammatory changes involving adja- 
cent structures. 30 

Rarely, duodenal diverticula may cause massive upper GI 
bleeding. 31 In such cases, scanning with 99m Tc-labeled red biood 
cells or angiography may be required to localize the site of 
bleeding. 31 Duodenal diverticula have also been described as a 
rare cause of duodenal or even biliary obstruction. Anomalous 
insertion of the common bile duet and pancreatic duet into a 
duodenal diverticulum can be demonstrated in about 3% of 
carefully performed T-tube cholangiograms. 32 This anatomic 



Figure 34-13 Duodenal diverticulum with a biood clot. This 
diverticulum contains a large, irregular filling defeet representing a 
biood clot in a patient with recent upper GI bleeding. (From 
Eisenberg RL: Gastrointestinal Radiology: A Pattern Approach, 3rd ed. 
Philadelphia, JB Lippincott, 1996.) 


variation can impair drainage of bile into the duodenum, pre- 
disposing these patients to biliary obstruction, bile duet stones, 
and panereatitis. 

Pseudodiverticula 

Pseudodiverticula are exaggerated outpouchings or saccula- 
tions of the inferior and superior recesses of the duodenal bulb 
related to acute or chronic duodenal uleer disease (Fig. 34-15). 



Figure 34-15 Duodenal pseudodiverticula. Two exaggerated 
outpouchings or pseudodiverticula ( arrows ) are seen at the base of 
the bulb caused by scarring from previous peptic uleer disease. 



Figure 34-14 Duodenal diverticulum mimicking a cystic pancreatic neoplasm on CT. A. CT scan with oral and intravenous contrast material 
at the level of the pancreatic head shows a fluid-filled cystic lesion ( long arrow) that was initially thought to represent a cystic pancreatic tumor. 
Note air and contrast material in the duodenum ( short arrow). B. A follow-up CT scan at a similar level 6 months later shows filling of the 
diverticulum with gas (arrow), confirming the diagnosis of a duodenal diverticulum. (From Macari M, Lazarus D, Israel G, et al: Duodenal 
diverticula mimicking cystic neoplasms of the panereas: CT and MR imaging findings in seven patients. AJR 180:195-199, 2003.) 
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Figure 34-16 Intraluminal duodenal diverticulum. A. The finger-like, barium-fil I ed sac in the descending duodenum is separated from barium 
in the adjacent lumen by a radiolucent band ( arrows ) representing the wall of the diverticulum. B and C. Axial (B) and coronal (C) CT scans also 
show the barium-filled intraluminal sac separated from barium in the adjacent duodenal lumen by a thin lower density web (arrows). 


The sacculations may be caused by edema and spasm associated 
with an active ulcer or by asymmetric fibrosis and retraction 
associated with scarring from a healed ulcer. However, the 
degree of deformity is not directly related to the size of the ulcer 
because some small duodenal ulcers may produce large saccula¬ 
tions, whereas other large ulcers may have little or no effect on 
the contour of the bulb. 

Intraluminal Diverticula 

An intraluminal duodenal diverticulum is a sac of duodenal 
mucosa originating from the second portion of the duodenum 
near the papilla of Vater. The term intraluminal diverticulum is 
actually a misnomer because this structure is not a diverticu¬ 
lum, but begins as a congenital duodenal web or diaphragm 
containing a small central aperture; the web gradually elongates 
over time because of forward pressure by food and duodenal 
peristalsis. 33 As a result, the diverticulum usually extends ante- 
grade into the distal descending duodenum or, occasionally, the 
third or fourth portion of the duodenum. When filled with 
barium, this structure has a characteristic radiographic appear- 
ance on barium studies and abdominal CT, with a finger-like 
intraluminal sac separated from barium in the adjacent lumen 
by a thin radiolucent stripe representing the elongated web, or 
“wall,” of the diverticulum (Fig. 34-16). 33,34 Because of the 
resemblance to a wind sock at small airports, this structure has 
also been called a “wind sock” diverticulum. 

Both an intraluminal duodenal diverticulum and congenital 
duodenal diaphragm can be associated with a variety of other 
anomalies, including annular pancreas, midgut volvulus, situs 
inversus, choledochocele, congenital heart disease, Down syn- 
drome, imperforate anus, Hirschsprungs disease, omphalocele, 
and exstrophy of the biadder. 

Patients with an intraluminal duodenal diverticulum may 
present with nausea and vomiting from associated duodenal 
obstruction. "" The usual treatment is surgery, but some patients 
may benefit from endoscopic disruption of the underlying duo¬ 
denal web responsible for their symptoms, avoiding the need 
for surgery. 33 


Webs and Diaphragms 

ANTRAL WEBS AND DIAPHRAGMS 

Antral webs and diaphragms are thin membranous septa that 
are usually located within 3 cm of the pyloric canal and are 
oriented perpendicular to the long axis of the stomach. 35 Clini- 
cal symptoms of partial gastric outlet obstruction correlate with 
the size of the central aperture of the web or diaphragm; 
obstructive symptoms do not occur if the diameter of the aper¬ 
ture is greater than 1 cm. Even with minute central orifices as 
small as 2 mm, these diaphragms may not cause obstructive 
symptoms until adult life. 

Nonobstructive antral webs and diaphragms appear on 
barium studies as persistent, sharply defined, 2- to 3-cm-wide, 
band like defects in the barium column occurring at right 
angles to the gastric wall (Fig. 34-17). 35 A similar appearance 
may be produced by a prominent transverse antral fold, but 
transverse folds do not generally extend across the gastric 
lumen, and they are not perfectly straight. Antral webs and 
diaphragms are hest visualized when the antrum is adequately 
distended proximal and distal to this structure. Occasionally, 
the antrum distal to the web can be mistaken radiographically 
for the duodenal bulb (Fig. 34-18) or, less frequently, for a 
gastric diverticulum or ulcer. With severe obstruction, gastric 
emptying is greatly delayed, and barium can be seen to pass in 
a thin stream (jet phenomenon) through the central orifice of 
the web. 36 

DUODENAL WEBS AND DIAPHRAGMS 

Duodenal webs and diaphragms are weblike projections in the 
duodenal lumen that cause varying degrees of obstruction. 
Most reported cases have involved the second portion of the 
duodenum near the ampulla of Vater. A congenital duodenal 
web usually appears on barium studies as a thin radiolucent line 
extending across the lumen, often associated with proximal 
duodenal dilation (Fig. 34-19). Because the obstruction is 
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Figure 34-17 Antral mucosal diaphragm. A bandlike defect ( black 
arrows) is seen arising at right angles to the gastric wall. The web is 
approximately 5 mm in thickness. The pyloric channel is denoted by 
white arrows. (From Bjorgvinsson E, Rudzki C, Lewicki AM: Antral web. 
Am J Gastroenterol 79:663-665, 1984.) 



Figure 34-18 Antral mucosal diaphragm. The lumen is so 
narrowed by the diaphragm ( arrow) that the antrum distal to the 
diaphragm could be mistaken for the duodenal bulb. (From Eisenberg 
RL: Gastrointestinal Radiology: A Pattern Approach, 3rd ed. 
Philadelphia, JB Lippincott, 1996.) 


incomplete, small amounts of gas may be present in more distal 
portions of the bowel. 3 Rarely, a web may balloon distally, 
forming an intraluminal duodenal diverticulum (see earlier, 
“Intraluminal Diverticula”). Although the vast majority of duo¬ 
denal webs and diaphragms are thought to be congenital, 
acquired duodenal diaphragms similar to those in the small 
bowel have been described as a rare complication of long-term 
use of nonsteroidal anti-inflammatory drugs (NSAIDs). 38 



Figure 34-19 Duodenal web. There is high-grade stenosis of the 
second portion of the duodenum. The presence of gas in the bowel 
distal to the web indicates that the obstruction is incomplete. (From 
Eisenberg RL: Gastrointestinal Radiology: A Pattern Approach, 3rd ed. 
Philadelphia, JB Lippincott, 1996.) 


Adult Hypertrophic Pyloric Stenosis 

The histologic, anatomic, and radiographic abnormalities in 
adult hypertrophic pyloric stenosis are indistinguishable from 
those in the infantile form. 39 The disease in adults may represent 
a milder form of the same entity observed in infants and chil- 
dren. Most cases of adult hypertrophic pyloric stenosis go 
unrecognized because these individuals are asymptomatic. 
However, some patients complain of nausea and vomiting, epi- 
gastric pain, weight loss, or anorexia, and approximately 50% 
of patients with adult hypertrophic pyloric stenosis have associ- 
ated gastric ulcers. These ulcers probably develop as a result of 
delayed gastric emptying with increased gastrin production and 
hyperacidity. In contrast to children, adults with this condition 
rarely develop high-grade gastric outlet obstruction. 

Adult hypertrophic pyloric stenosis is typically manifested 
on barium studies by elongation and narrowing of the pyloric 
canal as a result of a hypertrophied pyloric muscle (Fig. 34-20). 39 
The pylorus can be as long as 2 to 4 cm in these patients (the 
normal length is <1 cm in adults). The proximal end of the 
narrowed pylorus merges gradually with the adj acent antrum, 
producing a smooth, tapered juncture without the shoulders 
expected for a malignant neoplasm. In contrast, the distal end 
of the hypertrophied pyloric muscle may bulge into the duode¬ 
num, producing a distinctive concave indentation on the base 
of the duodenal bulb (see Fig. 34-20). 39 Some patients may have 
Åndings of gastric outlet obstruction. 

Gastric Outlet Obstruction 

Peptic ulcer disease is the most common cause of gastric outlet 
obstruction in adults, accounting for about two thirds of cases 
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Figure 34-20 Adult hypertrophic pyloric stenosis. The pyloric 
canal is narrowed and elongated, with a characteristic concave 
indentation ( arrows ) on the base of the duodenal bulb caused by 
bulging of the pyloric muscle mass into the duodenum. 


(Fig. 34-21). The ulcers are usually located in the duodenal bulb, 
but may also be located in the pyloric channel or gastric antrum 
or, rarely, in the gastric body. Narrowing of the lumen in peptic 
ulcer disease can result from acute inflammation, edema and 
spasm, muscular hypertrophy, or fibrosis and scarring. In many 
cases, more than one of these factors contributes to the develop- 
ment of gastric outlet obstruction. Most patients with peptic 
ulcer disease causing pyloric obstruction have a long-standing 
history of ulcer symptoms. A gastric carcinoma should there - 
fore be suspected when gastric outlet obstruction develops in 
previously asymptomatic patients. 

An annular carcinoma of the distal antrum or pylorus is the 
second most common cause of gastric outlet obstruction, 
accounting for nearly one third of cases (Fig. 34-22). Occasion- 
ally, metastases to the stomach or other malignant tumors may 
also produce obstructive symptoms. In contrast to patients with 
peptic ulcer disease, patients with gastric outlet obstruction 
caused by malignant tumors often have recent onset of abdomi- 
nal pain and weight loss. 40 

Abdominal radiographs in patients with gastric outlet 
obstruction often demonstrate the outline of the dilated, gas- 
filled stomach. Barium studies may reveal mottled, nonopaque 
material representing retained food and debris in the stomach. 
Depending on the degree of obstruction, there can be a marked 
delay in gastric emptying, with barium sometimes retained in 
the stomach for 24 hours or longer. Over time, the stomach may 
become enormously dilated, extending inferiorly into the lower 
abdomen or even the pelvis. In patients with gastric outlet 
obstruction, the radiologist must always attempt to differentiate 
a benign lesion (e.g., peptic ulcer disease) from a malignant 
lesion (e.g., gastric carcinoma) as the cause of obstruction on 
barium studies. The presence of a persistent collection of 
barium within the duodenal bulb, pyloric channel, or prepylo- 
ric gastric antrum should suggest peptic ulcer disease as the 



Figure 34-21 Gastric outlet obstruction caused by peptic ulcer 
disease. Note gastric distention and dilution of ingested barium by 
retained fluid in the stomach. (From Eisenberg RL: Gastrointestinal 
Radiology: A Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 
1996.) 



Figure 34-22 Gastric outlet obstruction caused by an annular 
carcinoma of the antrum. There is irregular narrowing of the 
distal antrum ( arrow) with proximal dilation of the stomach. (From 
Eisenberg RL: Gastrointestinal Radiology: A Pattern Approach, 3rd ed. 
Philadelphia, JB Lippincott, 1996.) 


likely cause of obstruction. Distortion and scarring of the bulb, 
with associated pseudodiverticula, should also suggest ulcer 
disease as the likely cause of obstruction. Conversely, the 
presence of a discrete mass, nodularity, or irregularity in 
the adjacent antrum should suggest a malignant tumor. Never- 
theless, it is not always possible to differentiate benign and 
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malignant cases of gastric outlet obstruction on radiographic 
criteria. When gastric carcinoma cannot be excluded, endos- 
copy or even surgical exploration may be required for a defini¬ 
tive diagnosis. 

Gastric outlet obstruction may occasionally be caused by 
other conditions involving the stomach and duodenum. Granu- 
lomatous diseases such as Crohns disease, sarcoidosis, syphilis, 
and tuberculosis may cause marked antral narrowing and 
obstruction (Fig. 34-23). Severe pancreatitis or cholecystitis 



Figure 34-23 Gastric outlet obstruction caused by Crohn # s 
disease. There is tapered narrowing of the distal antrum caused 
by Crohn's disease involving the stomach. (From Eisenberg RL: 
Gastrointestinal Radiology: A Pattern Approach, 3rd ed. Philadelphia, 
JB Lippincott, 1996.) 


may cause intense spasm and edema of the adj acent duodenum 
with associated gastric outlet obstruction. 41 Antral narrowing 
and obstruction may also be caused by other rare conditions 
such as amyloidosis (see later, “Amyloidosis”) and scarring from 
previous ingestion of corrosive substances. 

Prolapse of a benign antral polyp into the duodenum may 
occasionally produce intermittent gastric outlet obstruction, 
with an intraluminal filling defect seen at the base of the duo- 
denal bulb. Other conditions causing gastric outlet obstruction 
include antral mucosal webs and diaphragms, adult hypertro- 
phic pyloric stenosis, and gastric volvulus (these conditions are 
discussed elsewhere in the chapter). 

Duodenal Obstruction 

A variety of congenital anomalies, inflammatory disorders, and 
malignant tumors may cause duodenal obstruction. Many of 
these conditions are discussed elsewhere in the text. 

SUPERIOR MESENTERIC ROOT SYNDROME 

The transverse portion of the duodenum has a fixed position 
in the retroperitoneum. As a result, this portion of the duode¬ 
num is in a closed compartment bounded anteriorly by the root 
of the mesentery, which carries the superior mesenteric vessel 
sheath (artery, vein, and nerve), and posteriorly by the aorta and 
lumbar spine (at the L2-3 level), where the lumbar lordosis is 
most pronounced. Even in asymptomatic people, there is often 
a transient delay of barium where the transverse duodenum 
crosses the spine. This delay can be associated with mild, incon- 
stant dilation of the proximal duodenum (Fig. 34-24). 

Any process that tends to close the nutcracker-like jaws of 
the aortomesenteric angle results in some degree of compres- 
sion of the transverse portion of the duodenum. This phenom- 
enon is most likely to occur in asthenic persons, particularly 
those who rapidly lose weight and retroperitoneal fat because 
of debilitating illness; the increased dragging effect of the mes¬ 
enteric root in these patients narrows the aortomesenteric 



Figure 34-24 Asymptomatic patient with findings mimicking those of superior mesenteric root syndrome. A. Frontal view shows an 
extrinsic, vertically oriented, bandlike defect ( arrow ) and apparent obstruction of the third portion of the duodenum by the superior mesenteric 
root. B. Prone, right anterior oblique view obtained moments later shows a normal duodenal sweep without evidence of obstruction. 
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Figure 34-25 Superior mesenteric root syndrome caused by 
scleroderma. The duodenum is markedly dilated and atonic proximal 
to an extrinsic, vertically oriented, bandlike defect ( arrow ) at the 
aortomesenteric angle. (From Eisenberg RL: Gastrointestinal 
Radiology: A Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 
1996.) 


angle. Prolonged bed rest or immobilization in the supine posi¬ 
tion (e.g., patients with body casts or whole-body burns or 
patients fixed in a position of hyperextension after spinal injury 
or surgery) also causes the mesenteric root to compress the 
anterior aspect of the transverse duodenum, resulting in varying 
degrees of duodenal obstruction. 42 43 

In patients with scleroderma or other causes of decreased 
duodenal peristalsis, the combination of the lumbar spine, 
aorta, and mesenteric root may constitute enough of a barrier 
to cause substantial obstruction of the transverse duodenum. 
As a result, the superior mesenteric root syndrome sometimes 
occurs in patients with scleroderma, who have a dilated atonic 
duodenum proximal to the level of the superior mesenteric root 
(Fig. 34-25). Other collagen diseases such as dermatomyositis 
and systemic lupus erythematosus may produce similar radio- 
graphic Åndings. In Chagas’ disease, inflammatory destruction 
of intramural autonomic plexuses by Trypanosoma cruzi can 
lead to generalized GI aperistalsis and dilation that usually 
involve the esophagus and colon but can also affect the duode¬ 
num. Disordered duodenal motility and dilation can also result 
from neuropathies associated with diabetes, porphyria, and 
thiamine deficiency or from surgical vagotomy for peptic ulcer 
disease or Chemical vagotomy from drugs such as atropine, 
morphine, and diphenoxylate (Lomotil). 

Any space-occupying process within the aortomesenteric 
angle can also compress the transverse duodenum, causing the 
superior mesenteric root syndrome. As a result, inflammatory 
thickening of the bowel wall or mesenteric root by pancreatitis, 
Crohns disease, and peptic ulcer disease or neoplastic thicken¬ 
ing of the mesenteric root by metastases to the mesentery or 
mesenteric lymph nodes can lead to duodenal obstruction. 44 
Occasionally, a metastatic tumor involving the duodenum may 
cause delayed gastric emptying and massive gastric dilation out 
of proportion to the degree of duodenal obstruction, possibly 
because of injury to the vagal nerve by retroperitoneal tumor. 45 


Regardless of the underlying pathophysiology, the superior 
mesenteric root syndrome is associated with characteristic 
radiographic fmdings. Barium studies usually reveal marked 
dilation of the first and second portions of the duodenum asso¬ 
ciated with an extrinsic, vertically oriented, bandlike defect in 
the transverse portion of the duodenum overlying the spine (see 
Fig. 34-25). In some cases, obstruction may be partially relieved 
by placing the patient in the prone position. CT may demon- 
strate beaklike compression of the third portion of the duode¬ 
num between the superior mesenteric vessels and aorta, thereby 
confirming the diagnosis of the superior mesenteric root 
syndrome. 46 

OTHER CAUSES 

Intramural hematoma, intraluminal duodenal diverticulum, 
and aortoduodenal fistula (discussed elsewhere in this chapter) 
are other causes of duodenal obstruction. Ulceration with stric- 
ture formation can also be a complication of radiation therapy 
to the upper abdomen. 47 A rare cause of duodenal obstruction 
is the preduodenal portal vein, which crosses in front of the 
duodenum, rather than behind it. This anomaly is associated 
with other malformations such as duodenal bands and annular 
pancreas, which are more likely to be the cause of obstruction 
than the anomalous Crossing vessel. The major reason to be 
aware of the preduodenal portal vein is so it is not injured at 
the time of surgery for these other malformations. 48 


Gastric Dilation Without Gastric 
Outlet Obstruction 

Acute or chronic dilation of the stomach with prolonged reten¬ 
tion of food or barium can occur in the absence of gastric 
outlet obstruction. Gastric retention is defrned as vomiting of 
food eaten more than 6 hours earlier or the presence of food 
in the stomach at the time of an upper GI series (assuming 
that the patient has not eaten for 8 to 10 hours). However, 
gastric retention is not synonymous with gastric outlet obstruc¬ 
tion, and corrective surgery is not always indicated for these 
patients. 49 

The appearance of nonobstructive gastric dilation is indis- 
tinguishable from that of organic gastric outlet obstruction. 
Abdominal radiographs may reveal a massively dilated, gas- and 
fluid-containing stomach extending inferiorly into the lower 
abdomen or pelvis (Fig. 34-26). Administration of barium 
confirms the presence of a dilated stomach with decreased or 
absent gastric peristalsis and a large amount of retained food 
and debris in the lumen. 

ACUTE GASTRIC DILATION 

Acute gastric dilation is characterized by sudden, severe dis ten - 
tion of the stomach, usually occurring within several days 
after abdominal surgery (Fig. 34-27). In affected individuals, a 
normal stomach can expand rapidly into a hyperemic, cyanotic, 
atonic sac that hils the abdomen. This postoperative complica¬ 
tion has become much less common as a result of improved 
operative and postoperative care, including meticulous han¬ 
dling of tissues at surgery, better anesthetics, nasogastric suction, 
and careful monitoring of acid-base and electrolyte balances. 
Acute gastric dilation may also occur as a complication of other 
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medical or surgical conditions, including abdominal trauma 
and peritoneal inflammatory processes. 

Appropriate therapy usually produces a rapid clinical 
response but, if untreated, acute gastric dilation may be a life- 
threatening condition. Pain is seldom severe until these patients 
have marked gastric dilation. Aerophagia (air swallowing) in 
some patients may also contribute to rapid gaseous distention 
of the stomach. In fulminant cases, acute gastric dilation may 
cause severe vomiting, aspiration, fluid and electrolyte distur- 
bances, dehydration, perforation, peritonitis, and shock. 50 

CHRONIC GASTRIC DILATION 
AND GASTROPARESIS 

The two most common causes of chronic gastric dilation and 
gastroparesis are diabetes and narcotics. Some patients are 
asymptomatic, but others develop chronic nausea, vomiting, 
bloating, early satiety, and postprandial abdominal fullness. 5153 
About 40% of patients with diabetes have a dilated stomach 
with decreased or absent gastric peristalsis and delayed gastric 
emptying (diabetic gastropathy). 52 Most of these patients have 
long-standing, poorly controlled diabetes associated with a 
peripheral neuropathy or other complications. 51 Narcotic medi- 
cations may also cause marked gastroparesis that gradually 
resolves after withdrawal of the offending agent. Other patients 
with neurologic abnormalities (e.g., brain tumors, bulbar polio- 
myelitis, tabes dorsalis) may develop chronic gastric retention, 
although these patients are more likely to develop esophageal 
dysmotility. Marked gastric dilation may also develop in patients 
with scleroderma, polymyositis, dermatomyositis, myotonic 
muscular dystrophy, electrolyte and acid-base imbalances, lead 
poisoning, and porphyria (Fig. 34-28). 54,55 

The radiologic diagnosis of gastroparesis is typically made 
on the basis of an endoscopic examination showing no evidence 
of gastric outlet obstruction combined with a nuclear medicine 
solid emptying scan showing delayed emptying of solids from 
the stomach. 52 In patients with nausea and vomiting or other 
related symptoms, however, the diagnosis of gastroparesis can 
also be established on barium studies showing decreased or 
absent gastric peristalsis at fluoroscopy, with varying degrees of 
gastric dilation and delayed emptying of barium from the 
stomach in the absence of Åndings of mechanical gastric outlet 
obstruction. 53 Barium studies are therefore extremely helpful 
for differentiating gastroparesis from gastric outlet obstruction 
in patients with nausea and vomiting. 

Abnormal Extrinsic Masses 

STOMACH 

Extrinsic impressions on the stomach may be caused by a prom¬ 
inent left lobe of the liver, aberrant position of the spleen or left 
kidney, or pathologic enlargement of any of these structures 
(Fig. 34-29). CT can aid in differentiating these extrinsic defects 
from true gastric lesions. 

DUODENUM 

A variety of abnormalities involving organs in the right upper 
quadrant may cause displacement of or extrinsic impressions 
on the duodenal bulb and sweep. A dilated common bile duet 
typically produces an obliquely oriented, tubular indentation 



Figure 34-26 Massive gastric dilation. Abdominal radiograph 
shows an enormous amount of gas filling a markedly dilated 
stomach that extends inferiorly into the pelvis. (From Eisenberg RL: 
Gastrointestinal Radiology: A Pattern Approach, 3rd ed. Philadelphia, 
JB Lippincott, 1996.) 



Figure 34-27 Acute gastric dilation from recent abdominal 
surgery. (From Eisenberg RL: Gastrointestinal Radiology: A Pattern 
Approach, 3rd ed. Philadelphia, JB Lippincott, 1996.) 
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Figure 34-28 Chronic gastric dilation caused by severe electrolyte and acid-base imbalances. A. Abdominal radiograph shows a marked 
amount of particulate material in a massively dilated stomach extending inferiorly into the pelvis. B. Barium study confirms the presence of 
marked gastric dilation. 



Figure 34-29 Gastric impressions by a polycystic liver. Two large 
extrinsic impressions ( arrows ) on the anterior aspect of the stomach 
could be mistaken for intramural lesions. (From Eisenberg RL: 
Gastrointestinal Radiology: A Pattern Approach, 3rd ed. Philadelphia, 
JB Lippincott, 1996.) 


on the duodenal bulb (Fig. 34-30), but even a normal common 
bile duet may occasionally produce a linear impression on the 
bulb. Extrinsic compression of the duodenum may also result 
from an enlarged gallbladder secondary to hydrops of the gall- 
bladder, tumor, a pericholecystic abscess or other causes. 

Hepatomegaly or anomalous lobes of the liver may cause 
leftward displacement of the duodenal bulb and sweep. 56 Duo¬ 
denal displacement may be particularly marked when there is 
hypertrophy of the caudate lobe. Hepatic cysts and tumors and 
metastatic lymphadenopathy in the periportal region may also 
produce one or more extrinsic impressions on the duodenal 
bulb and sweep. 

Masses in the right kidney or adrenal may cause an extrinsic 
indentation on the right posterolateral aspect of the descending 
duodenum. Generalized renal enlargement secondary to 
hydronephrosis, multiple cysts, polycystic kidney disease, or 
renal cell carcinoma may also compress and displace the duo¬ 
denum (Fig. 34-31). In other patients, anterior displacement of 
the duodenum may be caused by an enlarged right adrenal 
giand from Addisons disease or adrenal carcinoma. 

The midportion of the descending duodenum is crossed 
anteriorly by the transverse colon. In approximately 3% of 
patients, there is an abnormally close positional relationship 
between these two structures, resulting in a mutual indenta¬ 
tion. 58 Carcinoma of the right side of the colon, especially 
the hepatic flexure, can result in an extrinsic impression on 
the outer border of the descending duodenum. 59 This finding 
may be caused by adjacent adenopathy or by direct extension 
of tumor across the short fascial plane of the lateral reflec- 
tion of the transverse mesocolon, which attaches the hepatic 
flexure of the colon to the lower portion of the descending 
duodenum. 
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Figure 34-30 Duodenal impression by a dilated common bile 
duet. The dilated duet produces a characteristic tubular impression 
( arrows ) on the duodenum near the apex of the bulb. (From 
Eisenberg RL: Gastrointestinal Radiology: A Pattern Approach, 3rd ed. 
Philadelphia, JB Lippincott, 1996.) 


Figure 34-31 Duodenal impression by a polycystic right kidney. 

The duodenum is displaced to the left of the spine by the polycystic 
kidney. (From Eisenberg RL: Gastrointestinal Radiology: A Pattern 
Approach, 3rd ed. Philadelphia, JB Lippincott, 1996.) 


Dilated vessels can also produce one or more extrinsic 
impressions on the outer wall of the duodenal bulb and sweep. 
These impressions may be caused by duodenal varices resulting 
from portal hypertension or by dilated arterial collateral path- 
ways resulting from occlusion of the celiac axis or superior 
mesenteric artery. 60 

Widening of the Duodenal Sweep 

Although widening of the duodenal sweep on barium studies 
is often considered to be synonymous with an enlarged head of 
the panereas, this finding is not always caused by pancreatic 
disease, so it must be interpreted with caution. There is great 
variation in the configuration of the duodenal sweep among 
normal patients, and slight degrees of widening are difficult to 
recognize with confidence. In heavy patients, the combination 
of a high transverse stomach and long vertical course of the 
descending duodenum can also create the erroneous impres¬ 
sion of a widened sweep. 

True widening of the duodenal sweep may be caused by 
pancreatic neoplasms or by benign pancreatic disease (e.g., pan- 
creatitis, pancreatic pseudocysts; Figs. 34-32 and 34-33; see next 
section). There are numerous radiographic criteria for distin - 
guishing benign and malignant pancreatic disease involving the 
duodenum, but this differentiation is often difficult on barium 
studies. When pancreatic abnormalities are suspected, CT or 
other cross-sectional imaging studies should therefore be per- 
formed for a more definitive diagnosis. 

Widening of the duodenal sweep may also be caused by 
enlarged peripancreatic lymph nodes secondary to lymphoma, 
metastases, or various inflammatory conditions (Fig. 34-34). 61 
Depending on their location, mesenteric cysts or tumors may 



Figure 34-32 Widening of the duodenal sweep by acute 
panereatitis. (From Eisenberg RL: Gastrointestinal Radiology: A 
Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 1996.) 
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Figure 34-33 Widening of the duodenal sweep by a pancreatic 
pseudocyst. Pancreatitis or pancreatic carcinoma could produce 
similar findings (see Fig. 34-32). (From Eisenberg RL: Gastrointestinal 
Radiology: A Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 
1996.) 



Figure 34-34 Widening of the duodenal sweep by peripancreatic 
lymphoma. Enlarged peripancreatic lymph nodes have produced 
a double contour on the medial border of the duodenum with 
associated spiculation. Pancreatitis or pancreatic carcinoma could 
produce similar findings (see Fig. 34-36). (From Eisenberg RL: 
Gastrointestinal Radiology: A Pattern Approach, 3rd ed. Philadelphia, 
JB Lippincott, 1996.) 



Figure 34-35 Widening of the duodenal sweep by a choledochal 
cyst. (From Eisenberg RL: Gastrointestinal Radiology: A Pattern 
Approach, 3rd ed. Philadelphia, JB Lippincott, 1996.) 


produce similar findings. Rarely, dilated pancreaticoduodenal 
collateral vessels in patients with an occluded celiac axis or 
superior mesenteric artery can produce a smooth, concave 
impression on the medial aspect of the descending duodenum 
that simulates a mass in the head of the pancreas. 

Retroperitoneal masses (primary or metastatic neoplasms or 
cysts) can also widen the duodenal sweep. Downward displace- 
ment of the third portion of the duodenum by an aortic 
aneurysm can produce a similar radiographic appearance. 
A choledochal cyst near the ampulla of Vater can result in 
generalized widening of the duodenal sweep (Fig. 34-35) or a 
localized impression near the papilla. 


Pancreatic Diseases Affecting the 
Stomach and Duodenum 

Before the advent of ultrasound, CT, and magnetic resonance 
imaging (MRI), alterations in the configuration and mucosal 
pattern of the antrum and duodenal sweep were carefully evalu- 
ated on barium studies as indirect signs of inflammatory or 
neoplastic disease involving the head of the pancreas. Although 
primarily of historical interest, the findings on upper GI barium 
studies may occasionally suggest otherwise unexpected pancre¬ 
atic disease. 

Enlargement of the head of the pancreas can produce a mass 
impression on the inner aspect of the duodenal sweep that 
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Figure 34-36 Duodenal involvement by pancreatic carcinoma. An 

enlarged pancreatic head produces a double contour on the medial 
border of the duodenal sweep. (From Eisenberg RL: Gastrointestinal 
Radiology: A Pattern Approach , 3rd ed. Philadelphia, JB Lippincott, 
1996.) 


creates a double contour effect (Fig. 34-36). Another nonspe- 
cific sign, originally attributed to malignant disease, but prob- 
ably more common in inflammatory disorders, is the so-called 
inverted 3 sign of Frostberg (Fig. 34-37). The central limb of 
the inverted 3 represents the point of fixation of the duodenal 
wall, where the pancreatic and common bile duets insert into 
the papilla. The impressions above and below this point reflect 
tumor mass, edema of the major and minor papillae, or edema 
of the duodenal wall from adjacent panereatitis. Pancreatitis or 
pancreatic tumor invading the duodenum may also be mani¬ 
fested by spiculation and tethering of the medial wall of the 
duodenum because of a desmoplastic reaction in the serosa 
(Fig. 34-38). 

In advanced disease, duodenal involvement by pancreatitis, 
pancreatic pseudocysts, or pancreatic carcinoma may be mani¬ 
fested by the development of uleers, cavities, or even panereati- 
coduodenal fistulas. Pancreatitis, pseudocysts, or neoplasms 
involving the head of the panereas may also produce a smooth 
area of extrinsic mass effect on the greater curvature of the 
gastric antrum, also known as the antral pad sign. 62 Further 
infiltration of the stomach by the inflammatory process or 
tumor may result in an irregular gastric contour with spicu- 
lated, tethered mucosal folds on the greater curvature (Fig. 
34-39). Similarly, disease involving the body or tail of the 
panereas may be manifested by extrinsic compression, flatten- 
ing, or spiculation of the posterior wall of the gastric fundus 
or body (Fig. 34-40A and B). When gastric involvement 
by pancreatic disease is suspected on barium studies, other 
imaging tests such as CT, MRI, or ultrasound should be per- 
formed for a more definitive diagnosis (Fig. 34-40C). 



Figure 34-37 Inverted 3 sign of Frostberg. There is a widened 
duodenal sweep, with fixation of the duodenal wall at the papilla 
(arrow ), producing the inverted 3 sign. This patient had acute 
pancreatitis, so the inverted 3 sign is not specific for pancreatic 
carcinoma. 

Unusual Filling Defects 

BEZOARS 

A bezoar consists of an accumulated mass of ingested food 
within the gastric lumen. Phytobezoars (composed of undi- 
gested vegetable matter) have typically been associated with the 
eating of unripe persimmons, a fruit containing substances that 
coagulate on contact with gastric acid to produce a sticky, gelati- 
nous material, which traps seeds, skin, and other foodstuffs, 
acting as the nidus for developing bezoars. Trichobezoars (com¬ 
posed of hair) occur predominantly in women who swallow 
their own hair, usually because of schizophrenia or other mental 
illness. The accumulated mass of hair can enlarge until it occu- 
pies the lumen of the entire stomach, often assuming the shape 
of that organ. A small percentage of bezoars, also known as 
trichophytobezoars, are composed of a combination of hair and 
vegetable matter. 

Despite the classic association of gastric bezoars with vege¬ 
table matter and hair, the most common cause of this Ånding 
in modern radiology practice is gastroparesis in patients who 
have diabetes or are taking narcotic medications. 63 Because of 
the important role of gastric peristalsis in the mechanical break¬ 
down of ingested food, patients with decreased or absent gastric 
peristalsis are at inereased risk for developing bezoars. Less 
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Figure 34-38 Duodenal involvement by pancreatitis. There is an 
extrinsic impression on the medial border of the descending 
duodenum, with spiculated mucosal folds. (From Eisenberg RL: 
Gastrointestinal Radiology: A Pattern Approach, 3rd ed. Philadelphia, 
JB Lippincott, 1996.) 


frequently, gastric bezoars may also be found in patients with 
chronic gastric outlet obstruction secondary to scarring from 
peptic ulcer disease or other causes. Finally, bezoars may develop 
after partial gastrectomy or bariatric surgery in which the 
antrum and body of the stomach (the portions of the stomach 
responsible for gastric peristalsis) have been resected (Billroth 
I or II) or bypassed (Roux-en-Y gastric bypass). 63 Because there 
is little or no gastric peristalsis in the remaining gastric remnant 
or pouch, bezoars are more likely to develop in these patients. 
If a postoperative stricture develops at the gastroduodenal or 
gastrojejunal anastomosis, the risk of bezoar formation increases 
even further. 63 

Symptoms of gastric bezoars, which result from the mechan- 
ical effects of the foreign body in the stomach, include crampy 
epigastric pain and a sense of fullness or heaviness in the upper 
abdomen. 63 Large bezoars may also cause symptoms of gastric 
outlet obstruction. Some bezoars may be chronic Åndings, 
necessitating endoscopy for mechanical breakdown of the mass 
of food matter in the stomach, but others may resolve rapidly 
(in <2 weeks) on conservative medical treatment. 

A bezoar is sometimes visible on abdominal radiographs 
as a soft tissue mass floating in the stomach at the air-fluid 
interface (Fig. 34-41). Barium studies may show a conglom- 
erate mass of debris with barium trapped in the interstices 
of the bezoar, producing a characteristic mottled appearance 
(Fig. 34-42). 63 With changes in patient position, many 
bezoars are freely movable within the gastric lumen. 63 
Bezoars can also develop in the gastric remnant after a 
partial gastrectomy (Billroth I and II) or in the gastric pouch 



Figure 34-39 Gastric involvement by pancreatitis. There is 
flattening, irregularity, and spiculation of the greater curvature of the 
antrum caused by extension of the inflammatory process to the 
stomach. Also note involvement of the proximal descending 
duodenum. 


after gastric bypass (Roux-en-Y gastric bypass), especially 
when strictures develop at the gastroduodenal or gastrojeju¬ 
nal anastomosis, delaying emptying of ingested food. Occa- 
sionally, a bezoar may be unusually smooth, simulating an 
enormous gas bubble (Fig. 34-43). Bezoars are usually char- 
acterized on CT by inhomogeneous intraluminal masses that 
have a mottled appearance and are often seen floating at 
the air-fluid interface (Fig. 34-44). 64 

FOREIGN BODIES 

Foreign bodies may appear as radiolucent filling defects in the 
barium-filled stomach or duodenum. This appearance is pro- 
duced by a variety of ingested substances, including food, pilis, 
and nondigestible material. 

HEMATOMAS 

In patients with upper GI bleeding, biood clots may appear as 
one or more filling defects in the stomach or duodenum. Hem- 
orrhage into the wall of the stomach secondary to a bleeding 
diathesis, anticoagulant therapy, or trauma can lead to the 
development of a large intramural gastric mass, usually involv- 
ing the fundus. 

Intramural duodenal hematomas are a recognized complica- 
tion of blunt trauma to the abdomen. More than 80% of 
reported cases have occurred in children or young adults; child 
abuse is a major cause in infants and young children. 65 It is 
believed that the hematoma results from the duodenum being 
crushed between the anterior abdominal wall and vertebral 
column. Because the second and third portions of the duo¬ 
denum are fixed in a retroperitoneal position, they are prone 
to this type of injury if enough force is applied to the anterior 
abdominal wall. When the mucosa is separated from the 
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Figure 34-40 Gastric involvement by a pancreatic pseudocyst. A. Supine view of the stomach shows a large area of extrinsic mass effect 
(arrows ) on the upper gastric body. B. Lateral view shows the retrogastric mass ( arrows ) in profile. C. CT scan reveals a large pancreatic 
pseudocyst ( arrows ) compressing and displacing the stomach. (From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 
2nd ed. Philadelphia, WB Saunders, 1992.) 


loose submucosa, biood may dissect along submucosal com- 
partments. Intramural duodenal hematomas may also be 
caused by a bleeding diathesis, anticoagulation, or endoscopic 
trauma. 66 

Intramural duodenal hematomas may appear on barium 
studies as well-circumscribed intramural masses with discrete 
margins. Some degree of stenosis and obstruction is usually 
present (Fig. 34-45A). CT may reveal marked thickening of the 
duodenal wall in these patients. 67 CT is also helpful for differ- 
entiating duodenal perforation from a hematoma without per- 
foration. The presence of perforation is indicatedby extraluminal 
gas or extravasated contrast material in the right anterior para- 
renal Space. 67 The right psoas margin may be obliterated because 
of associated retroperitoneal bleeding. A coil spring appearance 
has been described and, rarely, delayed rupture into the perito- 
neal or retroperitoneal space may occur. Although some patients 


have discrete hematomas, others have diffuse bleeding in the 
duodenal wall, manifested by thickened, spiculated folds or 
thumbprinting (Fig. 34-45B). 

INTRAGASTRIC AND INTRADUODENAL 
GALLSTONES 

An intragastric gallstone is an extremely rare cause of a filling 
defect in the stomach. Gallstones may enter the stomach or 
duodenum in patients with cholecystogastric or cholecystoduo¬ 
denal fistulas. Similar to other foreign bodies in the stomach, 
intragastric gallstones may cause mucosal irritation, ulceration, 
bleeding, perforation, and even obstruction. Erosion of a gall¬ 
stone into the duodenal bulb may also cause gastric outlet 
obstruction (Bouveret’s syndrome), a rare but life-threatening 
condition. 68 ’ 69 
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Figure 34-41 Gastric bezoar. Supine abdominal radiograph shows 
a gastric bezoar as a mottled soft tissue mass ( arrows ) floating in the 
stomach at the air-fluid interface. 



Figure 34-42 Gastric bezoar. The bezoar is manifested by a 
conglomerate mass of debris with barium trapped in its interstices, 
producing a characteristic mottled appearance. 


Gastric Volvulus 

Gastric volvulus is an uncommon acquired twist of the stomach 
on itself that can lead to obstruction or strangulation with 
potentially life-threatening gastric infarction. It is usually asso- 
ciated with a large defect in the diaphragm that allows all or 
part of the stomach to herniate into the thorax. Free upward 
movement of the stomach into the chest is normally limited by 



Figure 34-43 Gastric bezoar. The bezoar appears as a smooth 
filling defect in the stomach that could be mistaken for an enormous 
gas bubble. This patient was a model airplane builder who had been 
ingesting g lue. (From Eisenberg RL: Gastrointestinal Radiology: A 
Pattern Approach , 3rd ed. Philadelphia, JB Lippincott, 1996.) 



Figure 34-44 Gastric bezoar on CT. The bezoar is characterized on 
CT by an inhomogeneous intraluminal mass with a mottled gas 
pattern (arrows). This patient underwent a partial gastrectomy and 
now has a bezoar in the gastric remnant because of a stricture at the 
gastrojejunal anastomosis (not visualized on this image). (From 
Woodfield CA, Levine MS: The postoperative stomach. Eur J Radiol 
53:341-352 ’ 2005.) 


various ligaments, which anchor the stomach within the 
abdomen. The most rigid point of attachment is the site at 
which the second portion of the duodenum assumes a retro- 
peritoneal position, thus becoming fixed to the posterior 
abdominal wall. The gastrocolic and gastrolienal ligaments also 
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contribute to fixation of the stomach. Because of these points 
of anatomic fixation, torsion of the stomach may occur, with 
significant degrees of gastric herniation. Less frequently, gastric 
volvulus may be associated with eventration or paralysis of the 
diaphragm in the absence of a true hernia. Cases of idiopathic 
gastric volvulus without apparent cause have also been reported. 

With small herniations, the proximal portion of the stomach 
enters the hernial sac first. Obstruction or strangulation almost 



Figure 34-45 Intramural duodenal bleeding. A. There is marked 
narrowing and compression of the distal descending duodenum 
(arrow ) by a large hematoma in a young child who had been kicked in 
the abdomen by his father. B. In another patient who had been 
undergoing anticoagulant therapy for a prosthetic heart valve, there is 
thumbprinting of the distal duodenum due to extensive intramural 
hemorrhage. (A from Eisenberg RL: Gastrointestinal Radiology: 

A Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 1996; 

B courtesy Richard L. Baron, MD, Pittsburgh.) 


never occurs at this stage. As herniation progresses, the body 
and a variable portion of the antrum come to lie above the 
diaphragm, so the stomach can eventually become an entirely 
intrathoracic organ that is prone to a volvulus. The term organo- 
axial volvulus refers to rotation of the stomach upward around 
its long axis—a line connecting the cardia with the pylorus. In 
this condition, the antrum moves from an inferior to superior 
position, with the intrathoracic stomach located in the right 
hemithorax. In mesenteroaxial volvulus , however, the stomach 
rotates from right to left or left to right about the long axis of 
the gastrohepatic omentum (a line connecting the middle of 
the lesser curvature with the middle of the greater curvature), 
with the intrathoracic stomach usually located in the left 
hemithorax. 70 

Patients with chronic gastric volvulus may be asymptomatic 
if there is no gastric outlet obstruction or vascular compromise. 
Other patients may develop postprandial pain or vomiting if 
there is partial gastric outlet obstruction. In contrast, an acute 
gastric volvulus may present as a surgical emergency if the vas¬ 
cular supply to the stomach is compromised. An acute volvulus 
should be suggested by the classic triad of violent retching with 
production of little vomitus, constant severe epigastric pain, 
and an inability to advance a nasogastric tube beyond the distal 
esophagus. Vascular occlusion causes gastric necrosis, perfora- 
tion, and shock, with a mortality rate of approximately 30%. 

The radiographic signs of gastric volvulus are characteristic. 
Chest radiographs may reveal an intrathoracic stomach with a 
double air-fluid level in the chest when the patient is upright. 
Barium studies may reveal inversion of the intrathoracic 
stomach, with the greater curvature above the lesser curvature, 
the cardia and pylorus positioned in close proximity, and down- 
ward pointing of the pylorus and duodenum (also described as 
an upside-down intrathoracic stomach; Fig. 34-46). 72 Gastric 
volvulus may also be recognized on CT by the presence of an 
enlarged, twisted stomach in the thorax with identification of 
one or more sites of torsion. Barium studies are useful for 
showing gastric outlet obstruction, whereas CT is useful for 
showing signs of ischemia. 



Figure 34-46 Gastric volvulus. This patient has an organoaxial 
volvulus of the stomach causing gastric outlet obstruction. The 
stomach is located above the diaphragm, with inversion of the 
greater curvature above the lesser curvature and downward pointing 
of the pylorus. (From Eisenberg RL: Gastrointestinal Radiology: A 
Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 1996.) 
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Gastroduodenal and Duodenojejunal 
Intussusceptions 

Gastroduodenal and duodenojejunal intussusceptions are rare 
entities, usually associated with gastric or duodenal tumors that 
serve as the lead point for the intussusception. In gastroduode¬ 
nal intussusception, characteristic radiographic signs include 
foreshortening and narrowing of the gastric antrum, converg- 
ing or telescoping mucosal folds in the antrum or duodenum, 
prepyloric collar-shaped outpouchings, widening of the pyloric 
channel, a coil spring appearance of duodenal mucosal folds, 
and widening of the duodenum with an associated intraluminal 
mass. 74,75 Similarly, duodenojejunal intussusception produces 
an intraluminal mass associated with a characteristic coil spring 
pattern. 76 

Fistulas 

GASTROCOLIC AND DUODENOCOLIC FISTULAS 

Fistulous Communications between the stomach and duode¬ 
num and other abdominal organs may occur as a complication 
of benign or malignant disease. In the past, gastrocolic fistulas 
usually resulted from primary carcinomas of the colon or 
stomach. In today’s pili-oriented society, however, benign 
greater curvature gastric ulcers caused by aspirin or other 
NSAIDs have become a more common cause of gastrocolic 
fistulas than malignant tumors. 78 Occasionally, these greater 
curvature ulcers may penetrate inferiorly via the gastrocolic 
ligament to the superior border of the transverse colon, which 
is almost always the site of the colonic end of the fistula 
(Fig. 34-47). 



Figure 34-47 Gastrocolic fistula caused by a benign greater 
curvature ulcer. Upper GI study shows a giant ulcer ( long arrows ) on 
the greater curvature of the stomach, with barium entering a fistula 
(short arrow) that communicates with the superior border of the 
transverse colon. This patient had an aspirin-induced ulcer as the 
cause of the gastrocolic fistula. (From Levine MS, Kelly MR, Laufer I, 
et al: Gastrocolic fistulae: The increasing role of aspirin. Radiology 
187:359-361, 1993.) 


Malignant tumors causing gastrocolic (Fig. 34-48) or duo- 
denocolic (Fig. 34-49) fistulas tend to be bulky, infiltrating 
lesions associated with a marked inflammatory reaction. These 
tumors apparently extend from the serosa of one viscus into the 
wall of another, followed by lumen to lumen necrosis. The pres- 
ence of a fibrous stroma within the wall of a malignant fistula 
accounts for the length of these tracks and the relative separa¬ 
tion of bowel loops. 77 

Malignant gastrocolic fistulas are frequently demonstrated 
on barium enema examinations but are rarely detected on 
upper GI barium studies. Increased intraluminal pressure in 
the colon at the time of a barium enema examination may 
overcome the resistance of a rigid, nondistensible fistula, 
allowing passage of barium into the stomach. In contrast, 
intraluminal pressure in the stomach during an upper GI 
barium study may not be sufficient to overcome this 
resistance. 79 

A fistulous communication between the stomach, jejunum, 
and colon (gastrojejunocolic fistula) or directly between the 
stomach and colon represents a serious complication of mar¬ 
ginal ulceration after gastric surgery for peptic ulcer disease 
(Fig. 34-50). 80 Most patients with this condition have diarrhea 
and weight loss; pain, vomiting, and bleeding occur in one third 
to one half of cases. These patients have a high mortality rate, 
especially if diagnosis of the fistula is delayed. 



Figure 34-48 Gastrocolic fistula caused by carcinoma of the 
splenic flexure. Barium enema shows an annular carcinoma of the 
splenic flexure, with barium entering the stomach via a gastrocolic 
fistula (arrow). (From Eisenberg RL: Gastrointestinal Radiology: A 
Pattern Approach. 3rd ed. Philadelphia, JB Lippincott, 1996.) 
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Figure 34-49 Duodenocolic fistula caused by carcinoma of the 
proximal transverse colon. Barium enema shows an annular 
carcinoma ( curved arrow) of the proximal transverse colon, with 
barium entering the duodenum via a duodenocolic fistula ( straight 
arrow). (From Vieta JO, Blanco R, Valentini GR: Malignant 
duodenocolic fistula: Report oftwo cases, each with one or more 
synchronous aastrointestinal cancers. Dis Colon Rectum 19:542-552, 
1976.) 


CHOLECYSTODUODENAL FISTULAS 

Fistulas between the gallbladder and duodenum may be caused 
by acute cholecystitis (90%) or by severe peptic ulcer disease 
(6%). The remaining cases are caused by trauma or tumor. 
Acute cholecystitis usually results in the development of a 
cholecystoduodenal fistula, but the inflamed gallbladder can 
also perforate into the stomach, jejunum, or hepatic flexure 
of the colon. In patients with severe peptic ulcer disease, a 
penetrating duodenal or gastric ulcer can perforate into the 
gallbladder or bile duet. 81 Regardless of the cause, abdominal 
radiographs often show gas in the biliary tree. On upper GI 
barium studies, barium may hil the cholecystoduodenal fistula 
(Fig. 34-51). 

OTHER FISTULAS 

Aortoduodenal fistulas can occur as a complication of abdomi¬ 
nal aortic aneurysms or prosthetic vascular grafts. Pressure 
necrosis of the third portion of the duodenum, which is fixed 
and apposed to the anterior wall of an aortic aneurysm, can lead 
to digestion of the aortic wall by enteric secretions, with the 
development of an aortoduodenal fistula. Secondary fistulas 
result from pseudoaneurysm formation with erosion into the 
adherent duodenum or dehiscence of the suture line associated 
with leakage of intestinal contents through the duodenum, 
whose biood supply has been compromised at surgery. An 



Figure 34-50 Gastrojejunocolic fistula. This patient had undergone 
a partial gastrectomy and gastrojejunostomy. There is a large 
anastomotic ulcer (arrow) at the gastrojejunostomy with filling of the 
jejunum and transverse colon via a gastrojejunocolic fistula. (From 
Thoeni RH, Hodgson JR, Scudamore HH: The roentgenologic 
diagnosis of gastrocolic and gastrojejunocolic fistulae. AJR 83:876- 
881, 1960.) 



Figure 34-51 Cholecystoduodenal fistula. Barium study shows 
barium filling the gallbladder ( long arrow) via a fistula ( short arrow) from 
the descending duodenum. Also note thickened folds and decreased 
distensibility of the duodenum in this patient with a long-standing 
history of ulcer disease. The fistula presumably developed as a 
complication of a penetrating postbulbar duodenal ulcer. 
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Figure 34-52 Aortoduodenal fistulas. A. The fistula causes extrinsic compression of the third portion of the duodenum ( thin arrows ) and 
displacement of an adjacent loop of jejunum ( thick arrows). No contrast medium is seen entering the fistula. B. In another patient with an aortic 
graft, extravasated water-soluble contrast medium from the distal duodenum is seen tracking between the graft and aorta (arrows). (A from 
Wyatt GM, Rauchway Ml, Spitz HB: Roentgen findings in aortoenteric fistulae. AJR 126:714-722, 1976.) 



Figure 34-53 Pneumoperitoneum caused by a perforated duodenal ulcer. A. Free intraperitoneal air is seen beneath the right hemidiaphragm 
(arrows). B. Study using a water-soluble contrast agent shows free extravasation of contrast agent from the duodenum into the right side of the 
peritoneal cavity. (From Eisenberg RL: Gastrointestinal Radiology: A Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 1996.) 


aortoduodenal fistula is often a fatal condition, characterized by 
abdominal pain, GI bleeding, and a palpable, pulsatile mass. 
Barium studies may demonstrate compression or displacement 
of the third portion of the duodenum by an extrinsic mass (Fig. 
34-52A). Rarely, in patients with aortic grafts, the wall of the 
abdominal aorta may be outlined by extraluminal contrast 
medium tracking along the graft into the paraprosthetic space 
(Fig. 34-52B). 82 

Fistulas between the duodenum and right kidney may occa- 
sionally develop as a complication of pyelonephritis, particu- 
larly tuberculous pyelonephritis. The pathologic mechanism is 
usually rupture of a perirenal abscess into the duodenum, 
which is best demonstrated on retrograde pyelography. Rarely, 


a duodenal ulcer may penetrate into the right kidney, producing 
a duodenorenal fistula. 

Gastric and Duodenal Perforation 

The most frequent cause of pneumoperitoneum in patients 
with peritonitis is a perforated peptic ulcer, either a gastric ulcer 
or, more commonly, a duodenal ulcer (Fig. 34-53A). In approxi- 
mately 30% of patients with perforated ulcers, however, there 
is no evidence of free intraperitoneal air on abdominal radio- 
graphs. The failure to demonstrate pneumoperitoneum is 
therefore of little value in excluding the possibility of a perfo¬ 
rated ulcer. In general, the absence of gas in the stomach and 
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presence of gas in the small and large bowel should suggest a 
gastric perforation as the cause of pneumoperitoneum. Con- 
versely, the absence of colonic gas and presence of a gastric 
air-fluid level and small bowel distention make a colonic per¬ 
foration more likely. The Åndings on abdominal radiographs 
can be misleading, however, so a firm diagnosis of the site of 
perforation requires study with a water-soluble contrast agent 
(Fig. 34-53B). 83 

Benign Gastric Emphysema 

Gas in the wall of the stomach can be a sign of infection, isch- 
emia, or increased intraluminal pressure, but benign gastric 
emphysema may occasionally be demonstrated in the absence 
of underlying disease. 84 Although pneumatosis cystoides intes- 
tinalis may also affect the wall of the stomach, this condition 
usually involves the small bowel or colon (see Chapter 12). 
Gastric emphysema is most commonly caused by severe vomit- 
ing or by endoscopy or other iatrogenic injury that allows gas 
in the lumen to dissect via mucosal rents into the wall of the 
stomach. Gastric emphysema is typically manifested on abdom¬ 
inal radiographs by linear collections of gas in the gastric wall 
(Fig. 34-54). 

Benign gastric emphysema should be differentiated from a 
life-threatening condition, emphysematous gastritis, a rare ful- 
minant form of gastritis associated with gas-forming infection. 
This condition is usually caused by ischemia, severe gastroen- 
teritis, ingestions of caustic substances, and gastroduodenal 
surgery that compromises the vascular supply of the stomach. 
Emphysematous gastritis is characterized by cystic, bubbly col¬ 
lections of gas in the gastric wall that have a very different 
appearance than the linear intramural collections seen in gastric 
emphysema (see Chapter 12). 



Figure 34-54 Benign gastric emphysema. Linear collections of gas 
are seen in the gastric wall as a complication of endoscopy. (From 
Eisenberg RL: Gastrointestinal Radiology: A Pattern Approach, 3rd ed. 
Philadelphia, JB Lippincott, 1996.) 


Amyloidosis 

Deposition of an amorphous, eosinophilic, extracellular, 
protein-polysaccharide complex of amyloid in the stomach can 
produce a broad Spectrum of radiographic Åndings. Amyloid 
inAltration is sometimes associated with marked narrowing and 
rigidity of the wall of the stomach (especially the antrum), 
producing a linitis plastica appearance. 85 Generalized thicken- 
ing of gastric folds can also occur (Fig. 34-55). 

Cystic Fibrosis 

Cystic Abrosis is sometimes manifested on barium studies by a 
thickened, coarse fold pattern in the duodenum (Fig. 34-56). 
Associated Åndings include nodular indentations on the duo- 
denal wall, smudging or poor deAnition of the mucosal fold 
pattern, and redundancy, distortion, and kinking of the duode- 
nal contour. 86,8 These changes are usually conAned to the Arst 
and second portions of the duodenum, but occasionally extend 
into the proximal jejunum. The cause of duodenal fold thicken- 
ing in cystic Abrosis is uncertain. It has been postulated that 
lack of secretion of pancreatic bicarbonate results in inadequate 
buffering of gastric acid, causing irritation and inAammation 
of the duodenum in these patients. 87 



Figure 34-55 Gastric involvement by amyloidosis. There are 
thickened, nodular folds in the stomach secondary to infiltration of 
the gastric wall by amyloidosis. (From Eisenberg RL: Gastrointestinal 
Radiology: A Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 
1996.) 
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Figure 34-56 Duodenal involvement by cystic fibrosis. A and B. In both cases, a thickened, coarse fold pattern is seen in the duodenum. 
(A from Eisenberg RL: Gastrointestinal Radiology: A Pattern Approach, 3rd ed. Philadelphia, JB Lippincott, 1996.) 
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Gastric and duodenal operations are usually performed for 
pep tic ulcer disease (PUD), benign or malignant gastric or 
duodenum masses, and the treatment of obesity. Imaging 
studies are often an integral part of the evaluation of patients 
following gastric or duodenal surgery. Radiologic evaluation 
of postoperative patients requires understanding of the opera¬ 
tive procedures, appreciation of the expected postoperative 
appearance, and knowledge of potential complications. In 
the early postoperative setting, the radiologist is often asked 
to assess the postsurgical anatomy and evaluate for possible 
early postoperative complications such as leakage. In the late 
postoperative course, radiologic evaluation may be under- 
taken to evaluate for more delayed complications or symp¬ 
toms of abdominal pain, nausea and vomiting, weight loss, 
and weight gain. 

Gastro duodenal surgical procedures may include resection 
and/or bypass of portions of the intestinal tract. Treatment 
of PUD may involve some form of vagotomy, often in con- 
junction with a procedure to improve gastric emptying (pylo- 
roplasty or antrectomy). Following distal gastric resection, 
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continuity of the gastrointestinal (GI) tract may be reestab- 
lished via a Billroth I gastroduodenostomy or gastrojejunos¬ 
tomy (Billroth II or Roux-en-Y gastrojejunostomy). For 
treatment of gastric neoplasms, gastrojejunostomy is favored 
over gastroduodenostomy because this allows for wider surgical 
margins. The most common bariatric procedures currently 
performed in the United States include Roux-en-Y gastric 
bypass, laparoscopic adjustable gastric banding, and sleeve 
gastrectomy (gastric sleeve). 

This chapter provides an overview of the more common 
surgical procedures performed on the stomach and duodenum 
as well as the indications for surgery, approaches to the radio¬ 
logic evaluation, expected postsurgical appearance, and possible 
complications. Radiologists need to have an understanding of 
the expected postoperative anatomy to assess for possible com¬ 
plications and diagnose recurrent disease. 

Diagnostic Evaluation Following 
Gastric and Duodenal Surgery 

The imaging approach in patients following gastric and duode¬ 
nal surgery depends on the type of surgical procedure per¬ 
formed, postoperative time course, patient’s clinical status, and 
patient’s presenting symptoms. Fluoroscopic and computed 
tomography (CT) studies are usually performed to evaluate 
postoperative patients; both may occasionally be necessary to 
establish the most accurate diagnosis. 

Fluoroscopic Studies and Upper Gastrointestinal Examina- 
tions. Following abdominal surgery, an overhead scout radio- 
graph should be obtained prior to administration of contrast 
to assess for postoperative clips, a Staples and/or suture lines. 
The pattern of sutures and Staples may help determine the 
surgical procedure performed if the patient history is unreli- 
able. Also, surgical material should be identified prior to the 
administration of oral contrast so that radiopaque surgical 
material is not later mistaken for a small leak. In the early post¬ 
operative course, drains and abnormal gas collections may be 
assessed. Any expected or inadvertent indwelling surgical 
foreign body (e.g., gastric band device) should also be assessed 
on the scout radiograph. 

In patients following gastric and/or duodenal surgery, the 
postoperative anatomy should be evaluated at the onset of 
the fluoroscopic procedure. Because each patient has unique 
surgical variations, a detailed, cookbook-style upper gastroin¬ 
testinal examination (UGI) protocol for position changes 
during the study and required exposures does not tend to 
apply. Studies must be modified based on the surgical anatomy. 
Optimal patient positioning to evaluate an anastomosis is 
variable, depending on the type of surgical procedure 
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performed. The postoperative anatomy involving the stomach 
or duodenum should be evaluated prior to proceeding to other 
portions of the planned examination (e.g., assessment of 
esophageal motility or esophageal pathology). The initial con- 
trast bolus should be observed fluoroscopically through the 
resected, oversewn, banded, sutured, or stapled sites and 
promptly imaged before there is contrast opacification of 
overlapping structures. 

In the early postoperative setting, a UGI should be per¬ 
formed initially using water-soluble contrast agents to assess for 
possible postoperative leak because water-soluble contrast 
agents have no known damaging effects when extravasated into 
the peritoneal cavity or mediastinum. 12 If no leak is identified 
with water-soluble contrast, barium should be administered. 
Barium may detect more subtle leaks and other complica¬ 
tions. 1,2 If the study is performed in the late postoperative 
course and a leak is not suspected, barium may be initially 
administered. 

Single-contrast technique may be preferable to assess the 
postoperative anatomy, including any surgical anastomosis, 
and to evaluate for possible fistulas or staple line dehiscence 
following gastric surgery. In addition, supine patient posi- 
tioning may be necessary and preferable in the debilitated 
or early postoperative patient. Double-contrast studies may 
provide more optimal assessment of mucosal detail, but may 
be difficult to perform in the postoperative patient because 
of diminished patient mobility or cooperation. 3 Also, a patu- 
lous gastrojejunal or gastroduodenal anastomosis (gastric 
outlet) may preclude optimal gaseous distention of a gastric 
pouch or remnant. Intravenous (IV) glucagon administra¬ 
tion may help slow the passage of barium and air through 
the gastric remnant and therefore allow for more optimal 
distention. 4 

Computed Tomography. Computed tomography (CT) may 
also be performed to assess for postoperative complications. CT 
can provide detail about the overall anatomy in the abdomen 
and pelvis, evaluate the bowel in its entirety, and assess the 
extent of any postoperative fluid collections. 

Abdominopelvic CT following gastric and duodenal surgery 
is ideally performed following the administration of positive 
oral and IV contrast. Positive oral contrast helps depict the 
proximal GI anatomy on CT. As with fluoroscopic studies, 
water-soluble oral contrast should be administered rather than 
barium in the early postoperative course or if perforation is a 
consideration. Oral contrast may be administered at intervals 
prior to the CT study; however, it should also be administered 
immediately prior to image acquisition to opacify the residual 
stomach. 

Nuclear Medicine. Scintigraphic studies may be of benefit for 
patients following gastric and/or duodenal surgery to assess for 
possible motility problems or postgastrectomy syndromes, 
including GI stasis and dumping syndrome. Radiolabeled solids 
or liquids can be used to evaluate gastric emptying. 5 A time- 
activity curve can be applied to determine the emptying time 
of the stomach. 

Endoscopy. Endoscopy may be useful to assess a surgical 
anastomosis and evaluate for possible complications 
such as marginal ulcer disease. Endoscopy may be of par- 
ticular benefit for diagnosing inflammatory conditions such 


as bile reflux gastritis and for diagnosing early tumor 
recurrence. 6,7 

Surgical Considerations for Peptic 
Ulcer Disease 

There has been a decline in the number of operative pro¬ 
cedures performed for peptic ulcer disease over the last 3 
decades. 8 This is partly because of increased use of medica- 
tions such as histamine-2 blockers (H2 blockers), proton 
pump inhibitors (PPIs), and agents to protect the gastric 
mucosa, including sucralfate and prostaglandin analogues. 
Identification and treatment of Helicobacter pylori infection 
has been overwhelmingly beneficial, as has the understanding 
of the role of nonsteroidal anti-inflammatory drugs (NSAIDs) 
in peptic ulcer disease. 9 Surgical therapy is usually reserved 
for patients with severe and emergent complications of ulcer 
disease. The most common complications of peptic disease, 
in decreasing order of frequency, are bleeding, perforation, 
and obstruction. Most peptic ulcer related deaths in the United 
States are caused by bleeding, 8,10 which may include melena 
and/or hematemesis. Patients with perforation may present 
with an acute abdomen. 8 A detailed discussion of peptic ulcer 
disease and its manifestations may be found elsewhere (see 
Chapter 29). 

INDICATIONS FOR SURGERY 

Indications for surgery in the setting of peptic ulcer disease may 
include perforation, bleeding, gastric or duodenal obstruction, 
intractability, and nonhealing ulcers. 8,11 ' 14 

Perforation. In patients with acute ulcer perforation, the ulcer 
may simply be oversewn. In younger patients in particular, 
simple closure is often successful, with less than 20% chance of 
recurrence. However, a simple patch may be inadequate for 
older patients, and more definitive therapy may entail 
resection. 15 

Bleeding. In approximately 70% of cases of major bleeding 
from PUD, the bleeding stops spontaneously. 15 Surgery may be 
necessary because of shock or continued bleeding, despite 
optimal medical management and endoscopic therapy. Surgical 
management may consist of vagotomy with pyloroplasty or 
vagotomy with antrectomy (see later). 14 

Obstruction. Gastric outlet or duodenal obstruction occurs in 
less than 10% of patients with PUD. 14 This typically requires 
resection, usually with a gastrojejunostomy. 

Nonhealing Ulcers. Patients with ulcers that fail to heal 
despite 12 to 15 weeks of optimal medication may be surgi¬ 
cal candidates. As many as 10% to 15% of duodenal ulcers 
do not heal after a 6-week course of high-dose H2 blockers 
and PPIs, and in 15% to 30% of ulcers that initially heal 
with medical treatment, relapse occurs. 14,16 In the case of 
refractory gastric ulcers, underlying gastric cancer must always 
be a consideration. In patients with intractable ulcers, elective 
surgical intervention is preferable, with a lower recurrence 
rate as compared with more urgent or emergent surgical 
management. 


632 SECTION V Stomach and Duodenum 


SURGICAL PROCEDURES FOR PEPTIC 
ULCER DISEASE 

The physiologic basis of surgery for PUD includes methods 
to decrease secretion of hydrochloric acid from parietal cells 
located in the body and fundus of the stomach and to 
remove the portion of the gastric mucosa that is most pre- 
disposed to ulcers. Typically, surgical management of peptic 
ulcer disease includes truncal vagotomy with pyloroplasty, 
vagotomy with distal gastrectomy, or a highly selective 
vagotomy (HSV). Overall, vagotomy with distal gastrectomy 
results in the lowest ulcer recurrence rates; however, this has 
increased morbidity as compared with other treatment 
options. 12,14 

Patients undergoing surgery for peptic ulcer disease may 
alternatively undergo simple oversewing of a bleeding ulcer or 
a simple patch of a perforated ulcer. 8,9 UGI may be performed 
following this surgery to assess for leaks. A simple patch of a 
perforated ulcer may appear as a localized filling defect or may 
simulate an ulcer on UGI. 17 

Vagotomy 

Vagotomy decreases total acid secretion. Also, parietal cell 
response to gastrin and other stimulants decreases after 
vagotomy. 

Truncal vagotomy requires complete transection of the 
anterior and posterior vagus nerve trunk and results in 
denervation of the stomach, liver, gallbladder, pancreas, 
small intestines, and proximal large intestine. Loss of the 
antropyloric mechanism results in gastric stasis, and a pylo¬ 
roplasty, gastroduodenostomy, or gastrojejunostomy must be 
performed to improve gastric drainage. 8 Gastrojejunostomy 
is the preferred choice for patients with gastric outlet 
obstruction or a severely diseased duodenum. Truncal vagot¬ 
omy has the side effects of dumping or diarrhea in 10% of 
patients. 8 

Highly selective vagotomy (HSV), 1 also called parietal 
cell vagotomy or proximal gastric vagotomy, is a relatively 
safe procedure with minimal side effects that decreases total 
acid secretion by 75%. 8 With HSV, the vagal nerve supply 
to the proximal 2/3 to 3/4 of the stomach (parietal cell 
location) is severed with preservation of the distal branches 
to the antrum and pylorus. The antropyloric mechanism 
remains intact and the innervation to remaining abdominal 
viscera is preserved, minimizing gastrointestinal side effects. 8 
This operation does not alter gastric emptying and therefore 
does not require a drainage procedure, gastric resection, or 
an anastomosis. Elective HSV may be a preferred treatment 
for refractory PUD in the absence of gastric outlet obstruc¬ 
tion. 18 However, overall elective HSV for treatment of PUD 
has largely been replaced by long-term PPI treatment. 8 Also, 
patients with pyloric and prepyloric ulcers have higher ulcer 
recurrence rates after HSV than those with duodenal ulcers 
alone. In this setting, a truncal vagotomy with antrectomy 
may be preferable. 

Radiography or CT studies following vagotomy may reveal 
multiple clips in the expected distribution of the vagus nerve 
and/or its branches. 

Pyloroplasty 

Pyloroplasty consists of reconstructing the pyloric channel 
to increase its diameter and improve gastric emptying. 


Following truncal vagotomy, impairment of gastric tone and 
interruption of the antropyloric mechanism result in gastric 
stasis, and a gastric drainage procedure is required. Pyloro¬ 
plasty is relatively easy for the surgeon to perform, with less 
necessary dissection as compared with antrectomy. It also 
avoids surgical difficulties that may arise with a duodenal 
stump following antrectromy, and continuity of the GI tract 
is not altered. 9 

Heineke-Mikulicz Pyloroplasty. A Heineke-Mikulicz pyloro¬ 
plasty consists of a longitudinal incision from the distal 
antrum to the proximal duodenum through the pylorus, fol- 
lowed by a transverse closure (essentially parallel to the base 
of the duodenal bulb) to increase the diameter of the pyloric 
channel. 

Finney Pyloroplasty. A Finney pyloroplasty may be preferred 
when a longer incision of the duodenum is required to control 
bleeding or with scarring of the pylorus and duodenal bulb. A 
Finney pyloroplasty is essentially a side-to-side gastroduode¬ 
nostomy. An incision is made along the greater curvature of the 
distal stomach, extending through the pylorus along the medial 
aspect of the duodenum. An inverted U-shaped incision is 
made, opening the pyloric channel. 

Jaboulay Pyloroplasty. A Jaboulay pyloroplasty is actually a 
gastroduodenostomy between the antrum and duodenum. The 
pylorus is not technically incised. This results in a large opening 
between the distal stomach and duodenum and avoids any 
inflammatory process in the pyloric area. 

Antrectomy 

An antrectomy will remove the source of gastrin and prevent 
gastric stasis. When performed in combination with truncal 
vagotomy, antrectomy is the gold standard for reducing acid 
secretion, with the lowest recurrence rates when compared 
to vagotomy with pyloroplasty and HSV alone. Antral resec¬ 
tion with vagotomy is the most definitive operation for treat- 
ing ulcer disease. Ulcer recurrence following antrectomy is 
less than 1%, whereas following vagotomy and pyloroplasty, 
recurrence rates range from 4% to 27%, and recurrence rates 
following HSV range from 4% to 11%. 19-23 However, low 
recurrence rates must be weighed against postgastrectomy 
and postvagotomy complications that occur in up to 
20% of patients; these may include diarrhea, dumping, bile 
reflux gastritis, weight loss, and metabolic consequences. 9, 23,24 
Also, there is increased morbidity and mortality risk with 
gastric resection as compared with HSV alone or vagotomy 
with pyloroplasty. Antrectomy with vagotomy may be most 
beneficial for patients with complicated PUD (e.g., patients 
with bleeding, obstruction, nonhealing, and/or recurrent 
ulcers). 

Antrectomy typically leaves enough of a gastric remnant to 
allow for maintenance of adequate nutrition, but a bowel anas¬ 
tomosis is necessary. Antrectomy with Billroth I reconstruction 
(gastroduodenostomy) is the most physiologic anastomosis 
because it restores normal bowel continuity. Alternatively, a 
Billroth II reconstruction (gastrojejunostomy) may be per¬ 
formed. A loop of jejunum is brought up to the greater curva¬ 
ture side of the gastric remnant. The duodenal stump must be 
closed, and this may be technically challenging, especially if the 
duodenum is diseased. 9 
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Surgical Procedures for 
Gastric Resection 

Partial gastrectomy may consist of resection of the antrum, 
distal two thirds of the stomach, distal 60% of the stomach, or 
high subtotal gastrectomy, depending on the type of disease 
(e.g., ulcer, cancer) and its location. Following gastric surgery, 
GI tract continuity requires an anastomosis and distal partial 
gastrectomy, and the distal partial gastrectomy procedure is 
named according to the type of anastomosis between the gastric 
remnant and small intestine, regardless of the extent of gastric 
resection. Surgical procedures to restore continuity following 
distal gastric resection include Billroth I and II procedures and 
Roux-en-Y gastrojejunostomy. 

Following antrectomy for peptic ulcer disease, GI continuity 
is reestablished with a Billroth I gastroduodenostomy or 
Billroth II gastrojejunostomy. An additional choice for the 
gastrojejunostomy may be a Roux-en-Y gastrojejunostomy. 
However, when antrectomy is performed for ulcer disease, there 
is typically a large gastric remnant (60% to 70% of the 
stomach); Roux-en-Y gastrojejunostomy should be avoided in 
this setting. In the presence of a large gastric remnant, Roux- 
en-Y construction will predispose to gastric stasis and marginal 
ulcers. 8 Distal gastrectomy for gastric neoplasm typically results 
in a smaller gastric remnant, and Roux-en-Y gastrojejunostomy 
may be preferable to prevent biliopancreatic secretions and 
duodenal contents from entering the gastric remnant and 
esophagus. 

BILLROTH I PROCEDURE 

The Billroth I procedure consists of antrectomy with a gastro- 
duodenal anastomosis (Fig. 35-1). The distal gastric remnant is 
anastomosed to the end of the proximal duodenum. GI tract 
continuity is restored with preservation of the duodenal passage. 
Constructing the gastro duodenal anastomosis to approximate 
the size of the pylorus helps delay gastric emptying and reduce 
problems with postgastrectomy dumping. Because of anasto- 
motic requirements, gastroduodenostomy may only be per¬ 
formed following antrectomy. For more significant gastric 
resections, a gastrojejunostomy is necessary. Also, in patients 
with gastric outlet obstruction caused by PUD, gastrojejunos¬ 
tomy is preferable to gastroduodenostomy. 

BILLROTH II PROCEDURE 

The classic Billroth II procedure is a distal gastrectomy with a 
loop-type gastrojejunostomy (Fig. 35-2). The gastric remnant 
is anastomosed to the side of the proximal jejunum. An area 
of the jejunum approximately 12 to 15 cm distal to the liga¬ 
ment of Treitz (the first or second loop of jejunum) is typically 
chosen and is brought to the greater curvature of the gastric 
remnant. The anastomosis may involve the entire end or a 
portion of the gastric remnant; an anastomosis along the 
dependent greater curvature of the gastric remnant facilitates 
gastric emptying. 25 This then creates a proximal or afferent 
loop consisting of the oversewn duodenal stump and the most 
proximal jejunum, which carry the biliopancreatic secretions. 
There is then a distal or efferent loop extending downstream, 
carrying gastric contents distally. The gastrojejunostomy may 
be anterior to the transverse colon (antecolic) or posterior to 
the transverse colon (retrocolic). A retrocolic configuration 
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Figure 35-1 Billroth I. A. There is an antrectomy with an end-to- 
end gastroduodenostomy. B. UGI image shows slight foreshortening 
of the stomach following antrectomy. No normal pylorus is seen, and 
there has been a gastroduodenostomy. Also note surgical clips from 
truncal vagotomy ( arrow ). D, duodenum. 


allows for a shorter afferent loop, which may result in fewer 
postoperative complications. 4 

ROUX-EN-Y GASTROJEJUNOSTOMY 

With a Roux-en-Y gastrojejunostomy, the jejunum is tran- 
sected, and the proximal end of the jejunum (the Roux limb) 
is anastomosed to the gastric remnant, usually end-to-side (Fig. 
35-3). The small bowel may be brought up anterior or posterior 
to the transverse colon (antecolic or retrocolic, respectively). 
When the small bowel is brought up posterior to the transverse 
colon, an opening is made in the transverse mesocolon, which 
must be repaired. For malignancy, an antecolic location may be 
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Figure 35-2 Billroth II. A. There is an antrectomy 
with loop-type gastrojejunostomy. The proximal 
jejunum is brought up and anastomosed along the 
dependent greater curvature of the gastric remnant. 
This creates a proximal afferent loop (including the 
overseen duodenum) carrying the pancreatic and 
biliary secretions toward the stomach and a distal 
efferent loop, which extends downstream, carrying 
gastric contents distally. B. UGI spot image and 
overhead radiograph (C) show distal gastrectomy 
with a patent gastrojejunostomy ( arrow). Contrast is 
opacifying the stomach remnant (S) and jejunum (J). 
There is a small amount of contrast refluxed into 
the oversewn duodenum (D). D. Axial contrast- 
enhanced CT scan shows the stomach remnant (S) 
anastomosed to the jejunum (J) with a clip in the 
vicinity of the anastomosis (arrow). 


in the setting of a small gastric remnant to minimize marginal 
ulcer disease and problems with gastric stasis. 

IDENTIFICATION OF POSTSURGICAL ANATOMY 
ON IMAGING STUDIES 

The postoperative anatomy following gastroduodenostomy or 
gastrojejunostomy may be evaluated with UGI or CT. Proce¬ 
dures for distal gastrectomy should be readily identified 
on UGI. Along with foreshortening of the stomach caused by 



preferable to minimize obstruction caused by tumor recurrence 
in the lesser sac. 26 The end of the proximal jejunal segment is 
then anastomosed to the more distal jejunum at least 40 to 
60 cm from the gastrojejunal anastomosis. This procedure 
diverts duodenal contents and biliopancreatic secretions away 
from the stomach and prevents bile reflux into the stomach, 
which may help minimize bile reflux gastritis. 27 However, tran- 
section of the small bowel alters intestinal motility, and there 
may be impaired emptying of the Roux limb as a consequence. 
A Roux-en-Y gastrojejunostomy should ideally be performed 
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Figure 35-3 Roux-en-Y gastrojejunostomy. There is a distal 
gastrectomy with gastrojejunostomy. The jejunum is transected 
and anastomosed to the gastric remnant with an additional left 
midabdominal jejunojejunostomy. 


distal resection, there is absence of a normal pylorus in a gas- 
troduodenostomy, typically with an end-to-end anastomosis 
(see Fig. 35-1). This may be difficult or impossible to identify 
on CT if the gastric remnant consists of most of the stomach, 
and surgical clips or sutures are not present. In the setting of a 
gastrojejunostomy, jejunal loops will be contiguous with the 
gastric remnant. On CT, a jejunal limb will be contiguous with 
the gastric remnant and can be followed through its antecolic 
or retrocolic course. Sutures or Staples may be seen along 
the proximal duodenal stump. On UGI, the gastrojejunal anas¬ 
tomosis should appear widely patent (see Fig. 35-2). A portion 
of the cut end of the stomach may be oversewn or inverted to 
restrict the size of the stoma, which can produce deformity and 
plication defects around the margins of the anastomosis. Pli- 
cation defects can be mistaken for leaks, ulcers, or recurrent 
tumor if not appreciated. 4 Unlike a plication defect, there will 
be persistent contrast in a leak following passage of the bolus. 
The adjacent gastric folds will appear thickened and lobulated 
in the case of recurrent ulcer or tumor as compared with post¬ 
operative deformity. Comparison with a baseline postoperative 
UGI may help clarify the process. Alternatively, endoscopy may 
be necessary. 

COMPLICATIONS AFTER GASTRIC RESECTION 

Metabolic Problems 

Anemia may be a consequence of gastric resection. Iron defi- 
ciency is the most common cause, but vitamin B 12 or folate 
deficiency may also occur. Contributing factors may include 
malabsorption, inadequate oral intake, and chronic bleeding. 
Iron deficiency anemia may be related to rapid passage through 
the proximal jejunum, with resultant decreased iron absorp¬ 
tion. Also, decreased acid and pepsin may limit the conversion 
of organic iron to inorganic iron (absorbable by the GI tract). 28 
Loss of intrinsic factor production in the stomach can lead to 
vitamin B 12 deficiency. 



Figure 35-4 Anastomotic leak following Billroth II 
gastrojejunostomy. This UGI image shows Billroth II anatomy. 

There are thickened folds in the anastomotic region secondary to 
postoperative edema in this recent postoperative patient. There is 
extravasation of contrast material from the gastrojejunal anastomosis, 
with the leak ( arrows ) extending toward an amorphous extraluminal 
contrast collection (C). J, jejunum; S, stomach remnant. 


Gastric surgery may also disturb calcium and vitamin D 
metabolism, resulting in metabolic bone disease. Calcium is 
absorbed in the duodenum, which is bypassed in a gastrojeju¬ 
nostomy. Also, fat malabsorption can occur because of bacterial 
overgrowth, insufficient mixing of food with digestive enzymes, 
or afferent loop syndrome. This can result in decreased absorp¬ 
tion of fat-soluble vitamin D. 8 

Postoperative Leak 

Anastomotic leak or breakdown of a suture line can occur at 
any anastomosis in up to 5% of patients. 2 ' Following a Billroth 
I procedure, leaks may occur at the gastro duodenal anastomo¬ 
sis. With a Billroth II, leaks may occur at the gastrojejunostomy 
or from the oversewn duodenal stump. With a Roux-en-Y 
reconstruction, leakage may also occur at these sites or, rarely, 
at the jejunojejunal anastomosis. 

Water-soluble contrast should be used on UGIs if leakage is 
a concern. Extravasation of contrast material may be seen, with 
contrast opacifying a track or collection or coursing freely in 
the peritoneal cavity (Fig. 35-4). A fistula may be seen with 
contrast opacifying another structure. Any postoperative drain 
should be carefully evaluated because opacification of a drain 
may be the only manifestation of a leak on UGI. CT may be 
necessary to determine the extent and location of collections 
and abscesses more defmitively and to assess for leakage from 
the oversewn duodenum (Fig. 35-5). Dehiscence of the duode¬ 
nal stump suture line may be difficult to diagnose with imaging 
studies and can be a serious complication, resulting in leakage 
of bile and pancreatic sections into the peritoneal cavity. The 
duodenal stump may be difficult to opacify in retrograde 
fashion (anteperistaltic) on UGI. As a result, a fluoroscopic 
study that does not demonstrate an anastomotic leak following 
gastrojejunostomy does not exclude the presence of leakage, 
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Figure 35-5 Duodenal stump leak after Billroth II. A. Axial contrast-enhanced CT scan shows the stomach remnant (S) anastomosed to the 
jejunum (J) with a clip (black arrow) in the vicinity of the oversewn duodenal stump (D). There is a fluid collection containing gas anterior to the 
duodenal stump (white arrows). Also note foci of adjacent extraluminal gas. B. Supine UGI image show the Billroth II anatomy with a small 
amount of reflux in the afferent limb opacifying the duodenal stump (D). There is an amorphous collection ( arrows ) of contrast, confirming a 
duodenal stump leak. 


particularly from the oversewn duodenal stump. 0 CT may 
reveal complex fluid or gas collections in the vicinity of the 
duodenal stump (see Fig. 35-5), in the subhepatic or peripan- 
creatic space, or Åndings of peritonitis. 26 

Gastric Stasis 

Stasis in a gastric remnant can result in postprandial bloating, 
vomiting, abdominal pain, and weight loss. Gastric stasis occurs 
without evidence of mechanical intestinal obstruction or anas- 
tomotic narrowing in up to 25% of patients, depending on the 
type of reconstruction that was performed. 31 Ineffective gastric 
emptying, impaired bowel motility, and alkaline reflux gastritis 
can contribute to gastric stasis. 32 UGI should reveal a patent 
anastomosis without obstruction. Nuclear medicine studies 
may be of benefit to assess gastric emptying. 5 Severe gastric 
stasis may require surgical revision with repositioning of the 
anastomosis or total gastrectomy. 

Roux Syndrome 

Roux syndrome, or Roux stasis syndrome, may occur following 
distal gastrectomy with a Roux-en-Y gastrojejunostomy. With 
this syndrome, patients have an atonic stomach with delayed 
emptying of the gastric remnant and Roux limb without evi¬ 
dence of obstruction. 8 32 This represents a motility abnormality 
rather than a mechanical problem. Patients may present with 
vomiting, epigastric pain, and weight loss. 

On UGI, there is dilation of the gastric remnant with delayed 
emptying. The efferent limb is typically dilated, without evi¬ 
dence of mechanical obstruction. It is important to assess the 
anastomosis to make sure that an anastomotic stricture is not 
a contributing factor. A gastric emptying nuclear medicine scan 
may also show delayed solid and/or liquid emptying. GI motil¬ 
ity testing shows abnormal motility in the Roux limb, with 
propulsive activity toward the stomach rather than away from 
the stomach. 8 Promotility medications may be beneficial. 

Obstruction 

Gastric outlet or small bowel obstruction can be an early or late 
postoperative complication following ulcer surgery. Obstruc¬ 
tion may be caused by postoperative edema or hematoma in the 



Figure 35-6 Stomal stenosis following Billroth II. This UGI image 
obtained with the patient drinking in the upright position shows 
stenosis of the gastrojejunal anastomosis (arrow). Also note the 
outpouchings adjacent to the anastomosis caused by postsurgical 
deformity and redundancy. There are no thickened, lobulated folds 
to suggest ulcers. J, jejunum; S, stomach remnant. 


early postoperative course. In contrast, late postoperative 
obstruction can be caused by anastomotic strictures, with or 
without stomal ulcers, adhesive disease, or internal hernias. 
UGI may reveal an anastomotic stricture with gastric outlet 
obstruction (Fig. 35-6). The patient should be positioned at 
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fluoroscopy so that the anastomosis is viewed in profile, without 
overlapping structures, to optimally assess anastomotic width 
and height. Endoscopic treatment and balloon dilation of stric- 
tures may be beneficial in some patients. 

Bezoar Formation 

A bezoar is a potential complication of subtotal gastrectomy. A 
bezoar may form in a gastric remnant as a result of decreased 
peristalsis and absence of gastric acid, especially when a vagot- 
omy has been performed. Retained ingested material can 
coalesce to become a large masslike conglomerate. On UGI 
and CT, this appears as a large mottled mass within the 
gastric remnant. Contrast material and gas trapped within the 
interstices of the mass may help establish the correct diagnosis 
(Fig. 35-7). Also, bezoars are usually mobile, allowing for dis- 
tinction from a gastric tumor. A bezoar can lead to gastric outlet 
obstruction and occasionally small bowel obstruction if the 
bezoar passes into the jejunum. Bezoars may be successfully 
treated endoscopically, but surgical intervention may be neces- 
sary, especially with an associated obstruction. 

Dumping Syndrome 

Dumping is a phenomenon caused by destruction or bypass of 
the pyloric sphincter (as with pyloroplasty or antrectomy) with 
rapid gastric emptying; however, other factors likely play a role. 8 
Patients with early dumping syndrome experience vasomotor 
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Figure 35-7 Bezoar following Billroth I. This supine UGI image 
shows a gastroduodenostomy. Also note clips from a prior vagotomy 
( arrow ). There is a conglomerate mass in the gastric remnant, with 
contrast in the interstices consistent with a bezoar. Gastric atony 
and diminished gastric drainage contribute to bezoar formation. 

D, duodenum. 


and cardiovascular symptoms, including tachycardia, dizziness, 
diaphoresis, weakness, nausea, abdominal cramping, diarrhea, 
and the need to lie down after eating.' Postprandial symp¬ 
toms may be severe and disabling. High-carbohydrate food may 
precipitate the worst attacks. A rapid influx of sugars into the 
proximal jejunum may cause a strong osmotic effect, dr awing 
fluid into the bowel. 

Crampy abdominal pain and distention are not uncommon, 
and diarrhea often follows. Early dumping occurs 15 to 20 
minutes after a meal in 5% to 50% of patients, depending on 
the specific operation." 5 Clinically significant dumping occurs 
in 5% to 10% of patients after pyloroplasty or distal gastrec¬ 
tomy. 8 Because of the abdominal pain associated with eating, 
patients tend to lose weight and become malnourished. 36 

UGI in early dumping syndrome may reveal very rapid 
transit time with rapid opacifkation of the colon. Conservative 
therapy for dumping syndrome consists of dietary manage¬ 
ment; most patients improve with dietary changes over time. 8 
A somatostatin analogue may be beneficial. 36 Surgical manage¬ 
ment may be necessary in a small percentage of patients, but 
the results of surgery for dumping symptoms are variable and 
unpredictable. 

Late dumping, also called postprandial (reactive) hypoglyce- 
mia, occurs 2 to 4 hours after a meal and may have similar 
vasomotor symptoms, but does not typically have the associated 
GI symptoms. 36 This can be alleviated by the administration of 
carbohydrates. 8 

Stomal and Anastomotic Ulceration 

Recurrent ulcers following gastric surgery for PUD occur at 
or near the anastomosis, usually on the duodenal or jejunal 
side of the anastomosis for a Billroth I or II procedure, respec- 
tively." In a Billroth II, the efferent loop is more commonly 
involved than the afferent loop. These ulcers are referred to 
as stomal, marginal, or postanastomotic ulcers; they occur 
primarily following inadequate gastric resection with a retained 
segment of antrum or because of a hypersecretory State or 
gastrinoma. In the setting of a Roux-en-Y gastrojejunostomy 
for PUD, a large gastric remnant predisposes to marginal 
ulcers. 

UGI may reveal an ulcer crater with surrounding edema 
(Fig. 35-8). Stomal ulcers may be difficult to diagnose on UGI 
studies because of opacification of overlapping structures, 
and it may be difficult to distinguish barium trapping in dis- 
torted folds and plication defects from an ulcer. 4 A baseline 
postoperative comparison study may be most beneficial to 
make this distinction. Secondary signs of ulcers may include 
narrowing at the anastomosis with thickened, edematous, and 
masslike folds. UGI findings may be less reliable compared with 
endoscopy, 6,38 but contrast studies are increasingly necessary 
when endoscopy is limited or difficult. 3 If recurrent ulcers fail 
to respond to medical management, total gastrectomy may be 
necessary. 

Jejunogastric Intussusception 

Intussusception may occur in the vicinity of any anastomosis. 
Jejunogastric intussusception is a rare complication following 
gastrojejunostomy, with a reported incidence of 0.1%; the 
efferent loop intussuscepts into the stomach more often than 
the afferent loop. 39 Prolapse may occur in an antegrade or 
retrograde direction. Retrograde migration of the jejunal 
segment into the gastric remnant can be acute, chronic, or 
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Figure 35-8 Billroth II with a recurrent ulcer. This upright UGI 
image shows a gastrojejunostomy with edema in the vicinity of the 
anastomosis. The gastric remnant is dilated and contains a large 
amount of fluid and debris. There is a focal ulcer crater in the jejunum 
adjacent to the anastomosis ( arrows ) with surrounding edema and 
fold thickening. J, jejunum. 



J 




Figure 35-9 Jejunogastric intussusception following Billroth II. 

A right lateral UGI image shows a dilated gastric remnant with a filling 
defect in the gastric remnant near the gastrojejunal anastomosis 
caused by retrograde migration of the jejunum into the stomach. 
Jejunal folds are seen within the gastric remnant (arrows). J, jejunum. 


intermittent and can result in partial or complete gastric outlet 
obstruction. 30,40 On CT, the proximal jejunum, along with the 
adjacent mesenteric fat and vessels, can be seen within the 
lumen of the gastric remnant. 41 On UGI, contrast can be 
seen outlining the jejunal folds within the gastric remnant, 
producing a coil spring appearance (Fig. 35-9). A gastrojejunal 
intussusception may be manifested by narrowing of the distal 
gastric remnant with a coil spring filling defect in the adjacent 
proximal jejunum. 

Afferent Loop Syndrome 

Following gastrojejunostomy, the afferent loop (duodenal 
stump containing biliopancreatic secretions) may become 
dilated, which can lead to abdominal pain, nausea, vomiting, 
postprandial fullness, and, rarely, obstructive jaundice. This has 
been called afferent loop syndrome ; it occurs in less than 1% of 
patients. 4 Afferent loop syndrome may be caused by blockage of 
this limb and may occur with adhesions, kinking or fibrosis near 
the anastomosis, internal hernias, or volvulus. 42 Partial obstruc¬ 
tion of the afferent loop results in luminal dilation with accumu- 
lation of biliary, pancreatic, and duodenal secretions. Acute 
complete obstruction may also occur. Afferent loop syndrome 
can also be due to preferential flow of ingested contents into the 
afferent limb (retrograde) rather than into the efferent limb. 

Diagnosis of afferent loop syndrome caused by obstruction 
may be best made on CT. CT reveals a dilated, fLuid-filled 
afferent loop (Fig. 35-10) and may also reveal the cause of 


obstruction. 42,43 On UGI, the obstructed afferent loop may not 
be opacified. The diagnosis may be inferred by the absence of 
opacification of the afferent limb and mass effect on the opaci¬ 
fied efferent limb by the fluid-filled, unopacified afferent 
segment. However, lack of opacification of the afferent limb 
occurs in up to 20% of all patients following gastrojejunostomy, 
so lack of opacification by itself is not a reliable indicator of 
afferent loop syndrome. 44 Afferent loop syndrome can also be 
due to preferential flow of ingested contents into a dilated affer¬ 
ent limb rather than the efferent limb, and this can be readily 
identified with UGI (see Fig. 35-10C). In afferent loop syn¬ 
drome, hepatobiliary scintigraphy reveals retention in the 
dilated biliopancreatic segment. 

Bile Reflux Gastritis , Chronic Remnant Gastritis 

A common complication following gastric surgery is chronic 
gastritis. Bile reflux gastritis occurs in 5% to 15% of patients 
following partial gastrectomyT 6,45 Without an intact pylorus, 
chronic reflux of bile and pancreatic secretions into the gastric 
remnant can result in inflammatory change in the residual 
stomach. Following resection of the pylorus, most patients 
have bile in the stomach, with some degree of inflammation 
on endoscopic examination, and therefore many patients 
remain asymptomatic in the setting of bile reflux. 8 However, 
a subset of patients will have bile reflux gastritis and present 
with nausea, bilious vomiting, and epigastric pain, possibly 
with excessive enterogastric reflux. 8 There does not appear to 
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Figure 35-10 Afferent loop syndrome following Roux-en-Y gastrojejunostomy. A, B. Axial-contrast enhanced CT images A. A small 
gastric remnant (S) is anastomosed to a jejunal Roux limb (J). B. There is a small bowel anastomosis in the left midabdomen (white arrow). The 
afferent limb is markedly dilated and fluid-fil led, with distention of the duodenum (D). The efferent jejunal limb is decompressed (black arrow). 

C. Overhead radiograph following UGI shows a dilated gastric remnant (S) with reflux into the esophagus. There is preferential filling of a dilated 
afferent limb (A) and duodenum (D). Note contrast in the right colon from a prior study. 


be a strong correlation between the degree of inflammation 
and the degree of symptoms. The onset of pain is not associ- 
ated with meals. The differential diagnosis may include afferent 
loop syndrome, obstruction, and gastric stasis, and UGI may 
help establish the diagnosis. UGI may reveal thickened gastric 
folds without associated obstruction (Fig. 35-11). Ulcers may 
or may not be present in the perianastomotic region of the 
gastric remnant. 4 

Conversion to Roux-en-Y gastrojejunostomy with at least 
45 cm of isoperistaltic jejunal loop between the gastric remnant 
and duodenum may help alleviate bile reflux gastritis by divert- 
ing bile and pancreatic secretions away from the gastric 
remnant. 8,32 

Neoplasms Aher Surgery for Benign Ulcer Disease 

Following partial gastrectomy for benign disorders, especially 
PUD, there is an increased risk of gastric remnant neoplasms. 30,46 
This occurs in the late postoperative course, with a 15- to 
20-year latent period, at which point the relative risk increases 
twofold to fourfold. 4 Malignant tumors most likely develop as 
a result of gradual progression from normal mucosa to intesti- 
nal metaplasia to dysplasia, and, subsequently, to cancer over 
time, presumably as a consequence of prolonged achlorhydria 
and chronic enterogastric reflux of bile and pancreatic secre¬ 
tions. 48 Truncal vagotomy reduces gastric acid and may contrib- 
ute to this process. Stump tumors involve the distal gastric 
remnant at or near the anastomosis. 46 On UGI, stump tumors 
appear as infiltrating, plaquelike, polypoid, or ulcerative lesions 
in the gastric remnant near the anastomosis. 



Figure 35-11 Bile reflux gastritis following Billroth II. A supine 
double-contrast UGI image shows distal gastrectomy with 
gastrojejunostomy. There are thickening and lobulated folds in the 
gastric remnant caused by bile reflux gastritis. 
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Surgical Considerations for Gastric 
and Duodenal Neoplasms 

Gastric and duodenal neoplasms are discussed in detail else- 
where in this textbook. Neoplasms of the stomach and duode¬ 
num require resection, with the extent and location of resection 
dependent on the benign or malignant nature of the lesion, 
lesion location, extent of disease, and underlying physiologic 
status of the patient. 

SURGERY FOR GASTRIC MASSES 

The goal of surgical treatment for gastric tumor is to remove 
the grossly visible tumor completely and obtain histologically 
free surgical margins. The extent of the procedure depends on 
the degree of tumor infiltration in and through the gastric wall, 
extension in to adjacent organs, and lymph node involvement. 
Upper endoscopy and endoscopic ultrasound (EUS) can be 
useful to determine the location and extent of disease spread 
within the gastric wall. s It is essential to properly stage any 
patient who is being considered for subtotal gastrectomy for 
cancer prior to operative intervention. For example, when a 
total gastrectomy is planned, the proximal extent of disease 
should be determined preoperatively to determine whether a 
distal esophagectomy is also necessary. 

There are several different surgical procedures that may be 
performed to treat gastric masses. The size and location of the 
tumor, in conjunction with the surgeons experience and prefer- 
ence, help determine the exact surgical procedure performed. 
Malignant gastric lesions usually require distal or total gastrec¬ 
tomy. 49 Surgical procedures for gastric cancer may include a 
Billroth II, Roux-en-Y gastrojejunostomy, Roux-en-Y esoph- 
agojejunostomy, or primary esophagogastric anastomosis. 
Omentectomy and/or splenectomy may be performed simulta- 
neously, if necessary. 

The location of the primary tumor determines the type 
of resection performed. 50 For a lesion located in the mid to 
distal stomach, particularly along the greater curvature, sub¬ 
total gastric resection may be performed, ideally with margins 
of 5 to 6 cm around the lesion. A gastroenterostomy is per¬ 
formed to restore continuity of the GI tract. The need for 
wide margins usually requires a gastro j ej unostomy rather than 
gastroduodenostomy, and a Billroth I is not typically per¬ 
formed for malignant disease. Gastroj ej unostomy may be a 
loop-type or Roux-en-Y configuration. 

Farger and more proximal tumors may require total gas¬ 
trectomy with an esophagojejunal anastomosis, typically a 
Roux-en-Y esophagoj ej unostomy. The distal esophagus may 
also be resected with a more cephalad esophagojejunal anas¬ 
tomosis. 9 For lesions in the proximal stomach, particularly 
within 5cm of the gastroesophageal junction, proximal gastric 
resection may be possible with a primary esophagogastric 
anastomosis. However, proximal subtotal gastrectomy with 
esophagogastric anastomosis is not commonly performed 
because of problems with gastroesophageal reflux, and the 
anastomosis between the esophagus and distal stomach may 
be less secure, resulting in an increased risk of anastomotic 
leaks. Total gastrectomy with esophagoj ej unostomy may be 
preferable. However, anastomotic leaks are of particular 
concern following esophagoj ej unostomy, occurring in up to 
12% of patients and with a mortality of approximately 33% 
(Fig. 35-12). 51 



J J 


Figure 35-12 Leak following total gastrectomy and 
esophagojejunostomy. A supine UGI image using water-soluble 
contrasts shows a Roux-en-Y esophagojejunostomy. There is a leak 
( arrows ) from the anastomotic area with contrast opacifying a large 
collection (C) in the right upper abdomen. J, jejunum. 


SURGERY FOR DUODENAL MASSES 

Resection of duodenal malignancies typically requires pan- 
creaticoduodenectomy. This entails reanastomosis of the GI 
tract, bile duet, and pancreatic remnant. Distal gastrectomy 
may be performed with a gastroj ej unostomy. Alternatively, 
the stomach and pylorus may be preserved with an end- 
to-side proximal duodenoj ej unostomy just distal to the 
pylorus, also known as a pyloric-sparing Whipple procedure. 
The bile duet and residual panereas may be anastomosed 
separately to the jejunum with a pancreaticojejunostomy and 
choledocho j ej unostomy. 

COMPLICATIONS FOLLOWING GASTRIC AND 
DUODENAL SURGERY FOR NEOPLASM 

In general, perioperative and postoperative morbidity is rela- 
tively common following surgery for gastric cancer. Resections 
may be extensive, and patients tend to be relatively debilitated. 
The complications of diarrhea, dumping syndrome, malnutri- 
tion, and weight loss inerease postoperative difficulties. Follow¬ 
ing gastric resection and with denervation of the stomach, there 
may be alterations to intestinal motility, absorption, and biliary 
kinetics. 

A variety of physiologic and metabolic problems may arise, 
and these problems may be increased with a larger gastric resec¬ 
tion. 30 Chronic nutritional problems can be serious, outweigh- 
ing other complications and concerns. Potential metabolic 
problems following gastrectomy include iron or vitamin B 12 
deficiency, anemia, malnutrition, weight loss, and bone disease 
(e.g., osteomalacia, osteoporosis). Anemia may occur following 
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Figure 35-13 Recurrent tumor following distal gastrectomy for gastric cancer. A. Supine UGI image shows thickened, lobulated folds along 
the distal gastric remnant and gastrojejunal anastomosis (black arrows). There are also tumor implants (white arrow) along the jejunal limb (J). 

B, C. Axial contrast-enhanced CT scans show lobulated soft tissue along the distal gastric remnant (white arrows ) caused by tumor recurrence. 
Also note a tumor implant (black arrow) along the jejunal limb (J). 


gastric surgery because of malabsorption, inadequate oral 
intake, and/or chronic biood loss. If a partial pancreatic resec- 
tion has been performed, there may also be a deficiency of 
digestive enzymes, resulting in malabsorption. 

Gastric resection for neoplasm can result in many of the 
same complications as gastric resection for PUD, including 
leaks, obstruction, stomal ulcers, and other mechanical prob¬ 
lems. In addition to the many benign causes of obstruction 
that are seen following surgery for PUD, obstruction following 
surgery for gastric or duodenal neoplasm can be caused by 
local tumor recurrence, metastatic nodal masses, or peritoneal 
carcinomatosis. 42 

Recurrent Carcinoma 

Patients who have undergone partial gastrectomy for gastric 
cancer are at continued risk of developing tumor recurrence. 
Recurrence in the surgical bed can be in the form of local bowel 
tumor recurrence, regional adenopathy, or tumor implants 
from carcinomatosis. 

On UGI following partial gastrectomy for a localized gastric 
carcinoma, tumor recurrence may appear infiltrating, plaque- 
like, polypoid, and/or ulcerative. There may be narrowing and 
decreased distensibility of the gastric remnant, with straight- 
ened and irregular contours. 4 Comparison with a baseline post¬ 
operative study may be helpful for differentiating recurrent 
tumor from postsurgical plication defects and suture-related 
changes. There may be mass effect on the bowel, with spicu- 
lated, tethered folds caused by tumor implants (Fig. 35-13). 


CT may detect local tumor recurrence, regional adenopathy, 
and tumor implants. Recurrent tumor at the anastomosis may 
be manifested by focal irregular bowel wall thickening, often 
with soft tissue density in the bowel wall (see Fig. 35-13). CT 
can also readily identify distant nodal metastases and hematog- 
enous metastases to solid organs and osseous structures. 26 

Surgery for Weight Loss 

Obesity is an epidemic in the United States and the Western 
world that has had an increasing impact on radiology. Obesity 
is typically defrned in terms of body mass index (BMI), which 
provides a standard definition for national surveillance and 
takes into account patient weight and height. BMI is expressed 
as kg/m 2 . Overweight is defrned as a BMI of greater than 
25 kg/m 2 , obese as greater than 30 kg/m 2 , morbidly obese as 
greater than 40 kg/m 2 , and superobese as greater than 50 kg/ 
m 2 . 52,53 Weight concerns have been increasingly prevalent in 
the United States. There has been a 74% increase in obesity 
between 1991 and 2001 and, from 1960 to 2000, the preva- 
lence of obesity has more than doubled and the prevalence 
of morbid obesity has quadrupled. 53 55 Currently, more than 
65% of U.S. adults are considered overweight or obese, with 
more than 30% of the population considered obese and 5% 
to 7% considered morbidly obese. 53,56 

Bariatric surgery is a successful treatment option for morbid 
obesity with regard to long-term weight loss, decreased mor- 
bidity, and improved life expectancy. 55 Bariatric procedures 
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have increased by more than 800% in the United States 
between 1998 and 2004, and more than 220,000 procedures 
are performed annually. 5 Bariatric surgery is typically 
reserved for patients who fail to lose weight with conservative 
measures, including diet, exercise, and behavior modification. 
Surgical techniques for weight loss include malabsorptive, 
restrictive, or combination (restrictive and malabsorptive) 
procedures. 

Malabsorptive procedures bypass a segment of small bowel 
to decrease the length of the absorptive surface. The classic 
malabsorptive procedure is the jejunoileal bypass. 

Restrictive procedures combine a small gastric pouch with a 
narrow outlet to induce early and prolonged satiety. A small 
gastric pouch is created to limit food intake and create early 
satiety. This is combined with a narrow outlet or stoma to delay 
emptying and prolong satiety. Examples of restrictive proce¬ 
dures include laparoscopic adjustable gastric banding, horizon- 
tal and vertical gastroplasty, and sleeve gastrectomy. 

Combination procedures use both restrictive (small gastric 
pouch, narrow outlet) and malabsorptive (bypass of a small 
bowel segment) components. These include the Roux-en-Y 
gastric bypass and biliopancreatic diversion. 

The original bariatric procedure was a malabsorptive proce¬ 
dure, known as the jejunoileal bypass. This was developed in 
the 1950s and involved joining the proximal small intestine to 
the distal small intestine, bypassing a large segment of small 
bowel. The stomach and duodenum were left intact. This pro¬ 
cedure resulted in successful weight loss, but was associated 
with significant complications from malabsorption. Malab- 
sorption can cause mineral and electrolyte imbalances, vitamin 
depletion, protein calorie malnutrition, anemia, and peripheral 
neuropathy. The jejunoileal bypass resulted in liver disease in 
up to 30% of patients, liver failure in up to 10% of patients, and 
renal failure in up to 37% of patients. This procedure is no 
longer performed because of the severity of complications. 60 

Subsequently, restrictive bariatric procedures were devel¬ 
oped. Restrictive procedures have been a popular treatment 
option for bariatric surgeons and include gastroplasties, gastric 
band placements, and sleeve gastrectomies. Gastroplasty is a 
purely restrictive procedure in which a small gastric pouch is 
created with a narrow stoma to communicate with the remain- 
der of the stomach. The remainder of the GI tract is left intact. 
In a horizontal gastroplasty, there is a staple line along the 
proximal stomach, with a central or greater curvature stoma. 
This procedure had limited long-term success because of gastric 
wall stretching, with pouch and stomal enlargement. There were 
also problems with frequent staple line disruptions. Following 
initial success, many patients stopped losing weight or actually 
gained weight. 

The vertical banded gastroplasty (VBG) creates a small 
gastric pouch along the proximal lesser curvature of the 
stomach, with a vertical staple line along the proximal stomach. 
The lesser curvature of the stomach is thicker and stretches less 
as compared with the greater curvature. A polypropylene band 
is placed around the stoma to prevent stretching. Circular 
Staples create a window for the band, and identification of the 
circular Staples on a radiograph indicates that a VBG was per¬ 
formed. VBG has resulted in adequate weight loss and remains 
popular outside the United States. However, VGB requires 
patient compliance and will fail with maladaptive eating. Com¬ 
plications include pouch dilation, stomal stenosis, staple line 
dehiscence, gastroesophageal reflux, and vomiting. In the 


United States, the VBG has been replaced by other bariatric 
procedures. 

Currently, the most common bariatric procedures per¬ 
formed in the United States are the Roux-en-Y gastric bypass, 
laparoscopic adjustable gastric banding, and the gastric sleeve 
procedure (sleeve gastrectomy). Certain challenges may arise 
when imaging bariatric patients because of body habitus, spe- 
cifically with regard to patient weight and abdominal girth. 
Imaging equipment capacity may be a concern, and procedural 
modifications are often necessary for radiography, UGI, and CT 
studies in this setting. 54,59 

ROUX-EN-Y GASTRIC BYPASS 

The Roux-en-Y gastric bypass (RYGB) is a proven bariatric 
procedure with the highest long-term success rates and the 
most sustained weight loss compared with other bariatric pro¬ 
cedures. 55,57,58,61,6 RYGB has been the most common bariatric 
procedure performed in the United States in recent years. 63 

RYGB is a combined procedure that is predominately restric¬ 
tive, but also has a malabsorptive component. In this procedure, 
a small gastric pouch is created to exclude the remainder of 
the stomach and duodenum (biliopancreatic limb) from the 
path of food. A jejunal Roux limb is brought up to the gastric 
pouch in antecolic or retrocolic fashion (retrocolic through a 
defect in the transverse mesocolon). A narrow gastrojejunal 
anastomosis or stoma is created between the gastric pouch 
and Roux limb. The small gastric pouch and narrow stoma 
comprise the restrictive component of the procedure (Fig. 
35-14A). The length of the bypassed small bowel can be varied 
to increase or decrease the amount of the malabsorptive com¬ 
ponent. The Roux limb typically has a short, oversewn or 
blind-ending component and an antegrade-flowing component 
or alimentary limb (because of an end-to-side anastomosis). 
The alimentary limb is anastomosed downstream to the bil¬ 
iopancreatic limb with a side-to-side jejunojejunal (JJ) anas¬ 
tomosis, usually in the left midabdomen. This procedure 
therefore creates an alimentary limb, biliopancreatic or 
excluded limb, and distal common channel downstream from 
the JJ anastomosis (see Fig. 35-14A). 

Assessing Postoperative Complications 

Despite the success of RYGB, many complications can occur. 
Knowledge of the expected postsurgical anatomy is essential to 
assess for postoperative complications following RYGB. 

Upper Gastrointestinal Examination. Following RYGB, a UGI 
may be performed early postoperatively to assess for complica¬ 
tions, including leak or obstruction. In the late postoperative 
course, patients may undergo evaluation because of epigastric 
pain, dysphagia, failed weight loss, excessive weight loss, or 
symptoms of obstruction. As with patients following gastric or 
duodenal surgery for PUD or neoplasm, in the early postopera¬ 
tive course, water-soluble contrast should be administered ini¬ 
tially to assess for leakage. If no leak is seen with water-soluble 
contrast, barium may be administered. In the late postoperative 
course, barium may be administered initially. 

Initial fluoroscopic evaluation should be performed with the 
patient in the left posterior oblique (FPO) position. This is the 
ideal position to assess the proximal postsurgical anatomy, 
including the gastrojejunal (GJ) anastomosis. Rapid sequence 
imaging may help acquire images with optimal distention of the 
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Figure 35-14 Roux-en-Y Gastric Bypass A. RYGB anatomy. 

A small gastric pouch (P) is created to exclude the remainder of 
the stomach and the duodenum from the path of food. There 
is a gastrojejunostomy with a jejunal Roux limb (J) anastomosed 
to the pouch via a narrow stoma and a more downstream 
jejunojejunostomy (arrow). This creates an alimentary limb 
(pouch, Roux limb), biliopancreatic limb (including the excluded 
stomach and duodenum), and downstream common channel. 

B. UGI image in the LPO position shows a small gastric pouch 
(P) with a narrow anastomosis (arrow) to the jejunal Roux limb 
(J). Note the surgical drain. C. Axial contrast-enhanced CT scan 
with oral and IV contrast shows an opacified small gastric pouch 
(P) anastomosed (arrow) to the jejunal Roux limb (J). There is a 
small amount of fluid in the excluded stomach (ES). 



pouch, stoma, and adjacent Roux limb (Fig. 35-14B). Addi¬ 
tional fluoroscopic views may be obtained as necessary. Over- 
head radiographs should be obtained serially until contrast 
passes the JJ anastomosis in the early postoperative course, 
because leak or obstruction may rarely occur at this site. In the 
late postoperative course, the study should be continued until 
the terminal ileum is opacified because complications of 
obstruction or internal hernia may not become apparent until 
the terminal ileum is opacified. 

Computed Tomography. RYGB patients are ideally imaged fol- 
lowing administration of positive oral contrast and IV contrast. 
Positive oral contrast administered just prior to the study should 
opacify the gastric pouch and alimentary limb. This should help 
distinguish the alimentary limb from the excluded biliopancre¬ 
atic limb (Fig. 35-14C). Again, water-soluble contrast is admin¬ 
istered in the early postoperative course or if perforation is a 
concern. On CT, the gastric pouch, GJ anastomosis, Roux limb, 
excluded stomach, biliopancreatic limb, and JJ anastomosis 


should be visualized and evaluated. The JJ anastomosis is 
usually found in the lefl midabdomen. 

Complications 

Extraluminal Leak. The most common serious complication 
in the early postoperative course following RYGB is a postop¬ 
erative leak, occurring in up to 6% of patients and usually 
diagnosed within 10 days of surgery. 61 ’ 62,6 Postoperative leaks 
are associated with increased postoperative morbidity and mor- 
tality, and additional surgery may be required in up to 80% of 
patients. 64 To decrease morbidity following a leak, early diagno- 
sis and treatment are essential. 

On UGI following RYGB, leakage usually extends to the left 
of the GJ anastomosis into the left upper quadrant of the 
abdomen. 64,65 The majority of leaks (more than 75%) arise from 
the GJ anastomosis. Leaks may also arise from the distal esopha- 
gus, gastric pouch, blind-ending jejunal limb and, rarely, the JJ 
anastomosis. 64 A UGI can demonstrate the origin and extent of 
leak with opacification of an extraluminal collection or tract, 
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Figure 35-15 Leak following RYGB. A supine UGI image shows an 
edematous gastric pouch (P) and jejunal limb (J). There is as large 
leak from the gastrojejunal anastomosis opacifying a large left upper 
quadrant collection (C) as well as the surgical drain ( arrows ). 


usually in the left upper quadrant (Fig. 35-15). On occasion, the 
sole manifestation of leak may be contrast opacification of an 
indwelling surgical draining. This may be best identified on a 
postprocedural radiograph. 

It is important to assess for leakage at the outset of the fluo- 
roscopic study. Later on during the procedure, the excluded 
stomach may become opacified via retrograde flow. This can 
appear as a collection of contrast in the left upper quadrant of 
the abdomen. The intragastric location may be confirmed by 
rotating the patient to the right to opacify the more distal 
excluded stomach and duodenum. 65 An anastomotic leak must 
also be distinguished from a postsurgical plication defect on 
UGI. A plication defect is a focal outpouching along the suture 
line that will readily hil and empty with contrast material during 
the study and will have well-defmed margins. A leak typically 
appears more ill-defined, with stasis of contrast. 

Communication with the Excluded Stomach. During the 
RYBG procedure, the gastric pouch is separated from the 
remainder of the stomach by a staple line or by complete 
transection. Staple line dehiscence or disruption allows com¬ 
munication between the gastric pouch and remainder of the 
stomach. This may be caused by overdistention of the pouch 
with food or inadequate initial surgical division. In the case 
of complete transection, communication with the excluded 
stomach can occur via a gastrogastric fistula. Overall, com¬ 
munication between the pouch and excluded stomach occurs 
in up to 4% of patients, and this complication allows ingested 
material to enter the excluded stomach. As a result, there may 
be inadequate weight loss or actual weight gain, and elective 
surgical revision may be necessary for a more optimal clinical 
outcome. 66 

In the acute postoperative course, leakage into the excluded 
stomach may be a consequence of a free leak. An early postop¬ 
erative leak into the excluded stomach is associated with 



Figure 35-16 Staple line dehiscence following RYGB. A right 
lateral UGI image shows opacification of the gastric pouch (P) and 
the jejunal limb (J) following RYGB. Contrast material is also seen 
Crossing the gastric staple line ( arrow ) to opacify the excluded 
stomach (ES). 


an extraluminal leak in as many as 88% of patients. 66 In the 
remote postoperative course, communication with the excluded 
stomach will usually result in failure of the procedure, with 
failure of weight loss or recurrent weight gain in up to 61% of 
patients. 66 

On UGI, the gastric pouch will be opacified along with 
the excluded stomach, with contrast Crossing the gastric staple 
line (Fig. 35-16) or entering the excluded stomach via a gas¬ 
trogastric fistula. Depending on the significance of the com¬ 
munication, contrast may preferentially enter the excluded 
stomach or jejunal Roux limb. This diagnosis should be made 
at initial fluoroscopy, because later on during the study contrast 
may enter the excluded stomach via retrograde flow. In the 
early postoperative course, it also is important to assess for 
an associated free leak. 

Communication between the gastric pouch and excluded 
stomach may be difficult to diagnose accurately on CT. It may 
not be possible to distinguish contrast material in the excluded 
stomach because of staple line dehiscence from retrograde flow. 
The presence of contrast material in the excluded stomach but 
not in the duodenum on CT may suggest communication with 
the excluded stomach; however, UGI may be necessary for a 
more definitive diagnosis. 66 

Marginal Ulcers. Marginal ulcers following RYGB occur near 
the GJ anastomosis in up to 3% of patients because of exposure 
of the jejunal mucosa to gastric secretions. 67 On UGI, a mar¬ 
ginal ulcer appears as a focal outpouching near the GJ anasto¬ 
mosis, with stasis of contrast material in the crater and associated 
fold thickening and edema. Marginal ulcers decrease in 
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incidence with smaller pouch size and tend to respond well to 
medical management. Occasionally however, surgical treatment 
may be required. 

Obstruction 

Acute Obstruction. Obstruction in the early postoperative 
course is most often caused by postoperative edema and/or 
hematoma, typically involving the GJ or JJ anastomosis. In 
addition, in the setting of a retrocolic Roux limb, edema or a 
hematoma may occur where the Roux limb crosses the trans¬ 
verse mesocolon. Narrowing in any of these locations can 
cause obstruction. 

Acute obstruction caused by edema or a hematoma usually 
resolves spontaneously with delayed initiation of diet. However, 
signifkant narrowing of the JJ anastomosis may require surgical 
intervention. Edema at the JJ anastomosis can result in acute 
distention of the excluded stomach. This can exert pressure on 
the gastric staple line and result in perforation if not promptly 
treated. Acute gastric distention may be temporarily relieved by 
percutaneous gastrostomy catheter placement until the edema 
resolves. 

Late Obstruction. Small bowel obstruction following RYBG 
occurs in approximately 5% of patients, with a similar incidence 
following open and laparoscopic technique. 68,69 Obstruction in 
the late postoperative course may be caused by adhesive disease, 
internal hernias, stomal stenosis, abdominal wall hernias, and, 
rarely, intussusception. Following open surgery, adhesions are 
the usual cause of obstruction. Alternatively, after laparoscopic 
RYGB, internal hernias are a more common cause. Presumably, 
a lack of adhesions following laparoscopic surgery allows for 
increased bowel mobility and an increased potential for internal 
hernias. 68 ’ 70 ’ 71 

Patterns of Small Bowel Obstruction. Because of the altera¬ 
tions made to the GI tract following RYGB, there are three 
patterns of obstruction that can occur relative to the JJ anasto¬ 
mosis. The pattern of obstruction can be classified according to 
an ABC taxonomic system. 65,72 

Type A obstruction occurs with dilation of the alimentary 
limb only. The biliopancreatic limb is decompressed. This 
should be readily diagnosed on UGI with a dilated Roux limb 
extending toward the JJ anastomosis (Fig. 35-17). On CT, the 
diagnosis may be difficult because the excluded stomach and 
duodenum will be decompressed, and identification of the 
RYGB anatomy and dilated Roux limb are necessary to make 
the diagnosis. 

In type B obstruction, there is dilation of the biliopancreatic, 
or excluded, limb only. On UGI, diagnosis may be difficult 
because the biliopancreatic limb is not routinely opacified. It 
may be possible to infer the diagnosis from displacement of the 
Roux limb by a fluid-filled, dilated biliopancreatic limb. On 
CT, the excluded stomach and duodenum will be dilated and 
fluid- filled, but it is essential to recognize the RYGB anatomy 
and identify a decompressed Roux limb to make this diagnosis. 
This represents a type of closed loop obstruction, with no 
natural means to decompress the excluded stomach. Percutane¬ 
ous gastric decompression may therefore be necessary to 
alleviate the pressure and prevent perforation and additional 
complications. 

In type C obstruction, there is obstruction at the level of the 
common channel, with dilated alimentary and biliopancreatic 
limbs (via retrograde flow; Fig. 35-18). 



P 
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Figure 35-17 Obstruction of the alimentary limb following RYGB 
caused by JJ stomal stenosis. An overhead radiograph from UGI 
shows a dilated gastric pouch (P) and jejunal Roux limb (J) (alimentary 
limb) extending toward an abrupt transition at the JJ anastomosis 
(arrow) caused by stomal stenosis and fibrosis. 


Internal Hernia. Internal hernia (IH) occurs in approximately 
3% of RYGB patients and is more common following laparo¬ 
scopic than open surgery. 61 ’ 67 ’ 73 This is considered a late post¬ 
operative complication; however, IH can occur at any time 
following RYGB and can occur on multiple occasions. 

With an IH, bowel herniates through a mesenteric defect, 
usually a surgically created defect. The most common defects 
following RYGB include a defect in the transverse mesocolon 
for a retrocolic Roux limb, mesenteric defect for the JJ anasto¬ 
mosis, and defect posterior to the Roux limb (Petersens 
defect). 67 ’ 71,7, IH can result in obstruction, ischemia, infarc- 
tion, and bowel perforation and can be a life-threatening com¬ 
plication of RYGB, especially if diagnosis and treatment are 
delayed. However, the diagnosis of IH can be problematic clini- 
cally and with imaging studies. Symptoms may be nonspecific 
or intermittent, and a high index of suspicion is necessary. On 
UGI and CT, knowledge of the postoperative anatomy and 
changes to the expected course of the bowel are essential to 
make the diagnosis. 73 

UGI findings of IH may include an abnormal bowel configu- 
ration with clustered, displaced small bowel loops. Clustered 
small bowel is usually fo und in the left abdomen (90%), but 
clustered small bowel can be located anywhere in the abdomen 
and pelvis (Fig. 35-19). Clustered bowel may be seen displacing 
other bowel. A small bowel limb may be seen entering and 
exiting the clustered segment, and stasis of contrast tends to 
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Figure 35-18 Small bowel obstruction following RYGB with obstruction of the common channel. A, B. Axial CT images following positive 
oral and IV contrast show marked dilation of the excluded stomach (ES) and duodenum (D) as well as the opacified Roux limb (R) caused by 
downstream obstruction of the common channel. Also note that oral contrast is present in the excluded stomach but not the duodenum because 
of staple line dehiscence more cephalad (not shown). 



Figure 35-19 Internal hernia following RYGB. An overhead 
radiograph during UGI with small bowel follow-through on an RYGB 
patient shows an atypical bowel configuration, with clustered, 
displaced small bowel loops in the right midabdomen. A small bowel 
limb can be seen entering and exiting the clustered segment ( arrows ). 


occur in clustered bowel. A change in bowel configuration as 
compared with a prior study may be seen with displacement of 
a JJ suture line, usually into the left upper quadrant. 

CT in the setting of internal hernia will also show clustered 
small bowel in an atypical location (Fig. 35-20). Associated 
mesenteric Åndings can be identified, including swirling and 
stretching of the mesenteric vessels. Findings of IH on CT 
include small bowel in the left upper quadrant above the trans- 
verse mesocolon, cephalad displacement of the JJ anastomosis, 


clustered biood vessels in the left upper quadrant, and a swirling 
appearance of mesenteric fat or vessels/ 5 76 Comparison with a 
prior postoperative study is helpful to identify a change in the 
bowel configuration. 

Stomal Stenosis. Stomal stenosis may occur at the GJ or JJ 
anastomosis, typically in the late postoperative course. GJ 
stomal stenosis occurs in up to 10% of patients, results in a 
dilated gastric pouch and esophagus with delayed emptying, 
and tends to respond well to endoscopic dilation. JJ stomal 
stenosis is less common, occurring in less than 1% of patients, 
but is less often successfully treated with endoscopic dilation 
and may require surgical revision (see Fig. 35-17). 65,77 

Abdominal Wall Hernias. Abdominal wall hernias are much 
less common following laparoscopic RYGB as compared with 
open technique, but can occur at any incision or port site and 
can cause obstruction. Obstruction is more commonly caused 
by hernias with a small neck as compared with larger hernias. 61,65 

Intussusception. Intussusception following RYGB is usually 
associated with the JJ anastomosis. The suture line may in some 
way act as a lead point. Also, there is altered motility in the 
vicinity of the anastomosis. Intussusception is often transient, 
but may be a fixed Ånding, rarely resulting in obstruction and 
incarceration (Fig. 35-21). 65,78 

LAPAROSCOPIC ADJUSTABLE 
GASTRIC BANDING 

Gastric band placement is a restrictive procedure that limits the 
volume of food that can be consumed. The Arst gastric band 
was introduced in 1986 and was made available laparoscopically 
in the early 1990s. The Arst adjustable gastric band device was 
approved for use in the United States by the U.S. Food and Drug 
Administration (FDA) in 2001. Since then, additional versions 
of the band have been approved, and the concept of a reversible, 
adjustable gastric band has become an increasingly popular 
treatment option for morbid obesity in the United States. 79 

Laparoscopic adjustable gastric band placement (LAGB) is 
the least invasive bariatric procedure to date; it involves no 
cutting, stapling, or bypassing of portions of the GI tract. The 
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Figure 35-20 Internal hernia following RYGB on CT. A, B. Axial CT images following positive oral and IV contrast show RYGB anatomy with 
the Roux limb (R) clustered, dilated, and displaced cephalad to the pouch (P) and compressing the excluded stomach (S) secondary to an internal 
hernia. The JJ suture line was also displaced cephalad (not shown). 



Figure 35-21 Intussusception following RYGB on CT. Axial 
CT scan following positive oral and IV contrast shows a fixed 
intussusception about the JJ anastomosis, with focal bowel dilation 
and dilation of the fluid filled duodenum (D) caused by associated 
obstruction of the biliopancreatic limb (type B obstruction). Note 
anastomotic suture ( arrows ). 


procedure is reversible, and the band can be adjusted according 
to the patient s weight loss curve and/or symptoms. Weight loss 
results with LAGB are similar to those of other restrictive pro¬ 
cedures, but overall weight reduction may be less than RYGB in 
the long term, particularly in superobese patients (BMI > 50 kg/ 
m 2 ). 80-83 Nevertheless, LAGB is an effective weight loss proce¬ 
dure, with improved obesity-related comorbidities, and has less 
overall morbidity as compared with RYGB. 80 ’ 81 ’ 83 

The LABG procedure consists of placing a silicone band 
around the upper stomach to create a small gastric pouch and 
a narrow stoma through the band that communicates with the 
remainder of the stomach (Fig. 35-22A). 79,80 The small pouch 
and narrow stoma limit food intake and delay emptying. The 
band is sutured to the adj acent stomach wall to help hold it in 
place and decrease the chance of band slippage. The band has 
an inflatable inner balloon cuff connected via tubing to a sub- 
cutaneous port in the anterior abdominal wall, usually along 


the right anterior rectus sheath. The port may be accessed per- 
cutaneously to inflate or deflate the balloon cuff of the band 
and adjust the size of the stoma. The stomal diameter may be 
narrowed by injecting the port with fluid to inflate the cuff or 
widened by aspirating fluid from the port to deflate the cuff. 
Inflation of the band can be performed in small increments 
to avoid complications from obstruction. Also, fluid can be 
removed from the band if the patient is experiencing obstruc- 
tive symptoms. 

Imaging Following Laparoscopic Adjustable 
Gastric Banding 

Radiography. The radiopaque band should be located in the 
leff epigastric region (Fig. 35-22B). The angle of the long axis 
of the band with the vertical (along the patient’s spine) should 
be 4 to 58 degrees in the anteroposterior projection. This is 
called the phi angle. The device, connecting tubing, and port 
should be assessed to ensure that the device is intact, without 
kinking or discontinuity. 

Upper Gastrointestinal Examination. Early postoperative 
UGI is useful to evaluate band position and assess for possible 
leakage or obstruction. On a scout radiograph, the location and 
angle of the band should be assessed, as well as the continuity 
of the connecting tubing and position of the reservoir. Before 
administering oral contrast, the patient should be positioned at 
fluoroscopy so the band is visualized in profile, usually with the 
patient in the supine anteroposterior or slight right posterior 
oblique position. In this position, the ring should appear as a 
straight line rather than having an O shape configuration (Fig. 
35-22C). This allows for optimal evaluation of the pouch and 
stoma through the band and helps ensure that opacification of 
the fundus does not obscure the stoma. During the early post¬ 
operative course, water-soluble contrast should be administered 
followed by barium if no leak is detected. In the late postopera¬ 
tive course, and if there is no concern for perforation, barium 
may be administered initially. 

As for all patients following gastric surgery, initial attention 
should be directed toward the postoperative anatomy, in this 
case, the gastric pouch and stoma. Ingested contrast should be 
followed fluoroscopically from the esophagus into the pouch, 
through the stoma created by the band, and into the remainder 
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Figure 35-22 Laparoscopic adjustable gastric 
banding. A. Silicone band placed around the 
upper stomach creates a small gastric pouch 
and narrow stoma through the band that 
communicates with the remainder of the 
stomach. Tubing connects the band to a 
reservoir along the abdominal wall. The band 
has an inner inflatable balloon cuff. B. Supine 
radiograph shows the expected appearance 
following LAGB with a band in the left epigastric 
region (white arrow). Radiopaque connecting 
tubing can be assessed as it extends to the 
injectable port (black arrow). C. UGI image 
obtained while the patient is drinking shows a 
small pouch (P) with a narrow stoma ( arrows ) 
through the band, communicating with the 
gastric fundus (F). Note that to assess the stoma 
optimally, the band must appear linear rather 
than as a ring shape. D. Coronal oblique 
reformatted CT image with IV contrast shows 
the inflatable balloon cuff of the band ( arrows ) 
positioned around the proximal stomach. 
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of the stomach (see Fig. 35-22C). The distal esophagus, pouch 
size and configuration, and stomal diameter should be evalu- 
ated. The ideal stoma size has been reported to be 3 to 5 mm. 84 
Fluoroscopy also allows for assessment of esophageal motility, 
esophageal and pouch dilation, and changes over time during 
the study. 

Computed Tomography. Following LAGB, CT may be helpful 
to assess for a source of infection and evaluate soft tissue 
changes related to the device components. CT studies should 
include the abdominal wall soft tissues in the held of view 
because soft tissue processes related to the tubing or port might 
otherwise be missed. The radiopaque band should be identified 
along the proximal stomach (Fig. 35-22D); the tubing can be 
followed along its intraperitoneal course and in the overlying 
soft tissues as it connects to the port in the abdominal wall. 

Band Adjustment 

Periodic band adjustments following LAGB are typically neces- 
sary to achieve optimal weight loss and minimize symptoms of 
obstruction. Band adjustments may be performed at fluoros¬ 
copy. Ideally, the patient is administered oral contrast before 
and after adjustment to evaluate for adequate change in stomal 
caliber and prevent obstruction caused by an overinflated band. 
The use of fluoroscopy allows for an accurate adjustment of 
stomal size and also decreases potential complications from an 
excessively narrowed stoma, including obstruction, motility dis- 
orders, pouch dilation, band slippage, and band migration. 
Several band adjustments may be necessary to achieve an 
optimal result in terms of weight reduction, with an average of 
three adjustments necessary per patient. 85 ' 87 

The degree of adjustment is best determined in conjunction 
with the surgeon and is based on the patient’s weight loss curve 
and symptomatology. At fluoroscopy, the subcutaneous port is 
localized, and a noncoring, deflected-tip, 20- to 22-gauge needle 
with an attached, saline-filled syringe is inserted and advanced 
until it hits the back wall of the reservoir. Saline should be easily 
injected and withdrawn to confirm appropriate position. The 
amount of saline instilled or removed should be documented. 
After adjustment, oral contrast is administered to confirm ade¬ 
quate narrowing of the stoma without obstruction. 

Complications 

Overall, LAGB is a relatively safe surgical procedure, with 
minimal perioperative mortality, but some degree of morbidity 
occurs in up to 35% of patients and additional surgery may be 
necessary in as many as 11% of patients. 80,81,88 Additional surgi¬ 
cal procedures are often performed laparoscopically and may 
be relatively minor in nature (such as involving the port or 
tubing). 

Following LAGB, early complications are rare and may 
include gastric perforation in less than 0.5% of patients, 
improper band positioning in less than 0.1% of patients, early 
postoperative band slippage in less than 0.1% of patients, and 
acute stomal obstruction in less than 1.4% of patients. 80,81,83 ' 85,88 
Early dysphagia and pouch esophageal reflux are common until 
dietary habits change. 

Complications following LAGB are much more common 
in the late postoperative course; these may include pouch 
dilation, band slippage, band erosion, obstruction, and device - 
related complications, including device failure. The most 
common late complications are pouch dilation and band 


slippage, and early diagnosis is important to prevent further 
complications. 85,86,88 Gastric necrosis is rare, occurring in less 
than 0.3% of patients, and is most often caused by band 
slippage with strangulation. 83 

Pouch Dilation. Pouch dilation may occur in as many as 25% 
of patients following LAGB, but the incidence has decreased 
over time with surgical modifications of the gastric band pro¬ 
cedure. 89 As in all bariatric procedures, dilation of the pouch 
can result in failed weight loss. Also, pouch dilation may neces- 
sitate removal of the device. 

Upper Gastrointestinol Examination. Pouch dilation fol¬ 
lowing LAGB can be seen with a normal or widened stoma, 
narrow stoma, or band slippage. In the case of a normal or 
widened stoma, pouch dilation is usually caused by dietary 
noncompliance and chronic overfilling of the pouch. The pouch 
is dilated and has a concentric appearance, and the stoma is 
widely patent (Fig. 35-23). This may require nutritional coun- 
seling. 9,84,90 In the case of pouch dilation with a narrow stoma, 
pouch configuration should be evaluated (concentric or eccen- 
tric dilation). Concentric pouch dilation with a narrow stoma 
may occur in the acute setting, with vomiting, dysphagia, 
esophageal dysmotility, and obstruction (Fig. 35-24). This is 
usually caused by band over inflation at adjustment. Rarely, 
focal weakness in the balloon cuff can result in eccentric stomal 
narrowing, with concentric pouch dilation. When pouch dila¬ 
tion caused by a tight stoma is identified, the band should be 
deflated immediately to prevent further complications. 79,85 
Eccentric pouch dilation with a tight stoma is caused by band 
slippage (Fig. 35-25; see later). 

Computed Tomography. Pouch dilation may be recognized 
on CT, especially with coronal and sagittal images, but the 
caliber of the stoma is not well assessed on CT. If pouch dilation 
is noted on CT, UGI may be of benefit to determine if there is 
obstruction caused by the band. 

Pouch Dilation with Band Slippage. Pouch dilation may be a 
consequence of band slippage. In this case, the band becomes 






Figure 35-23 Concentric pouch dilation following LAGB with a 
widened stoma. Supine UGI image obtained during drinking shows 
a concentrically dilated pouch (P) with a widened stoma ( arrows ) 
through the band. This is typically caused by chronic overdistention 
and may require nutritional counseling. 
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dislodged from its original position, with herniation of a 
portion of the stomach above the band. This results in an eccen- 
trically dilated pouch, with a tight stoma. Band slippage may 
occur in as many as 24% of patients, but the incidence varies 
with the surgical technique used. 80,84,89-91 Surgical procedural 
modifications and patient training in regard to modification of 



Figure 35-24 Concentric pouch dilation following LAGB with a 
narrow stoma. Upright UGI image obtained during drinking shows a 
concentrically dilated pouch (P) with a tight stoma ( arrow) through the 
band. The band is causing obstruction, and the upright position is 
necessary to empty the pouch. In this case, the band should be 
deflated to prevent further complications. 


eating habits have resulted in a decreased incidence of band 
slippage over time. 89 Risk factors for band slippage include over- 
eating with overdistention of the pouch, band overinflation, 
and excessive vomiting. 

Band slippage is considered a late complication of LAGB. 
Patients may present with acute food intolerance, pain, vomit¬ 
ing, progressive gastroesophageal reflux, esophageal motility 
disorders, early satiety, and aspiration pneumonia. Rarely, band 
slippage may result in sudden complete dysphagia, severe 
abdominal pain, and acute gastric obstruction. Three types of 
band slippage have been described—anterior, posterior, and 
concentric slippage, with complete displacement of the band 
distally. In all types of band slippage, similar consequences are 
possible. Progressive eccentric pouch dilation with progressive 
herniation of the stomach above the band may occur if 
untreated. Band slippage can lead to acute obstruction, gastric 
volvulus, ischemia, infarction, perforation, and hemorrhage. 
The most serious complication is necrosis of the gastric pouch. 
Early detection and treatment of band slippage are essential to 
prevent further complications. Once diagnosed, the band 
should be deflated immediately. 92 

Radiography. On abdominal radiography, there is increased 
separation between the gastric band and medial aspect of the 
left hemidiaphragm. As the stomach herniates superiorly 
through a slipped gastric band, the band may tilt along its hori- 
zontal axis so that the anterior and posterior sides of the band 
are no longer superimposed. This can produce an O shape 
configuration, termed the O sign . 93 A more vertical or horizon- 
tal configuration of the band will result in an abnormal phi 
angle. An air-fluid level may also be seen within a dilated gastric 
pouch above the band (see Fig. 35-25A). 

Upper Gastrointestinal Examination. On a preliminary 
radiograph, an abnormal band position is noted, with a change 
in configuration of the band as compared with a prior 



Figure 35-25 Band slippage following LAGB. A. Supine radiograph in the same patient as in Figure 35-22 1 year later shows a change in the 
configuration of the band (white arrow ) (see Fig. 35-22B). It is now inferiorly located and horizontal in configuration. There is a dilated, gas-filled 
stomach bubble superior to the band ( arrowhead ). The port (black arrow) is relatively unchanged. B. UGI image shows an eccentrically dilated 
gastric pouch (P) above the horizontal band (arrow), with obstruction at the level of the band caused by band slippage. The esophagus is also 
dilated. 
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postoperative study. The band may be displaced inferiorly in a 
more vertical or horizontal configuration with an abnormal phi 
angle (see Fig. 35-25A). Following ingestion of contrast, eccen- 
tric pouch dilation is seen with a tight stoma at the level of the 
band (see Fig. 35-25B). Band slippage results in luminal obstruc¬ 
tion by the band, and slippage may become more apparent with 
increased luminal distention during the study. Posterior slip- 
page is associated with upward herniation of the posterior 
gastric wall through the band, and anterior slippage is associ¬ 
ated with downward displacement of the band over the anterior 
wall of the stomach. 79,85 

Intragastric Erosion and Migration of the Band. The gastric 
band can erode into the lumen of the stomach in approximately 
2% of patients following LAGB, with a higher incidence reported 
with longer follow-up. With this complication, the band gradu- 
ally erodes into the gastric wall, enters the lumen, and may even 
migrate distally, resulting in downstream obstruction. Band 
erosion may be a consequence of NSAID use, excessive vomit- 
ing, or increased pressure within the band itself from overinfla¬ 
tion. Patients may present with nonspecific pain, GI bleeding, 
abdominal and/or port abscess, peritonitis, perforation, and, 
rarely, pneumoperitoneum. Patients with band erosion may 
also present with weight gain, despite seemingly adequate band 
adjustments, because the band is no longer creating a narrow 
stoma. Band migration requires removal of the band and repair 
of the stomach because this could lead to fatal hemorrhage. 94 

On UGI, contrast material is seen surrounding the intragas¬ 
tric portion of the band, so that the band appears as an intra- 
luminal filling defect within the stomach (Fig. 35-26). Contrast 
may or may not be seen within the stoma, depending on the 



Figure 35-26 Band erosion following LAGB. UGI image following 
LAGB obtained with the patient drinking shows a small gastric pouch 
(P). The band is in an appropriate linear position (black arrow) for 
UGI. Rather than opacifying a stoma through the band, contrast is 
seen surrounding the left aspect of the band so that this portion of 
the band appears as a filling defect (white arrow). This is caused by 
intragastric erosion of the band. The expected location of the stoma 
is denoted with an arrowhead. 


degree of erosion. Band erosion may be suspected on CT when 
contrast is seen within and surrounding the band or if the band 
is completely intraluminal. There may be associated inflamma- 
tory change, abscess formation, or peritonitis. 

Device-Related Complications. Following LAGB, there may be 
problems related to indwelling foreign bodies, including the 
band, connecting tubing, and reservoir. Device-related compli¬ 
cations have been reported in up to 26% of patients, and these 
complications tend to require surgical repair. 88 95 

Infection of the port, connecting tubing, or band occurs 
in as many as 6% of patients. The abdominal wall port may 
migrate through the soft tissues or become inverted in as 
many as 3% of patients, precluding band adjustments. Leakage 
of contents from the band system results in spontaneous band 
deflation, occurring in up to 5% of patients. Fluid loss can 
occur from a defect in the port, tubing, or inflatable balloon 
cuff, and leakage from the system can result from the use of 
an inappropriate needle for port access. Acute band deflation 
widens the stoma, so these patients experience a sudden change 
in dietary habits and poor weight loss, despite seemingly 
appropriate band adjustments. If leakage from the system is 
suspected, a radiograph should be obtained to look for dis- 
continuity or kinking of the connecting tubing or device. In 
addition, inserting a designated volume of saline into the 
port and measuring for a discrepancy on return may be 
helpful. Injection of the port with water-soluble contrast at 
fluoroscopy can diagnose a leak from the system and can 
determine the origin of the leak to help direct surgical 
intervention. 85,86,88 

SLEEVE GASTRECTOMY 

The laparoscopic sleeve gastrectomy (or gastric sleeve) was 
first introduced in 1999; it is a restrictive procedure that 
limits the volume of food that can be consumed. Initially, 
sleeve gastrectomy was performed as the first part of a planned, 
staged bariatric procedure for treatment of very high-risk or 
superobese (BMI > 50 kg/m 2 ) patients to decrease periopera- 
tive morbidity and mortality. The first stage consisted of the 
sleeve gastrectomy. Following initial weight loss and clinical 
improvement, a second operation was performed at a later 
date. The second procedure could be a biliopancreatic diver¬ 
sion or Roux-en-Y gastric bypass. However, the success of 
the sleeve gastrectomy alone in some patients eliminated the 
necessity of the second operation, so sleeve gastrectomy is 
now increasingly used as a stand-alone procedure.' This pro¬ 
cedure constituted approximately 5% of all bariatric surgeries 
in 2008. 97 

The sleeve gastrectomy consists of resection of 70% to 85% 
of the stomach along the greater curvature. The remaining 
stomach has a tubular configuration, and the pylorus and duo¬ 
denum are left intact (Fig. 35-27A). This restricts the gastric 
capacity while maintaining the normal pathway of food. Also, 
the tubular stomach, in conjunction with an intact pylorus, 
creates a high-pressure restrictive system. Unlike restrictive 
gastric banding, there is no need for periodic band adjustments 
or intervention, and there is no indwelling foreign body. Absence 
of an indwelling foreign body reduces the risk of infection, and 
there are no problems with slippage, erosion, or device mal- 
function. As compared with RYGB, there is no major alteration 
made to the course of the GI tract, and there is no risk of 
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Figure 35-27 Sleeve gastrectomy. A. Gastric sleeve, with 
approximately 70% of the stomach resected (shaded area) along the 
greater curvature and with relative sparing of the antrum. The 
pylorus and duodenum are left intact. B. Supine UGI image show 
the narrowed, tubular configuration of the gastric sleeve (S) in a 
recently postoperative patient with an intact pylorus and duodenum 
(D). C. Axial contrast-enhanced CT scan shows a narrowed stomach, 
with sutures along the resected greater curvature ( arrows ) and 
prominence of mesenteric fat in the expected location of the 
remainder of the stomach. Also note evidence of surgical injury to 
the left lobe of the liver. 



malabsorption. However, the sleeve gastrectomy procedure is 
not reversible. 98 

Imaging Following Sleeve Gastrectomy 

Upper Gastrointestinal Examination. As for all early postop¬ 
erative patients, water-soluble contrast is first used to assess for 
possible leakage. Barium is administered if there is no 
leak identified or initially in the late postoperative course. 
Administration of oral contrast reveals a long narrowed, tubular 
gastric pouch. Narrowing of the stomach is seen along the 
greater curvature. The distal gastric antrum and pylorus are 
preserved (Fig. 35-27B). Gastric peristalsis may be significantly 
diminished or absent. 98 

Computed Tomography. CT may be of benefit following sleeve 
gastrectomy to assess the postoperative anatomy and evaluate 
the surrounding structures. The gastric sleeve appears as a 
narrowed, tubular stomach, often with a staple line along the 
greater curvature. Prominence of the mesenteric fat may be 
seen in the expected location of the resected portion of the 
stomach (Fig. 35-27C). With a stand-alone sleeve gastrectomy, 


no additional bowel suture line or anastomosis is seen, and 
no Roux limb should be seen extending toward the stomach. 
The duodenum and small bowel should have a normal course. 
However, a jejunal limb may be seen anastomosed to the gastric 
sleeve when sleeve gastrectomy is per for med in conjunction 
with RYGB. 

Complications 

The overall complication rate following sleeve gastrectomy is 
approximately 5%. Potential complications include leakage, 
strictures, hemorrhage, and infection. 

Postoperative leaks have been reported following sleeve gas¬ 
trectomy in as many as 5% of patients. Leaks usually arise from 
the proximal end of the greater curvature staple line near the 
gastroesophageal junction and extend laterally (Fig. 35-28). 
Proximal gastric leaks may be difficult to treat, with prolonged 
associated morbidity." 

Late complications include stricture, pouch dilation, gastric 
outlet obstruction, hiatal hernia, and gastroesophageal reflux. 
Postoperative strictures and fibrosis can occur at the upper, 
mid, or distal end of the staple line (Fig. 35-29). Strictures 
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Figure 35-28 Leak following sleeve gastrectomy. A. UGI image following sleeve gastrectomy shows contrast opacifying an edematous, 
narrowed, and irregular gastric sleeve (S), with leakage from the proximal sleeve (arrow) into an extraluminal collection (C) extending to the left. 
Additional amorphous extraluminal contrast is seen more inferiorly. B. Axial CT scan with IV and positive oral contrast shows the leak ( arrows ) 
from the gastric sleeve (S) with extraluminal contrast and gas laterally in the left upper quadrant. 



Figure 35-29 Gastric sleeve with stricture and proximal pouch dilation. Supine UGI image in a patient following sleeve gastrectomy shows 
a focal stricture in the midsleeve (arrow) with proximal dilation of the sleeve (S). 
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may also involve the gastric pouch diffusely. Gastric dilation 
can occur because of underlying fibrosis and strictures or 
because of overdistention and stretching of the remaining 
stomach. As in all bariatric procedures, pouch dilation can 
result in failure to lose weight or weight gain. Focal strictures 
may respond to endoscopic dilation, but longer segments of 
narrowing may necessitate surgical revision or resection of 
portions of the pouch with a subsequent gastrojejunostomy. 
Postoperative gastroesophageal reflux is not uncommon, 
having been reported in as many as 21% of patients. Hiatal 
hernias and severe gastroesophageal reflux may necessitate 
conversion to RYGB. 98 

BILIOPANCREATIC DIVERSION WITH 
DUODENAL SWITCH 

Biliopancreatic diversion with duodenal switch (BPD-DS) 
includes restrictive and malabsorptive mechanisms of weight 
loss. A sleeve gastrectomy is performed to limit the size of 
the stomach (restrictive). The duodenum is transected at the 
level of the duodenal bulb, and the proximal ileum is brought 
up and anastomosed to the duodenal bulb. The pylorus 
remains intact. This creates an alimentary limb consisting 
of the gastric sleeve, pylorus, duodenal bulb, and proximal 
ileum (Fig. 35-30). The biliopancreatic limb consists of the 
more downstream duodenum and jejunum and is anasto¬ 
mosed to the distal ileum approximately 75 to 100 cm proxi¬ 
mal to the ileocecal valve. The malabsorptive component is 
created by rearranging the small intestine to bypass the small 
bowel and separate the flow of food from bile and pancreatic 
juices, limiting the absorption of calories and resulting in 
weight loss. 100 

BPD-DS is effective in terms of weight loss, and less patient 
compliance is necessary as compared with restrictive proce¬ 
dures alone. However, because of complications, including 
those from malabsorption, this procedure tends to be reserved 
for superobese patients. It remains less widely performed overall 
as compared with RYGB. There is an increased risk of nutri- 
tional deficiencies, osteoporosis, protein loss and malnutrition, 
anemia, chronic diarrhea, and dumping syndrome. Also, the 
risks and surgical complications are increased with multiple 



Figure 35-30 Biliopancreatic diversion with duodenal switch. 

Overhead radiograph during UGI with small bowel follow-through 
shows a gastric sleeve (S) as the restrictive component of the 
procedure. There is an intact duodenal bulb (D) with a duodenal to 
proximal ileal anastomosis ( arrow ). This bypasses a long segment of 
small bowel and separates the biliopancreatic contents from the 
ingested material, resulting in malabsorption. There is a nasoenteric 
tube in place. 


anastomotic suture lines. Mechanical complications following 
BPD-DS occur in approximately 20% of patients and may 
include obstruction, abdominal wall hernia, and anastomotic 
leaks. Bowel obstruction is identified in as many 16% of 
patients. 101 
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Table 36-1. 
Table 36-2. 
Table 36-3. 
Table 36-4. 
Table 36-5. 


Gastric Ulcers (No Mass) 
Gastric Mass Lesions 
Thickened Gastric Folds 
Gastric Narrowing 
Gastric Outlet Obstruction 


Table 36-6. 
Table 36-7. 
Table 36-8. 
Table 36-9. 


Duodenal Filling Defects 
Thickened Duodenal Folds 
Dilated Duodenum (Megaduodenum) 
Extrinsic Impressions On the Duodenum 


3 6 _^ Gastric Ulcers (No Mass) 


Cause Location Comments 


EROSIONS 

Idiopathic 

Aspirin or other nonsteroidal anti-inflammatory 
drugs 

Crohn's disease 

ULCERS 

Helicobacter pylori 

Aspirin or other nonsteroidal anti-inflammatory 
drugs 
Gastritis 

Zollinger-Ellison syndrome 
Early gastric cancer 


Antrum or body; often aligned on 
rugal folds 

Antrum or body; may be on or 
near greater curvature 
Antrum or body 


Varioliform erosions 

Varioliform, linear, or serpiginous erosions 
Associated Crohn's disease in small bowel orcolon 


Usually on lesser curvature or Accounts for 70%-80% of gastric ulcers 

posterior wall of antrum or body 

Distal half of greater curvature May simulate malignant ulcer 


Variable 

Variable 

Variable 


Hypertrophic gastritis, granulomatous conditions, 
radiation, caustic ingestion, infections 
Associated ulcers in atypical locations; 
hypergastrinemia 

Nodular or deformed folds surrounding ulcer 
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Gastric Mass Lesions 


Cause 


Radiographic Findings 


Comments 


BENIGN MUCOSAL LESIONS 

Hyperplastic polyps 

Adenomatous polyps 
Polyposis syndromes 

Villous tumor 
Bezoar 


Round sessile polyps in fundus or body; 
usually multiple 

Lobulated or pedunculated polyps in antrum; 
often solitary 

Multiple polyps in stomach (also in small 
bowel or colon) 

Giant mass with soap bubble appearance 
Giant masslike filling defect; freely movable 


Not premalignant 
Premalignant 

Familial adenomatosis polyposis, Peutz-Jeghers 
syndrome, Cronkhite-Canada syndrome, juvenile 
polyposis, Cowden's disease 
Premalignant; rare in stomach 

Unusual eating habits; gastroparesis or gastric outlet 
obstruction 


MALIGNANT MUCOSAL LESIONS 

Carcinoma Polypoid mass; ulceration common 


BENIGN SUBMUCOSAL LESIONS 

Benign gastrointestinal stromal 
tumor 

Leiomyoblastoma 

Lipoma 

Hemangioma 
Lymphangioma 
Glomus tumor 
Neurofibroma 
Granular cell tumor 
Inflammatory fibroid polyp 

Ectopic pancreatic rest 


Duplication cyst 


Varices 


Smooth submucosal mass; ulceration 
common; rarely multiple 
Smooth submucosal mass; ulceration 
common 

Submucosal mass with changeable shape at 
fluoroscopy; fat density on CT 
Submucosal mass with phleboliths 
Submucosal mass 
Submucosal mass 

Solitary or multiple submucosal masses 
Solitary or multiple submucosal masses 
Sessile or pedunculated polyp in antrum; 
usually solitary 

Submucosal mass with central umbilication; 
usually on greater curvature of distal 
antrum 

Submucosal mass on greater curvature of 
antrum or body; rarely communicates with 
lumen 

Multiple submucosal masses in fundus 
(likened to a bunch of grapes) 


MALIGNANT SUBMUCOSAL LESIONS 


Malignant gastrointestinal stromal 
tumor 
Metastases 


Lymphoma 

Kaposi's sarcoma 

Carcinoid 

Leukemia 
Multiple myeloma 


Solitary, lobulated submucosal mass; 
ulceration or cavitation common 

One or more submucosal masses; ulceration 
or cavitation common; bull's-eye lesions of 
varying sizes 

One or more submucosal masses; ulceration 
or cavitation common; bull's-eye lesions of 
varying sizes 

Multiple submucosal masses or bull's-eye 
lesions 

Multiple submucosal masses or bull's-eye 
lesions 

Multiple submucosal masses or polyps 

Multiple submucosal masses 


Usually advanced gastric cancer but may occasionally 
be early cancer 


May be difficult to differentiate from malignant 
gastrointestinal stromal tumor 
Risk of malignancy 

Usually asymptomatic 

Risk of massive gastrointestinal bleeding 
Rare 

Usually asymptomatic 
Von Recklinghausen's disease 
Associated lesions on skin ortongue 
Usually asymptomatic 

Usually asymptomatic 


Usually asymptomatic during first year of life 


Portal hypertension or splenic vein obstruction 


Better prognosis than carcinoma 

Most commonly malignant melanoma or metastatic 
breast cancer 

Usually non-Hodgkin's lymphoma 


Homosexuals with AIDS; usually have Kaposi's sarcoma 
on skin 

Carcinoid syndrome uncommon 

Rare 

Rare 
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Thickened Gastric Folds 


Cause Distribution Comments 

BENIGN CONDITIONS 


Antral gastritis 
Helicobacter pylori gastritis 

Hypertrophic gastritis 
Ménétrier's disease 
Zollinger-Ellison syndrome 

Varices 

Eosinophilic gastritis 
Crohn's disease 
Sarcoidosis 
Tuberculosis 
Caustic ingestion 
Radiation 

Floxuridine toxicity 
Amyloidosis 


Antrum 

Usually antrum or antrum and body; sometimes 
diffuse 

Fundus and body 

Fundus and body (massive folds) 

Fundus and body (increased secretions; ulcers 
common) 

Fundus and cardia (serpentine folds) 

Antrum 

Antrum and body 

Antrum 

Antrum 

Antrum 

Antrum 

Antrum and body 
Antrum 


Epigastric pain or dyspepsia 
Associated with peptic ulcer disease 

Increased acid secretion; frequent duodenal ulcers 
Hypochlorhydria and hypoproteinemia 
Hypergastrinemia resulting from non-beta islet cell tumors 

Portal hypertension or splenic vein obstruction 

Peripheral eosinophilia; history of allergic diseases 

Associated Crohn's disease in small bowel or colon 

Pulmonary sarcoidosis 

History of AIDS or travel to endemic areas 

History of caustic ingestion 

History of radiation therapy (>50 Gy) 

Hepatic artery infusion chemotherapy 
Systemic amyloidosis 


MALIGNANT CONDITIONS 

Lymphoma Localized or diffuse 

Carcinoma Localized or diffuse 


May have generalized lymphoma 
Associated narrowing and rigidity of stomach 


Gastric Narrowing 


Cause 


Radiographic Findings 


Comments 


BENIGN CONDITIONS 

Scarring from peptic ulcer disease 
Atrophic gastritis 

Eosinophilic gastritis 
Crohn's disease 

Sarcoidosis 

Tuberculosis 

Syphilis 

Caustic ingestion 
Radiation 

Cytomegalovirus infection 
Amyloidosis 

Antral diaphragm orweb 


Smooth or asymmetric antral narrowing 
Diffusely narrowed, tubular stomach with 
decreased or absent folds 
Antral narrowing 

Funnel-shaped antral narrowing (ram's horn or 
shofar sign) 

Cone-shaped antral narrowing 
Antral narrowing; fistulas common 
Funnel-shaped antral narrowing 
Narrowing of antrum or antrum and body 
Antral narrowing 
Antral narrowing and ulceration 
Antral narrowing 

Transverse weblike area of antral narrowing 


History of ulcers 
Pernicious anemia 

Peripheral eosinophilia; history of allergic diseases 
Associated Crohn's disease in small bowel or colon 

Pulmonary sarcoidosis 

History of AIDS or travel to endemic areas 

Occurs in <1% of patients with syphilis 

History of caustic ingestion; esophageal scarring in 20% 

History of radiation therapy (>50 Gy) 

History of AIDS 
Systemic amyloidosis 
May be asymptomatic 


MALIGNANT CONDITIONS 

Scirrhous carcinoma 

Metastatic breast cancer 
Omental cake 

Non-Hodgkin's lymphoma 
Hodgkin's lymphoma 
Kaposi's sarcoma 


Linitis plastica 
Linitis plastica 

Mass effect and spiculated folds on greater 
curvature; occasionally circumferential 
Linitis plastica 
Linitis plastica 
Linitis plastica 


Antral narrowing classic, but isolated involvement of 
proximal stomach in 40% 

Recent or remote history of breast cancer 
Omental metastases from ovarian carcinoma or other 
malignant neoplasms 

May have generalized non-Hodgkin's lymphoma 
May have generalized Hodgkin's lymphoma 
Homosexuals with AIDS; usually have Kaposi's sarcoma 
on skin 
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TAB LE 

36-5 

Gastric Outlet Obstruction 


Cause 


Radiographic Findings 

Comments 

Peptic 

ulcer disease 

Antral, pyloric, or duodenal ulcer with spasm, 
edema, or scarring 

Difficult to differentiate from tumor if high-grade 
obstruction 

Antral 

scarring 

Antral narrowing 

Crohn's disease, sarcoidosis, tuberculosis, syphilis, caustic 
ingestion, radiation 


Carcinoma 

Other malignant tumors 

Hypertrophic pyloric stenosis 
Antral diaphragm orweb 

Gastric volvulus 
Gastroparesis 


Infiltrating antral or pyloric channel tumor 
Irregular narrowing or extrinsic compression of 
antrum or duodenum 
Elongated, narrowed pylorus 
Transverse, weblike area of antral narrowing 

Dilated, upside-down intrathoracic stomach 
Flaccid stomach with decreased or absent 
peristalsis but no gastric outlet obstruction 


Usually advanced lesions 

Pancreatic carcinoma, lymphoma, retroperitoneal 
metastases 

Uncommon cause of obstruction in adults 

Degree of obstruction depends on size of central 
aperture of web 

Surgical emergency if incarcerated or strangulated 

History of diabetes, narcotic use, or other conditions 
associated with gastroparesis 


36-6 Duodenal Filling Defects 


Cause Radiographic Findings Comments 


NON-NEOPLASTIC CONDITIONS 

Prolapsed antral mucosa 
Flexural pseudotumor 

Heterotropic gastric mucosa 

Brunner giand hyperplasia 

Benign lymphoid hyperplasia 

Choledochocele 
Duplication cyst 

Intramural hematoma 


Mushroom-shaped defect at base of bulb 
Filling defect at superior duodenal flexure 
resulting from redundant mucosa 
Tiny, polygonal, or angulated nodules at base 
of bulb 

Multiple rounded nodules in proximal 
duodenum (Swiss cheese appearance) 
Multiple tiny, rounded nodules in proximal 
duodenum 

Submucosal mass in region of ampulla 
Submucosal mass on medial wall of 
descending duodenum 
Submucosal mass on medial wall of 
duodenum 


Usually asymptomatic 
May simulate mass 

No clinical significance 

Associated with duodenitis 

Associated with immunologic disorders 

Congenital anomaly 
Congenital anomaly 

Bleeding diathesis, anticoagulation, or trauma 


BENIGN TUMORS 

Polyps 

Polyposis syndromes 


Villous adenoma 
Mesenchymal lesions 


Smooth, sessile elevations; usually solitary 
Multiple polypoid lesions 


Polypoid mass with frondlike projections; 
usually near ampulla 

Submucosal mass, often with central ulceration 
or umbilication 


Hyperplastic or adenomatous 
Familial adenomatous polyposis, Peutz-Jeghers 
syndrome, Cronkhite-Canada syndrome, 
juvenile polyposis 
High malignant potential 

Leiomyoma, lipoma, neurogenic tumor, Brunner 
giand hamartoma, ectopic pancreatic rest 


MALIGNANT TUMORS 

Duodenal carcinoma 
Ampullary carcinoma 
Malignant gastrointestinal stromal tumor 

Metastases 

Lymphoma 

Kaposi's sarcoma 

Carcinoid 


Polypoid mass at or distal to papilla of Vater 

Polypoid mass in region of ampulla 

Lobulated submucosal mass; ulceration or 
cavitation common 

Multiple submucosal masses or bull's-eye 
lesions 

Multiple submucosal masses or bull's-eye 
lesions 

Multiple submucosal masses or bull's-eye 
lesions 

Multiple submucosal masses or bull's-eye 
lesions 


Gastrointestinal bleeding or obstruction 

Jaundice common 

Better prognosis than carcinoma 

Most commonly malignant melanoma or 
metastatic breast cancer 
Usually non-Hodgkin's lymphoma 

Homosexuals with AIDS; usually have Kaposi's 
sarcoma on skin 

Carcinoid syndrome uncommon 







36 Stomach and Duodenum: Differential Diagnosis 661 


> 1 

TAB LE 

36-7 

Thickened Duodenal Folds 


Cause 

Radiographic Findings 

Comments 


Duodenitis 

Brunner giand hyperplasia 
Chronic renal failure 
Pancreatitis 

Zollinger-Ellison syndrome 

Crohn's disease 
Parasitic infection (giardiasis, 
strongyloidiasis) 
Cryptosporidiosis 
Celiac disease 
Intramural hemorrhage 

Varices 

Lymphoma 


Thickened, nodular folds in proximal duodenum; 

occasionally associated with erosions 
Thickened, nodular folds in proximal duodenum 
Markedly thickened, nodular folds, particularly in bulb 
Thickened folds associated with medial compression 
orwidening of duodenal sweep 
Thickened folds in stomach, duodenum, and proximal 
jejunum 

Thickened folds, ulceration, orstrictures 
Thickened or effaced folds, irritability, and spasm in 
duodenum and proximal jejunum 
Thickened folds in duodenum and small bowel 
Thickened folds in proximal duodenum 
Thickened, spiculated folds or thumbprinting 

Serpentine folds in proximal duodenum 
Thickened folds or thumbprinting 


Not a reliable diagnosis unless folds grossly thickened 

Usually associated with duodenitis 
Usually on dialysis 

Elevated serum amylase level; CT, MRI, or ultrasound 
for confirmation 
Ulcers in atypical locations 

Associated Crohn's disease in small bowel or colon 
Stool cultures or small bowel brushings and biopsy 
specimens for diagnosis 
History of AIDS; profuse secretory diarrhea 
Often associated with bubbly bulb 
History of bleeding diathesis, anticoagulation, or 
trauma 

Portal hypertension 

Usually non-Hodgkin's lymphoma 


Dilated Duodenum (Megaduodenum) 


Cause 


Associated Radiographic Findings 


Comments 


Scleroderma 
Celiac disease 
Zollinger-Ellison 
syndrome 
Strongyloidiasis 

Superior mesenteric 
root syndrome 
Vagotomy 
Obstruction 

lleus 


Dilated small bowel with hide-bound appearance 

Dilated small bowel with decreased number of folds in jejunum 

Thickened folds and increased secretions in stomach and 
duodenum; one or more ulcers 

Thickened or effaced folds, ulceration, or lead pipe appearance in 
duodenum and jejunum 

Broad, linear Crossing defect on distal duodenum by mesenteric 
root 

Dilated small bowel 

Benign or malignant narrowing or extrinsic compression of 
duodenum 

Dilated duodenum without mechanical obstruction 


Systemic signs of scleroderma 

Malabsorption 

Hypergastrinemia 

History of AIDS or travel to endemic areas 

Thin or bedridden patients 

Appropriate surgical history 
Postbulbar ulcer, Crohn's disease, pancreatitis, 
metastatic disease 

Postoperative ileus, metabolic imbalance, 
pancreatitis 


Extrinsic Impressions on the Duodenum 


Cause 

Location 

Radiographic Findings 

Comments 

Pancreatic disease 

Medial 

Widened duodenal sweep 

Pancreatitis, pancreatic pseudocyst, or 
pancreatic carcinoma 

Peripancreatic adenopathy 

Medial 

Widened duodenal sweep 

Peripancreatic metastases or lymphoma 

Aortic aneurysm 

Medial 

Widened duodenal sweep 

Aortoduodenal fistula is a rare complication 

Gallbladder disease 

Superior 

Extrinsic compression of bulb or proximal 
duodenum 

Acute or chronic cholecystitis or hydrops of the 
gallbladder 

Liver disease 

Superior 

Extrinsic compression of bulb or proximal 
duodenum 

Hepatomegaly of any cause 

Renal disease 

Posterolateral 

Extrinsic compression of descending 
duodenum 

Polycystic kidneys, renal cell carcinoma 

Colonic disease 

Anterolateral 

Extrinsic compression of descending 
duodenum 

Carcinoma of the hepatic flexure 
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The focus of this chapter is on barium examinations of the 
mesenteric small intestine. Normal anatomy pertinent to 
understanding barium examinations is presented. The variety 
of contrast examinations for studying the small intestine is then 
described. Finally, a symptom-based approach to contrast 
imaging of the small intestine is presented. 

Normal Small Intestine 

The small intestine is extremely tortuous, beginning at the 
pylorus and extending about 11 feet in the living human from 
the pylorus to the ileocecal valve. Intestinal length is extremely 
variable, depending on neuromuscular tone and vascular flow. 
For example, the denervated, bloodless intestine stretched at 
autopsy varies from 10 to 30 feet. 1 A patient with a small bowel 
obstruction will have a tortuous, long, and wide small intestine 
in which the jejunum may fall deep into the pelvis. 


The mesenteric portion of the small intestine is suspended 
from the retroperitoneum by the relatively short root of the 
small bowel mesentery, extending about 15 cm from the duo- 
denojejunal junction to the right iliac fossa. 2 The mesenteric 
small intestine is divided into the jejunum and ileum. The 
jejunum arbitrarily comprises the proximal 40% of the mesen¬ 
teric small intestine and the ileum makes up the distal 60% (Fig. 
37-1). The jejunum typically occupies the left upper quadrant, 
and the ileum occupies the pelvis and right lower quadrant. The 
location of the jejunum and ileum is often variable, however, 
given the mobility of the intestine on the root of the mesentery. 
Not infrequently, the jejunum flops into the right upper quad¬ 
rant or changes position during fluoroscopic examination of 
the small bowel. 

The small intestine has a smooth curvilinear contour, as 
readily seen on abdominal radiographs or cross-sectional 
imaging studies in patients with free intraperitoneal air. The 
inner contour of the intestine is characterized by folds that 
encircle the lumen, known as the folds of Kerckring, valvulae 
conniventes, or plicae circulares (Fig. 37-2). These folds are 
composed of mucosa and submucosa (Fig. 37-3) and increase 
the surface area of the small intestine by 300%. 1 The small 
bowel folds lie perpendicular to the longitudinal axis of the 
intestine and are thicker, taller, and more numerous in the 
jejunum than in the ileum (Table 37-1). 2,3 Villi are leaf- or 
finger- shaped protrusions of epithelium and lamina propria 
(see Fig. 37-3) that stud the surface of the folds. Each villus has 
a core of lamina propria containing a cellular stroma, capillar- 
ies, a lacteal, and nerves. Villi are tall and thin in the jejunum 
and shorter and broader in the ileum. 1 Duodenal villi are more 
variable and can be short and broad, leaf-shaped, or branched. 1 
The villi are about 1 mm in cross section and are just at the 
limits of fluoroscopic resolution (Fig. 37-4). In contrast, the 
microvillous brush border of the small intestine is invisible on 
all radiographic examinations. 

The small intestine is one of the largest immunologic organs 
of the body and a major site of interaction with foreign food 
antigens, pathogens, and toxins. 4 The host defenses begin at the 
epithelial surface with a mucus layer containing immunoglobu- 
lins (especially secretory IgA) and enzymes. This mucus pre¬ 
vents microbes from adhering to the epithelium and acts as a 
buffer and lubricant. 1 A variety of other defenses also pro teet 
the host from these food antigens, including intraluminal 
gastric acid, bile salts, and pancreatic enzymes, and small bowel 
peristalsis. 

The small bowel epithelium is composed of a single layer of 
cells bound by tight junetions impermeable to large molecules 
and pathogens. Intramucosal phagocytes include granulocytes, 
macrophages, and Paneth cells. Three distinet lymphocyte pop¬ 
ulations are present in the intestine within the epithelium, 
lamina propria, and Peyer’s patches. Intraepithelial lymphocytes 
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Figure 37-1 Normal small intestine. Overhead radiograph from 
$nt$rpgly?i$ femgll b?w$l $n$mg) ?hpw? jejgngm (J) in th$ l$ft 
upper auadrant and the ileum (I) in the right lower auadrant. The 
trgn?v$r$$ gplgn i? gl$Q $$$n (T). Th$ fplcj? gr? mgr$ ngmgrgg?, tgllgr, 
and sliahtlv thicker in the jejunum than in the ileum . The jejunum can 
be up to 4 cm in diameter and the ileum up to 3 cm in diameter. 



Figure 37-2 Normal small bowel folds. Spot imaae of the mid-smal I 
intestine from enteroclvsis shows the folds as linear radiolucent fillina 

defects (long black arrows ) in the shallow barium pool. In contrast, 
nondeoendent folds are etched in white (short black arrows). The heiaht 

of the folds ( white arrow) indicates that this image was obtained from 

the distal ieiunum-proximal ileum. The mucosal surface is smooth . 


are located in the basal portion of the epithelium and comprise 
up to 30% of the cell population in the mucosa. Immunocytes 
in the lamina propria are composed mainly of IgA-secreting 
plasma cells and lymphocytes. T lymphocytes of helper- 
inducer and suppressor-cytotoxic types are present. Lymphoid 



Figure 37-3 Portions of two small bowel folds are present on 
this histologic photomicrograph. Each fold (plica) is composed of a 
mucosal layer (M) (epithelium, lamina propria, and muscularis 
mucosae) covering a submucosal core (S). Each villus (arrow) is 
composed of a single layer of epithelial cells covering a core of 
lamina propria. The muscularis propria is composed of an inner 
circular muscle layer (C) and outer longitudinal muscle layer (L). 


table Normal Parameters for Enteroclysis and Small 
37-1 Bowel Follow-Through 


Parameter Enteroclysis Small Bowel Follow-Through 

NUMBER OF FOLDS PER INCH 

Jejunum Four to seven Difficult to count 

Ileum Two to four (or less) Difficult to count 


FOLD THICKNESS (MM) 

Jejunum 1-2 2-3 

Ileum 1-1.5 1-2 


FOLD HEIGHT (MM) 

Jejunum 3-7 Difficult to assess 

Ileum 1-3 Difficult to assess 


LUMEN WIDTH (CM) 

Jejunum <4 cm <3 

Ileum <3 <2 


aggregates spån the muscularis mucosae, with portions of these 
aggregates in the lamina propria and submucosa. These lym¬ 
phoid aggregates increase in size and number in the distal ileum 
(Fig. 37-5), forming confluent Peyer’s patches in the lower ileum. 
A specialized epithelium that is one cell layer in thickness sepa¬ 
rates these lymphoid aggregates from the lumen, facilitating 
antigen processing. The lymphoid aggregates do not have a 
capsule, defined horders, a medulla, or afferent lymphatics that 
are present in lymph nodes. 1 The follicular areas are composed 
of B cells, and the parafollicular regions are composed of T cells. 
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Figure 37-4 Normal villi demonstrated by enteroclysis. Spot 
image of the jejunum shows villi in one loop as tiny, submillimeter, 
round radiolucent filling defects (open arrows). This loop can be 
identified as jejunum by the relatively tall height of the folds 
(thin arrow). 


Principles for Performing and 
Interpreting Small Bowel 
Examinations 

The small intestine is a diffkult structure to image. The intra- 
luminal environment is hostile to barium preparations. A large 
amount of fluid (~9 L) enters the small intestine each day, with 
only 1.5 to 1.9 L entering the colon. 5 Bile acids, gastric acids, 
pancreatic secretions, and the epithelial mucus layer interact 
with barium in the small intestine. Fortunately, most modern 
barium suspensions no longer suffer from flocculation and 
dumping, as often occurred in the past. 

Because of the inherent length and motility of the small 
intestine, imaging of this structure can take a long time. Intes- 
tinal loops overlap and change in size, shape, and position with 
peristalsis. Normal small bowel transit ranges from 30 to 120 
minutes. The transit time can be lengthened dramatically in 
patients with obstruction or adynamic ileus from various 
causes. 

The radiologist evaluates the overall location, course, and 
size of various portions of the small intestine. 6 For example, the 
radiologist determines the location of the duodenojejunal junc- 
tion and the location of the first loops of jejunum. The radiolo¬ 
gist also evaluates the luminal contour and searches for 
abnormalities that extend beyond the small intestine (e.g., 
diverticula [Fig. 37-6], sacculations, ulcers, exoenteric masses) 
or lesions that protrude in to the lumen (e.g., polyps [Fig. 37-7], 
abnormal folds). The small bowel folds are best evaluated when 
the lumen is fully distended, and the folds lie perpendicular to 



Figure 37-5 Lymphoid hyperplasia of the distal ileum caused by 
common variable immunodeficiency. Spot image of the distal ileum 
shows numerous 1- to 2-mm round or ovoid radiolucent filling defects 
in the shallow barium pool (arrow). These lymphoid follicles are more 
numerous and extend more proximally than usual. The ileal side of 
the ileocecal valve is identified (I). 



Figure 37-6 Jejunal diverticula. Spot image from enteroclysis 
shows at least 10 small diverticula extending from the mesenteric 
border of a jejunal loop. Some diverticula are etched in white by 
barium (white arrows), and others are filled with barium (black arrow). 
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the longitudinal axis of the bowel. Fold width also depends on 
the degree of luminal distention; the greater the distention, the 
thinner the folds appear (Fig. 37-8). The folds are best shown 
after mucus has been washed off the luminal surface by the 
barium column. If folds are evaluated long after the barium 
column has passed, intestinal secretions can lift barium away 



Figure 37-7 Carcinoid tumor in the ileum. Spot image of the distal 
ileum shows a 1.5-cm ovoid radiolucent filling defect ( white arrow) 
protruding into the barium column. Note how the folds ( black arrows) 
are pulled toward the tumor by a desmoplastic reaction at the base 
of the lesion. A second small carcinoid tumor is seen (open arrow). 
This desmoplastic reaction is typical of carcinoid tumors or 
intraperitoneal metastases. 


from the mucosal surface so that the folds may erroneously 
appear thickened. En face mucosal detail is seen during com- 
pression of the barium column or with double-contrast tech- 
nique. Visualization of this mucosal detail is necessary for 
detecting mucosal granularity or nodularity or small ulcers, 
such as aphthoid ulcers (Fig. 37-9). 

Fluoroscopy is a key component of any small bowel exami- 
nation. The radiologist examines the head of the barium column 
to understand the course of the small intestine and to detect 
contour abnormalities or filling defects in the barium column. 
The radiologist also assesses bowel motility, distensibility, and 
pliability during the fluoroscopic examination. Fixation of 
intestinal loops can also be recognized by manual palpation of 
the bowel. 

Small Bowel Follow-Through 

There are many ways to perform a small bowel follow-through 
examination. In this chapter, I discuss the technique that I use. 
A small bowel follow-through is a single-contrast examination 
of the esophagus, stomach, and small intestine that uses barium 
most appropriate for the small bowel. For this examination, the 
patient drinks a large volume (500-1000 mL) of low-density 
(30%-50% w/v) barium specifically designed for evaluating the 
small intestine. 

The patient should not eat or drink after 9 to 11 pm the day 
before the examination. If a peroral pneumocolon is to be per- 
formed, the patient should receive a barium enema preparation 
to cleanse the terminal ileum and right side of the colon. 

A single-contrast upper gastrointestinal (GI) series is often 
performed (using 1-2 cups of low-density barium) as a prelude 
to examining the small bowel. The purpose of the upper GI 
series is to show gross upper GI involvement by diseases that 
affect the small bowel, such as Crohn’s disease and scleroderma. 
Esophageal or gastric abnormalities may also be detected as 
incidental Åndings, given the high frequency of upper GI 



Figure 37-8 Variation in the width of small bowel folds with luminal distention. A. Spot image obtained during early single-contrast 
phase of enteroclysis shows a focal area of tapered narrowing ( medium-sized arrow) containing an irregular collection of barium ( long arrow). 
Note apparent widening of the small bowel folds ( short arrow) when the lumen is incompletely distended. B. Spot image obtained during 
early phase of methylcellulose filling (the loop is still visualized mainly in single contrast before a transradiant methylcellulose effect has been 
achieved) shows how the narrowed segment has a more abrupt proximal margin ( long black arrow). An amorphous collection of barium 
(white arrow) disrupts the normal luminal contour and fold pattern. This was an ulcerated adenocarcinoma of the distal jejunum causing 
low-grade small bowel obstruction. Note the normal width of the small bowel folds ( short black arrow) in the distended jejunum proximal to 
the tumor. 
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Figure 37-9 Aphthoid ulcers in Crohn's disease. Spot imaae of 
the terminal ileum from a peroral pneumocolon shows aphthoid 
ulcers (arrows) as ounctate barium collections surrounded bv 

radiolucent halos of edema. 


disorders such as gastroesophageal reflux disease. However, a 
double-contrast upper GI examination using high-density 
barium is not performed, because this barium is not designed 
for evaluating the small intestine and, if used, high-density 
barium often prevents adequate visualization of pelvic small 
bowel loops. The radiologist therefore sacrifices double-contrast 
evaluation of the upper GI tract to ensure a more optimal 
examination of the small intestine. After the esophagus, stomach, 
and duodenum are evaluated, the patient leaves the fluoro- 
scopic suite and slowly sips an additional 1 to 2 cups of low- 
density barium. 

In some practices, a technologist obtains overhead radio- 
graphs and a radiologist evaluates the overheads views, only 
fluoroscoping and palpating the small bowel when an abnor- 
mality is suspected or when barium has reached the terminal 
ileum. Such an approach is strongly discouraged. A small bowel 
follow-through relies on fluoroscopic detection and spot image 
documentation of all abnormalities. Each loop of small bowel 
is palpated when it is optimally distended by low-density 
barium (Fig. 37-10). The radiologist should therefore evaluate 
the patient at least several times—about 15 to 30 minutes after 
the single contrast upper GI series is performed and then at 
15- to 45-minute intervals, depending on how fast the barium 
column is progressing through the small intestine. The patient 
is turned in to various positions, and manual palpation (includ- 
ing supine, lateral, and prone compression views) is used to 
splay out individual small bowel loops. In my practice, I no 
longer obtain overhead radiographs. If the big picture is 
required, a digital spot radiograph obtained at the lowest mag- 
nifkation is usually adequate for this purpose. 



Figure 37-10 Normal small bowel follow-through. Spot 
radiograph with compression shows the distal jejunum. When the 
loops are well distended (D) and separated from each other, an 
image from a small bowel follow-through is comparable to that from 
enteroclysis. When loops are overlapping (black O), however, the 
density of the barium may obscure anatomic detail. When loops are 
overlapping and partially collapsed, the overlapping folds may form a 
feathery pattern (white O). 


The length of the examination can be shortened by admin- 
istering a standard dose of 20 mg of metoclopramide (Regian) 
orally 20 to 30 minutes before the study or 10 mg intravenously 
at the beginning of the examination. 9 Metoclopramide accel- 
erates gastric emptying and small bowel transit. Unfortunately, 
metoclopramide also increases resting muscle tone, resulting in 
incomplete small bowel distention. 10 The result is a faster but 
less optimal examination. 

Some radiologists administer two to three doses of efferves- 
cent agent (600-900 mL of C0 2 ) when the barium column 
reaches pelvic loops of ileum or the terminal ileum. This tech- 
nique shortens the examination and demonstrates small bowel 
loops on an air-contrast study. Nevertheless, administration of 
an effervescent agent can be uncomfortable because large 
volumes of gas can incite intestinal cramping. It also results in 
decreased luminal distention in comparison to enteroclysis, and 
only one third to one half of the small bowel is shown on the 
air-contrast study. 11 

Some radiologists use a premade mixture of 24% w/v 
barium suspended in methylcellulose. This barium suspension 
produces greater luminal distention than a routine small 
bowel follow-through, as well as a transradiant effect that 
mimics enteroclysis. 12 However, the barium is not as dense 
as that used for a routine small bowel follow-through so it 
can be more difficult to detect filling defects in the barium 
column. Luminal distention is also less than that in 









670 SECTION VI Small Bowel 



Figure 37-11 Partially distended small bowel during small bowel 
follow-through. Folds (F) in a partly distended proximal ileal loop 
have a feathery pattern. The contour is well visualized (open arrow) 
when a loop is isolated. When loops are contracting (short arrow), a 
smooth impression is seen on the mesenteric border, mimicking an 
extrinsic lesion indenting the small bowel. When a loop is collapsed 
or contracting, folds lie parallel to the longitudinal axis of the 
small bowel (long arrow). Dense areas of barium may result from 
overlapping loops (black O) that can be separated by compression. 


enteroclysis, because it is limited by the rate of gastric emp- 
tying at the pylorus. 

The small bowel follow-through has two important limita- 
tions. Even with the use of metoclopramide, the pylorus delays 
emptying of barium from the stomach so the small bowel may 
be incompletely distended. As a result, it can be difficult to 
evaluate luminal contour (Fig. 37-11) or detect filling defects in 
the barium column. Because normal transit time for the small 
bowel is 30 to 120 minutes, it also is not feasible for the radiolo¬ 
gist to remain in the fluoroscopy suite for the entire examina- 
tion. As a result, the small bowel can only be evaluated 
intermittently, and lesions can be missed, depending on the 
degree of filling and distention of individual small bowel loops 
at the time of fluoroscopy. 

PERORAL PNEUMOCOLON 

A peroral pneumocolon may be performed in conjunction with 
a small bowel follow- through. 13 ' 16 This is a double-contrast 
examination, primarily used to evaluate patients with suspected 
Crohn’s disease in the terminal ileum or evaluate the right side 
of the colon in patients in whom a barium enema or colonos- 
copy failed to visualize this portion of the bowel adequately. 

The patient undergoes a barium enema preparation to clear 
feces from the terminal ileum and right side of the colon. After 
a routine small bowel follow-through has been performed, 
1 mg of glucagon is administered intravenously, and air is insuf- 
flated into the rectum via a Foley catheter. The colon is slowly 
distended with air as the patient is turned into various positions 
to manipulate air into the cecum and terminal ileum. Air can 
be refluxed successfully into the terminal ileum in 85% to 90% 



Figure 37-12 Normal distal ileum demonstrated during peroral 
pneumocolon ( arrows ). Spot radiograph shows the terminal ileum (T) 
and distal ileum (white I) in an air-contrast study. The mucosa is 
smooth and featureless. The ileal folds ( arrows ) are of normal 
thickness. The cecum (C) and ileal side of the ileocecal valve (black I) 
are also identified. 


of patients. Double-contrast spot images of the pelvic ileum, 
terminal ileum, and right side of the colon are then obtained 
(Fig. 37-12). 

Enteroclysis 

The small intestine has been examined via intubation tech- 
niques since the 1920s. All these techniques entail position- 
ing a tube beyond the pylorus, overdistending the small bowel 
with various contrast agents, and detecting abnormalities at 
fluoroscopy. The multiplicity of techniques for performing 
enteroclysis reflects the imperfections of each individual tech- 
nique. Lack of universal acceptance of this procedure by the 
radiologic community is related to the relatively high level of 
expertise needed to perform enteroclysis and to patient discom- 
fort during the intubation procedure. 

PREPARATION 

An unprepped patient often has feces in the terminal ileum and 
right side of the colon. This fecal matter obscures mucosal 
detail, mimics polyps, and impedes passage of contrast material 
through the distal ileum. 21 A preparation is therefore given to 
clear feces from the terminal ileum and right colon before the 
examination. This can be a full barium enema-type prepara¬ 
tion, including osmotic cathartics such as magnesium citrate 
and colonic stimulants such as bisacodyl. At my institution, 
I have achieved successful cleansing of the right side of the 
colon with a clear liquid diet the day before the examination 
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Figure 37-13 Value of metoclopramide for evaluating narrowing of the terminal ileum in a patient with Crohn's disease. A. Spot 
radiograph from a small bowel follow-through shows a stringlike segment of narrowing ( arrows ) in the terminal ileum inferior to the cecum (C). 
B. After metoclopramide has been administered, the narrowed segment (short arrows ) distends considerably but is still abnormal, with effaced 
folds and nodular mucosa caused by Crohn's disease. An ileoileal fistula (open arrows ) is also visualized. These images show how narrowing in 
Crohn's disease may be caused by a combination of spasm, edema, inflammatory change, and fibrosis. 


combined with four 5-mg tablets of bisacodyl given the evening 
before the examination. The patient does not eat or drink after 
midnight. On the day of the examination, the patient should 
temporarily discontinue medications such as narcotics that 
decrease small bowel peristalsis. 

METOCLOPRAMIDE 

Metoclopramide is administered orally or intravenously before 
the examination. 21 Metoclopramide begins to take effect 1 to 
3 minutes after intravenous (IV) injection of a 10-mg dose or 
30 to 60 minutes after ingestion of two 10-mg tablets." 3 This 
drug facilitates passage of the enteroclysis catheter by relaxing 
the pyloric sphincter and duodenal bulb and by increasing 
gastric antral contractions. 24,25 Passage of barium through the 
small bowel is accelerated because metoclopramide increases 
peristalsis in the duodenum and jejunum. Metoclopramide may 
also improve visualization of strictures in Crohn’s disease (Fig. 
37-13). However, its use is contraindicated in patients with 
known pheochromocytomas because it may stimulate catechol- 
amine release from these lesions, precipitating a hypertensive 
crisis. 26 It is also contraindicated in patients with epilepsy or 
patients receiving drugs that may cause extrapyramidal reac¬ 
tions because it increases the frequency and severity of seizures 
associated with these reactions. 

ANESTHESIA 

The major complaint that patients have about enteroclysis is 
intubation. Patients can be made more comfortable by the use 
of conscious sedation. 7 One protocol for conscious sedation 
includes a combination of fentanyl or diazepam for analgesia 
and midazolam for an amnesic effect. 21 Oral diazepam alone 
can be used as an alternative. 24 

INTUBATION 

A variety of enteroclysis catheters are available from several 
manufacturers. 28-30 The catheters have a diameter of 8 to 13 F, 
an end hole or side holes, and a balloon attached to their tips. 


One manufacturer has a multiple-lumen catheter capable of a 
diagnostic study and therapeutic decompression. 31 

I suggest having the patient ingest a small amount (15-30 mL) 
of enteroclysis barium orally before intubation. This barium 
coats the antrum, pylorus, and duodenal bulb, which are impor- 
tant landmarks that guide the radiologist in passing the entero¬ 
clysis catheter. 

A complete description of intubation techniques is beyond 
the scope of this chapter, but is described in several refer¬ 
ences. 6,21,22,24 The enteroclysis catheter can be passed into the 
oropharynx via an oral or nasal route. The oral route has 
the advantage of allowing visualization of catheter passage into 
the throat but the disadvantage of causing more gagging. Oral 
intubation is made easier by the use of a topical anesthetic spray. 
In contrast, the nasal route causes less gagging because there is 
less contact of the catheter with the base of the tongue and 
posterior pharyngeal wall. However, nasal intubation may cause 
nasal bleeding and may result in prolonged nasal discomfort as 
the catheter is manipulated during the examination. Nasal intu¬ 
bation is made easier with the use of topical lidocaine jelly in 
the intubated naris. 

The major purpose of the catheter guidewire is to torque or 
guide the tip of the catheter along the longitudinal axis of the 
bowel. The guidewire is sometimes placed at the tip of the 
catheter, with appropriate torquing to guide the catheter in 
the proper direction. At other times, the guidewire is retracted, 
allowing the soft tip of the catheter to pass through sensitive 
regions, such as the pylorus, or to curve around tight bends, 
such as the apex of the duodenal bulb (Fig. 37-14). Passage of 
the catheter into the duodenum is also facilitated by changing 
the configuration of the bowel with manual compression (Fig. 
37-15) or by turning the patient on the fluoroscopic table. The 
tip of the catheter can be left in the second portion of the duo¬ 
denum for single-contrast or air-contrast enteroclysis. When 
methylcellulose is used, however, the tip of the catheter should 
ideally be placed in the first loop of jejunum to limit reflux of 
methylcellulose into the stomach. Inflation of the balloon on 
the catheter also helps prevent methylcellulose from refluxing 
into the stomach. If the patient complains of discomfort during 
inflation of the balloon, it should immediately be deflated until 
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Figure 37-14 Enteroclysis catheter directed around the apex of 
the duodenal bulb. The soft tip of the enteroclysis catheter is 
bending around the 180-degree turn (thick arrow) between the 
duodenal bulb and proximal descending duodenum. The wire (thin 
arrow ) has been retracted, allowing the catheter tip to be more 
pliable so that it can bend around this curve. Contrast in the 
duodenum (D) is the residue of 30 mL of barium swallowed at the 
outset of the study to outline the anatomy of the pyloric region and 
facilitate passage of the catheter. 


the discomfort subsides. Duodenal perforation was reported in 
one patient during intubation for enteroclysis. 32 

Successful intubation during enteroclysis depends on the 
skili and experience of the examining radiologist, whether or 
not sedation is used, and the patient’s anatomy. Intubation is 
more difficult in patients with a prominent cricopharyngeus, 
hiatal hernia, and transversely oriented stomach. Intubation is 
also potentially more difficult in patients with a dilated atonic 
stomach resulting from diabetes or other causes. 

Contrast material can be infused through the enteroclysis 
catheter with syringes or a variety of pumps. The use of an 
electric pump (e.g., a minidialysis pump, RS-7800; Renal 
Systems, Minneapolis) enables the radiologist to control the 
infusion rate accurately, which can be adjusted during the 
examination. 33 If the infusion rate is too fast, overdistention of 
the jejunum may cause hypotonia of the bowel. If the infusion 
rate is too slow, however, the lumen may be suboptimally dis- 
tended, prolonging the examination time. Flow rates are gener¬ 
ally between 50 and 150 mL/min. 

The following descriptions of the various types of enterocly¬ 
sis reflect my experiences with these techniques. Each radiolo¬ 
gist should carefiilly evaluate the advantages and disadvantages 
of each before choosing a particular method for performing 
enteroclysis. 

SINGLE-CONTRAST ENTEROCLYSIS 

A low-density (20%-40% w/v) barium is the usual contrast 
agent for single-contrast enteroclysis. 25,34 In rare cases of 



Figure 37-15 Compression by examiner to guide the enteroclysis 
catheter. The hånd of the examiner covered by a lead glove (arrow) 
pushes on the greater curvature of the stomach. This directs the 
enteroclysis catheter toward the pylorus. Note how the guidewire is 
retracted from the tip of the catheter. 


suspected perforation, water-soluble contrast agents (e.g., 
meglumine diatrizoate, diatrizoate sodium) can be used. The 
enteroclysis catheter is passed into the proximal duodenum. 
Contrast is instilled via a syringe, pump, or gravity feed bag. 
Between 600 and 1200 mL of barium are injected at an initial 
rate of about 75 mL/min. After administering a large volume of 
barium, water may be instilled into the catheter to push barium 
into the distal ileum and obtain a moderate double-contrast 
effect. 

Single-contrast studies are simpler to perform than other 
types of enteroclysis because only one contrast agent is used. 
Reflux of barium into the stomach rarely induces vomiting, 
as sometimes occurs with methylcellulose. With an air- or 
methylcellulose-contrast technique, the mucosal surface of the 
small bowel is readily demonstrated en face. With single- 
contrast technique, however, evaluation of mucosal detail en 
face depends on compression and analysis of fold morphol- 
ogy. Although single-contrast technique is inferior to double- 
contrast techniques for visualizing mucosal detail, the 
diagnosis of many small bowel abnormalities (e.g., adhesions, 
tumors, hernias) does not require subtle demonstration of 
surface detail. In patients with known or suspected malab- 
sorption, however, double-contrast enteroclysis techniques are 
recommended. 

AIR-CONTRAST ENTEROCLYSIS 

Air contrast is the standard form of enteroclysis in Japan and 
has become a favorite technique of Dr. Dean Maglinte, one of 
the leading proponents of enteroclysis. 21,35 ' 37 I have used the 
technique at one of my institutions, where an electric pump was 
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Figure 37-16 Jejunum during air-contrast enteroclysis. Coned- 
down view from an overhead radiograph demonstrates the small 
intestine in an air-contrast study. The jejunum (J) is well shown where 
loops are seen without overlap. When loops overlap (O), however, the 
small bowel is not optimally visualized. 


not available for methylcellulose infusion. After intubation of 
the proximal duodenum, between 300 and 600 mL of barium 
varying from 40% to 80% w/v is instilled by gravity, syringe, or 
pump. The infusion rate of barium is altered to preserve peri- 
stalsis and for uniform distention of the proximal and mid- 
small bowel. Room air or carbon dioxide is administered when 
barium reaches the pelvic small bowel 21 or terminal ileum. 
Small bowel hypotonia may be induced by IV injection of 1 mg 
of glucagon after barium has reached the right side of the 
colon. 6 

Air-contrast enteroclysis produces spectacular mucosal 
detail in loops coated by barium and distended by gas (Fig. 
37-16). However, I have found it difficult to titrate the amount 
of barium necessary to coat the bowel without having too much 
barium in the lumen. Unlike double-contrast studies of the 
stomach and colon, it is more difficult to manipulate the barium 
pool so some loops are visualized only with dense barium, 
despite using various patient positions and compression (Fig. 
37-17). Overlap of barium-filled loops with air-filled loops also 
results in radiographic overexposure of the loops demonstrated 
in air contrast. Distention of pelvic loops with air is sometimes 
incomplete. 

Another disadvantage of air-contrast enteroclysis is that 
injection of large volumes of air into the small intestine may 
cause considerable discomfort. Sedation of these patients is 
therefore strongly recommended by some authors. 21 

In summary, I have achieved beautiful demonstration of the 
jejunum but suboptimal demonstration of pelvic ileal loops 
with air-contrast enteroclysis. Air-contrast techniques are more 
likely to be of value for patients with intestinal disease involving 
long segments of small bowel (e.g., malabsorptive State, Crohns 
disease). Methylcellulose-contrast enteroclysis is more effective, 



Figure 37-17 Too much barium on air-contrast enteroclysis. 

Mid-small bowel loops are well visualized (J) in some areas. In other 
areas, however, dense barium (D) obscures folds and mucosal detail. 
It is sometimes difficult to titrate the appropriate volume of barium 
for air-contrast enteroclysis. 


however, for patients with adhesions or other lesions involving 
shorter segments of bowel. 

METHYLCELLULOSE-CONTRAST ENTEROCLYSIS 

During methylcellulose-contrast enteroclysis, a small volume of 
barium is propelled through the small intestine by a large 
volume of radiolucent liquid (the methylcellulose; Fig. 
37-18). 22,38 Medium-density (40% to 80% w/v) barium coats 
the intestinal mucosa, and methylcellulose distends the lumen. 
This is a biphasic examination. The radiologist follows the 
column of barium, looking for obstructing lesions (see Fig. 
37-8) or lesions in the barium pool (Fig. 37-19). The small 
bowel folds and en face mucosal detail are then evaluated when 
the lumen is distended by methylcellulose. Full luminal disten¬ 
tion by methylcellulose straightens the valvulae conniventes, 
better delineates en face mucosal detail, and overdistends the 
lumen, increasing conspicuity of low-grade obstructing lesions. 

Varying amounts and densities of barium have been used for 
methylcellulose-contrast enteroclysis. I routinely use 220 to 
300 mL of 80% w/v barium, infusing barium at 60 to 80 mL/ 
min via a syringe until about half of the expected intestinal 
loops are visualized. Herlinger and associates use 180 to 220 mL 
of 80% w/v barium. 24 Maglinte and colleagues recommend 
infusing 300 to 600 mL of 50% w/v barium until pelvic loops 
of the ileum are filled. 39 The amount of barium infused for this 
examination ultimately depends on the perceived length and 
diameter of the small intestine and on the presence or absence 
of obstruction or increased intraluminal fluid. 

The use of methylcellulose enables the radiologist to see 
through overlapping small bowel loops to a greater degree than 
that allowed with single-contrast or air-contrast enteroclysis. 
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However, methylcellulose-contrast enteroclysis also has several 
disadvantages. Methylcellulose is a thick sticky substance that 
may require dilution in the “barium kitchen ” Bubbles will form 
if methylcellulose is shaken, not stirred. Unless an electric pump 
is used, methylcellulose is messy and difficult to instill. The 
enteroclysis catheter tip should be placed in the jejunum because 
reflux of methylcellulose into the stomach may induce projec- 
tile vomiting. If the radiologist needs to visualize the duode- 
num, the catheter should therefore be retracted to the proximal 
duodenum at the end of the examination and additional barium 
infused (Fig. 37-20). Once methylcellulose has reached the 



Figure 37-18 Methylcellulose-contrast enteroclysis. Overhead 
radiograph obtained at the end of the enteroclysis examination shows 
exquisite anatomic detail in nonoverlapping loops (S). Anatomic detail 
may be difficult to visualize, however, when loops overlap (O), even 
though the methylcellulose allows partial visualization of these 
overlapping loops, termed a transradiant effect. 


colon, uncontrollable diarrhea may ensue, requiring placement 
of an enema tip in the rectum to allow rectal drainage and 
alleviate patient discomfort and embarrassment. 

Methylcellulose-contrast enteroclysis almost always results 
in excellent double contrast in the jejunum. With infusion of 
enough methylcellulose, a double-contrast examination of the 
terminal ileum may also be achieved (Fig. 37-21). However, 
barium diffusion into the methylcellulose may result in a poor 
double-contrast effect in the ileum, resulting in only a single- 
contrast examination of the distal ileum (Fig. 37-22). To prevent 
diffusion of barium into the methylcellulose, the radiologist 
limits compression, especially in pelvic loops of the ileum. Thus, 
the double-contrast barium enema and peroral pneumocolon 
are more reliable techniques if a detailed double-contrast exam¬ 
ination of the terminal ileum is required. 

HYPOTONIC DUODENOGRAPHY 

Hypotonic duodenography is a detailed examination of the 
duodenum and, in some patients, the first two loops of jejunum. 6 
This examination is used to elucidate confusing radiographic, 
computed tomography (CT), or endoscopic findings in the 
duodenum and first loop of the jejunum. High-density barium 
is administered via an enteroclysis catheter placed in the proxi¬ 
mal descending duodenum. After high-density barium has 
entered the duodenum and first jejunal loop, the patient is 
rotated on the fluoroscopic table to coat the mucosa. A standard 
dose of 1 mg of glucagon is administered intravenously to 
induce intestinal hypotonia. Air is then injected into the cath¬ 
eter to distend the duodenal lumen, and spot images are 
obtained (Fig. 37-23). 

A similar examination can be performed less invasively by 
having the patient swallow an effervescent agent and high- 
density barium. The patient is then placed with the right side 
down. When the duodenum has adequately filled with barium, 
1 mg of glucagon is injected IV to induce intestinal hypotonia. 
The patient is then rotated on the table to coat the mucosa, and 
spot images are obtained. This technique is limited, however, 
because there is less control over the volume of barium and air 



Figure 37-19 Metastatic melanoma demonstrated during enteroclysis. A. Spot image obtained during the single-contrast phase of 
enteroclysis shows a polypoid mass as a lobulated radiolucent filling defect ( long black arrow) in the barium column. The normal luminal contour 
is disrupted ( white arrow). A central barium collection is seen ( short black arrow). B. Spot radiograph obtained during the methylcellulose phase 
again shows a slightly lobulated radiolucent filling defect ( long arrow), with a central barium collection ( short arrow), representing an ulcer. Apart 
from the ulceration, the surface of the polyp is smooth, indicating the submucosal origin of the lesion. 
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Figure 37-20 Air-contrast examination of duodenum after 
enteroclysis. Spot radiograph shows multiple small polyps (several 
identified by open black arrows) as radiolucent filling defects in the 
shallow barium pool on the posterior wall of the descending 
duodenum. The papilla of Vater is enlarged (open white arrows). 
Contrast in the colon (C) partly obscures the third portion of the 
duodenum. This patient had familial adenomatous polyposis 
syndrome. The polyps were tubular adenomas; the enlarged papilla 
of Vater resulted from an adenocarcinoma arising in a tubulovillous 
adenoma. 


in the duodenum with the oral route than with the intubation 
technique. 

Small Bowel Studies Using 
Water-Soluble Contrast Agents 

The small intestine is a hostile environment for imaging with 
water-soluble contrast agents. These hyperosmolar agents draw 
fluid into the intestinal lumen and are further diluted by excess 
fluid in the lumen in patients with hypotonia or obstruction. 
As a result, the radiographic density of water-soluble contrast 
agents is generally inadequate for diagnostic purposes in 
patients with small bowel obstruction. These contrast agents are 
therefore not indicated for examining the small bowel, except 
in patients with suspected leaks. 

In general, leaks arising in the duodenum or first several 
loops of jejunum can be demonstrated by water-soluble con¬ 
trast studies. Leaks in the mid- or distal small bowel, however, 
are often missed because of dilution of the water-soluble 
contrast agent with fluid. When a leak is suspected in the 
distal small bowel (particularly at an ileocolic anastomosis), 
it may therefore be preferable to perform a water-soluble 



Figure 37-21 Crohn # s disease demonstrated by enteroclysis. Spot 
image shows thickened nodular folds ( arrows ) in the terminal ileum. 



Figure 37-22 Diffusion of barium into methylcellulose column in 
neoterminal ileum in Crohn's disease. Spot image shows tapered 
narrowing of the neoterminal ileum (arrows), with minimal nodularity 
of the mucosa (n). The neoterminal ileum is seen only in single 
contrast, whereas a double-contrast effect (m) is seen more 
proximally. This patient underwent prior resection of the terminal 
ileum, cecum, and proximal ascending colon for Crohn's disease. This 
image shows recurrent Crohn's disease in the neoterminal ileum. 
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Figure 37-23 Hypotonic duodenogram. Upper endoscopy 
revealed a polypoid lesion in the duodenum. A radiographic study 
was requested for clarification. Spot image of the distal duodenum in 
air-contrast study shows a 1.8-cm polypoid lesion (thin arrows ) etched 
in white in the second portion of the duodenum. A 2-cm polypoid 
lesion (thick arrow) is also seen at the junction of the third and fourth 
portions of the duodenum. Repeat endoscopy with biopsy and 
subsequent surgery revealed an adenocarcinoma of the second 
portion of the duodenum and a hemangioma of the fourth portion. 


contrast enema with reflux of contrast medium into the distal 
ileum. 

Suspected leaks in the mid-small bowel initially may be 
evaluated by CT. If the small bowel is not dilated, entero- 
clysis using water-soluble contrast may then be performed 
(Fig. 37-24). 6 

Retrograde Examinations 
of the Small Intestine 

BARIUM ENEMA 

The barium enema is an underused but powerful examination 
for imaging the terminal ileum and distal small bowel. 40 If plain 
abdominal radiographs or CT cannot differentiate a distal small 
bowel obstruction from an adynamic ileus, a single-contrast 
barium enema may be extremely helpful in these patients. The 
study can be used not only to rule out an obstructing lesion in 
the colon as a cause of dilated small bowel but also to evaluate 
the distal ileum by refluxing barium through the ileocecal valve. 
Reflux of barium into a dilated terminal ileum indicates the 
presence of an adynamic ileus, whereas reflux of barium into a 
narrowed terminal ileum (with dilated, gas-filled ileal loops 
more proximally) indicates the presence of a small bowel 
obstruction. In many cases, barium can be refluxed in a retro¬ 
grade fashion to the site of transition, enabling the radiologist 
to determine the site and cause of obstruction (see Chapter 46). 
In patients with high-grade small bowel obstruction, a barium 
enema is faster and easier on the patient than an enteroclysis 
examination or small bowel follow-through. 

A single-contrast or double-contrast barium enema may 
be performed in patients with suspected Crohns disease. 



Figure 37-24 Enteroclysis using water-soluble contrast. Spot 
image from water-soluble contrast enteroclysis shows a normal 
proximal fold pattern (I). When the small bowel is not distended, a 
study using water-soluble contrast can demonstrate anatomic detail. 
When the small bowel is hypomotile or distended, however, 
intraluminal fluid dilutes the water-soluble contrast, limiting 
visualization of the bowel. 



Figure 37-25 Barium enema demonstrating recurrent Crohn # s 
disease. On previous endoscopy, it was not possible to pass the 
endoscope through the ileocolic anastomosis into the neoterminal 
ileum in a patient who had prior surgery for Crohn's disease. A 
double-contrast barium enema shows a short stricture (large arrow) at 
the ileocolic anastomosis. Aphthoid ulcers (small arrows ) are also seen 
in the adjacent neoterminal ileum. 


Double-contrast studies have the advantage of being able to 
diagnose early inflammatory lesions of Crohns disease, such as 
aphthoid ulcers (Fig. 37-25). However, single-contrast studies 
are more reliable for refluxing large volumes of barium into the 
distal small bowel when it is important to assess the terminal 
ileum and distal ileum for radiographic signs of Crohns disease. 

In patients who are not obstructed, a standard barium enema 
preparation may be helpful. However, in patients with 
high-grade small bowel obstruction, an oral preparation is 
contraindicated. Such studies should be performed without 
any preparation or after gentie cleansing enemas. 
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A standard dose of 1 mg of glucagon is administered IV to 
relax the colon and ileocecal valve. Up to 2.5 L of 20% to 30% 
w/v barium is instilled via an enema bag or tip. Reflux of barium 
through the ileocecal valve is possible in about 85% of patients. 
If a distal small bowel obstruction is present, an attempt should 
be made to reflux barium directly to the site of obstruction. In 
some cases, water can be added to the enema bag to propel the 
barium retrograde through the distal ileum. 

ILEOSTOMY ENEMA 

The small bowel proximal to an ileostomy can easily be evalu- 
ated by a retrograde examination through the ileostomy stoma. 
If there is clinical suspicion of a leak or obstruction, no prepara- 
tion is used. If there is clinical suspicion of recurrent Crohns 
disease, however, an oral preparation (e.g., magnesium citrate, 
Phospho-Soda) may be helpful for eliminating debris from the 
small bowel before performing the examination. The patient is 
also instructed not to eat solids the day before the procedure. 

A soft catheter (e.g., Foley catheter) is inserted into the ileos¬ 
tomy. If disease is suggested at the ileostomy or near the peri- 
toneal reflection (e.g., Crohns disease, stricture, leak), the 
balloon of the catheter should not be inflated. If injection of 
barium shows no evidence of disease in the distal ileum at or 
near the peritoneal reflection, the catheter balloon may be 
inflated with 3 to 5 mL of air or saline, and the catheter is 
retracted to the peritoneal reflection. If there is doubt about 
disease at the ileostomy, the opening can be explored with a 
small finger. If inflation of the balloon is contraindicated, and 
barium leaks out from the ileostomy stoma, the radiologist can 
withdraw the catheter, distend the balloon outside the ostomy, 
and push the distended balloon against the outside of the ileos¬ 
tomy to seal the ileostomy opening. 

A wide variety of contrast agents can be injected via the 
catheter. If a leak from the distal small bowel is suspected, water- 
soluble contrast agents may be used. If a distal small bowel 
obstruction is suspected, a single-contrast ileostomy enema can 
be performed with 30% to 50% w/v barium. Thin barium is 
injected via a syringe until the site of obstruction is reached and 
characterized. If Crohns disease or tumor is suspected, a 
do uble-contrast ileostomy enema can be performed by first 
injecting 40% to 80% w/v barium into the proximal ileum, fol- 
lowed by air or methylcellulose to visualize mucosal detail (Fig. 
37-26). As with all small bowel studies, fluoroscopy and spot 
images are the mainstays of diagnosis. The ileostomy and small 
bowel adjacent to the anterior abdominal wall are best visual- 
ized with the patient in a lateral position. The ileostomy is best 
filled after the catheter is removed, the ostomy bag is replaced, 
and the patient is turned to an orthogonal position (usually a 
steep oblique or lateral position). 

Choice of Fluoroscopic Examination 

Zealots of enteroclysis, small bowel follow-through, CT, CT 
enteroclysis, magnetic resonance (MR) enteroclysis, and capsule 
enteroscopy abound. This section attempts to provide a rational 
approach to fluoroscopic imaging of the small bowel. 

The unifying feature of all forms of barium diagnosis is 
palpation of each loop of small intestine when the loop is opti¬ 
mally distended. This necessitates that the radiologist remain 
with the patient during enteroclysis or return to the fluoro¬ 
scopic suite at 15- to 30-minute intervals for small bowel 



Figure 37-26 Ileostomy enema. This patient complained of 
abdominal pain and distention. A total colectomy had previously 
been performed. CT revealed a dilated small bowel. An overhead 
radiograph obtained at the end of a retrograde ileostomy enema 
shows diffuse dilation of small bowel to the level of the proximal 
jejunum (j). No site of narrowing or obstruction is identified in this 
patient with an intestinal adynamic ileus. Air-contrast effect in the 
ileum (i) results from air present in the small bowel before barium was 
instilled via the ostomy (o). 


follow-through studies, depending on the rate of progression of 
barium through the small intestine. Because of emphasis on 
fluoroscopic and spot image diagnosis, enteroclysis is associated 
with only a slightly higher radiation dose to the patient than 
small bowel follow-through. 41 A single-contrast examination 
evaluates the luminal contour and filling defects in the barium 
column. A double-contrast examination evaluates the luminal 
contour, filling defects in the barium column or pool, and 
mucosal detail en face. The small bowel folds are well evaluated 
by either technique only when the lumen is fully distended. 

The major advantage of the small bowel follow-through over 
enteroclysis is that it is easier on the patient and avoids the need 
for intubation of the small intestine, so that sedation is unneces- 
sary. Long segments of abnormal bowel are easy to visualize 
(Fig. 37-27) as long as frequent fluoroscopy is performed. As a 
result, diseases involving long segments of small bowel, such as 
Crohns disease, ischemia, and radiation changes, are readily 
detected on small bowel follow-through. However, enteroclysis 
has a number of important advantages over the small bowel 
follow-through. Because the radiologist is at the patient s side 
for the entire examination, fluoroscopy can be performed 
whenever needed. During enteroclysis, the pylorus also is 
bypassed, so that radiographic contrast agents can be instilled 
at an optimal rate for obtaining luminal distention. Short 
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Figure 37-27 Long segment of radiation enteropathy demonstrated by small bowel follow-through. A. Spot image shows abnormal loops 
of ileum (between long arrows). The folds are thickened but retain their normal orientation perpendicular to the longitudinal axis of the small 
bowel. Two areas of angulation ( short arrow) are identified as a result of radiation serositis. No obstruction was seen. B. CT scan shows marked 
wall thickening ( long white arrow) in a loop of ileum. Mild fold thickening is seen more proximally ( black arrow). Note the normal wall thickness 
(short white arrow) in small bowel proximal to the diseased segment. Little anatomic detail is available in some loops (i). 



Figure 37-28 Mesenteric border ulcer demonstrated on 
enteroclysis in patient with Crohn's disease. Spot image shows a 
thin linear collection of barium ( long arrows) along the mesenteric 
border of the distal ileum. Folds ( short arrow) are pulled toward the 
site of ulceration, leading to sacculation ( arrowheads ) of the relatively 
uninvolved antimesenteric border. 


lesions such as tumors or skip lesions in Crohn’s disease are 
better demonstrated by enteroclysis because the lumen is over- 
distended, making subtle areas of focal narrowing more con- 
spicuous (see Fig. 37-7). The small bowel folds are also better 
evaluated by enteroclysis because the lumen is distended, and 
the folds are straightened. 42 Major mucosal abnormalities such 
as cobblestoning can be demonstrated on single-contrast small 
bowel follow-throughs with compression, but demonstration of 
subtle mucosal abnormalities requires double-contrast tech- 
nique (Fig. 37-28). 


The choice of which radiographic study to perform (small 
bowel follow-through vs. enteroclysis) depends primarily on the 
indication for the examination. Various clinical settings for eval- 
uating the small bowel are discussed in the following sections. 

CHRONIC DIARRHEA 

Small bowel follow-through is an adequate examination for the 
diagnosis of Crohn’s disease or other inflammatory diseases 
involving long segments of bowel. 24 In general, a small bowel 
follow-through can demonstrate cobblestoning, mesenteric 
border ulcers, fissures, fistulas (Fig. 37-29), and long segments 
of narrowing. However, the small bowel follow-through can 
miss short skip lesions in Crohn’s disease, as well as the aph- 
thoid ulcers of early Crohn’s disease. If a surgeon desires a fail 
evaluation of disease extent and possible skip lesions before 
surgery in a patient with known Crohn’s disease, enteroclysis is 
a better preoperative examination. If a patient has a normal- 
appearing terminal ileum during a small bowel follow-through 
but there is a strong clinical suspicion of Crohn’s disease, a 
peroral pneumocolon can be obtained for air-contrast views of 
the terminal ileum. Ideally, this study should be performed after 
the patient has received a barium enema preparation to elimi- 
nate debris from the distal ileum and right side of the colon. 
A peroral pneumocolon or double-contrast barium enema 
with reflux of barium into the terminal ileum enables much 
better detection of mucosal nodularity and aphthoid ulcers 
(Fig. 37-30) than a conventional small bowel follow-through. 

Enteroclysis may not visualize the terminal ileum any 
better than a small bowel follow-through (see Fig. 37-22). Over- 
distention of ileal loops in the pelvis during enteroclysis may 
cause so much overlap of loops that it is difficult to demonstrate 
the terminal ileum in isolation. The double-contrast effect of 
enteroclysis using methylcellulose is often lost before barium 
has reached the terminal ileum because of progressive mixing 
of barium and methylcellulose. An air-contrast enteroclysis may 
be performed, but a peroral pneumocolon or double-contrast 
barium enema is easier on the patient and will enable air- 
contrast images of the terminal ileum to be obtained in the 85% 
of patients in whom air or barium can be refluxed into the 
terminal ileum. 
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SMALL BOWEL OBSTRUCTION 

As described in Chapter 46, the sun never sets on patients with 
suspected small bowel obstruction without these patients 
undergoing abdominal CT (unless they go directly to surgery). 
CT has a major advantage over barium studies in that it does 
not rely on barium reaching the site of obstruction but uses 
intraluminal fluid to outline the transition zone. CT also is a 
considerably shorter procedure than an antegrade barium study 
in patients with high-grade obstruction. A small bowel follow- 
through and enteroclysis are therefore discouraged in patients 
with high-grade small bowel obstruction shown by plain 
abdominal radiography or CT. Retrograde examination of the 
small bowel by barium enema (Fig. 37-31) or colostomy enema 
is the preferred examination in the setting of high-grade distal 
small bowel obstruction or if there is a question of whether the 
patient has an adynamic ileus, proximal colonic lesion, or distal 
small bowel obstruction. An antegrade study can be performed 
after decompression by a nasogastric tube or long tube (Kantor 
or Miller-Abbott tube; Fig. 37-32) or via a combination 
entero clysis - decompression catheter. 

Vomiting is more a symptom of gastroduodenal or proximal 
small bowel disease than of distal small bowel disease. In 
patients with vomiting and no evidence of plain radiographic 
or CT Åndings of distal small bowel obstruction, a single- or 
double-contrast upper GI series with evaluation of the proximal 
small bowel may be performed. Alternatively, if an upper endos- 
copy has cleared the stomach and proximal duodenum, entero¬ 
clysis or hypotonic duodenography extending into the first 
several small bowel loops may be considered. 

ABDOMINAL PAIN 

Unexplained abdominal pain can be evaluated by a small bowel 
follow-through or enteroclysis. The small bowel foliow-through 
is superior to enteroclysis for evaluation of small bowel transit 
time and the motility component of motor disorders. In 
contrast, enteroclysis is superior for showing the structural 



Figure 37-29 Multiple fistulas demonstrated on small bowel 
follow-through in a patient with Crohn # s disease. An overhead 
radiograph obtained after barium reached the colon shows several 
tracks (thick arrows ) coursing from the dilated distal ileum (/) to the 
ascending colon (a). One of these is a diseased terminal ileum and 
the other is an ileocolic fistula. Another fistula (open arrow) enters the 
medial wall of the ascending colon above the ileocecal valve. A thin, 
barium-etched fistula (thin arrows ) courses from the ileum to the 
barium-filled urinary biadder (b). r, rectum. 



Figure 37-30 Peroral pneumocolon in a patient with suspected Crohn # s disease. A. Spot radiograph from small bowel follow-through 
shows an abnormal terminal ileum, manifested by sacculations ( arrows ) alternating with areas of narrowing. B. Spot image from peroral 
pneumocolon shows that most of the areas of narrowing are more distensible than shown in A. Several mesenteric border ulcers (long arrows ) 
and sacculations (short arrows ) characteristic of Crohn's disease are now visualized. The mucosa is focally nodular (open arrow). Compare and 
contrast the appearance of the mucosa in the terminal ileum with that in an adjacent loop of normal ileum (n). 
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Figure 37-31 Recurrent carcinoid tumor with small bowel 
obstruction on barium enema. The distal ileum is dilated, and small 
bowel folds are tethered (open arrow). In one loop, folds are bunched 
together ( arrowhead) by the mesenteric desmoplastic process, and 
the opposite walls are sacculated ( large arrows). Several short 
segments of narrowing ( short arrows ) are also seen. The ascending 
colon is identified (A). 


components of motor disorders (e.g., diverticula in jejunoileal 
diverticulosis, sacculations or an increased number of small 
bowel folds in scleroderma). Enteroclysis is also superior for 
showing short lesions such as isolated adhesions (Fig. 37-33) or 
tumors that may account for abdominal pain. 

Transient intussusceptions usually occur as normal variants 
or are associated with motor disorders. When a transient intus- 
susception shown on CT is associated with signs of obstruction 
or tumor, the radiologist should perform enteroclysis because 
this technique is superior for excluding short lesions, such 
as tumors and adhesions, which may cause intussusception. 
However, most transient intussusceptions are not associated 
with signs of obstruction or tumor. In this scenario, it is unclear 
whether a small bowel follow-through is sufficient for excluding 
a structural abnormality. Clearly, enteroclysis will provide a 
more confident diagnosis of normality for ruling out tumor or 
an adhesion in this setting. 

SUSPECTED PERFORATION 

As noted, suspected perforation of the duodenum and proximal 
jejunum can be adequately evaluated with a water-soluble, small 
bowel follow-through. Diagnosis of perforation in the presence 
of dilated small intestine from obstruction or adynamic ileus is 
difficult, however, because water-soluble contrast agents provide 
inadequate density when diluted by intraluminal fluid. Water- 
soluble contrast agents are further diluted because of their 
hyperosmolar nature, which causes more fluid to be drawn into 
the small bowel lumen. In the presence of dilated distal small 
intestine, retrograde examination of the small bowel with water- 
soluble contrast agents is therefore preferable for excluding a 



Figure 37-32 Complete small bowel obstruction demonstrated 
on enteroclysis after decompression of the small bowel by a 
Miller-Abbott tube. There is an abrupt, beaklike cutoff in the ileum 
(long white arrow) with complete small bowel obstruction caused by 
an adhesion. The proximal small intestine has been decompressed by 
a Miller-Abbott tube (the tip of the tube is denoted by a short white 
arrow) and is only mildly dilated. The mercury-filled bag (M) has 
flipped in a retrograde fashion. Note how the tube is seen as a filling 
defect ( black arrow) in the barium column. 



Figure 37-33 Adhesions and low-grade small bowel obstruction 
demonstrated on enteroclysis. This patient had intermittent 
abdominal pain and distention and a history of prior abdominal 
surgery. There is abrupt angulation ( black arrow) of the ileum, with 
narrowing ( white arrow) distal to the site of angulation. The folds in 
the transition zone are preserved, and the mucosa is smooth. The 
ileum (I) proximal to the adhesion is mildly dilated. 
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distal small bowel leak, particularly a leak at an ileocolic anas- 
tomosis. Water-soluble enteroclysis (see Fig. 37-24) should be 
performed after intestinal decompression in patients with sus- 
pected perforation of the mid- or distal small bowel. 

MALABSORPTION 

A classification and discussion of malabsorption is presented in 
Chapter 43. A small bowel follow-through is adequate for 
detecting large structural lesions that cause bacterial overgrowth 
(e.g., jejunoileal diverticulosis, Crohn’s disease with obstruc¬ 
tion). However, enteroclysis is the procedure of choice for 
showing malabsorptive disorders involving the mucosa and 
submucosa of the bowel (e.g., celiac disease [Fig. 37-34], Whip- 
ple’s disease, amyloidosis). A strong argument can therefore be 
made for air-contrast enteroclysis in the setting of malabsorp¬ 
tion because the mucosal surface of the jejunum, the most 
common site of disorders causing malabsorption, can be exqui- 
sitely shown. CT is also a helpful adjunct for diagnosing disor¬ 
ders primarily or secondarily involving lymph nodes. 

UNEXPLAINED GASTROINTESTINAL BLEEDING 

A small bowel follow-through is limited for detecting causes of 
small intestinal bleeding. 39,43-48 Small tumors are easily missed. 45 
In one study comparing expertly performed enteroclysis with 
non-expertly performed small bowel follow-through proce¬ 
dures, enteroclysis detected 90% of tumors diagnosed at surgery, 



Figure 37-34 Celiac disease demonstrated on enteroclysis. Spot 
image shows a decreased number of folds per inch in the jejunum. 


whereas small bowel follow-through detected only 33%. 45 It is 
therefore difficult to establish a confident diagnosis of normalcy 
on a small bowel follow-through. A combination of a small 
bowel follow-through (to exclude obstruction or stricture) and 
capsule endoscopy may be an acceptable alternative for evaluat- 
ing patients with GI bleeding. However, capsule endoscopy also 
has its limitations. Because normal small bowel transit time 
varies from 30 to 120 minutes, the gastroenterologist or physi- 
cians assistant will spend an inordinate amount of time at a 
computer workstation evaluating the images. Capsule endos¬ 
copy also has limited ability to localize lesions. Finally, capsule 
endoscopy is not infallible, because a considerable portion of 
the intestine is not examined by the video capsule. 

Methylcellulose-contrast enteroclysis is adequate for the 
demonstration of most small bowel tumors (see Fig. 37-7). 
However, it usually will not detect varices, arteriovenous mal- 
formations, or nonsteroidal anti-inflammatory drug (NSAID)- 
induced erosions or potassium chloride-induced erosions as 
well as capsule endoscopy. Air-contrast enteroclysis may allow 
diagnosis of subtle ulcerative lesions in the proximal small 
intestine with greater sensitivity than methylcellulose-contrast 
enteroclysis. Although I have not had great success with air- 
contrast enteroclysis in the pelvic ileum, this is the standard 
enteroclysis technique performed in Japan. 

In summary, a small bowel follow-through is indicated only 
when assessing for large structural causes of GI bleeding (Fig. 
37-35). This test is probably indicated only if there is low 



Figure 37-35 lleocecal lymphoma demonstrated on small bowel 
follow-through. Spot image of the ileocecal region shows marked 
lobulation and enlargement of the ileocecal valve ( arrows ), with 
spread of tumor into the medial wall of the cecum and ascending 
colon. The folds of the distal ileum also are marked enlargement and 
lobulated ( arrowheads ). This patient with mantie cell lymphoma 
presented with GI bleeding. 
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Figure 37-36 Gastrointestinal stromal tumor demonstrated on small bowel follow-through. A. Spot image shows a large, irregular, 
barium-filled cavity ( U ) on the mesenteric border of the mid-small bowel. Coarse, lobulated tumor nodules ( arrows ) are present adjacent to the 
cavity. B. Axial CT scan shows the bulk of the tumor ( arrows ) surrounding the cavity (u). The mucosal changes are not apparent. This patient 
presented with GI bleeding. 


Choice of Barium Studies for Evaluating Small Bowel in Various Clinical Settings 


Clinical Scenario 


Initial Study 


Chronic diarrhea (excluding Crohn's 
disease) 

Known Crohn's disease 
Acute abdominal pain 
Anastomotic recurrence 
Exclude skip lesion before surgery 
Acute abdominal pain 
Chronic abdominal pain 
Small bowel obstruction 

Low-grade obstruction 
Vomiting 
M alabsorption 
Unexplained GI bleeding 


Suspected hematogenous metastases 
Suspected perforation 
Upper GI tract 
Bypassed duodenum 
Proximal jejunum 
Mid-small bowel 
Distal small bowel, ileocolic 
anastomosis 


Small bowel follow-through 


CT to exclude abscess 
Barium enema 
Enteroclysis 

CT (ultrasound if gynecologic disease suspected) 

Small bowel follow-through followed by enteroclysis if small bowel disease is still suspected 
CT followed by barium enema as problem-solving tools for high-grade distal small bowel or proximal 
colonic obstruction 

Small bowel follow-through or enteroclysis 

Upper GI series with evaluation of proximal small bowel 

Enteroclysis (consider air-contrast) 

Small bowel follow-through, capsule endoscopy 
Methylcellulose enteroclysis 

Air-contrast enteroclysis if NSAID erosions must be excluded 

CT angiography—role to be determined 

Enteroclysis 

CT can suggest presence of perforation; suboptimal for evaluating site and cause of perforation 
Water-soluble contrast upper GI series 

HIDA scan or injection of water-soluble contrast agent into indwelling duodenal- biliary tube 
Small bowel follow-through with water-soluble contrast 
Water-soluble contrast enema or water-soluble contrast enteroclysis 
Water-soluble contrast enema 


HIDA, Hepato-iminodiacetic acid; NSAID, nonsteroidal anti-inflammatory drug. 


suspicion of an abnormality, if a large lesion such as lymphoma, 
GI stromal tumor (Fig. 37-36), ischemia, or hematoma is sus¬ 
pected, or if capsule endoscopy is planned as a follow-up. 

Air-contrast enteroclysis is indicated when looking for subtle 
erosions in patients taking NSAIDs. Methylcellulose-contrast 
enteroclysis and air-contrast enteroclysis are satisfactory when 
searching for subtle lesions or small tumors. In patients with 
known malignant tumors, enteroclysis will permit a more con- 
fident diagnosis of normalcy or of metastatic disease than will 
a small bowel follow-through. 

The role of CT or MR angiography for bleeding tumors 
has yet to be established. CT and MR enterography are 


inferior to enteroclysis because they do not assess en face 
mucosal detail and they have lower resolution than entero¬ 
clysis. As a result, barium enteroclysis should be superior to 
CT or MR enteroclysis for the diagnosis of Crohn’s disease, 
diseases causing malabsorption, or primary tumors. I believe 
that if a patient is to undergo intubation, a barium entero¬ 
clysis study should be performed (rather than CT or MR 
enteroclysis), except perhaps when searching for a cause of 
GI bleeding. 

A summary of the choice of examinations for evaluating 
the small bowel in various clinical settings is presented in 
Table 37-2. 
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Computed Tomography 
Enterography: How It Differs 
From Routine Abdominal 
Computed Tomography 

Computed tomography enterography (CTE) reflects individu- 
alization of the abdominal pelvic CT technique for patients 
with small bowel disorders. CTE provides visualization of the 
small bowel lumen, wall, and perienteric tissues by distending 
the small bowel with large volumes of oral contrast and obtain- 
ing multiplanar, high-resolution images of the bowel during 
appropriate phase(s) of enhancement. It differs from routine 
abdominal pelvic CT in the amount and type of oral contrast 
given to the patient prior to scanning, timing of image acquisi- 
tion with respect to the intravenous (IV) contrast bolus, routine 
reconstruction of thin multiplanar images, and other factors 
related to patient-speciflc indications (e.g., Crohn’s disease or 
obscure gastrointestinal [GI] bleeding). CT acquisition for CT 
enteroclysis is similar, but the luminal small bowel distention is 
achieved by infusion of enteric contrast via a nasojejunal tube. 

Indications 

CTE is performed in patients with known or suspected Crohn’s 
disease, patients with obscure GI bleeding, diarrhea of unknown 
cause (often in association with imaging of the pancreas), and 
in patients with abdominal pain of unknown cause in an out- 
patient setting. Multiphase CTE is often used as a complemen- 
tary technique with capsule endoscopy in patients with obscure 
GI bleeding, and its complementarity with other tests is reviewed 
later in this chapter. CTE may also be used to evaluate for the 
presence and cause of low-grade obstruction (when an entero¬ 
clysis cannot be performed), and to examine for findings or 
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complications of other small bowel disorders (e.g., small bowel 
diverticulosis, celiac disease, polyposis syndromes). 

Technique 

The CTE technique is adapted to the indication for the exami- 
nation. Table 38-1 describes common variations of CTE tech¬ 
nique, linking them to clinical indications. All types of CTE 
require the ingestion of large amounts of oral contrast and 
adaptation of the CT x-ray tube potential and tube current to 
adjust for patient size and diagnostic task to minimize radiation 
dose appropriately, yet provide an accurate diagnosis. 1 

For CTE, 1300 to 2000 mL of oral contrast is typically 
administered to the patient over an hour in divided increments 
(e.g., 450 mL at 60, 45, and 15 minutes prior to the examina- 
tion). 2 5 Contrast agents are generally divided into neutral 
enteric agents that demonstrate CT number attenuation similar 
to that of water and positive enteric contrast agents containing 
barium or iodine, which have CT numbers much greater than 
those of enhancing structures. Neutral agents are preferred for 
most small bowel indications because they allow greater con- 
spicuity of many small bowel pathologies, such as segmental 
inflammation or masses, which usually are hyperenhancing 
compared with the adjacent small bowel wall. Positive agents 
are useful when the suspected pathology is known to be an 
intraluminal filling defect (e.g., polyposis syndromes), serosal 
metastases are suspected, or IV iodinated dye is contraindicated. 
Although a variety of neutral enteric contrast agents are avail- 
able, many centers use commercially available products, which 
often contain sorbitol, which retards absorption of water across 
the small bowel wall, improves small bowel distention com¬ 
pared with water alone, and provides an expanded time window 
during which small bowel imaging can be achieved with a high 
degree of reproducibility. 3 Alternatively, locust bean gum or 
polyethylene glycol may also be used. 2,6 If patients have diffi- 
culty with oral ingestion of these neutral agents, they can com- 
plete ingestion of the recommended volume with water. Patients 
need to be informed that enteric agents using sorbitol or poly¬ 
ethylene glycol may cause loose bowel movements as the agent 
is expelled shortly after the test. Because of the requirement for 
the ingestion of large volumes, CTE using non-water agents is 
an outpatient procedure, and radiologists and referring clini- 
cians should consider alternatives for hospitalized patients (for 
whom routine abdominal-pelvic CT or CTE with water may be 
preferred). Also, approximately 30% of jejunal loops will be 
collapsed using the peroral CTE technique 7 ; therefore, so in the 
presence of known or suspected jejunal pathology, CT entero¬ 
clysis or magnetic resonance (MR) enterography, in which the 
jejunum is imaged repeatedly with different pulse sequences, 
may be preferred. 

IV contrast is typically delivered at a rate of 3 to 5 mL/s, with 
imaging during the enteric or portal phase of enhancement. 
The enteric phase of enhancement refers to imaging during 
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Common Types of Computed Tomography Enterography Examinations by Patient Indication 


Indication 


Phase(s) of Enhancement Dose Level 


Comments 


R/O small bowel disease 
R/O or FU Crohn's disease 
Active GI bleed 

Obscure GI bleed 


Enteric or portal 
Enteric or portal 
Arterial and portal or 
delayed 

Arterial, enteric and 
delayed 


Polyposis syndrome Noncontrast 

Low-grade obstruction Enteric or portal 


Routine abdominopelvic CT 

Less than for routine abdominopelvic CT 

Routine abdominopelvic CT 

More than for routine abdominopelvic CT 
(because of more than one phase of 
enhancement) 

Less than for routine abdominopelvic CT 
Routine abdominopelvic CT 


Neutral oral contrast, high resolution 
Neutral oral contrast, high resolution 
Neutral oral contrast, high resolution 

Neutral oral contrast, high resolution 


Enteroclysis preferred, positive oral 
contrast, high resolution 
Enteroclysis preferred, neutral oral 
contrast, high resolution 


*Axial slice thickness is <3 mm, with routine coronal ± sagittal multiplanar reconstructions or interactive 3D viewing of volumetric CT data at a 
computer workstation. 

CT, computed tomography; FU, follow-up; GI, gastrointestinal; R/O, rule out. 


peak enhancement of the small bowel wall, which is generally 
regarded as 50 seconds after the initiation of IV contrast mate- 
rial. 8 The enteric phase demonstrates Åndings of Crohn’s 
disease, hyperenhancing polyps, and most small bowel vascular 
lesions. The timing of the enteric phase is similar to that of the 
pancreatic phase because the superior mesenteric and portal 
veins are opacified with IV contrast media and the hepatic veins 
have not yet filled with contrast; thus, synchronous evaluation 
of the pancreas can often be performed with a single acquisi- 
tion. In the hepatic or portal phase of enhancement, hepatic 
veins are filled with contrast; this may be a more appropriate 
phase of enhancement if correlative imaging of the liver is also 
needed. For the most common indication of imaging Crohn’s 
disease, active Crohn’s disease is adequately demonstrated in the 
enteric and portal phases. 9 

Because one of the goals of CTE is to display small fistulas 
and intramural or intraluminal masses, high-resolution CT 
imaging is required, with the axial slice thickness generally 
reconstructed on the order of 3 mm or less. Multiplanar coronal 
reformatted images are required, and sagittal reformatted 
images are also generally obtained to aid in the evaluation of 
suspected small bowel segments and the mesenteric vasculature. 
The pitch or CT scanner table speed is adjusted so that the 
abdomen and pelvis can be imaged within a single breath-hold 
(i.e., 6 to 15 seconds). For most clinical indications (e.g., to rule 
out small bowel disease, evaluate Crohn’s disease), only a single 
phase of contrast enhancement is required. 9 

Irrespective of the indication, the CTE acquisition technique 
should be adapted to patient size and diagnostic goal. 1,10 One 
of the best radiation dose-saving techniques is for the radiolo¬ 
gist to limit the number of phases acquired to those that are 
necessary for the suspected diagnosis. Multiple phases of 
enhancement are reserved for the investigation of obscure GI 
bleeding 11 or situations in which multiphasic imaging of solid 
organs is required. Tube current adaptation can be carried out 
through the use of technique charts or automatic exposure 
control. 1213 The routine use of automatic exposure control will 
lower radiation dose by approximately 30% in large CT prac- 
tices. 12 Additionally, tube energy selection (kV) can be per¬ 
formed using technique charts or vendor-supplied kV selection 
programs, which take into account patient size, iodine contrast- 
to-noise ratio (CNR), and CT system limitations. 14 Selection of 
kV and technique charts generally reduce radiation dose by an 


additional 20% to 30%. One of the advantages of lower kV is 
that it not only reduces radiation dose, but increases the iodine 
signal and iodine-related CNR, which can be used to increase 
the conspicuity of hyperenhancing bowel segments and masses 
or lower the radiation dose. 

The dose level chosen for different types of enterography 
examinations depends on the image contrast between the sus¬ 
pected small bowel pathology and normal, enhancing bowel 
wall, as well as other pathology, which may be suspected in 
the solid organs (see Table 38-1). In Crohn’s disease, the diag¬ 
nostic task requires differentiating relatively large differences 
in CT number between normal and hyperenhancing bowel 
segments, so routine abdominal pelvic CT dose levels can be 
lowered by 30% to 50% without sacrifking diagnostic perfor- 
mance. 13,15,16 Similarly, if using positive enteric contrast to 
evaluate for filling defects such as polyps in polyposis syn¬ 
dromes, the CT number differences between the suspected 
pathology and adj acent bright lumen are large, and the 
radiation dose can be substantially reduced (analogous to CT 
colonography). In contrast, CTE performed to evaluate syn- 
chronously for pancreatic or small bowel masses or hepatic 
metastases will require routine abdominal pelvic dose level 
settings so that important low-contrast structures and masses 
can be visualized adequately. 

The lower radiation dose levels frequently used in CTE, 
along with the thinner slices, often result in noisier images, 
which can be accurately interpreted without diagnostic com- 
promise in the setting of Crohn’s disease. 13,15,17 A variety of CT 
image noise reduction methods can be used (e.g., iterative 
reconstruction) to improve the image quality of the lower dose 
CTE images so that they resemble those obtained with a routine 
dose. 18 CT noise reduction is especially useful when reducing 
radiation dose with low-kV techniques to improve disease con¬ 
spicuity and compensate for the increased image noise associ- 
ated with low-kV imaging. 

Interpretation of Computed 
Tomography Enterography Images 

Routine CT enterography performed for general indications of 
Crohn’s disease requires only the review of axial and coronal 
images, although interactive viewing with a volume viewer or 
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in other planes is often helpful. Similar to fluoroscopy, a sys¬ 
tematic approach to view the bowel is required to maximize 
disease detection. Because Crohns disease, GI bleeding, and 
small bowel tumor exclusion are frequent indications for CTE, 
CT Åndings in these entities will first be considered, with 
emphasis on the differential diagnosis. Appropriate diagnosis 
relies on combining knowledge of the intraluminal morphology 
seen at fluoroscopy with the mur al and intraluminal enhance- 
ment seen at cross-sectional imaging. 

Normal small bowel Åndings at CTE are similar to those 
observed fluoroscopically. The jejunal caliber is slightly larger 
than the ileum, and the jejunal valvulae conniventes are slightly 
thicker and more closely spaced than in the ileum/ Approxi- 
mately 30% of jejunal folds will be collapsed and should not be 
confused with small bowel masses. In the enteric phase of 
enhancement, the jejunum enhances to a significantly greater 
degree than the ileum, with the attenuation difference normal- 
izing in later phases 21 (Fig. 38-1). 

SUSPECTED CROHN'S DISEASE 

CTE images in patients with known or suspected Crohns 
disease should be scrutinized for CT Åndings of mural 
inflammation anywhere along the GI tract, penetrating 
disease (e.g., sinus tracts, fistulas, phlegmon, and abscesses), 
bowel obstruction, and inflammatory bowel disease (IBD)- 
related extraenteric Åndings, including mesenteric venous 
thromboses, sacroiliitis, and primary sclerosing cholangitis. 
Chapters 40 and 54 describe the imaging features of Crohns 
disease in greater detail. 

CT Åndings of mural inflammation include segmental 
mural hyperenhancement, mural thickening, mural stratifica- 
tion, abnormal mural or perienteric fat, and the comb sign. 5 
Mur al hyperenhancement refers to segmental attenuation (or 
enhancement) greater than that of adjacent small bowel 
loops. 22 Although not specific, it is generally considered to 
be the most sensitive Åndings for Crohns disease-related 
inflammation, 16 and it is highly correlated with endoscopic 
and histologic Åndings of inflammation. 22 Because the jejunum 


enhances more avidly than the ileum, comparison to only 
nearby loops is important in this evaluation. Jejunal hyper¬ 
enhancement associated with jejunal Crohns disease is often 
more difficult for radiologists to appreciate because of the 
prominence of the valvulae conniventes, or jejunal folds (Fig. 
38-2). Other imaging features such as penetrating ulcers, 
mural thickening, and disruption of the fold pattern are 
often seen in jejunal Crohn s disease, which frequently involves 
a longer length and multiple segments compared with ileal 
Crohns disease. 

A wide variety of diseases can also cause mural hyper¬ 
enhancement; however, patchy and asymmetric hyperen¬ 
hancement or continuous hyperenhancement along the 
mesenteric border are pathognomonic for Crohns disease 
(Video 38-1; Table 38-2). Contraction of small bowel loops 
can cause increased attenuation of a small bowel loop, 21 but 
is usually readily distinguished by smooth tapering of the 
adj acent distended segments on either end. Infection, back- 
wash ileitis, angioedema (often from angiotensin-converting 
enzyme [ACE] inhibitors), vasculitis, and bowel ischemia can 
all cause segmental hyperenhancement of bowel loops. 
However, these entities are not usually associated with asym¬ 
metric enhancement or penetrating complications. When 
faced with equivocal hyperenhancement, comparing two 
nearby distended bowel loops and taking into account sec- 
ondary signs of Crohns disease (e.g., mural stratification, 
perienteric edema, and the comb sign) are often helpful. 
Radiation enteritis can also produce narrowed and hyperen- 
hancing bowel loops, but it is easily distinguished from 
Crohns disease because of the history of radiation and sym- 
metric hyperenhancement. 


An additional video for this topic is available online. 


Mural thickening greater than 3 mm is also considered 
abnormal in small bowel loops in which the lumen is distended. 
Collapsed bowel loops, especially in the jejunum, can some- 
times be mistaken for small bowel wall thickening because of 
the valvulae conniventes, which can become confluent when the 


Figure 38-1 Normal CTE 

images. A, B. Coronal images 
demonstrate a normal small 
bowel appearance with CTE 
performed in the enteric phase in 
a 46-year-old man with negative 
capsule endoscopy. Note the 
increased number of folds and 
increased enhancement in the 
jejunum, in addition to the 
collapse of several jejunal loops, 
all of which are normal findings. 
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Figure 38-2 CTE images of inflammatory and infectious jejunal Crohn # s disease. A, B. Jejunal Crohn's disease is manifested by disruption of 
the normal fold pattern, asymmetric involvement (A, arrowhead), segmental hyperenhancement compared with normal jejunal loops (B f inset and 
arrows), and mural stratification (A, B, arrowheads). C. Celiacsprue demonstrates a diffuse loss of jejunal folds. D. Neutropenic enterocolitis ( arrows ) 
appears similar to Crohn's disease but involves long bowel segments and symmetric mural stratification; it is seen in immunocompromised patients. 


Differential Diagnosis of Segmental Small Bowel Mural Hyperenhancement 


Disease Entity 


Comments 


Differential Imaging Features 


Crohn's disease 

Backwash ileitis 

Angioedema 

Contraction, peristalsis 

Radiation enteritis 
NSAID enteropathy 

Ischemia 

Infection or neutropenic enteritis 
Vasculitis 


Jejunal involvement frequently 
overlooked 


Often associated with abdominal 
pain and use of ACE inhibitors 
Delayed images often help 

History of pelvic radiation 
History of NSAID ingestion 

Patient often older or had recent 
cardiac event 

Clinical history often suggestive 


Asymmetric, patchy or mesenteric border hyperenhancement; 

multifocality; perianal disease or other penetrating complications 
Symmetric involvement; continuous with pancolonic involvement, 
patulous ileocecal valve 
Symmetric involvement, dilated loop, ascites 

Smooth tapering on proximal and distal ends; compare with other 
phases of enhancement 

Long-segment hyperenhancement without asymmetry 
Focal 1- to 2-cm lesion, often multiple, with intervening 
normal-appearing bowel 

Symmetric involvement; concurrent closed loop obstruction, 
venous or arterial occlusion or thrombosis 
Symmetric involvement 

Symmetric involvement; vessel and solid organ involvement 


lumen is collapsed. Similar to hyperenhancement, mural thick- 
ening in Crohn’s disease is frequently asymmetric and located 
along the mesenteric border. Focal or segmental wall thickening 
can be seen in hemorrhage and intestinal edema, as well as the 
Spectrum of entities causing mural enhancement (see earlier). 


Other imaging Åndings can be seen in Crohn’s disease- 
related enteric inflammation. Mur al stratification (also called 
the target sign) refers to a laminated appearance (two or three 
layers) to the bowel wall and is often seen in IBD (Crohn’s 
disease, ulcerative colitis) and other benign small bowel 
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diseases. 4,23,24 It is usually related to inflammation (Crohns 
disease, nonsteroidal anti-inflammatory drug (NSAID) enter- 
opathy), infection, or a vascular cause (e.g., ischemia, hemor- 
rhage, vasculitis, radiation enteritis). Fibrofatty proliferation of 
the mesentery is a pathognomonic finding in Crohns disease. 4 
Similar to mesenteric border linear ulcers seen at small bowel 
fluoroscopy, fibrofatty proliferation appears on the CT exami- 
nation as a large amount of fat along the mesenteric border of 
small bowel loops or circumferentially about the rectum. The 
comb sign is not pathognomonic but is frequently seen in IBD; 
it refers to engorged vasa recta, 25 which enter the bowel at angles 
and become enlarged in active inflammation. 

Penetrating Crohns complications such as fistulas, sinus 
tracts, phlegmons, and abscesses frequently are seen in approxi- 
mately 25% of Crohns patients, and their detection frequently 
leads to changes in medical management or radiologic or surgi- 
cal intervention." Fistulas appear as extraenteric tracts on 
CTE, generally arise from inflamed small bowel loops, and may 
be clinically unsuspected in up to 50% of cases. 28 Crohn s fistu¬ 
las often cause tethering of affected small bowel loops, and 
asterisk-shaped fistulas complexes are often seen between distal 
ileal loops, sigmoid or ascending colon, and the biadder (Fig. 
38-3). Fistulas are named by the structures to which they 
connect (e.g., enteroenteric, enterocutaneous, enterovesical, 
perianal). Fistulas can arise from other causes, usually as a result 
of surgery, infection, or pancreatitis. Rarely, pelvic infection 
with actinomycosis can mimic fistulizing Crohns disease with 


bowel wall thickening, with diffuse inflammatory changes in the 
mesentery, fistulas, (including perianal fistulas), or masslike 
phlegmonous change, often in women with an I UD. 

Neoplasms can be confused with small bowel Crohns disease. 
Primary GI lymphoma can cause asymmetric segmental wall 
thickening, but it is generally distinguished by lack of hyperen- 
hancing bowel loops. Carcinoid small bowel disease will occa- 
sionally be mistaken for Crohns disease. The due to this 
diagnosis is the multifocality of the masses and characteristic 
appearance of the mesenteric metastasis. The imaging differen¬ 
tiation of these entities from Crohns disease can sometimes be 
difficult and require biopsy because both tumors can arise in 
the setting of chronic Crohns inflammation in addition to 
adenocarcinoma. 

GASTROINTESTINAL BLEEDING 

CTE for gastrointestinal bleeding is generally performed for 
obscure GI bleeding, with endoscopy, CT angiography, or 
abdominal and pelvic CT performed in the acute setting. CTE 
for obscure GI bleeding is performed after upper and lower 
endoscopy and is included in the 2011 American Society for 
Gastrointestinal Endoscopy (ASGE) practice guidelines for 
overt and obscure GI bleeding. ' Obscure GI bleeding is recur- 
rent or persistent bleeding with no source found at initial upper 
and lower endoscopy. Overt obscure GI bleeding means that 
bleeding is visible as melena, hematemesis, or hematochezia, 




Figure 38-3 CTE images of Crohn's disease. 

Crohn's fistulas often cause tethering of affected 
small bowel loops, and asterisk-shaped fistulas 
complexes are often seen between the affected 
bowel loops. A. Complex enteroenteric fistula 
involving multiple ileal loops ( arrows ). B. Ileosigmoid 
fistula ( arrow ). A to C. Fistulas generally arise 
from inflamed bowel loops ( arrowheads ) and may 
also communicate to the skin or other organs. 

C. Ileovesical fistula (arrow). D, E. Perianal fistulas 
( arrows ) are enhancing extraenteric tracts that usually 
do not contain air or fluid, but are distinguishable 
from the anal sphincters by their hyperenhancement. 
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whereas occult, obscure GI bleeding occurs in those with iron 
deficiency anemia. 31 Common causes of GI bleeding in younger 
patients include small bowel tumors, MeckeEs diverticula, 
Crohns or celiac disease, Dieulafoy lesions, and varices; angio- 
ectasias, NSAID enteropathy, and celiac disease are more 
common in older individuals. 31 

Interpretation of multiphasic CTE in obscure GI bleeding is 
challenging and requires a systematic approach because of the 
variety of potential bleeding sources. The role of the radiologist 
is to identify any active bleeding in addition to any underlying 
causes, such as a tumor or vascular lesion. An initial search is 
performed of images obtained during the arterial phase of 
enhancement for high-attenuation structures that may indicate 
intraluminal debris, active bleeding, neoplasm, or vascular 
lesions, with Åndings correlated on the subsequent phase of 
enhancement to distinguish small bowel lesions from intralu¬ 
minal debris and bleeding. Debris often possesses sharp edges 
and appears unchanged over multiple phases. A progressive 
accumulation of intraluminal contrast signals active bleeding 
(Fig. 38-4). The morphology of the small bowel lesions (e.g., 
intraluminal filling defects or focal regions of bowel thickening) 
will aid in narrowing of the differential diagnosis. Intraluminal 
filling defects that are not debris generally represent a neoplasm, 
arise from the bowel wall, and will change in enhancement over 
time. Focal regions of bowel thickening, such as Crohn s disease, 
lymphoma, and metastases, will also have an enhancement that 
evolves progressively. 


Small bowel tumors are frequently identified at multiphase 
CTE in patients with obscure GI bleeding. Tumors in these 
patients tend to be smaller and at an earlier stage than symp- 
tomatic patients. Several studies have suggested that small 
bowel neoplasms may be more readily identified at CTE than 
capsule endoscopy because of their exoenteric or submucosal 
origin. 11,32,33 Carcinoid (neuroendocrine) tumors are generally 
hyperenhancing tumors and may appear as an enhancing polyp, 
often with a shoulder-like morphology, with slight puckering 
or retraction along the serosal surface, or as multifocal enhanc¬ 
ing tumors over a distance of 20 to 30 cm 34 (Fig. 38-5). The 
involvement of mesenteric vessels by tumors can simulate the 
segmental wall thickening seen in Crohns disease, but will also 
cause retraction of the affected bowel loops. In obscure GI 
bleeding, focal small bowel lesions with classic mesenteric 
metastases with soft tissue, radiating strands of desmoplasia 
adjacent to the primary tumor, or liver metastases are infre- 
quently seen. 34 

GI stromal tumors are known to hemorrhage and ulcerate 
frequently and are generally hyperenhancing, but may be isoen- 
hancing. They may appear as round or intraluminal filling 
defects, but often have an exoenteric component. 35 Small bowel 
lymphomas demonstrate an appearance similar to that seen 
on routine abdominal CT (isointense enhancement, adj acent 
lymphadenopathy with or without aneurysmal ulceration), but 
are frequently smaller. Melanoma metastases are often seen 
as intramural lesions because of their hematogenous spread; 



Figure 38-4 Two patients with active jejunal bleeding. A to C. These images demonstrate a jejunal angioectasia as displayed during arterial, 
enteric, and delayed phases, respectively ( arrows ). D. An image at a slightly inferior level shows layering of extravasated contrast in the distal 
jejunal lumen ( arrowhead ). E # F. Images in another patient poorly demonstrate the patient's jejunal vascular malformation (not shown), but 
indicate active jejunal bleeding in the enteric and delayed phases, respectively, with progressive accumulation of contrast within the jejunal 
lumen (arrows). 


690 SECTION VI Small Bowel 


Figure 38-5 Neuroendocrine 
tumors demonstrated by CTE. 

A. Small bowel carcinoid 
(neuroendocrine) tumors 
( arrowhead) can be seen as 
hyperenhancing polyps or mural 
masses, which are nonspecific in 
appearance. B. However, flat or 
sessile polyps with luminal 
shouldering ( arrowheads ) with 
retraction along the serosal 
surface ( arrow) are characteristic 
for small bowel neuroendocrine 
tumors. C. Heal carcinoids are 
often multiple (arrow). D. The 
tumors cause narrowing of the 
lumen (arrow). 



however, in this clinical setting, they have a nonspecific appear¬ 
ance and are frequently not hypervascular. 

Vascular lesions are often detected at capsule endoscopy and 
are increasingly being detected with multiphase CTE (Fig. 
38-6). Huprich and colleagues have proposed a classification 
for vascular lesions at multiphase enterography that is analo- 
gous to the endoscopic classification of vascular lesions. 36,37 
They have classified vascular lesions at enterography into angio- 
dysplasias, arterial lesions, and venous lesions. Angioectasias 
are the most common vascular small bowel lesions and are 
thin, tortuous veins that lack an internal elastic layer and 
possess arterial-venous communication. They are frequently 
multifocal and seen in older individuals. At CTE, they are 
rounded structures that are generally hest seen in the enteric 
phase using multiplanar images or 3D workstations, with 
washout on delayed-phase images. In older individuals, it is 
common to see prominent jejunal veins, so identification of 
round morphology or active bleeding is imperative prior to 
referral to balloon endoscopy for ablation. Arterial lesions 
include Dieulafoy lesions, arteriovenous fistulas, and arterio- 
venous malformations. A Dieulafoy lesion is an artery in the 
submucosa that does not undergo normal branching and bleeds 
through a small mucosal defect. It manifests as an arterially 
enhancing lesion, often with active bleeding and extravasation 
of IV contrast into the bowel lumen; it is not associated with 
mucosal pathology. Because arterial lesions can be intramural, 


arteriovenous malformations (AVMs) may be missed at prior 
colonoscopy and are not infrequently seen in the cecum and 
rectum. These lesions are often heralded by the presence of a 
dilated right ileocolic or superior hemorrhoidal vein in the 
arterial phase, whereas AVMs in the small bowel wall will also 
possess large draining veins. 38 Venous lesions include small 
bowel varices (congenital or caused by chronic mesenteric vein 
thrombosis in Crohns disease), venous hemangiomas, and 
other venous lesions. 

MeckeEs diverticula are also a commonly identified source 
of GI bleeding, particularly in young patients, may have an 
internal ulcer, gastric mucosa, or tumor, and may intussuscept, 
with a classic appearance of fat within the intussusceptum sur- 
rounded by a collar of soft tissue. 39 NSAID enteropathy is a 
source of GI bleeding in older patients and is seen as a short 
segment of circumferential narrowing or luminal diaphragm, 
often causing a partial obstruction or capsule retention. The 
diaphragms are often multifocal and may demonstrate focal 
hyperenhancement. 

LOW-GRADE OBSTRUCTION 

Patients with high-grade small bowel obstruction present 
symptomatically to the emergency room and generally undergo 
routine abdominal CT, which can detect Åndings leading to 
surgical management. 40 CT and MR enteroclysis are more 
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Figure 38-6 CTE images of gastrointestinal vascular lesions. Vascular lesions can be classified as angioectasias, arterial lesions, and venous 
lesions (usually varices). A. Angioectasias ( bracket ) occur in older individuals, are most prominent in the enteric phase, and are distinguished from 
prominent penetrating veins by a lobulated or rounded shape, best seen on multiplanar or 3D reformations. B. Dieulafoy lesions are one type of 
arterial lesions and exhibit bright arterial enhancement ( arrow ), often with extravasation of IV contrast into the small bowel lumen (C, arrow), and 
can be treated endoscopically, as in this case. Venous lesions can be congenital or acquired. D. Crohn's disease patients often have chronic 
occlusion of the proximal superior mesenteric vein (arrow) or mesenteric venous branches, with collateral flow forming varices (E, F, arrows ) 
over time. 


sensitive for low-grade small bowel obstruction compared with 
CTE, but require nasojejunal intubation. 41,42 CTE is often per- 
formed when the patient is unwilling to undergo enteroclysis 
or as a general imaging test to exclude small bowel pathology. 
The criteria for partial obstruction are identical to those for 
routine CT (zone of transition from dilated to decompressed 
bowel [see Chapter 46]); frequently seen causes include adhe- 
sions, tumors, Crohn’s disease, hernia, radiation enteritis, intus- 
suscepting Meckel’s diverticulum, and diaphragm disease. 

Patients with structuring Crohn’s disease represent an 
important subpopulation of patients with partial obstruction 
at enterography. Approximately 20% of asymptomatic patients 
with strictures and partial small bowel obstruction at enterog¬ 
raphy will not have any symptoms. 6,29 The term strictures is 
reserved for narrowed small bowel segments that cause proxi¬ 
mal dilation and partial small bowel obstruction. Crohn’s stric¬ 
tures generally have inflammatory and fibrotic components, 
with decreasing hyperenhancement and proximal dilation 


correlating with the increased levels of fibrosis. 43 CTE is highly 
accurate for the detection of Crohn’s strictures, 44 and detection 
of multifocal strictures can be especially important for guiding 
surgical management, such as stricturplasty. 45 

Radiation Dose and Computed 
Tomography Enterography 

An understanding of anticipated benefits and risks is needed to 
inform patients and clinicians about the medical justification 
for a CTE examination. 46,47 In terms of benefit, one large pro- 
spective study of over 250 patients with known or suspected 
Crohn’s disease found that approximately 50% of patients with 
known Crohn’s disease and 50% of patients with suspected 
Crohn’s disease had management decisions changed as a result 
of CTE Åndings/ In patients with Crohn’s disease, small bowel 
disease was excluded in approximately 12%, medication changes 
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were made in another 15%, and anticipated surgical manage¬ 
ment was altered in approximately 7%. 27 In another study of 
152 IBD patients presenting to the emergency room of a tertiary 
care hospital, CTE changed management in 81% and 69% of 
Crohns and ulcerative colitis patients, respectively, with urgent 
non-IBD diagnoses identified in 13% and 28% of patients, 
respectively. 48 In another study of approximately 150 Crohns 
patients, about 50% of Crohns patients with a normal- 
appearing ileum on ileoscopy had other objective evidence of 
mural or proximal small bowel inflammation. 49 Also, penetrat- 
ing complications, which often prompt medical or surgical 
management, are unsuspected in up to 50% of Crohns patients 
with fistulas or abscesses. 28 In obscure GI bleeding, the benefit 
of CTE is that it may detect small bowel tumors, which are dif- 
ficult to find using Optical methods alone. An additional benefit 
is that CTE can be performed and interpreted immediately on 
presentation in the case of overt, obscure GI bleeding, whereas 
capsule endoscopy requires 1 day to acquire and interpret data. 

Nevertheless, Crohns disease patients have higher cumula- 
tive radiation doses, 50 and an increased dose may be harmful 
for pediatric patients, particularly young females. 51 The National 
Academies of Sciences BEIR VII report stated that “at statistical 
doses of 100 mSv or less, statistical limitations make it difficult 
to evaluate cancers in humans ” but they concluded that “.. .the 
preponderance of information indicates that there will be some 
risk, even at low doses, although the risk is small.” 52 The radia¬ 
tion dose imparted by a single CTE examination is over an 
order of magnitude smaller than that cited in the BEIR VII 
report, and State of the art dose reduction techniques often 
result in examinations performed at dose levels similar to 
annual background radiation levels. Because of these concerns, 
however, MR enterography may be a more appropriate test in 
young individuals, especially those undergoing repeated outpa- 
tient examinations. 53 Both radiology and gastroenterology 
societies have considered the benefits and risks of CTE and 
recommend it as an appropriate test in the correct clinical 
setting. 30 ’ 54 

Integration with Other Tests 

Ileocolonoscopy is frequently performed synchronously with 
CTE because the two tests are considered complementary. 
Optical colonoscopy can detect and stage colonic inflamma¬ 
tion better compared with CTE, 55 and it can also detect colonic 
neoplasia and perform surveillance biopsies for risk assess- 
ment. Enterography, on the other hånd, can identify mural 


and proximal disease in the ileum, particularly in the setting 
of terminal ileum skipping. 49 In the setting of obscure GI 
bleeding, all patients should undergo upper and lower endos¬ 
copy to detect treatable causes of GI bleeding originating 
from esophageal, gastric, duodenal, and colonic sources prior 
to small bowel imaging. 

Capsule endoscopy is a very sensitive tool for mucosal 
inflammation in Crohn s disease but the capsule can be retained, 
necessitating endoscopic or surgical removal in patients with 
strictures. This may be a particularly significant problem in 
Crohns disease, in which asymptomatic strictures may be 
present. Conversely, one of the limitations of CTE is the limited 
visualization of jejunal loops, and capsule endoscopy is likely to 
be complementary with CTE in detecting jejunal disease and 
early mucosal disease in the ileum. 6 56 Capsule endoscopy is a 
first-line test in obscure GI bleeding after consideration has 
been given to repeat upper and lower endoscopy, and it provides 
complementary information compared with CTE. Balloon- 
assisted endoscopy is used in many centers to investigate the 
cause of obscure overt GI bleeding and can be used to biopsy 
or treat small bowel lesions detected by capsule endoscopy 
or CTE. 

MR enterography is also routinely used to detect small bowel 
Crohns disease. Several prospective studies have shown that the 
performance of CTE and MR enterography is similar for iden- 
tifying mural inflammation in small numbers of patients. 
CTE is easier to accomplish in a practice setting and may be less 
prone to interobserver variability. 59 MR enterography is often 
preferred for younger patients because of the lack of ionizing 
radiation and necessity for CT imaging in acute hares. 53 CTE 
may be especially useful when MR expertise and experience are 
not available, there is a clinical concern for sepsis, the patient is 
having her or his first CTE examination, or suspected, complex 
intra-abdominal penetrating disease is present, which may 
prompt further surgical or interventional therapy, or in older 
patients. In these situations, the clinical benefit of CTE will 
far outweigh potential risks. MR enterography, given limited 
resources, may be more useful in asymptomatic patients, when 
obstruction is suspected, or when patients are younger or have 
known perianal disease. 

Fluoroscopic small bowel examination is useful, particularly 
in patients with colonic resections or resections of the ileocecal 
valve, so the functional importance of narrowed and dilated 
segments can be ascertained. Moreover, fluoroscopic examina¬ 
tion also provides a single view of complex small bowel disease 
in the presence of prior surgical changes. 
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Summary 


“As the number of imaging examinations and radiologic proce¬ 
dures continues to rise, so do radiologists’ opportunities to 
improve their roles as consultants and clinical team members-” 1 
The mesenteric small intestine is the most challenging segment 
of the gastrointestinal (GI) tract to examine. It is the longest 
segment of the alimentary tube and has the widest mucosal 
surface, yet the incidence of disease is low and the clinical presen- 
tations are mimicked by diseases of adjacent visceral organs, 
with a higher incidence of abnormalities. The significant role of 
imaging, therefore, is to exclude small bowel (SB) disease reliably 
or diagnose early, small, or localized disease with confidence. 217 

Methods of imaging that do not distend the SB lumen have 
historically been shown not to allow reliable exclusion of SB 
disease or early demonstration of small or early mucosal or sub- 
mucosal abnormalities. In addition, these examinations do not 
give the radiologist and clinician the confidence to exclude small 
neoplasms and low-grade SB occlusion (SBO) or depict early 
mucosal SB Crohn’s disease (aphthae) or nonsteroidal anti- 
inflammatory drug (NSAID) enteropathy. SB imaging reports 
are therefore not infrequently equivocal or noninformative, and 
repeated imaging examinations or performance of more expen- 
sive and invasive endoscopic methods are done before a defini¬ 
tive diagnosis or confident exclusion of SB disease is made. 

The investigation of SB diseases requires methods of exami- 
nation that have a high negative predictive value and high sen- 
sitivity. Intubation infusion examinations (enteroclysis and its 
modifications) have been shown to overcome most of the inher- 
ent limitations of conventional examinations (peroral ingested 
or nonenteral volume-challenged) but have inherent limita¬ 
tions. 18 Decades of experience have shown that only examina¬ 
tions that distend the lumen and coat the mucosa fulfill these 
roles. 21 19 Several of these reports were not generated from 
well-controlled clinical trials; many are experience-based. The 
enteroclysis technique and its modifications have remained the 
most accurate methods that reliably exclude SB abnormalities 
and allow early diagnosis of disease. 
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Progress in imaging of the SB during the past few decades 
has largely occurred because of refinements in the application 
of various modalities. These include orally ingested conven¬ 
tional abdominal and pelvic computed tomography (CT) or 
magnetic resonance imaging (MRI) with intravenous (IV) con- 
trast (CT enterography and MR enterography), conventional 
barium enteroclysis methods (computed tomography entero¬ 
clysis [CTE] and magnetic resonance enteroclysis [MRE]), and 
technical refinements in performing double-contrast (DC) 
barium enteroclysis. 

Some updates on how to perform CTE, its modifications, 
and DC barium enteroclysis, as well as its clinical applica- 
tions, have been recently described but are beyond the scope 
of this chapter. Interested readers are referred to these 
articles. 51,83 ' 85 

This chapter presents an update of the current role of CTE 
modifications in the diagnosis and management of SB diseases 
from evidence- and experience-based analyses. We examine 
why enteral volume-challenged examinations, despite their 
reported higher accuracy and reliability in ruling out SB disease, 
are infrequently performed in clinical practice. The roles of the 
different modifications of CTE are discussed. Evidence- and 
experience-based recommendations are made to improve early 
diagnosis and influence prognosis, decrease irradiation of the 
patient, and lower the costs of investigation. An overview of 
clinical indications, comparison with other cross-sectional 
imaging techniques, common technical pitfalls, and limitations 
are briefly presented. 

Historical Background 

Enteroclysis was first described by Pesquera in 1929. 86 Several 
investigators have modified his technique, 87 ' 93 but the method 
did not gain popularity because of technical problems, includ- 
ing issues with enteric tubes and inadequacy of fluoroscopic 
units. It was not until 1971 that Johan Sellink 94 rejuvenated the 
technique in Europe and received attention in North America 
through additional publications by several investigators in the 
late 1970s and early 1980s. 12,93,95 His technique was tried by 
interested radiologists in North America but was not adopted 
by most of them because of discomfort to patients and the time 
requirement. Kloppel modified the Sellink method using a 
lower density, water-soluble enteral contrast and adapted it to 
monoslice CT. 21 With the development of multislice CT tech- 
nology, this method was subsequently modified by Maglinte 
and colleagues 52, 84,96,9 into a positive enteral contrast CTE and 
a neutral enteral contrast with IV contrast CTE in several newer 
studies. 

Each modification has distinet strengths and limitations for 
different clinical indications. An 11% dilution of water-soluble 
contrast was used for the positive enteral contrast CTE after 
trials of multiple dilutions of iodinated contrast, and water was 
used for the neutral enteral contrast with IV contrast CTE. 




39 Computed Tomography Enteroclysis 695 



Figure 39-1 CTE modifications—normal examinations. A. Positive enteral contrast CTE. The 11% dilution of water-soluble iodinated contrast 
with the wide window settings used optimizes visualization of the valvulae conniventes. B. Neutral enteral contrast CTE with IV contrast using 
water. Soft tissue window settings optimize the evaluation of the intestinal wall, mesentery, and solid abdominal organs, a global abdominal 
examination. Volume (3.5 mL) of neutral enteral contrast used in our protocol includes filling of the colon needed for appropriate staging of 
Crohn's disease, which includes assessment of the perianal region according to the report of the working party of the 2005 Montreal World 
Congress of Gastroenterology for inflammatory bowel disease. 


Using a wide window CT setting for the positive enteral contrast 
optimizes visualization of the valvulae conniventes from several 
dilutions that we have tried in the past. 51,84,85,98 The use of 
methylcellulose suspension, which has been withdrawn from 
commercial distribution in the United States because of con- 
tamination as a neutral enteral contrast, was abandoned and 
replaced with plain tap water for the neutral CTE with IV con¬ 
trast modification. Absorption is not an issue with CTE com- 
pared with CT enterography because of the volume used, the 
use of a hypotonic agent (glucagon), and continued infusion 
during CT acquisition (Fig. 39-1). Biscaldi and associates 2 99101 
have applied the enteroclysis technique using retrograde infu¬ 
sion for selected indications. 

Enteroclysis and its cross-sectional modifications, despite 
their reported accuracy, are mostly performed as a problem- 
solving tool in tertiary medical centers at present. This method 
usually follows an orally ingested SB examination (conventional 
abdominal-pelvic CT with oral and IV contrast, CT enterogra¬ 
phy, or MR enterography) in patients with negtive or equivocal 
findings or with persistent symptoms despite negative findings. 
In a minority of specialist centers, in which the various entero¬ 
clysis modifications are done regularly, the method is used as a 
primary diagnostic investigation to exclude or diagnose early 
SB disease confidently. It is also used in patients with high clini- 
cal suspicion of SB disease to decrease radiation burden, 
decrease cost of work-up, and minimize delays in the diagnosis 
of SB diseases. 22 ’ 83 - 85 ’ 102 ’ 104 ’ 105 

Clinical Indications and Comparison 
with Other Imaging Methods 

The lack of a current evidence-based guideline results in inap- 
propriate use and overuse in clinical practice, wasting expendi- 
tures by inappropriate referrals, incorrect interpretation, and 


duplicative use 105 and resulting in increased cost of investiga¬ 
tion, increased radiation burden to patient, and delays in diag¬ 
nosis, which influence prognosis. Evidence- and experience-based 
comparisons provide insights on the clinical performance of the 
different methods of investigation of SB diseases and a rational 
basis for making recommendations. Although there are limita- 
tions in the appraisal of these research studies, they can provide 
useful guidelines for optimal use of current imaging studies. 

SMALL BOWEL CROHN'S DISEASE 

In the United States, CT enterography has recently replaced 
small bowel follow-through (SBFT) as the most frequently used 
method of SB imaging, particularly for SB Crohn’s disease in 
most practices. 18,19,26,81,106 With advances in multidetector CT 
technology, there is validity in this shift. 19,107 Multidetector CT 
has simplified evaluation of the small intestine and mesentery 
compared with the SBFT. The term CT enterography was first 
introduced by Zamboni and Raptopoulos 11,19,10 in 1997 in ref¬ 
erence to a modified abdominal CT technique to address SB 
Crohn’s disease. A large volume of a 2% barium-based or 2% 
to 5% water-soluble, iodine-based, oral contrast material was 
administered 1 to 2 hours before scanning. A high dose of IV 
contrast material and biphasic injection rate regimen of IV 
contrast were used. 

Another orally ingested SB-focused CT method was subse- 
quently described, in which a neutral enteric contrast material 
(polyethylene glycol [PEG] solution and whole milk) and iso- 
tonic oral solution were used. 108,109 It was not until 2006, when 
the Mayo Clinic Rochester group reported their experience ini¬ 
tially using water and a water-methylcellulose solution, which 
was replaced by a PEG electrolyte solution and subsequently by 
low-concentration barium (0.1% w/v ultra-low-dose barium 
with sorbitol [VoLumen, Bracco Diagnostics, Princeton, NJ]), 
that CT enterography caught the attention of the radiology 
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and gastroenterology community. 110,111 Invited commentaries, 
which accompanied the reports by Bodily, 112 Paulsen, 113 and 
Maglinte 19 and their colleagues predicted that CT enterography 
would replace the traditional SBFT as the initial radiologic 
method of investigation for SB Crohns and other SB diseases if 
expertise in DC barium enteroclysis or CTE were not available. 
Enteroclysis is used as a problem-solving tool in referral centers 
when questions relevant to management are not fully answered 
by CT enterography. 

The optimal radiologic approach to the patient with sus- 
pected, early SB Crohns disease, or when the clinical indication 
is to rule out SB Crohns disease compared with the patient 
with established SB Crohns disease, is poorly understood. 
Although phenotype classification is required when disease is 
diagnosed, the latter requires staging details for therapeutic 
decision making, whereas the former requires reliable exclusion 
of disease. The lag time from the onset of symptoms to con- 
firmation of the diagnosis of SB Crohns disease has been 
approximately 36 months. 114 Transmural and penetrating phe- 
notypes are usually manifest at the time of diagnosis; it is no 
longer early SB disease. There has been no recent update on 
this information because of the more common use of CT 
enterography, capsule endoscopy (CE), and recent modifica- 
tions of barium and cross-sectional enteroclysis hybrids. It is 
likely that the lag time will shorten with these newer, albeit 
more expensive, techniques. 

The use of conventional SBFT as the initial method of exam- 
ination because of its low cost seems misguided because this 
likely contributes to the long lag time; it does not reliably 
exclude early disease and, when an abnormality is suspected, 
requires additional imaging to confirm the finding. 15,103 This is 
one of the reasons for repeated SB imaging with orally ingested 
methods of investigation before a diagnosis is made. Evidence- 
based analysis has shown that the negative predictive value of 
CT enterography is 67% (compared with 48% for SBFT or 63% 
for MR enterography); these were in patients with aphthoid 
manifestations of the disease. 115 In a report comparing CT 
enterography with CTE, the conclusion was made that CT 
enterography “compared favorably” with CTE in the diagnosis 
of SB Crohns disease. 1 An invited commentary on the report 
concluded that the comparison was flawed. The research actu- 
ally compared two forms of CT enterography, one with enteral 


contrast orally ingested (enterography) and the other with 
enteral contrast hand-injected through a tube (labeled as CTE). 
Contrast was not continuously infused during CT scan acquisi- 
tion, as it should be in a technically satisfactory CTE. Distention 
of the SB was similar, as expected. The disease phenotype was 
not categorized. 107 

An evaluation of published reports does not indicate aph¬ 
thoid lesions as the only manifestation of SB Crohns disease 
with cross-sectional imaging as the method of examination. 
Radiologists must understand that when reporting the SB 
examination of patients with Crohns disease, the disease phe¬ 
notype, sites of involvement, and severity are categorized. Phe¬ 
notype classification of SB Crohn s disease using all imaging 
modalities has been previously reported. 116 This is central infor¬ 
mation for referring clinicians when formulating a course of 
management. It is no longer enough to State that the Åndings 
are consistent with SB Crohns disease. CTE and MRE have been 
compared with biphasic barium enteroclysis. CTE has been 
proven to be significantly superior to enteroclysis in depicting 
Crohns disease-associated intramural and extramural abnor- 
malities. 117,118 The best current evidence-based analysis shows 
that CTE is a good test for the diagnosis of SB Crohns disease 
but barium enteroclysis is required in patients with high clinical 
suspicion of disease and with a negative CTE. 60 In the clinical 
scenario in which there is a high pretest probability (e.g., 85%), 
a positive CTE result confirms the presence of disease (0.99) but 
a negative test result is equivocal (0.5). Further investigation 
with barium enteroclysis was recommended. 60,119 

A similar conclusion was made in a report comparing MRE 
with barium enteroclysis and CTE. 120 In another report, it was 
concluded that MRE does not perform as well as barium entero¬ 
clysis but the additional extraluminal details and absence of 
ionizing radiation enhances its overall performance. 121 MR 
imaging is able to depict morphologic changes in the assess- 
ment of SB Crohns disease. 122 

In another evidence-based comparison between CTE and 
barium enteroclysis, Minordi and co-workers 60 concluded that 
CTE is a good test for the diagnosis of SB Crohns disease but 
barium enteroclysis is required in patients with a high clinical 
suspicion of disease and a negative result on CTE. Further 
investigation with barium enteroclysis was also recommended 
(Fig. 39-2). 



Figure 39-2 Limitations of cross-sectional imaging in the diagnosis of aphthoid lesions of early SB Crohn's disease. A, B. Images show 
no evidence of hyperenhancement, transmural edema, or wall thickening on CTE done to rule out SB Crohn's disease. Upper and lower 
endoscopies were not informative. C. DC barium enteroclysis shows diffuse aphthous ileitis with tiny ulcers and beginning submucosal edema 
evidence by mild thickening of the plicae circulares (curved arrow). Inflammatory disease markers were abnormal. Patient also had an 
unexplained lower GI bleed. 
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Aphthoid lesions are below the spatial resolution of cur- 
rently used cross-sectional imaging (CT or MR). These abnor- 
malities become perceptible with cross-sectional imaging when 
submucosal and transmural abnormalities become manifest. 
They are subtle with DC barium enteroclysis and are easier to 
diagnose when accompanied by submucosal edema. 123125 In the 
symptomatic patient, however, with mucosal hyperenhance- 
ment by cross-sectional imaging in an adequately distended 
segment, particularly when accompanied by submucosal edema, 
early SB Crohns disease should be considered, but further con- 
firmation should be recommended. 

A false-positive diagnosis of SB Crohns disease has signifi- 
cant ramifkations for patients. The Minordi report 60 used the 
biphasic enteroclysis method with methylcellulose, which has 
been shown to efface surface markings of the SB. 67,105,126 An 
insight into the problem of the diagnosis of early SB Crohns 
disease was also provided in another evidence-based analysis 
comparing CT enterography, MR enterography, and the SBFT. 115 
Phenotype classification using an endoscopic grading of disease 
severity 110 was used as the reference standard. All three methods 
of investigation showed similar high sensitivity and specificity, 
but the SBFT was only 76% effective compared with 87% for 
CT and MR enterographies. The SBFT had the worst interob- 
server agreement (35%). The negative predictive values (CT 
enterography 67%, MR enterography 63%, and SBFT 35%) 
allow an understanding of the problems in the diagnosis of 
early SB Crohns disease using nonenteral, volume-challenged 
examinations and examinations in which mucosal coating is 
not optimized and abnormalities are smaller than the spatial 
resolution of the modality. The use of CE early in the investiga¬ 
tion may be a rational approach compared with cross-sectional 
imaging in practices with no expertise in performing DC 
barium enteroclysis, despite its shortcomings. 104 

A comparison between CE and the various modifications of 
enteroclysis 46,67,104,127 has further shown that cross-sectional 
imaging (CT or MRI) does not reveal the aphthae of early SB 
Crohns disease when it is the only manifestation of the disease. 
Several of these evidence-based comparisons predated CE or 
newer methods of enteroscopy. Most patients had known 
disease or were highly suspected of having SB Crohns disease, 
and the phenotype of SB Crohns disease was not categorized. 
In addition, there were heterogeneous tests used as reference 
standards, including the SBFT, biphasic methylcellulose entero¬ 
clysis, and subjective indices. In another meta-analysis, CE was 
shown to have an incremental yield of 31% more than CT 
enterography. 128,129 

In other reports, DC barium enteroclysis and both modifica¬ 
tions of CTE compared favorably with CE in the evaluation of 
suspected Crohns disease and obscure GI bleeding. 67,104 

SMALL BOWEL NEOPLASMS 

Although the small intestine represents almost 75% of the total 
length of the GI tract and almost 90% of its mucosal surface, 
SB neoplasms remain rare; they account for less than 5% of all 
GI tumors. 130 Colon cancer is 50 times more common than SB 
cancer. 131 Adenocarcinoma, mostly located in the duodenum 
and proximal jejunum, makes up 30% to 40% of cancers. Car- 
cinoid, mostly in the ileum and uncommon in the proximal SB, 
makes up 35% to 42%; lymphomas, mostly in the ileum and 
jejunum, approximately 15% to 20%; and sarcomas, which are 
evenly distributed, approximately 10% to 15%. 132 


The incidence of SB cancer has increased during the past 
several decades—fourfold for carcinoid, less dramatic for ade¬ 
nocarcinoma and lymphoma, and stable for lymphoma. The 
incidence is higher in North America, Western Europe, and 
Oceania than in Asia. 133 An increase in the 5-year relative sur- 
vival (U.S. SEER data, 1992-2005), particularly for carcinoid 
(80.7%), has been noted. 134 This is secondary to novel adjuvant 
therapies and not to imaging. The relative contribution of 
imaging to this improvement has not been evaluated. The rela¬ 
tive survival is 64.1% for lymphoma, 57.9% for sarcomas, and 
28.0% for adenocarcinoma. There is, however, no significant 
change in the long-term survival for any of the histologic 
types. 134 This has been attributed to most patients being diag- 
nosed late, with local extension or distant tumor spread at the 
time of surgery and the long interval between the onset of 
symptoms and time of diagnosis. Reports have shown 40% local 
spread and 30% distant spread (Fig. 39-3). 135,116 A prior analysis 
of why these delays occur showed that the major delay was after 
medical help was sought, longest after a false-negative result of 
radiologic examination. 136 In this report, the delay because of 
the patient failing to report symptoms was less than 2 months, 
the physician not ordering an appropriate diagnostic test about 
8 months, and the radiologist failing to make the diagnosis 
approximately 12 months. This is a lag time of approximately 
2 years, longest after a false-negative result of a radiologic 
examination. 136 

The vague clinical presentation of these tumors, usually 
abdominal pain and less often GI bleeding, is also contributory. 



Figure 39-3 Late diagnosis of SB malignancies. Shown is a CT 
scan of the abdomen and pelvis with IV contrast in a patient with 
chronic recurrent nausea and vomiting. Coronal images show a 
mass in the proximal jejunum ( arrow ) consistent with proximal SB 
malignancy; also note liver metastases. Surgical pathologic tindings 
showed adenocarcinoma. 
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These data underlie the need for a reliable method of examina- 
tion when there is a possibility of SB neoplasm or unexplained 
abdominal symptoms and upper and lower GI evaluations are 
unrevealing. The role of imaging in these patients is to rule out 
or confirm early SB tumor reliably. SB tumors are rare and 
frequently underdiagnosed or diagnosed late (see Fig. 39-3). 
Curative resection remains the only curative therapy for SB 
malignancies. 13 There is no rigorous imaging comparison eval- 
uating multiple peroral SB examinations and intubation- 
infusion distended SB modifications. A prior comparison of 
orally ingested SB barium examination with enteral volume- 
challenged examinations showed the sensitivity of orally 
ingested SB examination to be 61%, whereas that of enteroclysis 
was 95%. 138 This result highlights the difference in diagnosing 
filling defects when the SB is distended. 

There have been no rigorous head to head comparisons 
between CTE and MRE or between CT enterography and MR 
enterography. MR imaging is frequently recommended because 
of the lack of ionizing radiation. 120 Both CTE and MRE have 
been shown to have high accuracies, more than 90%, but the 
discomfort of intubation has been a deterrent, and hence the 
rationale for recommending MR enterography. 28; 139-141 

However, this deterrent is not an issue when appropriate 
conscious sedation is administered and may even be preferred 
by patients who do not want to drink the large amount of 


oral contrast and want to have no recall of their experience. 142 
There is an important factor for radiologists to consider—a 
lack of knowledge on the part of ordering physicians who 
want to do what is best for their patients but do not under¬ 
stand which imaging study is the most reliable to answer ques- 
tions relevant to patient work-up and management in the 
evaluation of SB diseases, particularly when the possibility of 
SB neoplasm is concerned. Radiologists must function as con- 
sultants, so that when orally ingested SB examination results 
are not informative and unexplained abdominal symptoms 
persist, recommendation should be made to refer these patients 
to centers in which enteral, volume-challenged examinations 
are routinely performed. 

An added role of CTE in the work-up of SB neoplasms is 
to guide the enteroscopist about which route to take in the 
evaluation of patients who may require biopsy or endoscopic 
removal of SB lesions. When multiple defects are present, the 
precise location of the largest lesion is readily estimated by 
CTE using currently available software. Although this can be 
done with neutral enteral CTE, the positive enteral CTE modi- 
fication is simpler to use with vessel analysis software when 
required, although localization can be frequently estimated 
(Fig. 39-4). Changes in the practice of radiology in the past 3 
decades and knowledge of the long-term survival of patients 
with malignant SB tumors are reminders to referring physicians 


Figure 39-4 Use of CTE to 
guide enteroscopic approach in 
a patient with multiple SB 
abnormalities. A. Coronal image 
of a positive enteral contrast CTE 
on a patient with Peutz-Jeghers 
syndrome done because of 
symptoms of mechanical SBO. 
Multiple filling defects are seen 
throughout the mesenteric SB 
and duodenum. The largest 
(arrow) showed intermittent 
intussusception on real-time 
(fluoroscopic) phase of the 
examination. B. Multiple small 
polyps in the duodenum, 
proximal jejunum, and midileum. 

C. Enteroscopic image shows the 
largest polypoid mass (arrow). 

D. Hamartomatous mass (arrow) 
removed during double-balloon 
enteroscopy done using the oral 
approach. The use of vessel 
analysis software allows 
determination of the distance of 
an abnormality from the ligament 
of Treitz or ileocecal valve. (From 
Maglinte DD: Fluoroscopic and 
CT enteroclysis: Evidence-based 
clinical update. Radiol Clin North 
Am 51:149-176 , 2013. 











39 Computed Tomography Enteroclysis 699 


and radiologists of the important role of imaging in the evalu- 
ation of SB tumors. 141 

SMALL BOWEL OBSTRUCTION 

SB obstruction is a common clinical condition, often presenting 
with signs and symptoms similar to those seen in other acute 
abdominal disorders. Once suspected based on the patients 
clinical history and physical examination, radiologists must 
verify or exclude the presence of obstruction and provide cogent 
information on the site, severity, and probable cause of the 
obstruction and presence of strangulation. 143 ' 147 Although initial 
reports showed high accuracy of CT of the abdomen and pelvis 
with oral and IV contrasts in the diagnosis of SBO, 148,149 a sub- 
sequent evidence-based comparison showed an overall accu¬ 
racy of 65%. 150-152 In this analysis, however, the accuracy of 
conventional CT increased to 81% for high-grade and complete 
obstruction. With low-grade obstruction, accuracy was 48%, 
statistically similar to the sensitivity of abdominal radiography 
for SBO. 153 

These patients have recurrent symptoms, and additional 
conventional CT examinations are often obtained until the 
obstruction becomes severe enough to be diagnosed. In patients 
with symptoms of recurrent low-grade adhesive obstruction, 
following an initial negative orally ingested CT examination 
usually done in the emergency department, a recommendation 
should be made to the referring physician that if a further 
investigation is needed, these patients should be referred for 
enteral volume-challenged examinations. In this subset of 
patients, similar to patients with suspected SB Crohn s disease 
or tumor, repeated examinations that are unable to rule out 
obstruction reliably are done before appropriate imaging is 


requested. Findings of adhesions are often present in retrospect 
but are not confidently diagnosed because of the lack of an 
appreciable transition point; the latter is exaggerated with 
enteral, volume-challenged examinations. This diagnosis should 
be made even when nonobstructive, because these are known 
to cause symptoms of recurrent or chronic abdominal pain in 
patients with prior abdominal surgery (Figs. 39-5 and 39-6). 

Dense, anterior, parietal peritoneal adhesions increase the 
risk of bowel injury during laparoscopy and may require 
alternative trocar insertion sites. 1 The number and sites of 
SBO and length of the SB proximal to the first point of 
obstruction assist the surgeon in deciding whether an adequate 
absorptive surface is available for the formation of an ostomy 
or bypass (generally, 125 cm). 143,145,146 Conventional CT and 
other nonenteral, volume-challenged examinations are not 
sensitive for lower grades of SBO that present usually in the 
subacute phase. 103,150-152,155 CTE is the most accurate method 
for the further investigation of these patients and in those 
with SBO diagnosed by conventional CT, in whom additional, 
management-relevant questions are not answered. 145 In 
the former group of patients, symptoms frequently subside 
with nonsurgical management. 

Confirmation of the diagnosis by CTE prevents the repeated 
performance of orally ingested enteral contrast SB CT or MR 
examinations. These examinations neither confidently diagnose 
nor exclude low-grade obstruction in the appropriate clinical 
setting. A larger volume of neutral oral contrast may minimize 
this disadvantage, but patients with this condition experience 
nausea and sometimes vomit with the volumes given for CT 
enterography. Not infrequently, they are unable to finish ingest- 
ing the optimal volume required. By directly infusing contrast 
into the SB and providing a fluid volume challenge, the presence 



Figure 39-5 Conventional CT 
and CTE in low-grade small 
bowel obstruction. A, B. There 
is no evidence of a gradient or 
transition point to suggest 
mechanical obstruction in a 
patient with symptoms of 
recurrent SBO. C, D. CTE of the 
same patient demonstrates the 
transition point and prestenotic 
dilation from an anterior 
peritoneal adhesive obstruction 
posterior to the right rectus 
muscle. Interloop (visceral) 
adhesions ( arrowhead ) are noted 
in segments posterior to the 
parietal adhesive obstruction. 
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Figure 39-6 Demonstration of transition point and prestenotic dilation. A. Coronal image of CT abdomen and pelvis with orally ingested 
neutral contrast shows filling loops of the SB, including distal loops, but no evidence of mechanical obstruction seen in patient with tuberculous 
stricture (same patient as in Fig. 39-1). B. Stricture now apparent ( arrow ) with prestenotic dilation during enteral volume challenge. Note the 
so-called dirty feces sign from inspissated debris. (From Gollub MJ, Maglinte DD: CT enterography and CT enteroclysis. In Shirkhoda A [ed]: 
Variants and Pitfalls in Body Imaging, 2nd ed. Philadelphia, Lippincott Williams & Wilkins, 2011, pp 328-362.) 


of an existing low-grade obstruction, gradient, or prestenotic 
dilation is exaggerated and reliably diagnosed; vomiting is 
avoided by controlling infusion rates fluoroscopically and 
understanding several variables involved in enteroclysis that 
require fluoroscopic guidance (see Fig. 39-6). 143,146 Even when 
no gradient is observed, demonstration of subtle deformities 
such as luminal narrowing and fixations are easier to appreciate. 
Real-time (fluoroscopic) observations add to the confidence in 
making or excluding the diagnosis. 

This observation adds to the morphologic details provided 
by multiplanar CT. Cross-referenced assessment pro vides more 
precise assessment of the location and characterization of the 
cause. The positive enteral CTE modification is preferred for 
this subset of patients, although this condition can be diagnosed 
also with neutral enteral CTE with IV contrast. The lack of real¬ 
time control by the radiologist on the rate of infusion and 
volume needed for neutral enteral CTE add to the possibility of 
vomiting in this group of patients, which makes this modifica¬ 
tion less ideal. The method can be modified, particularly in 
patients with inflammatory SB disease with low-grade obstruc- 
tive symptoms, with indirect monitoring of the infusion rates; 
this requires fluoroscopic guidance. Determining the optimal 
infusion rates on either modification is difficult and requires 
experience because there are several variables that influence it, 
and each patient is different. 85 In the subset of patients with 
recurrent symptoms, a subtle gradient or transient stasis may 
be observed fluoroscopically and may not be depicted on the 
CT image. 

Correlating the fluoroscopic observation and the anatomic 
information depicted by multiplanar CT allows a confident 
report of low-grade adhesive obstruction from a parietal or 
visceral adhesion or both. Neutral enteral with IV contrast CTE 
excels in evaluating mur al abnormalities in addition to the mes- 
entery and solid viscera. In patients in whom the obstruction 
has resolved, adhesions are still reliably visualized on CTE. 
When patients with a history of malignant neoplasm and prior 
abdominal surgery present with an SBO, radiologists are often 
faced with the difficult task of determining the exact cause of 


the obstruction. CTE provides the necessary intraluminal and 
extraluminal information to help differentiate SBO caused by 
seeded or hematogenous metastases from that caused by radia¬ 
tion exposure or postsurgical adhesions. 6,96,156,157 Thus, in addi¬ 
tion to anatomic information regarding tumor size and location, 
CTE can reliably assess for the presence of associated low-grade 
obstruction. 158 

There is a subset of patients with SBO for whom surgeons 
prefer initial conservative management (i.e., tube decompres- 
sion of the distended SB) over surgery. 159,160 These are patients 
with the following: (1) SBO in the immediate postoperative 
period; (2) a history of prior abdominal surgery for a malignant 
tumor; (3) a prior history of radiation therapy; or (4) Crohns 
disease with prior surgery. Further characterization of the 
severity and nature of the obstruction are of value for manage¬ 
ment. The use of the triple-lumen, long decompression- 
enteroclysis (Maglinte Long Tube; MDEC, Cook, Bloomington, 
IN) has allowed us to participate in the management of these 
patients by preliminary decompression of the distended SB, 
performance of a diagnostic CTE, and further long-tube 
decompression after the examination. 84,85,143,145,146,161 163 

The use of positive enteral CTE allows assessment of the 
cause and severity of the obstruction in addition to more effi- 
cient, long-tube suction (Fig. 39-7). 143,146,164 Participation in the 
care and management of this subset of patients is important for 
radiologists to consider; it could help change the low prestige 
and perception of mediocrity of radiology as a specialty by 
other physicians. 165,166 

Our technique of examination is modified in patients with 
a prior history of pancreatoduodenectomy (Whipple proce¬ 
dure). They may present with symptoms in the subacute or 
chronic setting unexplained by cross-sectional imaging, which 
is now the routine examination of the postoperative pan- 
creas, 167,168 and questions relevant to management require eval- 
uation of hepaticojejunal, pancreatojejunal, gastrojejunal, 
and pylorojejunal anastomoses. 169-175 The catheter tip and 
balloon are positioned immediately distal to the gastroesopha- 
geal junction and retracted until mild resistance is met to 
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Figure 39-7 Use of long tube decompression in postoperative examinations. A, B. Axial images of CT of the abdomen and pelvis in a 
patient with symptoms of SBO, taken in an outside institution, show findings consistent with mechanical SBO. Laparoscopic exploration did not 
show a point of mechanical obstruction. C. Abdominal radiograph obtained following initial nasogastric suction with long tube (note catheter tip 
in the gastric antrum) at the Indiana University Hospital. D. Overnight suction after long tube advanced to proximal jejunum shows decrease in 
distention of SB loops. E. Axial CT section of positive enteral CTE shows mural thickening and narrowed lumen at the level of the proximal 
ascending colon ( arrow ). F. Coronal image of CTE shows an annular lesion, raising the possibility of carcinoma ( arrow ). Colonoscopy and biopsy 
showed tuberculous colitis simulating malignancy (patient had a false-negative result from an incomplete colonoscopy at the outside institution). 


prevent gastroesophageal reflux during controlled infusion. 
This modification allows for the evaluation of the pylorojejunal 
anastomosis and hepaticojejunal and pancreatojejunal anasto- 
moses, as well as distal segments of the SB in real-time and 
cross-sectional images. This modification has been termed the 
CT Whipplegram for lack of a better name (Fig. 39-8). It simpli- 
fies the evaluation of all the anastomoses and the distal SB when 
partial obstruction enters the differential diagnosis to explain 
postoperative symptoms in those with prior lower abdominal 
surgical procedures. We also use this modification in patients 
with prior Billroth procedures or prior partial or total removal 
of the upper GI tract and a Roux-en-Y anastomosis (Fig. 39-9). 
The balloon and catheter tip are positioned immediately distal 
to the anastomosis. The esophageal anastomosis is evaluated 
initially using enteral contrast with the catheter tip above it 
before advancement of the catheter. This simplifies the exami- 
nation of this subset of postsurgical patients, in whom exami- 
nation is difficult with orally ingested contrast with conventional 
fluoroscopic or cross-sectional imaging. The timing of surgical 
intervention, as well as the optimal method of radiologic inves- 
tigation in patients with incomplete, open loop SBO, has 
changed during the past 2 decades . 47,146,176 

Evidence-based analysis has shown the added value of CTE 
over other methods of examination . 1 ' 1 : 55 Reliable exclu- 
sion or confirmation of the diagnosis, detection of multiple 
levels of obstruction, and objective classification of severity and 
cause are useful information provided by CTE in the evaluation 
of these patients. Advances in imaging techniques have changed 
how work-ups are planned for patients with suspected SBO. 


Conventional CT has high sensitivity in diagnosing high-grade 
obstruction and is helpful in confirming the presence or absence 
of strangulation; several reports have confirmed the value of CT 
for this indication (Fig. 39 .io ). 143 ’ 144 152 ’ 164 ’ 177181 

Although the specificity of contrast-enhanced CT for intes- 
tinal ischemia has been reported to be as low as 44%, its high 
sensitivity (90%) and negative predictive value (89%) are 
helpful in making decisions concerning continued nonopera- 
tive management versus surgery . 177,182 ' 187 The dictum, “Never let 
the sun rise or set on small bowel obstruction,” once popular 
among general surgeons because of the feared complication of 
strangulation and the clinical difficulty associated with its pre- 
operative recognition, is now outdated . 188,189 

MISCELLANEOUS INDICATIONS 

When the cause of biood loss from the GI tract is still not clear 
after upper and lower endoscopies (obscure GI bleed), studies 
have recommended several options, each with their own pro¬ 
ponents, which may present as a long-term and difficult man¬ 
agement problem. Angioectasias are the most common cause of 
obscure GI bleeding and are only visible on endoscopy or 
potentially on arterial phase, catheter-based or CT angiography. 
Imaging studies are insensitive to these small, flat, vascular 
lesions. A three-phase CT enterography has been described, 
with the goal of detecting angioectasias and other arterial 
phase-dominant lesions . 190 192 The radiation burden (effective 
dose, 59 mSv/examination) and the relative risks should be con- 
sidered in young patients. Unless the patient is slowly or actively 
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Figure 39-8 CT Whipplegram. A. Axial CT of a patient after recent Whipple procedure. This was done for a neuroendocrine tumor with 
persistent vomiting and nonresolving fluid collection in the perihepatic space that was referred for CTE to exclude distal SBO and leak at the 
level of a pancreatojejunostomy. Note reactive inflammatory changes to the right of the dilated pancreatic duet ( arrow ). B. Coronal image shows 
fluid collection and drainage catheter in the right perihepatic space. C. Scanogram showing uniform distention of the SB with antireflux balloon 
of enteroelysis catheter immediately distal to the gastroesophageal junetion. D. Coronal CTE image shows normal caliber of biliopancreatic 
limb (arrow). E. Coronal image shows a patent pyloroduodenal anastomosis (arrow) without evidence of a leak. F. Axial image shows small 
amount of pneumobilia and contrast in the intrahepatic tributary. G. Coronal image of CTE shows small amount of leak to the left of the 
hepaticojejunostomy (arrow). H. Coronal image of CTE shows no evidence of distal mechanical SBO. The arrow points to a well-delineated 
biliopancreatic limb. 
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Figure 39-9 CTE in the evaluation of late postsurgical complications. A, B. Axial CT images with oral and IV contrast in a patient with 
abdominal distention, nausea, and vomiting and a history of prior ulcer surgery. An apparent abnormality is seen in the proximal SB. The 
possibility of intussusception and a mass were reported. C. Image during fluoroscopic phase of positive enteral CTE shows the balloon distal 
to the gastroesophageal junction. D. Frontal radiograph shows dilated gas and fluid-filled proximal SB, without evidence of a mass or 
intussusception. Stasis was seen at fluoroscopy at this level, suggesting postsurgical dysmotility. E, F. Axial and coronal images of CTE show 
dilated proximal SB loop compatible with dysmotility noted on real-time (fluoroscopic) evaluation, without evidence of a mass or intussusception. 
An abnormality noted is secondary to admixture defects secondary to stasis related to dysmotility from a prior Billroth 1 procedure done with 
vagotomy. (Data from Gollub MJ, Maglinte DD: CT enterography and CT enteroclysis. In Shirkhoda A [ed]: Variants and Pitfalls in Body Imaging, 
2nd ed. Philadelphia, Lippincott Williams & Wilkins, 2011, pp 328-362). 



Figure 39-10 Strangulation in intestinal obstruction. A. Axial image of CT in a patient with abdominal pain, nausea, and vomiting. The arrow 
shows a nonperfused segment of the proximal jejunum in late arterial phase CT acquisition. Note the abnormal superior mesenteric vascular 
course, which suggests midgut volvulus. B. Axial at the level of the superior aspect of the pelvis shows the absence of perfusion of mesenteric 
SB, consistent with infarction confirmed at surgery. 
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bleeding at the time of acquisition, CT enterography or CTE 
will not demonstrate the angioectasias that can be seen on 
endoscopy or SB enteroscopy. CTE has the advantage of reliably 
excluding small SB neoplasms because it examines the entire 
small intestine and mesentery. In centers in which expertise in 
performing DC barium air enteroclysis is available, it should be 
performed when NSAID enteropathy is a clinical possibility and 
cross-sectional imaging is not informative. A history of heme- 
positive stools or hematochezia indicates that mucosal abrasion 
or ulceration is present, and examinations that depict the 
mucosa should be considered (e.g., DC barium enteroclysis in 
the nonemergent setting). 

The need to perform an SB examination in the emergent 
setting on a bleeding patient after endoscopic examinations 
with negative results make CT enterography a practical approach 
after the patient is stabilized following a negative endoscopic 
examination. DC barium enteroclysis should be recommended 
for patients with equivocal or noninformative cross-sectional 
imaging studies or CE with a heme-positive stool examination. 
This method allows for the exclusion of SB neoplasm, early 
Crohn’s disease, NSAID enteropathy, and other SB abnormali- 
ties (Fig. 39-11). 

Another observation obtained during fluoroscopy in the 
subset of patients with recurrent abdominal pain is that in some 
patients with visceral hypersensitivity or irritable bowel syn- 
drome (IBS), the abdominal symptoms are reproduced during 
contrast infusion and distention of the SB. This confirms the 
clinical suspicion. 2193 Lack of reproduction of abdominal symp¬ 
toms, however, does not exclude the diagnosis, because no 



Figure 39-11 Role of imaging in occult GI bleeding. Teenage 
patient with heme-positive stools with negative results by upper and 
lower endoscopies, CT enterography, and Meckel scan and CE. DC 
barium enteroclysis shows a small Meckel diverticulum ( arrowhead ). 
Small ulcerations were seen in the surgical specimen. Enteroclysis 
with careful fluoroscopic evaluation is the most accurate method of 
diagnosing Meckel diverticulum. (Data from Maglinte DD, Elmore MF, 
Isenberg M, Dolan PA: Meckel diverticulum: Radiologic demonstration 
by enteroclysis. AJR 134:925-932, 1980.) 


scientifk validation of this fluoroscopic observation during 
enteroclysis has been reported; the predictive values are there- 
fore difficult to evaluate scientifically. In our experience, it may 
coexist with an SB anatomic abnormality and may be important 
information for management. The primary role of imaging in 
the investigation of patients suspected of IBS is to exclude mor- 
phologic SB abnormality. No guidelines exist for imaging IBS; 
this awaits further research. 194 

Technical Pitfalls and Limitations 

The discomfort and pain associated with nasoenteric intuba- 
tion is the most significant factor that has limited the imple- 
mentation of enteroclysis and its cross-sectional modifications 
in clinical practice, despite its diagnostic accuracy. 195 The faet 
that patients have been able to undergo enteroclysis without 
conscious sedation does not indicate that it is a well-tolerated 
procedure. A stoic patient can undergo the examination but 
cannot forget the discomfort and pain endured during the 
procedure. Several studies have shown that physicians under- 
estimate discomfort during intubation procedures and, like 
their patient, are unwilling to undergo intubation procedures 
on themselves without sedation or analgesia. 196-201 This basic 
pitfall, seemingly forgotten by most radiologists, is obviated by 
the use of conscious sedation, which allows patients to tolerate 
unpleasant procedures while maintaining adequate cardiopul- 
monary funetion and their ability to respond purposefully to 
verbal commands. 202 In practices which conscious sedation is 
not practical and expertise in intubation is available, the use 
of a parenteral sedative (e.g., diazepam [Valium]) and a local 
intranasal anesthetic gel (a 3-mL combination of tetrahydro- 
zoline 0.1% and tetracaine 2%) makes enteroclysis intubation 
acceptable. 

Many patients tolerate enteroclysis with the use of only a 
sedative as initially reported 203 ; however, their recall of nasal 
pain, gagging, and occasional vomiting are good. A recent 
survey of the safety and patient-reported effeetiveness com- 
pared using only a sedative and intranasal gel with a regimen 
combining an amnesic, analgesic, and local nasal anesthetic 
and intranasal gel showed that the latter is better tolerated; 
when an adequate amnesic dose is administered, patients forget 
the discomfort. 142 The addition of a local nasal anesthetic to 
the amnesic-analgesic medication likely explains the success 
of our busy, patient-friendly enteroclysis practice. 142 Unless 
contraindicated, our conscious sedation protoeol uses a com¬ 
bination of midazolam (2 to 7 mg) given in 1-mg inerements. 
An analgesic (fentanyl, 50 to 150 mg), given IV in 25-mg inere¬ 
ments and carefiilly monitored by a radiology sedation nurse, 
may be administered selectively if needed for severe pain 
because it decreases gastric and small bowel motility. This 
regimen is safe and effeetive. In most patients, all that is 
required is the nasal numbing spray and amnesic. Radiologists 
who want to start a conscious sedation protoeol for enteroclysis 
should make arrangements with interventional radiology sec- 
tions who have used dedicated radiology nurses for their pro¬ 
cedures. 204 Smaller catheters also decrease discomfort, but 
currently available small catheters do not have the balloon 
attachment to prevent reflux; the use of 13-Fr enteroclysis 
catheters with a balloon attachment (Maglinte enteroclysis 
catheter; Cook) is therefore preferred. 

Performance pitfalls of enteroclysis relate more to experi¬ 
ence and familiarity with catheters, balloons, pumps, and 
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various oral contrast agents, which have all been described. 18 
Nuances related to catheterization, rates of infusion, and type 
of modification to be used, depending on the clinical indica- 
tion, have also been described. 52,83 ' 85,205,206 It would be helpful 
if 2 to 3 days are spent observing a practice that performs 
these procedures daily. There has been a prevalent miscon- 
ception that enteroclysis is simply positioning a nasoenteric 
catheter and infusing contrast, which is the recipe for an 
“enterocrisis!” All patients are different, and optimizing the 
protocol for every modification of enteroclysis, depending 
on the clinical indication and addressing multiple technical 
variables, requires an understanding of basic principles; unfor- 
tunately, this is not intuitive. Understanding the various pitfalls 
and limitations in the evaluation of SB disease and optimiz¬ 
ing SB imaging techniques decrease errors in the performance 
of these procedures. 

Comments 

CTE is a hybrid technique that combines the methods of fluo- 
roscopic, intubation-infusion SB examinations with those of 
abdominal CT. The use of multidetector CT technology has 
made this a versatile examination that has evolved into two 
distinet technical modifications, with their specific clinical 
applications. 

The efficacy of imaging procedures in confirming or confi- 
dently exeluding SB disease is not frequently considered in the 
investigation of SB diseases by radiologists and referring physi- 
cians. The influence on the referring physicians diagnostic con- 
fidence when formulating a course of management by using an 
SB examination and how it is reported is also infrequently con¬ 
sidered by radiologists, which may involve looking beyond 
reported statistical accuracy. Hence, it is not uncommon to 
see patients with several imaging examinations previously done 
before a diagnostic examination is performed or its confident 
exelusion is established. This situation also explains requests for 
a second reading or opinion on examinations already reported. 
Imaging is a rapidly growing part of health care spending, and 
an overall consideration of costs when looking at the effeetive- 
ness of SB diagnostic procedures is not given serious thought; 
what is convenient and revenue-producing currently seem to be 
the primary considerations. 

Not infrequently, peroral ingested SB examinations that do 
not involve direct participation by radiologists are done several 
times before a diagnosis is made. Available guidelines do not 
include assessment of the evidence of efficacy of diagnostic 
imaging on diagnostic confidence and patient management. 

When ordering SB imaging procedures, unlike for other 
abdominal organs, it should be realized that the incidence of SB 
diseases is low and the clinical presentation not specific. Thus, 
examination methods with a high negative predictive value 
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Small bowel radiology has undergone dramatic changes in the 
past 2 decades. Despite recent advances in small bowel endos- 
copy and video capsule technology, radiologic imaging remains 
an important means of evaluating patients with suspected or 
established small bowel disease. 15 Cross-sectional imaging 
techniques are used to investigate extraluminal abnormalities 
and intraluminal changes and have gradually replaced barium 
contrast examinations for many indications. 6 ' 13 

Magnetic resonance imaging (MRI) has many properties 
that make it well suited to imaging of the small bowel, such as 
the lack of ionizing radiation, improved tissue contrast that can 
be achieved by using a variety of pulse sequences, and the ability 
to perform real-time functional imaging. 1418 Moreover, MR 
modalities allow visualization of the entire bowel without over¬ 
lapping bowel loops as well as the detection of intra- and 
extraluminal abnormalities. These morphologic MR Åndings, 
combined with contrast enhancement features and functional 
information, help make an accurate diagnosis and consequently 
characterize small bowel diseases. These features dramatically 
change the image interpretation process. 18 Radiologists must 
focus on morphologic Åndings and functional data of small 
bowel motility to exploit MR capabilities fully. Optimal disten- 
tion of the small bowel loops is crucial for the correct evaluation 
of the bowel wall because collapsed bowel loops may hide 
lesions or mimic disease by mistakenly suggesting that the col¬ 
lapsed segments are actually an abnormality-related thickened 
bowel wall. 19 ' 21 

Two main techniques have been used to achieve small bowel 
distention, MR enteroclysis with infusion of the contrast mate- 
rial through a nasojejunal tube and MR enterography with 
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oral administration of contrast material. 18 There is a general 
preference among radiologists for performing enterography 
over enteroclysis; however, this preference is controversial. 18,2123 
MR enteroclysis is known to provide better depiction of endo- 
luminal lesions in the small intestine than that achieved at MR 
enterography performed with an oral contrast agent. 1 It is also 
generally acknowledged that MR enteroclysis provides optimal 
small bowel distention and allows more accurate detection of 
strictures. 2123 However, nasoenteric intubation for MR entero¬ 
clysis may cause patient discomfort, and it involves various 
technical and logistical difficulties, as well as exposure to radia¬ 
tion. MR enteroclysis performed with the continuous admin¬ 
istration of an enteric contrast agent is not possible at all 
facilities. 

Although Crohn’s disease is the primary indication for MR 
enterography because many patients require multiple follow-up 
imaging examinations, MR enterography is performed with 
increasing frequency for the evaluation of other small bowel 
diseases. MR imaging offers detailed morphologic information 
and functional data of small bowel disease, thereby allowing the 
diagnosis of early or subtle structural abnormalities and guiding 
patient therapy. 

Technical Considerations 

ENTERAL CONTRAST AGENTS FOR MAGNETIC 
RESONANCE IMAGING 

A number of enteral agents have been proposed for use in small 
bowel MR imaging. The most important features of enteral 
contrast agents include uniform and homogeneous opaciAca- 
tion, adequate distention of the small bowel lumen, high con¬ 
trast between the lumen and small bowel, low cost, and absence 
of serious adverse side-effects. 

There are three main groups of enteral agents. The signal 
intensity that results from their use varies according to the 
pulse sequence used. 24,25 Positive contrast enteral agents, which 
yield high signal intensity on Tl-weighted images, include 
gadolinium chelates, 25 manganese ions, 26 ferrous ions, 2 and 
foods such as blueberry juice. 28 Although these enteral agents 
can show mural thickening on Tl-weighted images, 29 they 
inevitably are limited regarding the detection of more subtle 
mucosal or wall hyperenhancement after the intravenous injec- 
tion of gadolinium-based contrast material. Consequently, their 
routine use is not recommended. 

Negative contrast enteral agents, which yield low signal 
intensity on T2-weighted and especially T2*-weighted images, 
constitute solutions with superparamagnetic iron oxides 
(SPIOs), including nanoparticles of maghemite in bentonite 
matrix, and ultrasmall SPIOs (USPIOs). 30 Currently, the 
only negative contrast agent commercially available in the 
United States is ferumoxsil oral suspension, which is used in 
MR cholangiopancreatography to reduce the signal from 
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Figure 40-1 Normal MR enterography findings. Iso-osmotic polyethylene glycol-water solution (biphasic contrast agent) acts as a positive 
intraluminal contrast agent (bright lumen) on (A) true FISP as a negative agent (black lumen) on a 3D Tl-weighted fat-saturated VIBE image 
(B). Normal valvulae conniventes ( arrows ) in a well-distended jejunum are visible. 


surrounding bowel. The high signal intensity of inflammation 
in the bowel wall and in the surrounding fat may be more 
conspicuous on T2-weighted images obtained with a negative 
contrast agent because of the greater contrast achieved between 
the high signal intensity of inflammation and the low signal 
intensity of the lumen. Side effects (observed in 5% to 15% 
of cases) associated with these enteral agents include poor 
palatability of the agent, nausea, vomiting, and rectal leakage. 24 
Moreover, the low signal intensity of intraluminal contrast on 
T2-weighted images and associated susceptibility effects may 
reduce the conspicuity of the normal small bowel wall, low 
signal intensity lesions, such as carcinoid tumors, and intra¬ 
luminal abnormalities. 

The third group of agents are biphasic enteral contrast 
agents, which have been most widely tested and are most 
commonly used for MR enteroclysis and MR enterography. 31 ' 33 
They produce low signal intensity on Tl-weighted images and 
high signal intensity on T2-weighted images. The low signal 
intensity of these agents on Tl-weighted images improves the 
contrast between the bowel lumen and hyperenhancing mural 
inflammation or masses after intravenous administration of 
contrast material (Fig. 40-1). The marked contrast between 
the lumen and dark bowel wall on T2-weighted images 
improves the detection of endoluminal abnormalities and more 
effectively highlights transmural ulcers. 34,35 Commercially avail- 
able biphasic enteral agents include water, polyethylene glycol, 
barium sulfate (VoLumen; E-Z-Em/Bracco, Lake Success, NY), 
and nonosmotic agents such as locust bean gum and meth- 
ylcellulose. 36,37 Polyethylene glycol is a high-osmolar, nonab- 
sorbed, nonfermented contrast medium that has been shown 
to provide excellent intraluminal contrast and luminal dis¬ 
tention, 38 40 although this enteral agent may cause mild diar- 
rhea. Barium sulfate, an enteral contrast agent that contains 
sorbitol, whose osmotic properties cause it to retain water, 
has also proved to be effective. 41 Barium sulfate and water- 
polyethylene glycol solution are both superior to plain water 


and water-methylcellulose solution for achieving optimal small 
bowel distention. 41 

TECHNIQUE 

Optimal distention of the small bowel loops is crucial for the 
correct evaluation of the bowel wall. This is because collapsed 
bowel loops may obscure lesions or mimic disease by mistak- 
enly suggesting that the collapsed segments are actually an 
abnormality-related thickened bowel wall. 42 

MR enteroclysis has been shown to depict early disease and 
the number of involved segments more accurately, 18-22 whereas 
enterography is more time-efficient for radiologists and other 
staff because nasojejunal tube placement is not required. 
Although jejunal distention is frequently suboptimal, 18-22 the 
ileum, which is the most common site of small bowel involve- 
ment in Crohns disease and the region of most interest to clini- 
cians, is usually well depicted. Enterography also eliminates 
radiation exposure and the technical and logistical difficulties 
of nasojejunal tube insertion, and it removes a potential barrier 
to patient compliance with future examinations. 

Enterography techniques require the ingestion of a large 
amount of fluid that hils the stomach and small bowel. Patient 
tolerance is the current limitation. As yet, there is no consensus 
on the optimal volume of oral contrast medium needed for an 
enterographic examination 40 " 45 ; a volume of 1350 to 1500 mL is 
adequate in most cases. 

Although rapid transit (<20 minutes) to the right colon has 
been observed, there is a delay of at least 40 to 60 minutes from 
contrast material ingestion to imaging in most patients. 46 
Although some authors 46 " 48 advocate imaging the patient twice 
(e.g., after 20 minutes for optimal visualization of the distended 
jejunum and after 45 minutes for the ileum), a single acquisi- 
tion performed 40 minutes after the ingestion of oral contrast 
material is effective and practical in terms of patient compliance 
and efficient time use of the MR imager. 18 
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MAGNETIC RESONANCE IMAGING PROTOCOL 
AND PULSE SEQUENCES 

A preprocedural fast of 4 hours is recommended 6 because 
fasting reduces the amount of food residue and debris in the 
intestinal lumen, which may mimic mass lesions or polyps. 
Patients are imaged in the supine or prone position. The prone 
position helps separate bowel loops, provide maximal bowel 
coverage on coronal images, and decrease the imaging volume. 41,48 
Although the prone position does offer better distention, it does 
not translate to better lesion detection. 48 The supine position 
affords greater patient comfort and is indicated for patients 
with abdominal pain, stomas, and/or abdominal wall fistulas. 

For the MR enterography protocol, an initial thick slab 
T2-weighted MR cholangiopancreatographic study helps assess 
small bowel distention. If there is inadequate distention of the 
ileum, the patient can return to the waiting room to drink more 
oral contrast material. The MR technical protocol is shown in 
Table 40-1. 

Antiperistaltic agents such as hyoscine butylbromide (Bus- 
copan; Boehringer Ingelheim, Ingelheim, Germany) or gluca- 
gon (Glucagen; Novo Nordisk, Bagsvaerd, Denmark) are used 
intravenously to eliminate peristalsis and reduce motion arti- 
fact. 18 Achieving reduced peristalsis is of considerable impor¬ 
tance for the Tl-weighted 3D sequences performed after the 
administration of intravenous contrast material and may help 
limit intraluminal flow artifacts on images obtained with the 
half-Fourier acquisition. I administer an initial 10 mg of hyo¬ 
scine butylbromide or 0.2 mg of glucagon immediately before 
the examination starts to reduce intraluminal flow voids. The 
patient receives an additional dose of the same strength prior 
to gadolinium-based contrast material injection. 

The T2-weighted sequence based on the half-Fourier recon- 
struction technique, termed half-Fourier RARE (rapid acquisi¬ 
tion and relaxation enhancement) or single-shot fast spin-echo, 
allows each image to be obtained in less than 1 second, mini- 
mizing artifacts caused by small bowel peristalsis. 14 They 
produce high contrast between the lumen and bowel wall, pro- 
viding excellent depiction of wall thickening and changes in the 
fold pattern. 

Limitations of half-Fourier RARE include its sensitivity to 
intraluminal flow voids and the faet that it poorly depicts the 
mesentery because of k space filtering effeets, 10,14 which are 
related to the combination of a single-shot acquisition and 


partial Fourier technique. The latter results in selective spatial 
filtering, leading to the loss of fine details of tissues that exhibit 
low to moderate T2 relaxation times. The coronal and axial 
balanced gradient-echo MR images that are obtained yield 
contrast that is intermediate relative to contrast on TI- and 
T2-weighted images. 

Various acronyms are used to describe the balanced gradient- 
echo sequences, including fast imaging employing steady-state 
acquisition (FIESTA), true fast imaging with steady-state pre- 
cession (FISP), and balanced steady-state free precession, 
depending on the manufacturer. These pulse sequences are par- 
ticularly effeetive as a means of obtaining information about 
mural and extraintestinal abnormalities. The black boundary 
artifact encountered at fat-water interfaces with the balanced 
gradient-echo sequence can be clearly differentiated from 
abnormal bowel wall thickening because the fat-water interface 
is of low signal intensity, which contrasts with the moderate 
signal intensity of the thickened small bowel wall. 

Two- or three-dimensional spoiled gradient-echo fat- 
saturated Tl-weighted sequences can be used to acquire 
contrast-enhanced images. Because contrast-enhanced images 
acquired with 3D volumetric sequences provide better spatial 
resolution and allow multiplanar reconstruction, they are pre- 
ferred with fully cooperative patients. When patients have dif- 
ficulty in breath holding and remaining still, a 2D Tl-weighted 
sequence, which is less susceptible to motion artifacts but has 
reduced spatial resolution, may be used instead of the 3D 
volumetric sequences. Gadolinium-based contrast material is 
administered by injecting 0.2 mmol/kg of body weight at a 
rate of 2 mL/sec, followed by a bolus injection of 20 mL of iso- 
tonic saline. Coronal gradient-echo fat-saturated Tl-weighted 
sequences are obtained before and 30 and 70 seconds after the 
injection, followed by an axial sequence beginning 90 seconds 
after the injection, which covers the entire abdomen. The entire 
protocol for MR enterography takes 20 to 25 minutes. 

Few studies have investigated the role of diffusion-weighted 
imaging for the detection of bowel inflammation in Crohns 
disease. The apparent diffusion coefficient may facilitate 
quantitative analysis of disease activity. Visual assessment of 
diffusion-weighted images may provide greater accuracy, 
whereas calculation of the apparent diffusion coefficient may 
facilitate a quantitative analysis of disease activity. 49 ' 51 

Some authors have demonstrated that inflamed bowel seg¬ 
ments have more restricted diffusion compared with normal 


Parameters for 1.5-T MR Small Bowel Imaging 


True FISP T2-Weighted Half-Fourier RARE Tl-Weighted 3D Vibe 2D True FISP 


Parameter 

Axial 

Coronal 

Axial/Axial Fat-Saturated 

Coronal 

Coronal/Axial 

Coronal and Axial 

Repetition time/echo 
time (msec) 

4.3/2.2 

4.3/2.2 

1000/90 

1000/90 

4.1/1.1 

500/75 

Flip angle (degrees) 

50 

50 

150 

150 

10 

50 

Field of view (mm) 

320-400 

320-400 

320-400 

320-400 

320-400 

400 

Matrix 

256 x 224 

256 x 224 

256 x 224 

256 x 224 

256 x 224 

256 x 256 

Parallel imaging factor 

2 

2 

2 

2 

3 

2 

Section thickness (mm)* 

5 

3 

4 

3 

2.5 

10 

No. of signals acquired 

1 

1 

1 

1 

1 

6 

Receiver bandwidth (Hz) 

125 

125 

62.5 

62.5 

62.50 

1930 

Acquisition time (sec) 

19 

21 

15-20 

15-20 

15-20 

25 


*lntersection gap is 0 mm for all sequences. 

VIBE, volumetric interpolated breath-hold examination. 
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bowel segments, and have further shown that diffusion-weighted 
imaging (DWI) is more sensitive than dynamic contrast- 
enhanced (DCE) MRI for actively inflamed terminal ileum; 
combining both techniques can potentially improve diagnostic 
specificity. 49 Other authors have reported a sensitivity, specific- 
ity, and accuracy of 86.0%, 81.4%, and 82.4%, respectively, for 
the detection of disease-active segments. Another study dem- 
onstrated restricted diffusion in inflamed portions of the colon 
in patients with ulcerative colitis, 51 one of which also showed 
that DWI had similar accuracy to contrast-enhanced sequences 
for detecting inflamed bowel. The outcomes of these studies 
suggest an evolving role for DWI in inflammatory bowel disease. 

The ultrafast acquisition of the balanced steady-state free 
precession (SSFP) technique described earlier allows high tem¬ 
poral resolution imaging of the whole length and width of the 
abdomen in a coronal slice with subsecond repetition times 
during a single breath-hold. The resulting cine sequence can be 
used to evaluate small bowel peristalsis visually, and identify 
areas of altered motility, specifically focal areas of paralysis or 
hypomotility. Cine MR sequences have been found to detect 
more specific Åndings for Crohns disease than standard MR 
enterography and identified signifkantly more patients with 
Crohns disease than those identified on MR enterography 
alone. 52 Moreover, cine MRI was a feasible approach for detect¬ 
ing a longitudinal ulcer in small bowel Crohns disease, which 
appeared as asymmetric involvement or mesenteric rigidity 
with antimesenteric flexibility. 53 More recently, software meth- 
ods have been developed to assess small bowel motility in an 
automated manner as well as analyzing the motility quantita- 
tively, 54,55 suggesting a role for quantified motility in assessing 
disease activity. 

MRI of the small bowel can be performed with a 3-T system, 56 
but the higher held strength requires modifications of the pulse 
sequences that are used at 1.5 T. Higher specific absorption rates 
because of the long acquisition time needed to obtain axial sec- 
tions of the entire abdomen with a half-Fourier RARE sequence 
at 3 T are often a limiting factor. The use of parallel imaging 
techniques may help reduce the acquisition time and decrease 
the specific absorption rate, but such reductions are achieved at 
the expense of the signal-to-noise ratio. The use of FISP 
sequences is not always feasible at 3 T because of distortion 
artifacts. However, it is possible to obtain dynamic Tl-weighted 
images at 3 T that have spatial resolution commensurate with 
that of Tl-weighted images obtained at 1.5 T. 

Image Interpretation 

Initially, MR fluoroscopic sequences are used to assess the grade 
of distention of the small bowel and provide a panoramic view 
of the caliber and location of the jejunal and ileal loops. The 
images are displayed in the cine loop mode to visualize small 
bowel mobility. 

The transit of the polyethylene glycol solution through the 
small bowel is considered normal when unimpeded flow of 
intraluminal solution from the duodenojejunal junction to the 
ascending colon is observed, with no evidence of transit delay 
or stenosis. Low-grade stenosis is diagnosed when contrast 
material reaches the site of obstruction without any delay and 
flows into the loop below the obstruction. In patients with a 
high-grade partial small bowel obstruction, the arrival of con¬ 
trast material at the site of obstruction is delayed, and only a 
minimal amount flows into the collapsed loop beyond the 


obstruction, thus making it difficult to defrne the fold pattern. 
A transition zone between the dilated bowel above and the nar- 
rowed bowel below marks the site of any obstruction. MR fluo¬ 
roscopic pulse sequences yield useful information concerning 
the distensibility of narrowed areas, facilitate the differentiation 
of contractions from strictures in the evaluation of prestenotic 
dilation, evaluate small bowel mobility, and demonstrate Ånd¬ 
ings similar to those seen at barium enema examinations, such 
as the morphology of the stenosis, which help differentiate 
among mucosal, submucosal, and extraparietal origins of 
disease. 18 

Balanced gradient-echo and T2-weighted images are exam- 
ined to detect the presence of bowel wall thickening. Multipla¬ 
nar projections can be obtained by alternating between axial 
and coronal acquisitions. 

The main challenge in MR image interpretation is bowel 
underdistention, which may mimic or mask disease. When 
mural thickening is consistently observed on images from dif- 
ferent sequences and planes, the likelihood of a correct diagno- 
sis increases. A wall thickness more than 3 mm in a properly 
distended small bowel loop should be regarded as abnormal. 
The presence of perienteric or mesenteric abnormalities is eval- 
uated; a fat-saturated T2-weighted study can help detect peri¬ 
enteric inflammation and penetration. Gadolinium-enhanced 
images are obtained to enable detection of any hyperenhance- 
ment of the bowel wall. In a narrowed segment, hyperenhance- 
ment can be used to differentiate contraction from mural 
disease. If the enhancement is identical to that of adjacent bowel 
loops in the same segment, it most likely represents underdis- 
tended contracted normal bowel. If there is more mucosal 
enhancement (mucosal hyperemia) or notably less submucosal 
enhancement (bowel wall edema), true disease should be sus- 
pected. Delayed images may also help distinguish transient con¬ 
tractions from wall thickening. 

If hyperenhancement is seen in a bowel wall of normal thick¬ 
ness, it is necessary to differentiate between true disease and 
artifact. In these cases, it is important to compare the enhance¬ 
ment with that of other loops that are similarly distended, and 
with that of bowel loops within the same segment, because 
normal jejunum enhances more robustly than normal ileum. 

The enhancement pattern of bowel loops can help differenti¬ 
ate between small bowel diseases. Homogeneous hyperenhance¬ 
ment (white) can be seen in ischemia, inflammatory bowel 
disease, adhesions, and occasionally in tumors. A hypoenhanc- 
ing (gray) wall may be seen in inflammatory bowel disease and 
tumors. Mural stratification (the target pattern) is typically seen 
in active Crohns disease. 14,18 

Clinical Applications 

CROHN'S DISEASE 

The evaluation of chronic inflammatory bowel disease presents 
several problems. First, it is important to identify the presence 
of Crohn s disease and differentiate it from other small bowel 
diseases. Second, the number, length, and locations of the seg¬ 
ments involved in each patient need to be determined. Third, if 
a stenosis is present, it needs to be classified as inflammatory or 
fibrous so that the patient can receive appropriate medical or 
surgical therapy. 

Furthermore, if inflammatory activity is present, it is impor¬ 
tant to distinguish among mild, moderate, and severe disease 
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because medical management differs depending on the disease 
stage. Fourth, the presence of mesenteric complications, such 
as abscesses and fistulas, need to be assessed because their pres¬ 
ence influences the choice of therapy. 57 ' 59 

The visualization of early changes of Crohns disease, such 
as ulcerations and subtle wall thickening, is highly dependent 
on the quality of luminal distention. 1,2,18 High-resolution (thin 
section) true FISP and half-Fourier RARE images can depict 
early Crohns disease changes; for example, an aphthous ulcer 
appears as a nidus of high signal intensity surrounded by a halo 
of moderate signal intensity (Fig. 40-2). 35,58 

Barium contrast enteroclysis and capsule endoscopy are 
more accurate than MRI as a means of detecting subtle mucosal 
abnormalities. 1,3,18 However, the clinical importance of a 
mucosal break or a few superficial aphthous lesions is not clear. 
There is evidence that suggests that up to 13% of healthy 
asymptomatic individuals may have mucosal breaks and other 
minor lesions of the small bowel at capsule endoscopy. 13 

Two types of ulcers are seen in Crohns disease, superficial 
aphthoid ulcers and deep fissuring ulcers. Deep fissuring ulcers 
are more clinically significant. They penetrate the mucosa into 
the deeper layers of the bowel wall, resulting in submucosal 
inflammation and edema. On MRI, they appear as thin lines of 



Figure 40-2 MR enterography in 22-year-old patient with 
Crohn's disease. Coronal half-Fourier RARE sequence shows 
aphthoid ulcerations ( arrow), each of which is seen as a nidus of high 
signal intensity (an ulcer crater) surrounded by a rim of moderate 
signal intensity. Capsule endoscopy and colonoscopy were used to 
confirm these findings. 


high signal intensity oriented longitudinally or transversally 
(fissure ulcers) within a thickened bowel wall (Fig. 40-3). 

Sensitivity values for the detection of bowel ulceration in the 
literature range from 75% to 90%. 17,21,42 MRI can also be used 
to detect minimal disease on the basis of mucosal enhancement 
of the bowel wall after intravenous injection of contrast 
medium 18 (Fig. 40-4). 

Segmental mural hyperenhancement is a nonspecific Ånding 
of early disease, whereas the presence of asymmetric mural 
enhancement and thickening is pathognomonic for Crohns 
disease. The sensitivity and specificity values of MRI for the 
detection of Crohns disease in the literature range from 88% 
to 98% and from 78% to 100%, respectively. 16,17,19,21-23 

Cine sequences more accurately demonstrate the number of 
abnormal bowel segments than static MRI scans. Altered bowel 
motility is an early imaging sign of Crohns disease and helps 
identify abnormal bowel segments with subtle signs of inflam¬ 
mation on static images. 60 

The management of Crohns disease continues to evolve 
medically and surgically, and MR enterography has the poten¬ 
tial to affect diagnosis and management. 61 ' 70 Classification of 
disease activity in Crohns disease based solely on clinical and 
laboratory parameters has not been clinically reproducible. 



Figure 40-3 MR enterography in 25-year-old patient with 
Crohn's disease. Coronal half-Fourier RARE sequence shows mucosal 
irregularity ( arrows ) as thin lines of high signal intensity oriented 
longitudinally or transversally (fissure ulcers) within a thickened ileal 
wall, which is consistent with diffuse ulcerations in Crohn's ileitis. 
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Figure 40-4 MR enterography in 36-year-old man with suspected 
Crohn # s disease. Coronal contrast-enhanced Tl-weighted fat- 
saturated VIBE image of terminal ileum shows uniform wall 
enhancement of terminal ileum with normal thickness (long arrows), a 
finding that indicates mild inflammatory changes. Note increased 
vascularity in the adjacent small bowel mesentery (short arrows). 


Behavior of disease first referred to the indication for 
surgery—perforating or nonperforating disease. 1 These defini¬ 
tions have been expanded to nonsurgical situations, and disease 
activity has been categorized as primarily inflammatory, pri- 
marily fibrostenotic, or primarily penetrating, depending on 
the dominating feature at a given point in time. 

To overcome the limitations of the subjective nature and 
poor reproducibility of the clinical inflammatory index, 71 an 
imaging-based classification was proposed. 61 Crohns disease 
was classified into four broad groups: active inflammatory; per¬ 
forating and fistulating; fibrostenotic; and reparative and regen¬ 
erative subtypes. The subtype classification requires accurate 
information concerning the presence of ulceration, edema, 
spasm, stricture, fistula formation, and associated inflammatory 
mesenteric mass. Given its high accuracy for the detection of 
morphologic and functional abnormalities, MRI has the poten¬ 
tial to offer reproducible and objective data to classify the 
patient’s subtype of Crohns disease correctly and plan and 
monitor patient therapy (Table 40-2). 

Bowel wall thickening (usually ranging from 1 to 2 cm), is 
the most consistent feature of Crohns disease on cross-sectional 
imaging. 23 ' 24 It can been found in the acute and chronic phases 
of disease. 


table Correlation Between Typical Findings of 

40-2 Crohn's Disease Stages and Magnetic 

Resonance Pulse Sequences 



Balanced 


Contrast- 

Disease 

Gradient- 

Half-Fourier 

Enhanced 

Stage 

Recalled Echo 

RARE 

TI -Weighted 

Active 

Fold 

Fold 

Mucosal 


thickening, 

thickening, 

hyperemia, 


mural ulcers, 

mural 

mural 


mural 

ulcers. 

thickening, 


thickening, 

mural 

mural 


comb sign, 

thickening, 

edema, 


mesenteric 

mural 

comb sign, 


lymph nodes 

edema 

mesenteric 




lymph nodes 

Fibrostenotic 

Stricture 

Stricture, 

Stricture, 



mural 

moral 



fibrosis 

fibrosis 

Penetrating 

Deep fissuring 

Deep 

Fistulas, 


ulcers, 

fissuring 

abscess 


fistulas. 

ulcers. 



abscesses 

fistulas, 




abscess 


Regenerative 

Regenerative 

Regenerative 

Decreased 


polyps, 

polyps, 

luminal 


decreased 

decreased 

diameter 


luminal 

luminal 



diameter 

diameter 



MRsigns that indicate active Crohns disease includemucosal 
hyperenhancement, mural stratification with a prominent vasa 
recta (comb sign), and mesenteric fat stranding (Fig. 40-5). 
Mural hyperenhancement correlates with inflammation at his- 
tologic examination and is the most sensitive imaging finding 
of active disease. 72 Mucosal and serosal enhancement, combined 
with intervening submucosal edema, contribute to a stratified 
or layered appearance on contrast-enhanced fat-suppressed 
Tl-weighted images. A blurred wall enhancement pattern on 
delayed phase images is strongly correlated with high-grade 
disease and is observed, above all, in patients with extremely 
active inflammation. 62 Mucosal hyperenhancement on MR 
enterography has demonstrated good correlation with the 
Crohns disease activity index and is the most sensitive finding 
in active disease, which significantly correlates with histologic 
findings. Several studies have reported MR enterography sensi- 
tivities for the detection of active inflammatory disease ranging 
from 73% to 90%. 62 ' 66 

Submucosal edema in the small bowel produces increased 
signal intensity on T2-weighted images and is seen with active 
inflammation. 66 DWI can be useful to detect inflammation in 
small bowel Crohns disease (Fig. 40-6). 50,51 

Linear ulcers along the mesenteric border constitute one 
of the most important signs of small bowel Crohns disease. 
The ulcers run parallel to the shortened, concave, or straight- 
ened and somewhat rigid mesenteric border. The adjacent 
mesentery is thickened and retracted, especially at its junction 
with the affected bowel segment. The rigidity of the mesenteric 
border is caused by transmural inflammation that extends 
from the linear ulcer into the mesentery. Another highly char- 
acteristic feature is the sparing of the relatively redundant 
antimesenteric border, which retains pliability and forms 
folds and sacculation. Deformity of bowel loops such as 
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Figure 40-5 MR enterography in 48-year-old man with active Crohn # s disease. A. Coronal true FISP image shows extensive fibrofatty 
proliferation of mesentery ( short arrow) associated with diseased ileal loops ( long arrows). B. Coronal half-Fourier RARE sequence shows diseased 
ileal loops ( arrows ) but provides poor information concerning the mesentery. Coronal (C) and axial (D) contrast-enhanced fat-saturated 
Tl-weighted VIBE images show stratified contrast enhancement with avid enhancement of mucosa relative to submucosal and muscular layers 
(long arrow ) and layered appearance. Note the high signal intensity linear structure caused by increased vascularity ( short arrows) close to the 
mesenteric border of the small bowel segment involved, the so-called comb sign and inflamed mesenteric nodes ( small arrow in D). E. T2-weighted 
fat sat image shows increased signal intensity of the thickened wall, indicative of submucosal edema ( arrows ) with small fluid collection. 



Figure 40-6 Terminal ileal Crohn # s disease on 
diffusion weighted imaging. A. Axial contrast- 
enhanced fat-saturated Tl-weighted VIBE image 
shows stratified contrast enhancement with avid 
enhancement (arrows). B. T2-weighted fat sat 
sequence in axial plane showing an increasing 
intestinal bowel thickness with edema (arrows). 

C. Axial DWI (b value = 800) showing hyperintensity 
within the ileal wall (arrows). 
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pseudodiverticulum formation caused by asymmetric involve- 
ment by longitudinal ulcers and ulcer scars is well demon- 
strated on axial and coronal images. 

The fibrostenotic disease subtype is characterized by the 
presence of strictures that may progress to bowel obstruction. 
The stricture can be classified as functionally significant if the 
upstream bowel dilation is more than 3 cm in diameter. In the 
fibrostenotic subtype of the disease, low-level inhomogeneous 
mural enhancement is demonstrated, with no evidence of asso- 
ciated edema (Fig. 40-7). 

On cine images, fibrotic strictures appear as aperistaltic 
bowel segments that often demonstrate fixed mural thickening 
and luminal narrowing. The thickened submucosa of a stric- 
tured, fibrotic bowel segment does not typically display 
increased signal intensity on T2-weighted images in the absence 
of active disease because of the lack of mural inflammation and 
edema. 

Reparative or regenerative disease subtype reflects inactive 
Crohns disease and may be associated with other subtypes of 
disease located in different bowel loops. It is characterized by 
mucosal atrophy and presence of regenerative polyps. A minimal 
decrease in luminal diameter can be seen but there is no mural 
edema or evidence of active inflammation (Fig. 40-8). 

The MR enterography features of the fistula-forming and 
perforating disease subtype include the demonstration of deep 
fissuring ulcers and sinus tracts, fistulas, to adjacent bowel loops 
or other organs, the demonstration of an associated abscess, and 
extraintestinal involvement. 

Adhesions are frequent in Crohns disease fmdings and 
usually are considered as prefistulous lesions. They are 


manifestations of serosal involvement and a clear sign of the 
transmural extension of the disease. 

Sinus tracts and fistulas are demonstrated by the high signal 
intensity of their fluid content on true FISP and half-Fourier 
acquisition single-shot turbo spin-echo (HASTE) images (Fig. 
40-9). The cumulative risk of developing fistulas, for patients 
with Crohns disease is 33% after 10 years and 50% after 20 
years, with perianal fistulas being the most common type. 69,73,74 
The imaging fmdings related to fistulas include bowel angula- 
tion associated with bowel wall contiguity and linear tracts 
between these bowel loops. 

Multiplanar MR enterography is useful for the complete 
evaluation of sinus tracts (Fig. 40-10). Desmoplastic and/or 
fibrotic reactions in the mesentery around the fistula create a 
star appearance of the fistula. Inflamed fistulas can demonstrate 
intense contrast enhancement because of their hypervascularity 
and hyperemia. 

Extraintestinal complications, such as mesenteric inflamma¬ 
tion, abscesses, and involvement of adj acent viscera, can also be 
well depicted by MR enterography in patients with fistula- 
forming and perforating subtypes of Crohns disease. These 
fmdings are of clinical importance and can be observed (using 
cross-sectional imaging techniques) in up to 50% of patients 
(fibrofatty proliferation) and 35% of patients (abscesses), 
respectively. 10,11 Fibrofatty proliferation of the mesentery is the 
most common cause of bowel loop separation seen on small 
bowel studies in patients with Crohns disease. 2 

The fibrofatty proliferation is the results of perivascular 
inflammation with fibrosis and muscularis propria con- 
traction. 27 The extent of fibrofatty proliferation and its 
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Figure 40-7 MR enterography in 39-year-old patient with 
long-standing fibrostenotic type of Crohn # s disease. Coronal 
(A) and axial true FISP (B) images show low-signal-intensity wall 
thickening in several ileal loops ( arrows ), causing proximal 
obstruction. C. Axial contrast-enhanced fat-saturated Tl-weighted 
VIBE image shows homogeneous hyperenhancement of bowel wall 
(arrows). 
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Figure 40-8 31-year-old man with fistulizing Crohn # s disease subtype. A. Coronal true FISP image shows adherence between diseased 
distal ileal loops ( arrow ). B. Axial half-Fourier RARE image and axial contrast-enhanced, fat-saturated Tl-weighted VIBE image (C) sequences 
showing a ileoileal fistula (arrow), with intense contrast enhancement because of their higher vascular flow and hyperemia, indicative of active 
inflammation. D. Axial true FISP image shows also desmoplastic and inflammatory reactions in the mesentery around the fistula, creating a stellar 
appearance (arrow). Multiplanar MR enterography is useful for a complete evaluation of the fistular tracts. 



Figure 40-9 Crohn # s disease fistula. Coronal true FISP sequence 
shows fistula tract between the terminal ileal and transverse colon 
(arrow). 



Figure 40-10 Regenerative polyps on MR enterography. Coronal 
true FISP image shows mucosal atrophy and presence of regenerative 
polyps (arrows). A minimal decrease in luminal diameter can be seen, 
but there is no mural edema. 
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composition—mostly fatty or fibrotic—is best assessed with 
MR enterography using true FISP sequences. 

Abscesses can be recognized by their fluid content and mural 
hypervascularity, and MR enterography can detect, localize, and 
indicate the cause of fluid collections (Fig. 40-11). Phlegmons 
show increased signal intensity as the thickened bowel wall on 
T2-weighted images. Sinus tracts are often associated with a 
phlegmon in the adjacent tissue. 

SMALL BOWEL NEOPLASMS 

The diagnosis of small bowel tumors, particularly early detec- 
tion and differential diagnosis, is challenging. 18,75 Although the 
spatial resolution of MRI is inferior to that of multidetector 


computed tomography (MDCT), the main advantages of the 
former are the combination of good soft tissue contrast, detec- 
tion of extraenteric abnormalities, and lack of radiation expo- 
sure, which allows repeated data acquisition for functional 
bowel evaluation (Fig. 40-12). 76 ' 83 

Enteroclysis provides greater distention of the entire small 
bowel than enterography in patients suspected of having small 
bowel neoplasms because small polypoid masses that do not 
produce obstruction are more difficult to detect using oral con¬ 
trast material distention. 18 

Moreover, MR enteroclysis delineates superficial changes 
more accurately than MR enterography, 21,67 and the evaluation 
of endoluminal abnormalities is particularly important in the 
detection of early-stage small bowel neoplasms. MR enteroclysis 




Figure 40-11 MR enterography in 45-year-old man 
with long-standing Crohn # s disease and abscess 
formation. A. Axial T2-weighted half-Fourier RARE image 
shows high signal intensity edematous wall thickening of 
terminal ileum (short arrow). Note a hyperintense fluid 
collection (long arrow). B. Axial contrast-enhanced, 
T1-weighted, fat-saturated VIBE image shows marked 
enhancement of wall of the collection (long arrow). Note 
air bubbles in the cavity (short arrow). C. Axial DWI (b 
value = 800) showing restricted diffusion of the collection 
(arrow). These findings are consistent with an abscess. 



Figure 40-12 MR enterography of jejunal gastrointestinal stromal tumor in 55-year-old patient with unexplained gastrointestinal 
bleeding. A. Coronal true FISP image shows lobulated mass that arises from a jejunal loop, with smooth borders and extraluminal growth 
(arrow), suggesting submucosal origin of the neoplasm. B. Coronal contrast-enhanced, fat-saturated, Tl-weighted VIBE image shows 
homogeneous enhancement of the mass (arrow). 
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has yielded a 96.6% accuracy in the detection of small bowel 
neoplasms. 67,75 

A recent study has shown that MR enterography is an accu- 
rate, well-toler ated, promising imaging modality to diagnose or 
exclude small bowel tumors in symptomatic patients with nega¬ 
tive upper and lower endoscopy findings. 79 MR enterography 
can help triage patients to more invasive diagnostic methods. 82 

MR enterography, which allows improved localization of 
small bowel polyps in patients with Peutz-Jeghers syndrome, is 
performed to identify larger lesions that should be resected at 
double-balloon enteroscopy or surgery. 8 It may also be helpful 
for excluding the presence of lesions in bowel segments not 
examined at endoscopy or surgery. 

MR enteroclysis has proved to be more sensitive than CT 
enteroclysis for the detection of mucosal lesions of the small 
bowel 78 because of improved detection of segments with subtle 
abnormalities. These findings may be the result of the better 
soft tissue contrast afforded by MRI, which is required for tissue 
characterization and the detection of subtle areas of abnormal- 
ity, 79 81 and of its functional capabilities. Another advantage of 
MRI over CT is that the enhanced soft tissue contrast produced 
by MRI may provide more information regarding the nature of 
mesenteric small bowel tumors, thereby allowing better charac¬ 
terization of small bowel tumors. In this regard, benign tumors 
such as hemangiomas are typically strongly hyperintense on 
T2-weighted MR images, whereas lipomas or tumors with a 
marked fat content are spontaneously hyperintense on 
Tl-weightedMRscans. 81 With fewexceptions (e.g.,lymphoma), 
thickening of a long segment of the small bowel is indicative of 
a benign condition. When perienteric fat stranding is seen adja- 
cent to the thickened bowel segment, an inflammatory process 
should be suspected; when the perienteric fat adjacent to the 
thickened bowel segment has a normal appearance, an acute 
inflammatory condition is less likely. 80 

CELIAC DISEASE 

The sensitivity and specificity of serologic tests (e.g., transtissue 
glutaminase, antiendomysial antibodies) and of the histologic 
examination of biopsy specimens from the duodenum are high. 


Therefore, MRI is not performed to help detect celiac disease. 
MRI can, however, provide morphologic information obtained 
noninvasively, such as fold pattern abnormalities and bowel 
dilation, as well as extraintestinal findings, such as mesenteric 
vascular congestion, lymphadenopathy, hyposplenism, and 
intussusception. 84 

Small bowel MR findings in celiac disease reflect the under- 
lying villous atrophy. A decrease in the number of jejunal folds 
and an increase in the number of ileal folds results in a jejuno- 
ileal fold pattern reversal, which is observed in 63% to 68% of 
patients with untreated celiac disease and may, consequently, 
be considered to be highly suggestive of celiac disease (Fig. 
40-13). 85,86 By demonstrating intraintestinal and extraintestinal 
features, MRI may lead to the diagnosis of celiac disease in 
adults with nonspecific gastro in testinal (GI) symptoms, which 
may subsequently be confirmed with the aid of jejunal biopsy 
and serologic tests. 86 

Furthermore, MRI may be used for follow-up and detection 
of the complications of celiac disease, such as adenocarcinoma 
and lymphoma. Refractory celiac disease should be suspected 
in patients who do not respond well to a gluten-free diet. This 
condition warrants a more aggressive diagnostic pathway 
because the type II subtype is associated with high mortality 
caused, above all, by its association with ulcerative jejunitis and 
enteropathy-associated T-cell lymphoma (EATL). 

Transient intussusception is more frequently found in 
patients with severe celiac disease (i.e., type 2 refractory celiac 
disease). When the intussusception is less than 3 cm long, 
occurs in the absence of a lead point tumor, and is not respon- 
sible for small bowel obstruction at MR enterography, the find¬ 
ings are consistent with transient, self-limiting small bowel 
intussusception. 

MR enterography can effectively be used to detect lymphoma 
associated with celiac disease. An association has also been 
observed between certain mur al character istics and the pres¬ 
ence of celiac disease, most notably that of a smooth marginal 
component, which is commonly observed in diseased segments 
in patients with celiac disease. 87 Because the expected findings 
are unlikely to emerge from within the bowel lumen, MR 
enterography, as opposed to enteroclysis, should be performed 



Figure 40-13 MR enterography of celiac disease in 25-year-old woman. A. T2-weighted coronal HASTE image shows increased number of folds 
along ileal loops ( arrows ), with normal fold pattern in the jejunum. B. T2-weighted HASTE axial image shows jejunojejunal intussusception (arrow). 
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to detect complications in patients with known celiac disease 
and a poor response to medical therapy, as well as in those with 
recurrent or persistent symptoms despite gluten withdrawal. 

BOWEL ISCHEMIA AND VASCULITIS 

Bowel ischemia is a common but complex disorder with vari- 
ous primary causes and diverse clinical and imaging mani¬ 
festations. Primary causes of insufficient biood flow to the 
intestine are numerous; these include thromboembolism, non- 
occlusive conditions (e.g., hypovolemia, hypotension, low 
cardiac output status, therapy with digoxin, a-adrenergic ago- 
nists, or (3-receptor blocking agents), bowel obstructions, 
neoplasms, abdominal inflammatory conditions, chemother- 
apy- and radiation-induced enteropathies, and vasculitides. 
Regardless of the primary cause, the imaging fmdings of bowel 
ischemia are similar. MR enterography can depict the ischemic 
bowel segment and may also be helpful in determining the 
primary cause. 83 

MR enterographic features of ischemia include thickening 
of the bowel wall, with or without the target sign, poor con- 
trast enhancement of the bowel wall, and low-grade obstruc¬ 
tion. Absence of enhancement or poor enhancement of the 
bowel wall appears to be the most specific finding. However, 
in some cases, the ischemic segment shows prolonged enhance¬ 
ment 83 because of abnormal perfusion (e.g., delayed return of 
venous biood with resultant slowing of the arterial supply or 
arteriospasm). Ischemia appears as marked enhancement of 
the bowel wall on gadolinium-enhanced Tl-weighted fat- 
suppressed MRI scans, with persistent enhancement in the 
same region on late venous phase images obtained after gado- 
linium chelate injection. 


INFECTIONS 

Infectious processes are rarely detected initially at MR enterog¬ 
raphy. However, MRI may be useful for visualizing small bowel 
abnormalities that occur in the setting of chronic infectious 
diseases such as tuberculosis, as well as for monitoring such 
abnormalities during treatment. 

Infectious diseases often cause a diffuse involvement of the 
jejunum and ileum, characterized by thickening of all jejunal 
wall layers with wall edema. The findings resolve completely 
after therapy (Fig. 40-14). Less common small bowel infections 
include giardiasis, tuberculosis, nontuberculous mycobacterial 
infection, and histoplasmosis. Such infections are more com- 
monly seen in the setting of acquired immunodeficiency 
syndrome (AIDS). The associated MRI findings tend to be non- 
specific, such as bowel wall thickening, a stratified pattern of 
bowel enhancement, and enlargement of adjacent lymph nodes. 
GI tract tuberculosis tends to involve the ileocecal region; the 
cecum and ascending colon are usually involved to a greater 
degree than the terminal ileum. Characteristic MRI features of 
tuberculous enteritis include asymmetric thickening of the ileo¬ 
cecal valve and medial wall of the cecum, with deformation and 
contraction of the cecum and extension to the terminal ileum. 
Markedly enlarged adj acent lymph nodes with central areas of 
necrosis are often seen. 80,83 

SMALL BOWEL OBSTRUCTION 

MRI not only yields anatomic and functional information 
identical to that provided by conventional enteroclysis in 
cases of small bowel obstruction (SBO), but it also illustrates 
extraluminal features more clearly. 88,89 MRI can also be used to 




Figure 40-14 Bacterial enteritis in a 
22-year-old man with AIDS. Coronal (A) 
and axial (B) HASTE images from MR 
enterography show thickened small bowel 
loops ( arrows ), with wall edema and fluid 
collection in the mesentery. C. Axial 
gadolinium-enhanced, Tl-weighted 
fat-suppressed 3D image from MR 
enterography depicts enhancing thickened 
small bowel loops (arrows). 
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help detect bowel obstructions in the acute setting and differ- 
entiate malignant from benign forms in 92% of cases. 89 The use 
of MRI to evaluate possible high-grade SBO is useful in children 
and pregnant patients. 

Features indicative of a malignant cause of obstruction 
include the presence of a mass, localized segmental mural thick- 
ening, and moderate or marked peritoneal thickening and 
enhancement. Benign intestinal obstruction is characterized by 
more generalized mural thickening and the absence of a true 
mass (Fig. 40-15). 90 Low-grade SBO may have numerous causes, 
although the most common are adhesions. Because MR entero- 
clysis can be used to monitor small bowel filling in real time 
without exposing the patient to ionizing radiation, it should be 
preferred over CT enteroclysis as a means of evaluating a low- 
grade obstruction. 91,92 

Summary 

MR enterography plays a pivotal role in the evaluation of the 
small bowel. MR enterography is rapidly becoming a first-line 
imaging modality for the diagnosis of inflammatory diseases 
and is gaining clinical acceptance for evaluation of small bowel 
disorders beyond Crohns disease. 

MR enterography allows evaluation of each bowel segment 
at multiple time points, which may facilitate differentiation of 
stricture from peristalsis as well as small bowel function. 

MR enterography can be used to monitor response to 
powerful biologic therapies without the patient incurring 


t 




Figure 40-15 MR enterography of small bowel obstruction in 
59-year-old patient. Axial half-Fourier RARE image shows a focal 
transition point at level, a jejunal loop with a so-called beak pattern 
( arrowj, indicative of closed loop obstruction. 


additional risk and may be a useful, noninvasive, radiation- 
free method of screening high-risk patients for subclinical 
intestinal inflammation. MR modalities, which help detect 
intraluminal and extraluminal morphologic and functional 
abnormalities without ionizing radiation, will keep radiology 
competitive in this era of improving endoscopic technology. 
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Clinical Considerations 

Crohn’s disease is an idiopathic inflammatory disease that can 
affect any part of the gastrointestinal (GI) tract from the mouth 
to the anus. Patients with this disease have a genetic predilection 
to an abnormal immunologic response to environmental 
factors, including food, and gut flora leading to a chronic 
inflammatory response. The small bowel is the major site of 
involvement. With the exception of malignant neoplasms, 
Crohn’s disease can be the most devastating disease to involve 
the GI tract. Its prevalence has increased, mostly in younger age 
groups, with a peak age between 15 and 25 years. 1 ' 3 It has a 
worldwide distribution but is most common in northern 
Europe, North America, and Japan. 4 Four studies have shown a 
bimodal distribution, with the first peak in the second or third 
decade of life and the second, smaller peak in the sixth or 
seventh decade. However, four other studies have shown a uni- 
modal distribution, peaking in the second or third decade, and 
decreasing thereafter. 5 The colonic predominance in older 
adults has led some to speculate that the second peak incidence 
in this cohort is caused by ischemia or diverticulitis. Both 
genders are equally affected, although some studies have shown 
a slight female predominance. 5 A familial tendency has fre- 
quently been described. 13 

The small bowel is commonly involved by Crohn’s disease, 
with the terminal ileum the most common location. In a review 


combining multiple population-based studies on the natural 
history of adult Crohn’s disease, approximately one third of 
patients had ileitis, one third had colitis, and one third had 
ileocolitis. 6 Isolated perianal disease occurs in 2% to 3%, 7 but 
perianal or rectal fistulae are common in colonic or rectal 
disease (10% to 37%). 6 Upper GI tract involvement is being 
recognized with increasing frequency but almost invariably 
occurs with small bowel or colonic disease. The gastric and 
duodenal manifestations of Crohn’s disease are discussed in 
Chapter 30, and the colonic features of this disease are discussed 
in Chapter 58. Although the focus of this chapter is on Crohn’s 
disease of the small bowel, there are differences in presentation 
from colonic disease. Patients with colonic Crohn’s disease are 
more likely to present with biood loss, perianal disease, toxic 
colitis, and extraintestinal complications. Crohn’s disease in the 
small bowel has a slightly better prognosis, although there are 
more likely to be complications such as abscesses, fistulae, and 
obstruction. Abdominal pain, mild diarrhea, weight loss, and 
pyrexia are common clinical findings. Other patients may 
present with a right lower quadrant mass, representing the dis- 
eased ileum or cecum. Delays of 3 to 4 years have been reported 
between the onset of often subtle symptoms and the diagnosis 
of Crohn’s disease in the small bowel. 7 

Many factors contribute to the development of diarrhea in 
patients with Crohn’s disease. An inflamed bowel mucosa causes 
increased secretion of fluid and electrolytes. Extensive terminal 
ileal disease or resection impairs bile salt reabsorption, leading 
to the malabsorption of fat and fat-soluble vitamins. Bacterial 
overgrowth secondary to strictures, fistulae to the colon, adhe- 
sions, aneurysmal dilation, or bypassed loops can also cause 
diarrhea. The combination of decreased food absorption and 
intermittent obstruction may lead to significant weight loss in 
these patients. 7,8 

Classification and Therapy 

Over the years, attempts have been made to classify Crohn’s 
disease anatomically, clinically, and operatively. This has evolved 
from the International Working Party in 1991 to the Vienna 
classification in 1998, and finally to the Montreal revision of the 
Vienna classification in 2005. 9 

The Montreal revision classifies the disease into age of diag¬ 
nosis, location, and disease behavior. Disease behavior is clas- 
sified into nonstricturing, nonpenetrating (uncomplicated, 
active inflammatory alone), stricturing, and penetrating, with 
the addition of perianal disease as a modifier. It is the behavior 
subcategory that is of interest in regard to the radiographic 
manifestations. As a result of these morphologic subtypes, 
radiologists and even gastroenterologists have concluded that 
they are separate entities. The problem with this discrete 
approach is that the complex relationship between active 
inflammatory and stricturing disease and stricturing and pen¬ 
etrating disease has been forgotten or avoided. Crohn’s disease 
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is a progressive process, starting with acute inflammation. It 
may be stopped or retarded with therapy; there may be mucosal 
healing. However, when it progresses, it often progresses to the 
fibrostenotic phase, with stricture formation. Active inflamma¬ 
tion commonly coexists in the presence of stricture forma¬ 
tion. 1 1 There is also strong pathologic and clinical evidence 
that fistulae form in the face of fibrostenosis. Two pathologic 
series have shown that fistula formation without stricturing 
disease is uncommon to rare (4% to 7% of the time). 12,13 Thus, 
if there is no stricture, penetrating disease (sinus tracts, fistulae, 
abscess, or free perforation) will be very unlikely. Because of 
the potential progression of disease from acute inflammation 
to fibrostenosis and then fistulization, it is important for the 
radiologist to think more broadly than using the Montreal and 
Vienna classifications, especially with computed tomography 
(CT) and magnetic resonance (MR) enterography. We are thus 
beginning to use the following terms— active inflammatory 
disease, mixed active inflammatory and fibrostenotic disease, 
fibrostenotic disease, and inactive or quiescent disease with the 
addition of penetrating disease (generally in the presence of 
mixed disease) based on radiographic Åndings (see later, 
“Nomenclature for Computed Tomography and Magnetic 
Resonance Enterography Findings”). 

Medications useful for the active inflammatory subtype 
of Crohns disease include 5-aminosalicylate-based drugs, 
corticosteroid-based drugs, and antibiotics (e.g., metronida- 
zole, ciprofloxacin). Second-line medications are immunosup- 
pressive agents such as azathioprine, 6-mercaptopurine, and 
methotrexate. 14,15 Targeted monoclonal antibodies such as in- 
fliximab, which targets human tumor necrosis factor-(3, and 
natalizumab, which targets (3 4 integrin, a leukocyte adhesion 
molecule, have become available. 15 These drugs are very expen- 
sive and have complications. This arsenal of medications 
has prompted the need for noninvasive, reproducible, and 
objective measurements of Crohns disease activity, especially 
the distinction between active inflammatory disease from mixed 
fibrostenotic and active inflammatory disease with or without 
penetrating disease. Some centers of excellence would argue 
that penetrating disease can only be treated with surgery rather 
than medical therapy. 

The fistulizing-perforating type requires antibiotics initially 
to treat the active infection. Monoclonal antibodies have proven 
effective in patients with perianal disease and enterocutaneous 
fistulae. However, internal fistulae (enteroenteric, enterocolic, 
enterovesicular, and complex internal fistulae) are much more 
difficult to treat medically. 16 Percutaneous abscess drainage is a 
suitable means of treating Crohns disease-related abscesses. 
The fibrostenotic subtype of Crohns disease may need stric- 
tureplasty or bowel resection because small bowel obstruction 
is the major clinical manifestation of this type. The quiescent 
or reparative type of Crohns disease may require maintenance 
medication. 17 

Diagnostic Tools 

There are many examinations available for diagnosing, staging, 
and following Crohns disease of the small bowel. These include 
ileocolonoscopy with direct inspection and biopsy of the termi¬ 
nal ileum, push enteroscopy to examine the proximal and mid 
small bowel, video capsule endoscopy, conventional small bowel 
follow-through, conventional enteroclysis, CT with (CTE) or 
without enterography or enteroclysis, MR enterography (MRE) 


or enteroclysis, ultrasonography, and lately positron emission 
tomography (PET), PET/CT, and PET/MRI. 18,19 These studies 
are used to do the following: 

• Demonstrate the early changes of Crohns disease. 

• Depict the full extent of involvement and the possible 
presence of skip lesions if surgery is contemplated. 

• Determine the cause of any clinical deterioration in previ- 
ously stable patients with Crohns disease. 

• Distinguish between spasm (active inflammatory disease), 
mixed active and fibrostenotic disease, and fibrostenotic 
disease (stricture formation); increasingly used to dictate 
medical versus surgical therapy, especially with MR 
enterography. 

• Investigate postoperative complications of Crohns disease. 

• Definitively rule out the presence of Crohn s disease in the 
small bowel, especially in patients with an indeterminate 
colitis. 

ILEOCOLONOSCOPY AND VIDEO 
CAPSULE ENDOSCOPY 

Ileocolonoscopy (Figs. 41-1 and 41-2) allows the accurate diag- 
nosis of Crohns disease of the colon and terminal ileum. It 
provides assessment of disease activity and consequences of 
inflammation visually and with guided biopsy, including stric- 
tures, mass lesions, bleeding, and the development of dysplasia 
or malignancy. In general, this examination is considered the 
gold standard for diagnosis. 

Video capsule endoscopy is a new means of directly inspect- 
ing the entire length of the small bowel. It uses an ingested 
sealed capsule that measures 27 mm in length and 11 mm in 
width. The camera within the capsule, which also contains a 
light source, takes two photographs at eight times magnification 
every second and runs on electricity supplied by onboard bat¬ 
teries. During the typical small bowel examination, an average 
of about 55,000 photographs are taken. The capsule is propelled 
through the GI tract by per istalsis. The images are transmitted 
in radiofrequency signals to and stored on a recorder device 
placed in a belt worn by the patient throughout the day of the 
procedure. The capsule is disposable and is not recovered after 
the test. At the end of the study, the recorder device is retrieved 
and the images obtained are downloaded onto a computer. The 
computer generates a video that is then reviewed for relevant 
pathology. 20 

Early studies have shown video capsule endoscopy (see Fig. 
41-2B) to be the most sensitive means of diagnosing nonstric- 
turing Crohns disease. 21 ' 26 However, the presence of a poten¬ 
tially obstructing stricture is a major contraindication for the 
use of capsule. Furthermore, many if not most of the studies 
that have shown the high sensitivity have not had corroborating 
reference standards. The studies that compared capsule with CT 
enterography-enteroclysis and/or MR enterography-enteroclysis 
have only shown that capsule is superior for disease more proxi¬ 
mal to the terminal ileum, with no significant difference between 
the imaging studies and capsule in the terminal ileum. The 
only reference standard used to demonstrate the increased diag¬ 
nostic efficacy of capsule over imaging has been the capsule 
findings. Even a recent fo ur-center Danish trial, which showed 
that capsule is superior to CTE or MRE, only had the terminal 
ileum as a reference standard (5 of 93 had surgery); also, in 
this trial, a capsule examination was only performed after 
the enterography showed no stricture. 30 In this study, the 
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Figure 41-1 Early active inflammatory Crohn # s diseases: Enlarged lymphoid follicles. A. Double-contrast barium enema examination 
with reflux into the terminal ileum shows prominent lymphoid follicles. This is a nonspecific finding that can be found in a variety of forms of 
infectious, inflammatory, immunologic, and neoplastic disease. B. Image from an ileocolonoscopy study shows multiple lymphoid follicles in this 
patient with early Crohn's disease. 


superiority of capsule was for proximal disease, not the terminal 
ileum. 

Capsule is well known to be highly sensitive but relatively 
low in specificity. In a comparison of standard small bowel 
examination, ileocolonoscopy, CTE, and capsule performed in 
Crohn’s patients at the Mayo Clinic, the specificity of capsule 
was only 53% (sensitivity, 83%). In this study, the sensitivity 
and specificity of CTE and ileocolonoscopy were 82% and 89% 
and 74% and 100%, respectively. 31 

BARIUM CONTRAST EXAMINATIONS 

In this new millennium, the barium-fluoroscopic barium 
examination of the small bowel for Crohn’s disease has been 
largely supplanted by CTE and MRE. However, there are patients 
who have medical conditions that preclude the use of CTE or 
MRE with contrast enhancement (e.g., severe chronic kidney 
disease) who have known or suspected Crohn’s disease. These 
patients must be evaluated with a barium examination using 
fluoroscopy. 

There are two methods of examining the small bowel with 
barium using fluoroscopy—the standard small bowel series and 
enteroclysis. For accuracy, both require meticulous fluoroscopic 
technique using patient rotation and graded compression with 
a lead glove, inflatable paddle, or wooden spoon. Enteroclysis is 
available only in certain centers and requires intubation of the 
proximal small bowel via the nose or mouth. This is uncomfort- 
able for most patients, and conscious sedation is used in some 
centers to improve patient tolerance. 32 

As a general rule, the key radiographic finding in Crohn’s 
disease is asymmetry. Radiologists usually think of asymmetry 
as skip disease in the z direction (see Figs. 41-1A, Fig. 41-2C, 


and Fig. 41-6). However, the asymmetry of Crohn’s is also in 
the xy direction (see Fig 41-2C). Crohn’s disease always affects 
the mesenteric more than the antimesenteric border. The 
normal undulating fold pattern on the mesenteric border will 
become ulcerated, effaced, flattened, and foreshortened, whereas 
there is relative sparing of the antimesenteric border, giving rise 
to the pseudodiverticulosis sometimes associated with the 
disease (see Fig. 41-5). This classic feature is better portrayed 
with barium examinations, but can be seen with CT or MR 
enterography. 

Marshak’s ten principles of Crohn’s disease are worth 
remembering because they assist the radiologist in detecting 
and characterizing disease. 33 Initially presented in 1973, these 
principles have generally held very true. The principles most 
helpful for the radiologist include principle 3 (the string sign 
is the most pathognomonic barium manifestation and does 
not represent fibrosis but spasm secondary to ulceration), 
principle 8 (following surgery, recurrence is common), and 
principle 9 (look for recurrence at anastomotic and stricture- 
plasty sites). 

Early Active Radiographic Inflammatory Disease 

The pathologic and radiologic findings correlate well in early 
Crohn’s disease. 34 ' 40 The earliest histologic changes consist of 
hyperplasia of lymphoid tissue (see Fig. 41-1A) and obstructive 
lymphedema in the submucosa. Because the submucosa extends 
into the core of mucosal folds, the folds may thicken at this stage 
in a smooth, symmetric manner. However, in general, symmet- 
ric fold thickening in Crohn’s disease is an uncommon finding, 
and is identified only early in the disease. When the disease 
advances, the folds become much more asymmetrically thick- 
ened, giving a macronodular polygonal appearance; the 
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Figure 41-2 Early active inflammatory Crohn # s 
disease: Aphthoid ulcerations. A. Image of the terminal 
ileum obtained during ileocolonoscopy demonstrates an 
aphthoid ulcer (arrow). B. Small bowel video capsule 
study shows two aphthoid ulcerations ( arrows ) in the 
distal ileum. C. Double-contrast image of the terminal 
ileum shows multiple aphthoid ulcerations (arrows). 



macronodules vary in size (at this point, the main differential 
is lymphoma; see later). 

Hyperplasia of lymphoid follicles (see Fig. 41-1) in the 
lamina propria can be associated with shallow, 1- to 3-mm 
mucosal erosions surrounded by a small halo of edema, also 
known as aphthoid ulcers (see Fig. 41 -2). 41-44 

Intermediate Radiographic Active 
Inflammatory Disease 

As the disease gradually extends transmurally, further changes 
take place in the mucosa and submucosa. Progressive submu- 
cosal edema may cause the base of the folds to widen until some 
folds are partially or completely obliterated or effaced, espe- 
cially on the mesenteric side. This process is similar to the 
thumbprinting that occurs in patients with bowel ischemia. In 
patients with ischemia, however, the fold abnormalities change 


over a period of days to weeks, whereas in patients with Crohns 
disease, the fold abnormalities persist and are usually associated 
with changes of more advanced Crohns disease elsewhere in the 
small bowel. The mucosal inflammatory infiltrate tends to vary 
focally in intensity. This infiltrate, together with patchy submu- 
cosal fibrosis, leads to a distortion and interruption of folds. 41 ' 45 
The fold pattern in this stage can be described as macronodular 
(>1 cm), with the nodules asymmetric in size, location, and 
appearance. 

Some aphthoid ulcers may enlarge and deepen, producing a 
stellate or rose thorn appearance. Other aphthoid ulcers may 
fuse with adjacent ulcers, producing crescentic or linear shapes. 
A typical finding is that of a long linear ulcer on the mesenteric 
border, which may be accentuated by a parallel radiolucency 
caused by fusion of thickened, transaxially oriented folds. The 
mesenteric border ulcer is associated with thickening, sclerosis, 
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and retraction of the adjacent mesentery and of the straight- 
ened mesenteric border of the involved bowel. At the same time, 
the unaffected, or relatively unaffected, redundant antimesen- 
teric border becomes pleated, scalloped, or sacculated, giving a 
pseudodiverticular-like pattern (distinet from the pseudodiver- 
ticular pattern present in scleroderma, in which the outpouch- 
ings are mueh doser together because of the foreshortening of 
the bowel). 

An inflammatory cellular infiltrate with focally pronounced 
edema and granulation tissue can give rise to localized mucosal 
elevations or inflammatory polyps. These lesions are common 
in the colon but infrequent in the small bowel. Inflammatory 
pseudopolyps usually occur in small numbers in an area 
of mueosa that is denuded of folds. Occasionally, a bowel 
segment contains many inflammatory pseudopolyps (<1 cm in 


diameter), separated from one another by curving lines of 
barium occupying the crevices between the elevations. When 
seen in profile, the polyps appear as notehes demarcated by 
protrusions of barium. The diameter of these bowel segments 
is not reduced. This is called the nodular pattern of Crohns 
disease to underscore its essential difference from the ulcero- 
nodular, or cobblestone, pattern of advanced, fissuring, ulcer- 
related Crohns disease (Fig. 41-3). 41 ' 45 

Advanced Radiographic Active 
Inflammatory Disease 

In advanced Crohn s disease, the process has extended transmu- 
rally to the serosa and beyond. Deep linear clefts of uleeration, 
or fissures, are typical of this stage of the disease (Fig. 41-4). 
Islands of surviving mueosa surrounded by extensive uleeration 




Figure 41-3 Active inflammatory Crohn # s disease: 
Cobblestone mueosa. A, B. Multiple transverse and 
longitudinal uleerations of the terminal ileum are identified on 
conventional small bowel examinations performed in these two 
patients with Crohn's disease. C. Specimen showing 
cobblestone mueosa. 
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Figure 41-4 Deep ulcerations of fistulizing-perforating Crohn # s 
disease. A. Specimen radiograph shows two deep ulcerations 
( arrows ) penetrating into the fat of the small bowel mesentery. 

B. A fissuring ulcer ( arrow) is identified on this pathologic image. 


give the appearance of elevations above the ulcerated back- 
ground. These islands of mucosa are therefore known as pseu- 
dopolyps. The deep fissures characteristic of this advanced stage 
may be manifested by a combination of axial and transaxial 
fissuring, which separates the pseudopolyps from one another. 
This finding is always associated with luminal narrowing; it is 


referred to as the ulceronodular or cobblestone pattern of 
advanced Crohn s disease (see Fig. 41 -3).' 414 This pattern should 
not be confused with the nodular pattern of less advanced 
Crohns disease. 

Changes associated with linear mesenteric ulceration advance 
in a caudad direction as the disease progresses. Antimesenteric 
redundancy of the opposite bowel wall gradually disappears as 
it is incorporated in the transaxial extension of ulcerated 
Crohns disease (Fig. 41-5). The bowel wall is now thickened by 
a combination of fibrosis and inflammatory infiltrate. Another 
feature of transmural disease is the so-called fat wrapping that 
occurs as the hypertrophied subperitoneum is tethered toward 
the bowel wall by mesenteric perivascular fibrosis. 45 

Quiescent or Inactive Disease 

Very little has been written about the barium findings of qui¬ 
escent disease. Presumably, the mucosa is normal in these 
patients. Thus, the fold pattern should be normal. 

Fibrostenotic Disease 

The strictures of small bowel Crohns disease (Figs. 41-6 and 
41-7) are caused by collagen deposition, predominantly in the 
submucosa. It is important to differentiate fibrostenotic stric¬ 
tures from the luminal narrowing that can result from spasm. 
The classic string sign of Crohns is primarily caused by spasm 
in segments of active inflammatory disease. Fluoroscopically, 
the lumen, coated with barium, appears initially narrowed, with 
no or only mild upstream dilation. Then, when a peristaltic 
wave propels the barium through the lumen, the lumen expands 
to a near-normal caliber. A fibrostenotic predominant stricture 
will not change its caliber with peristalsis, and the upstream, 
nonaffected lumen will be dilated, regardless of the State of 
peristalsis. It should be noted that in many if not most cases of 
the string sign, the lumen of the affected bowel never fully 
distends, and there is often some degree of upstream ballooning 
or dilation during peristalsis. This suggests that more than 
spasm is occurring in the affected segment (Crohns is a pro¬ 
gressive process; at sites of active disease, there is often active 
proliferation of smooth muscle and collagen that restricts 
compliance). 

These strictures are an important cause of small bowel 
obstruction, often necessitating surgery. Strictures or stricture - 
like findings are reported in 21% of patients with small bowel 
Crohns disease. 7 44 MDCT, magnetic resonance imaging (MRI), 
CT enterography, CT enteroclysis, and MR enteroclysis are 
valuable techniques for differentiating fibrotic strictures from 
lumen narrowing by spasm or active ulcerated stenotic disease. 
It is important to note that active inflammation is present in 
many, if not most, fibrostenotic strictures (see later). Obstruc¬ 
tion by a fibrous stricture may require surgery; whenever pos- 
sible, it should consist of strictureplasty to avoid bowel 
resection. 45 Some patients with Crohns disease may develop 
high-grade small bowel obstruction; this complication is reli- 
ably documented by CT and MR. 

Other patients with Crohns disease may have multiple stric¬ 
tures, representing advanced skip lesions. Stasis related to stric¬ 
tures can be associated with bacterial overgrowth. This is 
especially true in patients who develop aneurysmal dilation of 
the small bowel (see Fig. 41-7), usually between two strictures. 
Strictures are generally well shown by barium study. 

Resection of bowel in patients with Crohns disease is 
followed by a high frequency (85%) of disease recurrence. 
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Figure 41-5 Sacculations in Crohn's disease. A. There is straightening of the mesenteric border ( arrows ) of the terminal ileum because of 
fibrofatty proliferation of the mesentery. B. Multiple segments of small bowel show straightening and shortening of the mesenteric border (white 
arrows ) with a redundant antimesenteric border forming sacculations (yellow arrows). 


Recurrent inflammation has been detected within 8 days of 
surgery, provided that exposure to the fecal stream had 
been reestablished. Multiple resections have made Crohns 
disease of the small bowel a major cause of the short bowel 
syndrome. 744 

Fistulizing or Penetrating Disease 

Fistulizing or penetrating disease is manifest by sinus tracts, 
fistulae, abscess, and uncommonly free perforation. Abscesses 
develop in some 20% of patients with Crohns disease, and most 
can be treated with percutaneous drainage. 4 Inflammatory 
lesions may remain closely related to a diseased segment of 
bowel or may extend beyond the bowel, occasionally into the 
psoas muscle. In some cases, barium may enter an abscess 
cavity, a collection of tracts, or multiple small spaces within an 
inflammatory mass. However, CT, ultrasonography, and MRI 
are preferred diagnostic methods for evaluating abscesses in 
patients with Crohns disease. 

Fistulae are abnormal Communications between two epithe- 
lial surfaces or an epithelial surface and the skin, which occur 
in 6% to 33% of patients with Crohns disease. 7 Fistulae occur 
in the presence of, and likely as a result of, stricture formation 
(fistulae are only rarely fo und in isolation, only 4% to 7% of 
the time; Fig. 41-8). Ileocecal, ileosigmoid, and enteroenteric 
fistulae are the most common and are often multiple. An 
enterocolic fistula may lead to bacterial overgrowth and is one 
of the causes of malabsorption associated with Crohn s disease. 


Enterocutaneous fistulae can be well shown by barium studies, 
CT, and MRI. 

Because the attachment of the transverse mesocolon crosses 
the mid-descending duodenum, Crohns-related fistulae be¬ 
tween the transverse colon and duodenum are not unusual. 
Recurrent Crohns disease in the neoterminal ileum after ile- 
otransverse colonic anastomosis may be associated with such 
a fistula. Ileosigmoid fistulae are encountered more often. These 
may serve a useful purpose by bypassing strictures in the ileo¬ 
cecal area. In most cases, the entry site of these fistulae into 
the sigmoid colon shows only nonspecific inflammatory 
changes. If surgery is contemplated, it is usually adequate to 
resect the diseased ileum and stricture, leaving the sigmoid 
colon intact. 7 

Disease Activity as Assessed by Barium 

In the 1970s, the National Cooperative Crohns Disease Study 
attempted to determine whether barium examinations could 
accurately assess response to therapy and whether barium fmd- 
ings correlated with clinical response, as judged by the Crohn s 
Disease Activity Index (CDAI). 46 Patients were divided into 
those with active, symptomatic disease (CDAI > 150; n = 295) 
and patients with disease that had been active, but was now 
quiescent (CDAI < 150; n = 274). The investigators concluded 
that the findings on barium examination did not correlate with 
clinical symptoms or response. In general, there was little 
improvement of barium findings during the study; only patients 
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Figure 41-6 Fibrostenotic Crohn # s disease. These four patients demonstrate the string sign of Crohn's disease with narrowing and rigidity of 
the involved segments because of cicatrizing Crohn's disease. A. The terminal ileum is narrowed ( arrows ) and there is minimal proximal dilation. 
B. There is a sacculation ( arrow ) identified along the antimesenteric border of this very narrowed ileum. C. A segment of marked luminal 
narrowing ( arrows ) is identified in the distal jejunum. D. Specimen radiograph shows narrowing of the lumen of the terminal ileum (white arrow) 
associated with mural thickening (red arrows). Note the creeping fat (yellow arrows) on the mesenteric side of the distal ileum. E. Recurrent, 
stricturing Crohn's disease is evident on both sides of the ileocolic anastomosis (arrow). 
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Figure 41-7 Aneurysmal dilation of fibrostenotic small bowel in 
Crohn # s disease. A. There is segmental marked dilation (red arrow) of 
a segment of the terminal ileum caused by a distal stricture (white 
arrow). B. There is a long segment of aneurysmal dilation (red arrow) 
of distal ileum located between two strictures. 


treated for longer than 6 months with prednisone showed a 
statistically significant improvement in Åndings. 

ULTRASOUND 

Ultrasound hasbeen increasingly used to assess Crohns disease, 
especially in the pediatric population. The examination 


requires meticulous, systematic scanning of all parts of the 
bowel, using graded compression and a high-frequency trans¬ 
ducer after the administration of oral contrast. Recently, inves- 
tigations have shown the added benefit of contrast-enhanced 
ultrasound in assessing Crohns disease, especially in differenti- 
ating fibrosis from active inflammation. 48 Mural thickening 
(Fig. 41-9) is the most common abnormality seen in patients 
with Crohns disease of the small bowel. 49 ' 6 ' It is typically con- 
centric, and the mural echogenicity depends on the degree of 
inflammatory infiltration and fibrosis. In early acute disease, 
mural stratification is retained. With long-standing disease, 
a target or pseudokidney appearance may be identified. In 
patients with burned out, long-standing disease, fat deposition 
in the submucosa may be present. 

Actively inflamed gut appears rigid and fixed, with decreased 
or absent peristalsis. 49 ' 67 Color Doppler imaging typically shows 
hyperemia. Findings on spectral Doppler analysis include 
increased superior mesenteric and/or inferior mesenteric artery 
biood flow, increased pulsatility index, decreased resistive index, 
and increased portal vein velocity. 49 ' 67 Increased systolic and 
diastolic flow through the superior mesenteric artery may also 
be seen, attesting to disease activity. Creeping fat of the mesen- 
tery manifests as a uniform echogenic halo around the mesen¬ 
teric border of the encased gut. As with barium study, MDCT, 
and MRI, this abnormal fat causes separation of bowel loops. 

Prominent lymph nodes are seen in most patients with 
the active inflammatory phase of Crohns disease. These peri- 
enteric lymph nodes, which are located in the subperitoneal 
space of the small bowel mesentery, present as focal hypoechoic 
masses that are spherical and have lost their normal echo¬ 
genic streak emanating from the nodal hilum. These nodes 
are typically hyperemic, moderate in size, and tender. Abnor¬ 
mal lymph nodes are not commonly seen in quiescent Crohns 
disease. 49 ' 67 

Crohns disease strictures show mural thickening of the gut, 
with the luminal surfaces of the involved segments in apposi¬ 
tion (Fig. 41-10). The lumen may appear as a narrow, linear, 
echogenic central region within the thickened segment of small 
bowel. Dilated hyp erp er is taltic segments can be seen proximal 
to the strictured segments. Aneurysmal dilation and sacculation 
may be seen proximal to the involved segments. 

Fistula appear as linear bands of varying echogenicity (Fig. 
41-11), extending from the gut to the biadder, another segment 
of bowel, or biadder. Gas within the fistula will appear echo¬ 
genic and may show the so-called ring-down artifact. An empty 
or partially closed tract will appear as a hypoechoic segment of 
bowel or biadder. Abscesses on ultrasound manifest as a fluid- 
filled or complex mass, which may contain gas. 49 ' 67 

Recently, in an animal model, ultrasound elastography- 
derived shear wave velocity was found to help distinguish 
acutely inflamed from fibrotic bowel. 68 Much work needs to be 
performed to determine whether this technique can distinguish 
mixed fibrostenotic and active inflammatory disease from pure 
active inflammatory disease or fibrostenotic disease. 

MAGNETIC RESONANCE IMAGING 

Magnetic resonance imaging (see Chapter 40) has become a 
well-established technique in evaluating patients with known 
or suspected Crohns disease by virtue of its ability to help 
confirm the diagnosis; localize lesions; assess their severity, 
extent, and inflammatory activity; and identify extraintestinal 
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Figure 41-8 Fistulizing-perforating Crohn's 
disease. A. Multiple ileocolic and ileoileal fistulae are 
shown on this small bowel series. B. Specimen 
radiograph shows an ileoileal fistula (yellow arrow). 
Note the cobblestone mucosa and deep ulcerations 
(red arrow) associated with mural thickening. 

C. Fistulae between the proximal small bowel and 
colon (arrow) are demonstrated on this radiograph. 



complications that may require surgical intervention. 69 ' 88 MR 
enteroclysis is an emerging diagnostic tool that combines the 
advantages of conventional enteroclysis and MRI. However, MR 
enterography (MRE) is the most practical method of evaluating 
patients with Crohns disease. 

MRE has two major advantages over CTE. No ionizing radia¬ 
tion is used and, as a result, multiple pulse sequences with and 
without contrast enhancement can be performed. Static imaging 
can help identify wall edema and lymphatic distention, and 
contrast-enhanced imaging can be performed long after the 
injection has been given, potentially allowing for further char- 
acterization. The major disadvantage is a long examination 
time, requiring relatively long breath holding. Furthermore, 
magnet time is at a premium in many institutions and is used 
for many other disease States. Bowel motion remains a problem; 
glucagon and hyoscyamine (Levsin) are the only antiperistaltic 
agents approved in the United States (Buscopan or hyoscine 
butylbromide is an excellent agent but only approved in coun- 
tries other than the United States). Finally, spatial resolution, 
even with 3-T magnets, does not approach the resolution of 


MDCT with its near-isotropic imaging. Nevertheless, MRE is 
equivalent to CTE for the evaluation of Crohn s disease. 89 92 

Adequate distention of the bowel lumen is ideal in MRE 
because collapsed bowel loops can potentially hide lesions or 
mimic pathology. However, in general, the small bowel affected 
by Crohns disease can almost always be detected unless there 
is significant bowel motion or no distention of a large amount 
of small bowel. Different methods have been used to achieve 
adequate distention. MR enteroclysis provides distention of the 
entire small bowel, visualizes mucosal abnormalities, and can 
show functional information about small bowel mobility. 

Regardless of the pulse sequence, it is important to obtain 
imaging in orthogonal planes, often axial and coronal. These 
planes should be obtained in all patients on static and post- 
contrast scans. As with CTE, disease presence, strictures, and 
especially fistulae and sinus tracts are best elucidated with 
orthogonal imaging. 

Many T2-weighted pulse sequences are available on modern 
scanners. New, fast, T2-weighted spin-echo sequences can be 
obtained in a single breath-hold. These include T2-weighted, 
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Figure 41-9 Crohn # s disease: Sonographic features. A. Mural thickening is the sonographic hallmark of Crohn's disease. B. In acute disease, 
mural stratification is maintained. Yellow arrow, mucosa-muscularis mucosae; white arrow, submucosa; red arrow, muscularis mucosae. C. In 
chronic Crohn's disease, mural stratification is lost. D. The density of vessels seen on color flow Doppler ultrasound correlates with the degree of 
disease activity. (Courtesy Dr. Pierre-Jean Valette, Lyons, France.) 


half-Fourier rapid acquisition with relaxation enhancement 
(RARE), turbo spin-echo (TSE), fast spin-echo (FSE), half- 
Fourier acquisition single-shot turbo spin-echo (HASTE), 
single-shot turbo spin-echo (SSTSE), EXPRESS, and the newest 
sequence, called BLADE, which uses periodically rotated over¬ 
lapping parallel lines with enhanced reconstruction (PROPEL¬ 
LER). These T2-weighted sequences are obtained with and 
without fat saturation. Fat saturation helps identify and char- 
acterize increased T2 signal in abnormal loops of bowel 
(increased T2 signal in the wall can result from increased fluid 
from edema or lymphatic distention or from fat deposition). 
Tl-weighted, gadolinium-enhanced, spoiled gradient-echo 
(SGE) sequences are also important in evaluating the location, 
extent, and severity of Crohn’s disease. 69 ' 88 Tl-weighted 
gadolinium-enhanced MRI has been the most investigated 
pulse sequence in Crohn’s disease. A variety of 2D and 3D 
techniques are available; the most common use a fast, 3D, fat 


saturated gradient-echo sequence acquired in a single breath- 
hold lasting 15 to 20 seconds. These sequences have a variety of 
names, such as VIBE, FAME, THRIVE, and 3D QUICK. 69 88 TI 
acquisition in regard to contrast enhancement varies, with 
acquisition commonly at 30, 60, and 90 seconds postinjection 
start. More delayed imaging of up to 8 minutes postcontrast 
may be helpful. 10 

Multiple coronal, true fast imaging with steady-state preces- 
sion (FISP), cine motility sequences have been reported to dif- 
ferentiate between a high-grade and low-grade partial small 
bowel obstruction. These sequences give an MR “fluoroscopic” 
depiction of peristalsis above a stricture, showing the progres¬ 
sive dilation of bowel proximal to the stricture. Some believe 
that static imaging may not be able to make this distinction. 
However, in our experience, most significant strictures (pre- 
dominantly fibrostenotic) demonstrated dilated loops of small 
bowel (>3 cm) proximally. 
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Figure 41-10 Fibrostenosing Crohn's disease: Sonographic 
features. Marked thickening of a segment of ileum ( yellow arrows) is 
identified, causing dilation of the proximal small bowel (red arrow). 
(Courtesy of Dr. Pierre-Jean Valette, Lyons, France.) 


Recently, in an animal model of Crohns disease, magnetiza- 
tion transfer helped detect fibrosis. 93 

COMPUTED TOMOGRAPHY 

There are three major CT techniques (see Chapter 38) used 
for the evaluation of Crohns disease of the small bowel— 
conventional positive intraluminal contrast studies, CT 
enterography (CTE), and CT enteroclysis. 94 ' 106 Conventional 
CT using positive intraluminal contrast agents is generally 
reserved for postoperative patients in whom a bowel leak is 
suspected. In a patient with an acute exacerbation of symp¬ 
toms, one might argue that identifying an abscess is the most 
important question. Thus, conventional CT with positive oral 
agents should be used. However, many patients with acute 
symptoms do not have an abscess but have exacerbation of 
the disease, obstruction or progressive stricture formation with 
or without fistulization. We have found that CT enterography, 
even in these acutely ill patients, can confidently distinguish 
an abscess using neutral oral contrast agents. CT enteroclysis 
is a rarely used technique and is reserved for those institutions 
in which it is performed routinely. Finally, the assessment of 
mural enhancement is hindered by the presence of positive 




Figure 41-11 Fistulizing-perforating subtype Crohn # s disease: 
Deep ulcerations. An affected segment scanned longitudinally 
(A) and axially (B) shows mural thickening with deep ulcerations 
(arrows ) and lumen stenosis. C. A fistula ( red arrow) is seen 
extending from a diseased segment of the ileum ( white arrow) to 
a small abscess cavity ( yellow arrow). (Courtesy of Dr. Pierre-Jean 
Valette, Lyons, France.) 
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intraluminal contrast because this contrast obscures inner wall 
hyperenhancement. 

CT enterography uses MDCT with a narrow section thick- 
ness and reconstruction interval, vis-å-vis (IV) contrast mate- 
rial, and large volumes of neutral contrast agent to distend the 
lumen in an effort to improve the detection of small bowel 
inflammation and extracolonic complications. CT can be per- 
formed during the enteric phase (45 seconds after injection) and 
portal venous phase (70 seconds after injection). Regardless of 
the technique used, there is no significant difference in detecting 
Crohns disease. 1( Jejunal attenuation is greater than ileal atten- 
uation, and collapsed bowel loops demonstrate greater attenua¬ 
tion than distended bowel loops. 108 CT enteroclysis uses contrast 
material infused through a nasojejunal tube. Both positive 
(dilute barium) and neutral contrast (water, methylcellulose, 
VoLumen) agents may be administered. CT enteroclysis uses the 
same technique as standard fluoroscopic enteroclysis, except 
that imaging is performed with contrast-enhanced MDCT, as in 
CT enterography. 32 All MDCT datasets should be reconstructed 
in at least two planes, typically axial and coronal. Occasionally, 
sagittal or oblique planes are helpful in identifying fistulae. 

Every effort should be made to limit radiation exposure in 
patients, especially if they have had multiple CT scans in the 
past. Several studies have shown that some Crohns patients can 
receive large cumulative doses (>100 mSv) over the course of 
their disease, and often are examined with CT two to three times 
a year. 109-112 In one series, encompassing a 15-year period, the 
mean ionizing radiation dose was 36.1 mSv. Over the entire 
study period, there was an increasing use of CT, and although 
CT accounted for only 16.2% of all imaging studies, it accounted 
for 77.2% of the radiation dose. Also, in this study, the total 
ionizing radiation exceeded 75 mSv in 15.5% of patients. 
Patients who receive higher doses have onset of disease before 
17 years of age, have upper GI tract or penetrating disease, 
require IV steroids or infliximab, or have had multiple surger- 
ies. 109 There is recent evidence that radiation exposure from CT 
scans in children results in an increased risk of brain tumors 
and leukemia. 113,114 Most pediatric centers almost exclusively use 
MRE or ultrasound as a means of evaluating their patients. 

Efforts to reduce the dose from MDCT are ongoing and 
include alterations in kVp and mAs in relation to body habitus, 
weight, body mass index (BMI), and altering the scan pitch, as 
well as applying new reconstruction techniques, generally 
termed iterative reconstruction, to initial lower dose images. 
Dose reductions from a CT scan are typically 15 to 20 mGy but 
can successfully be reduced to less than 10 mGy, and even below 
5 mGy, have been achieved. However, the most substantial 
reductions in dose have been in patients who weigh less than 
160 pounds. It remains to be seen whether sub-mSv imaging is 
possible without data loss. Crohns disease identifkation is a 
high-contrast issue with CT (i.e., identifying a process with a 
higher attenuation compared with backgro und). To date, low- 
contrast objects (an object of lower attenuation compared with 
background) are lost with lower dose MDCT, 115 even with any 
of the known iterative reconstruction techniques, including 
model-based iterative reconstruction. 116118 To achieve a sub¬ 
stantial reduction in dose from CT, radiologists may have to 
accept a lower sensitivity in detecting low-attenuation lesions 
in the liver, which are the low-contrast entities that occur most 
frequently in a patient population. 

The most effective strategy for reducing ionizing radiation 
exposure in patients with Crohns disease is to shift imaging to 


MRE from CTE. Our strategy is first to perform CTE on all 
patients with Crohn s disease if they have not had one per¬ 
formed. This serves as the baseline examination, establishing 
the location and extent of disease. The study is fast, the spatial 
resolution is superb, and there is little to no bowel motion 
artifact. We favor CTE or MRE as the initial study because bowel 
motion remains a problem for MRE in the United States. Fur- 
thermore, the spatial resolution of MRE is still not equivalent 
to that of CTE. As a result, the risk of missing disease on an 
initial MRE image is relatively high. However, every other exam¬ 
ination, except for patients who are acutely ill or perioperative, 
should be MRE. Acutely ill patients should be examined with 
CTE, especially if abscess detection and potential drainage is 
relatively likely. Once detected, the abscess can be rapidly 
drained using CT guidance. Postoperative patients should be 
examined after the ingestion of positive oral contrast medium 
and the administration of rectal contrast medium if there is a 
colonic anastomosis, because a leak may be present. 

Nomenclature for CT and MR 
Enterography Findings 

In an effort to measure the impact of CTE and MRE in the care 
of Crohns patients, interested radiologists in the Abdominal 
Radiology Society (ARS), Crohns Disease-Focused Panel are in 
the process of developing a nomenclature to describe the find¬ 
ings of Crohns disease and how to interpret those findings. 
Tables 41-1 and 41-2 summarize this work, which should be 
considered a work in progress. The ultimate goal is to have inter¬ 
national input and approval from radiologic, gastroenterologic 
and surgical societies. The purpose of a common nomenclature 
is to define and standardize the terms used to describe the find¬ 
ings and the conclusions that can be drawn from those findings. 
Ultimately, these terms and conclusions will be essential in mea- 
suring outcomes in regard to treatment and the impact of 
imaging on predicting treatment. These terms will be used here 
in the subsequent discussion of the findings of MRE and CTE. 

COMPUTED TOMOGRAPHY AND MAGNETIC 
RESONANCE ENTEROGRAPHY FINDINGS 
OF SMALL BOWEL CROHN'S DISEASE 

Both CTE and MRE identify the transmural, extramural, and 
mesenteric manifestations of small bowel Crohns disease. 1 
Historically, investigators have described findings as mucosal, 
submucosal, serosal, or extramural-mesenteric. However, in 
many cases, the mucosa may be entirely destroyed, replaced by 
acute and chronic inflammatory cells. Furthermore, the precise 
anatomic location of the finding may not actually be known. 
Therefore, we think it best to avoid the use of these specific 
terms and prefer to use terms that are more generic and descrip- 
tive, rather than anatomic (see Table 41-1). Finally, because the 
findings on CTE and MRE are similar or identical, we will 
combine the discussion into one section. 

Wall Findings 

Hyperenhancement. One of the most consistent MRE/CTE 
findings is wall hyperenhancement. This is defined as increased 
signal intensity or attenuation on contrast-enhanced scans 
in a noncontracted segment of bowel. Comparison with adja- 
cent or nearby small bowel segments is helpful in making this 


TAB LE 

41-1 


Abdominal Radiology Society Nomenclature for Computed Tomography and Magnetic Resonance 
Enterography Findings in Small Bowel Crohn's Disease (Work in Progress) 


Findings 


Description 


WALL FINDINGS 

WALL HYPERENHANCEMENT 

Stratified (bilaminar or trilaminar) 

Homogeneous 

Normal 

Asymmetri c 


Increased attenuation and signal intensity on contrast-enhanced scan in noncontracted segment; compare 
with nearby small bowel segments. 

Inner wall hyperenhancement or halo; no clinically significant difference between the two patterns 
Transmural hyperenhancement 

Asymmetric or patchy hyperenhancement. often along mesenteric border with relative sparing along the 
antimesenteric border 


WALL THICKENING 

• Mild 

• Moderate 

• Severe 
Intramural edema 


3-4 mm 
5-7 mm 
>7 mm 

Hyperintense T2 signal; only on MRE (preferably fat suppressed); cannot comment on CTE 


LUMINAL NARROWING 
STRICTURE 
UPSTREAM DILATION 

• Mild 

• Moderate 

• Severe 
Ulcer 

Sinus tract 

Simple fistula 
Complex fistula 


Narrowed diameter in a noncollapsed loop, with or without mural hyperenhancement 
Luminal narrowing + upstream dilation (see below) 

Bowel lumen >3 cm, unequivocal segmental dilation of small bowel proximal to narrowed segment or small 
bowel feces sign above narrowed segment 
<4 cm 
4-5.9 cm 
>6 cm 

Wall defect that does not extend outside bowel wall in a thickened wall 

Wall defect that extends outside lumen but not to adjacent organs (usually accompanied by angulation 
and fixation of adjacent bowel and/or tethering of bowel or urinary biadder) 

Single tract; affected loops often angulated and tethered; describe origin and termination location 
Multiple tracts; asterisk appearance; +/interloop abscess or inflammatory mass (phlegmon) 


MESENTERIC FINDINGS 

Vasa recta distention 

Fibrofatty proliferation 

Perienteric edema, inflammation 
Inflammatory mass 


Abscess 

Amenable to percutaneous 
drainage 

Not amenable to percutaneous 
drainage 
Adenopathy 
Likely inflammatory 


Also known as the comb sign in the literature; inflammed bowel loop with dilation of mesenteric vessels 
largerthan adjacent to bowel loops 

Increased fat adjacent to abnormal bowel, displacing bowel loops; usually along mesenteric border, unless 
perirectal; often associated with mesenteric border inflammation; if perirectal, then circumferential 
Increased attenuation (CT) or high T2 signal (MR) in mesenteric fat adjacent to abnormal bowel loops 
lll-defined, masslike process of soft tissue attenuation and signal intensity (not water attenuation and signal 
intensity; also known as a phlegmon) usually associated with penetrating disease, such as complex fistula 
and inflammatory stranding in the mesenteric fat 
Mesenteric or peritoneal fluid collection with rim enhancement or internal gas 
Well-formed collection >3 cm, accessible to intervention 

Not well formed, or <3 cm, or not accessible to intervention because of bowel, bony, or vascular structures 

>1.5 cm in short axis 
If <2 cm in short axis 


EXTRAINTESTINAL FINDINGS 

Sacroiliitis 

PSC 

Venous thrombus, thrombosis 
(occlusive) 

Nephrolithiasis and cholelithiasis 
Avascular necrosis 


Discontinuous, intrahepatic bile duet visualization and/or extrahepatic ductal wall thickening without 
significant upstream dilation 
Mesenteric, portal, IVC, iliae, femoral, gonadal 


Femoral head most common; if present, describe articular collapse 


Baker ME, FidlerJL, Fletcher JG, Bruining DH, and other members of the SAR Crohn's Disease Focused Panel: Unpublished work in progress, 2014. 


table Abdominal Radiology Society Nomenclature for Computed Tomography and Magnetic Resonance 
41-2 Enterography Dictation Impressions in Small Bowel Crohn's Disease 


Findings Description 


Active inflammatory small bowel Crohn's disease 
(luminal narrowing present or absent) 

Quiescent or inactive small bowel Crohn's disease 

Mixed fibrostenotic and active inflammatory 
small bowel Crohn's disease (a controversial 
classification to some; see text) 

Penetrating Crohn's disease (added in addition to 
determination of active or mixed Crohn's disease) 

Fibrostenotic small bowel Crohn's disease 


Wall hyperenhancement in noncontracted small bowel segment; wall thickening, 
mesenteric changes are variable but often present 
Absent wall hyperenhancement, ± wall thickening, no mesenteric changes except fatty 
proliferation 

Stricture, wall thickening, wall hyperenhancement, luminal narrowing with upstream 
dilation; most strictures have inflammatory and fibrotic components 

Sinus tract and/or fistula; inflammatory mass; abscess; free perforation; associated with 
mixed fibrostenotic and active inflammatory small bowel Crohn's disease or active 
inflammatory small bowel Crohn's disease 
Wall thickening, no wall hyperenhancement, absent mural edema (MRE only), no 
mesenteric changes, lumen narrowed, with upstream dilation 


Baker ME, FidlerJL, Fletcher JG, Bruining DH, and other members ofthe SAR Crohn's Disease Focused Panel: Unpublished work in progress, 2014. 
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differentiation. Furthermore, accompanying mesenteric Ånd¬ 
ings, such as vasa recta distention or fibrofatty proliferation, are 
almost always present. Hyperenhancement may be layered or 
stratified into two patterns, bilaminar and trilaminar. In the 
bilaminar pattern, only the inner wall hyperenhances (Figs. 
41-12 and 41-13). This is often referred to in the literature as 
mucosal hyperenhancement. Because the mucosa may be 
destroyed, we prefer to describe rather than conclude that the 
mucosa is present. In the trilaminar pattern, there is inner and 
outer wall (sometimes referred to as serosal) hyperenhance¬ 
ment, with the intervening wall relatively hypoenhancing, 
giving a halo effect (Fig. 41-14). This pattern is much more 
commonly seen in MRE; it may very well be present in CTE but 


is not as well identified because of poorer contrast resolution 
compared with MRE. There is likely no clinically significant 
difference between bilaminar and trilaminar hyperenhance¬ 
ment. Both are present with active inflammation. Hyperen¬ 
hancement may be homogeneously transmural (Figs. 41-15 and 
41-16), asymmetric, or patchy (Figs. 41-17 and 41-18). The 
hyperenhancement may at times be very subtle; viewing with 
narrow Windows facilitates identification (see Fig. 41-18). When 
asymmetric, the pseudosacculation of the nonaffected segment 
is sometimes present (see Fig. 41-17). 

Thickening. Bowel wall thickening, usually more than 1.5 to 
2 cm, is another consistent feature of Crohns disease. Although 



Figure 41-12 Mixed fibrostenotic and active inflammatory small bowel Crohn # s disease of the distal ileum with penetrating disease: 
Bilaminar hyperenhancement. CT enterography in axial (A) and coronal (B) reconstructions show bilaminar hyperenhancement, severe wall 
thickening (>1 cm) (white arrow), and a fistulous tract extending cephalad ( arrowhead ) toward an abscess (black arrow). 



Figure 41-13 Active inflammatory small bowel Crohn # s disease of the distal ileum with mild luminal narrowing: Bilaminar 
hyperenhancement. MRE using HASTE (A, B) and postcontrast VIBE (C, D). A, B. HASTE images show increased signal because of edema and/ 
or lymphatic distention (black arrow). C, D. Postcontrast VIBE images show a bilaminar hyperenhancement pattern, moderate wall thickening 
(5-10 mm), and vasa recta distention ( arrowheads ). There is also colitis (white arrow). 
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Figure 41-14 Active inflammatory small 
bowel Crohn's disease of the terminal 
ileum with luminal narrowing: Trilaminar 
hyperenhancement. Axial CTE 
(A) and Coronal CTE (B) images show 
moderate wall thickening, a trilaminar 
hyperenhancement pattern, and mural fat 
( arrow). Postcontrast axial (C) and coronal 
(D) VIBE images from MRE confirm the 
trilaminar hyperenhancement pattern 
(arrow). Axial (E) and coronal HASTE 
(F) images show increased signal in the wall 
(arrow). G. Axial fat-saturated HASTE 
images show that some of the increased 
signal is caused by edema or distended 
lymphatics ( arrowhead). 
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Figure 41-15 Active inflammatory small bowel Crohn # s disease of the distal ileum with segments of normal lumen and mild luminal 
narrowing: Homogeneous enhancement pattern. Axial (A) and Coronal (B) CTE images show a long length of diseased ileum with 
homogeneous hyperenhancement and moderate wall thickening. 



Figure 41-16 Mixed fibrostenotic and active inflammatory small bowel Crohn # s disease of the distal ileum: Homogeneous and trilaminar 
hyperenhancement, deep ulcers, and an intramural sinus tract. Postcontrast axial (A) and coronal (B) VIBE images from MRE show segments 
of trilaminar and homogeneous hyperenhancement. Axial (C) and coronal HASTE (D) images show deep ulcers ( arrows ) and an intramural sinus 
tract ( arrowhead ). There is moderate upstream dilation (4-5.9 cm). The vasa recta are also dilated. 


wall thickening is most often symmetric (see Fig. 41-16), as with 
hyperenhancement, it may also be asymmetric (see Figs. 41-17 
and 41-18). It is important that the bowel be distended when 
assessing bowel wall thickening. Thickening may be mild 
(3-4 mm), moderate (5-10 mm) or severe (>10 mm). When 
severe, especially when focal and short segment, causing 
obstruction, one may suspect that a complicating tumor is 
present (see later). 

On MRE thickened, cobblestoning or pseudopolyposis may 
be present. These are patchy, sharply demarcated areas of high 
signal intensity along affected small bowel segments (Fig. 


41-19). Additionally, pseudopolyposis may be identified as a 
papillary, endoluminal nodule that generally uniformly hyper- 
enhances (Fig. 41-20). 

On MRE there may be intramural edema in the thickened 
wall. This is identified on fat-saturated, T2-weighted images as 
a high signal (must be fat-saturated imaging because intramural 
fat may also cause an increased T2 signal; see Fig. 41-13). 

Luminal Narrowing, Stricture Formation, and Upstream 
Dilation. Initially, when the disease is present, the bowel lumen 
is not significantly narrowed (see Fig. 41-18). However, as the 
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Figure 41-17 Active inflammatory small bowel Crohn # s disease with and without luminal narrowing: Asymmetric changes. Axial (A) and 
Coronal (B) CTE images at one level show wall thickening along the mesenteric border, with a normal antimesenteric border (arrow). At this site 
of disease, the lumen is not narrowed. On the same images, there is another anterior, small bowel loop with trilaminar hyperenhancement, 
moderate wall thickening, and luminal narrowing. Just upstream, in the distal ileum, axial (C) and coronal (D) images show pseudosacculation 
( arrowhead). 



Figure 41-18 Active inflammatory small bowel Crohn # s disease without luminal narrowing: Subtle asymmetric changes. Axial (A) and 
Coronal (B) CTE images of the distal ileum show very subtle bilaminar hyperenhancement and mild wall thickening (arrow). 


disease progresses, the affected bowel lumen narrows (see Figs. 
41-14 and 41-15). As noted, luminal narrowing in Crohns can 
be caused by spasm or the proliferation of smooth muscle and/ 
or fibrous tissue. The two can be differentiated with MRE/CTE 
by the presence or absence of upstream dilation. Using dynamic, 
fluoroscopic MR techniques, one can also identify ballooning, 
upstream dilation caused by a fixed stricture. We define a stric- 
ture as an area of luminal narrowing associated with upstream 
dilation more than 3 cm (see later, “Mixed Fibrostenotic and 
Active Inflammatory Small Bowel Crohns Disease”). When the 
upstream segment is less than 4 cm, it is considered mild, 4 to 
5.9 cm is moderate, and more than 6 cm is severe. 


Ulcer and Sinus Tract. Ulcerations can be identifled on cross- 
sectional enterography, much more commonly with MRE. 
Images achieved with MR enteroclysis, with consistent and con- 
tinuous luminal dilation, can provide sufficient resolution to 
detect early lesions of Crohns disease, such as blunting, flatten- 
ing, thickening, distortion of small bowel folds, nodularity, and 
aphthous-type ulcers. Differentiating an ulcer from a sinus tract 
and an ulcer from pseudopolyposis can be difficult. We have 
arbitrarily defrned an ulcer as a wall defect that does not extend 
outside the bowel wall (Figs. 41-21 to 41-23). A sinus tract 
extends outside the lumen, but does not extend to adj acent 
organs. When a sinus tract is present, there is almost always 
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some degree of bowel angulation, loop separation, and/or teth- 
ering of the bowel or urinary biadder. Furthermore, there is 
almost always stricture formation. Pseudopolyposis has an 
intraluminal-endoluminal component. Aphthoid ulcerations 
may enlarge and coalesce to form deeper, usually linear, ulcer¬ 
ations, which frequently assume a longitudinal and transverse 
orientation. When longitudinal, these are called intramural 
sinus tracts. On T2-weighted images, they appear as thin lines 
of high signal intensity within the thickened bowel wall (see 
Figs. 41-16 and 41-23). 

Simple and Complex Fistulae. A simple fistula is a single, soft 
tissue tract that extends from one loop of bowel to another or 
to another adj acent organ or structure, such as the urinary 
biadder or psoas muscle (Fig. 41-24). A complex fistula contains 
multiple tracts that extend to several loops of bowel and/or 
other organs or structures (Figs. 41-25 and 41-26). These can 
take on an asterisk appearance (see Fig. 41-26) and can be 
associated with an inflammatory mass or interloop abscess. As 
with sinus tracts, all small bowel fistulae from Crohn s disease 
are associated with stricture formation. On true FISP and 
HASTE sequences, sinus tracts and fistulae can present as higher 
signal linear- to tubular-shaped structures, often containing 



Figure 41-19 Inflammatory pseudopolyps: MRI features. Axial 
true FISP scan of the distal ileum shows pseudopolyps as small 
nodular defects protruding through the thickened bowel wall ( arrows). 



Figure 41-20 Mixed fibrostenotic and active inflammatory small bowel Crohn # s disease: Inflammatory polyp at a stricture site. Axial 
(A) and Coronal (B) CTE images show a hyperenhancing polypoid filling defect representing an inflammatory polyp ( arrow). 



Figure 41-21 Active inflammatory small bowel Crohn # s disease without luminal narrowing: Focal ulcer. A. Axial HASTE sequence shows 
subtle increased signal in the wall (arrow) from edema and lymphatic distention. There is a focal, very high-signal area representing an ulcer. 

B. On the coronal postcontrast-enhanced VIBE image, the ulcer enhances (arrow). There is also trilaminar hyperenhancement and distention of 
the vasa recta. 
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Figure 41-22 Mixed fibrostenotic and active inflammatory small bowel Crohn # s disease: Ulcer and sinus tract. A. Axial postcontrast VIBE 
image from MRE shows a bilaminar hyperenhancement and moderate wall thickening. Axial (B) and coronal (C) postcontrast VIBE images show 
an ulcer contained within the wall ( arrow ). Axial (D) and coronal (E) postcontrast VIBE images show a sinus tract extending outside the wall 
toward a tethered loop of small bowel (white arrowhead). F. Axial postcontrast-enhanced VIBE image shows an intermediate-sized, 
homogeneously enhancing lymph node (black arrowhead ) 


central high signal intensity because of their fluid content. 
However, these tracts may not contain fluid and may present 
on these T2-weighted pulse sequences as linear, low-signal 
tracts that hyperenhance on postcontrast-enhanced T1 -weighted 
sequences. 

Mesenteric Findings 

Vasa Recta Distention. In most cases of active inflamma¬ 
tory Crohns disease, the straight arteries or vasa recta 
arising from the mesenteric arcades and extending toward 
the small bowel are dilated. This has been described in the 
literature as the comb sign. Vasa recta distention is identi- 
fied with CTE and MRE as short, parallel, low-attenuation 
or signal intensity linear structures perpendicular to the 
intestinal long axis of the diseased bowel. They are best 
demonstrated on contrast-enhanced CTE or TI-weighted 


images as hyperenhancing linear structures (Fig. 41-27; also 
see Fig. 41-13). 

Fibrofatty Proliferation. In many cases of Crohns disease, 
there is increased fat adj acent to the affected bowel, displacing 
the small bowel loops, generally along the mesenteric border. 
This leads to loop separation. Fibrofatty proliferation of the 
mesentery develops in nearly 50% of patients with Crohns 
disease and is the most common cause of bowel loop separa¬ 
tion. The fibrofatty proliferation is the result of perivascular 
inflammation (Fig. 41-28). 

Perienteric Edema and Inflammation. Perienteric edema or 
inflammation is identified as increased attenuation (CT) or 
high T2 signal (MR) in the mesenteric fat adj acent to affected 
segments of small bowel. The finding is much easier to identify 
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Figure 41-23 Deep ulceration. Axial (A) and coronal (B) true 
FISP MR images of the terminal ileum. Ulcers are visualized as thin 
lines of high signal intensity, longitudinally or transversely (fissure 
ulcers; arrows ) oriented within the thickened bowel wall. 




Figure 41-24 Mixed 
fibrostenotic and active 
inflammatory small bowel 
Crohn's disease: Simple fistula, 
inflammatory mass and abscess. 
A. Postcontrast-enhanced, 
axial CTE shows bilaminar 
hyperenhancement and 
moderate wall thickening of a 
loop of distal ileum. B. Just 
inferior to this, there is a small 
abscess lateral ly (white 
arrowhead), and the start of a 
single fistula is identified ( arrow). 

C. The fistula is best identified in 
the coronal plane (arrow). 

D. More inferiorly in the pelvis, 
on the axial view, there is an 
inflammatory mass (black 
arrowhead). 
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Figure 41-25 Mixed fibrostenotic and active inflammatory small bowel Crohn # s disease with penetrating disease: Complex enterocecal, 
enteroenteric, enterosigmoid, enterovesicular fistula involving the right ureter # with abscesses. A. Postcontrast-enhanced, coronal CTE 
image shows bilaminar hyperenhancement and wall thickening of the terminal ileum and an enteroenteric, enterocecal fistula ( arrowhead ). 

B. Axial CTE image shows the enteroenteric and enterosigmoid fistula ( arrowhead ), an inflammatory mass surrounding the right ureter (filled with 
a stent), and two small abscesses ( arrows ). C. Coronal CTE image shows the fluid-filled enteroenteric and enterosigmoid fistula tract ( arrowhead ), 
as well as an abscess ( arrow ) between the fistula and urinary biadder dorne. D. Axial CTE image shows the abscess ( arrow) adjacent to the dorne 
of the urinary biadder. At surgery, the biadder dorne was involved. 


on MRE as fat suppressed, T2-weighted pulse sequences (see 
Fig. 41-26). 

Inflammatory Mass and Abscess 

An inflammatory mass is defined as an ill-defined, masslike 
process of soft tissue attenuation or increased signal intensity 
(but not water attenuation-signal intensity) in the mesenteric 
fat, almost always associated with penetrating disease, which 
arises from mixed disease (fibrostenotic and acute inflamma¬ 
tory disease; see Fig. 41-24). An abscess is a well-formed, thick- 
walled, near-water to water attenuation collection in the 
mesenteric fat. An abscess should be described as amenable 
or not amenable to percutaneous drainage (see Figs. 41-12, 
41-24, 41-25, and 41-27). This should be determined on the 
basis of size (>3 cm; generally, the size above which a pigtail 
catheter can be deployed) and whether the collection can be 
entered without traversing bowel, vessels, or bony structures. 
When using neutral oral contrast agents, it is very important 
to scrutinize the images carefully using scrolling techniques in 
the axial and coronal planes to differentiate an abscess from 


a dilated loop of bowel, because both will contain near-water 
to water attenuation contents. 

Adenopathy. Enlarged mesenteric lymph nodes are commonly 
present in patients with active inflammatory Crohns disease. 
Enlargement is defined as more than 1.5 cm in the short axis. 
These are likely inflammatory if less than 2 cm. If more than 
2 cm, especially if multiple, one should carefully scrutinize the 
adjacent, affected bowel for the presence of a tumor (see 
Fig. 41-22). 

Extraintestinal Findings 

Extraintestinal findings on MRE/CTE are relatively common. 
These include sacroiliitis (Fig. 41-29), primary sclerosing chol- 
angitis (PSC), venous thrombosis, cholelithiasis, nephrolithiasis, 
and avascular necrosis, usually of the femoral head. PSC is 
identified as discontinuous, intrahepatic, biliary ductal visual- 
ization and/or extrahepatic ductal wall thickening without sig- 
nificant upstream biliary dilation. Common veins thrombosed 
in Crohns include the superior mesenteric and portal veins, 
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Figure 41-26 Mixed fibrostenotic and active 
inflammatory small bowel Crohn # s disease with 
penetrating disease: Complex enteroenteric, 
enterosigmoid, enterovesicular fistula with 
perienteric edema and mural edema/distended 
lymphatics. Postcontrast-enhanced axial (A) and 
corona KB) images with an asterisk-like 
appearance. Note that the wall of the dorne of 
the urinary biadder is thickened. C. Sagittal 
HASTE image shows the high-signal, fluid-filled 
fistulous tract (black arrow) from the small bowel 
to the urinary biadder. Two axial, fat-saturated 
HASTE images show increased signal in the wall 
from intramural edema-lymphatic distention 
(D, white arrow) and perienteric edema- 
inflammation (E, white arrowhead). 



Figure 41-27 Mixed fibrostenotic and active inflammatory small bowel Crohn's disease with penetrating disease: Vasa recta distention, 
multifocal disease, sinus tracts, and abscesses. A. Coronal postcontrast-enhanced CTE image shows multifocal disease with bilaminar to 
homogeneous hyperenhancement and moderate wall thickening. Axial (B) and coronal (C) images through the terminal ileum show small 
interloop abscesses ( arrowheads ) and sinus tracts ( arrows ). The vasa recta are also distended. 
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Figure 41-28 Active inflammatory small bowel Crohn # s disease with luminal narrowing: Fibrofatty proliferation. Axial (A) and Coronal 
(B) CTE images show bilaminar hyperenhancement, moderate wall thickening, and luminal narrowing of the neoterminal ileum. The affected loop 
is surrounded by excess fat ( arrows ). 




Figure 41-29 Mixed fibrostenotic and 
active inflammatory small bowel Crohn # s 
disease: Sacroiliitis and severe small 
bowel dilation. Axial (A) and coronal 
(B) postcontrast-enhanced CTE images 
show bilaminar hyperenhancement, 
moderate wall thickening, and marked 
upstream bowel dilation ( arrow). C. Axial 
images in the pelvis show right-sided 
sacroiliitis ( arrowheads). 


gonadal vein, iliac and femoral veins, and inferior vena cava 
(IVC). 

Active Inflammatory Small Bowel Crohn's Disease 

One of the major problems with the current literature concern- 
ing assessing active inflammation is that multiple reference 
standards are used as a surrogate for truth. 8/ However, there is 
general consensus amongst investigators that active inflamma¬ 
tory disease is present when there is wall hyperenhancement in 
a thickened (>3 mm), noncontracted, small bowel segment. In 


addition to this constellation of Åndings, there are almost 
always adjacent mesenteric changes, such as vasa recta dis ten - 
tion. In acute inflammatory disease, the lumen can narrow but 
there should be no upstream bowel dilation. When assessed as 
such, the dictation should add the absence or presence of 
luminal narrowing (see Figs. 41-13 to 41-15, 41-17 to 41-19, 
41-21, and 41-28). 

In CTE and MRE, layered enhancement, or mural stratifka- 
tion, is thought to be highly specific for active inflamma¬ 
tion. 8 21 The degree of enhancement of these various layers 
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may reflect the underlying disease activity. However, it is not 
clear if bilaminar and trilaminar hyperenhancement indicate 
different processes. Most studies only describe layered enhance- 
ment or a striated pattern and do not distinguish between the 
two types of enhancement. Furthermore, it is likely that MRE 
more commonly identifies the trilaminar pattern than CTE 
simply because it is more sensitive to enhancement. The periph- 
eral layer of hyperenhancement in the trilaminar pattern is 
generally much more subtle on CTE than the inner layer of 
hyperenhancement. 

In studies that have relied on endoscopy as the reference 
standard, the level of enhancement follows the level of disease 
activity. However, when other standards are used, such as CDAI 
or biood markers, the correlation is less evident. It is important 
to note that the presence of acute inflammation does not 
exclude fibrosis. 10,11,121 Further, enhancement can be secondary 
to factors other than acute inflammation, such as micro-vascular 
density and disease chronicity. 122 Enhancing mesenteric lymph 
nodes and vasa recta distention are also highly suggestive of 
active inflammatory Crohns disease. 

The use of T2-weighted pulse sequences to predict disease 
activity has been less extensively investigated. 88121 On fat satu- 
rated sequences, increased T2 signal in the bowel wall indicates 
edema and is likely also predictive of the level of acute inflam¬ 
mation. Conversely, if there is no increased mural T2 signal, 
it is likely that a thickened loop of bowel is fibrotic (fibro- 
stenosis alone without inflammation). However, as with TI 
enhancement, fibrotic strictures can and often do occur con- 
currently with acute inflammation (fibrostenotic predominant 
with active inflammation). 


Quiescent or Inactive Small Bowel Crohn's Disease 

Quiescent disease is defined as absent or only minimal wall 
hyperenhancement with either a normal or thickened bowel 
wall (Fig. 41-30). Mesenteric changes should be absent, except 
for fibrofatty proliferation. 

Inactive Crohn s disease can be associated with other phases 
of Crohns disease in other portions of the gut. There may be a 
decrease in the lumen diameter and wall thickening but not 
active inflammation as identified in the “burned out” segment. 

Mixed Fibrostenotic and Active Inflammatory 
Small Bowel Crohn's Disease 

Mixed disease is defined as wall hyperenhancement, wall thick¬ 
ening and stricture formation (i.e., luminal narrowing with 
upstream dilation >3 cm in diameter) (Figs 41-31 to 41-33; also 
see Figs. 41-12,41-16,41-20,41-22,41-24 to 41-27, and 41-29). 
In this disease category, there are Åndings of both acute inflam¬ 
mation and of a fixed stricture causing some element of obstruc¬ 
tion. Obstruction may be long standing and cause either marked 
bowel dilation or a stool sign (see Figs. 41-29,41-31, and 41-32). 
The term mixed is controversial, especially with gastroenterolo- 
gists. They are concerned that when fibrostenosis is added to 
the diagnosis, patients will not be treated medically. It remains 
to be seen if this group of patients are hest treated with medical 
or surgical therapy. Another important aspect in patients with 
mixed disease is that penetrating disease may also be present 
(see Figs. 41-12, 41-24 to 41-27, and 41-33). In our experience, 
penetrating disease is never identified without mixed disease 
being present. 



Figure 41-30 Quiescent 

disease. Axial (A) and coronal 
(B) CTE images are obtained 
before starting 6-mercaptopurine 
and show active, inflammatory, 
small bowel Crohn's disease 
of the terminal ileum with 
luminal narrowing, trilaminar 
hyperenhancement, and 
moderate wall thickening 
( arrows ). Axial (C) and coronal 
(D) CTE images obtained 3 
months later show a normal 
caliber lumen, minimal bilaminar 
to trilaminar hyperenhancement, 
and only mild wall thickening 
(arrows). The mucosa was normal 
at endoscopy. 
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Figure 41-31 Mixed fibrostenotic and active inflammatory small bowel Crohn # s disease: Moderate small bowel dilation with a stool 
sign. Postcontrast-enhanced axial (A) and coronal (B) CTE images show bilaminar to homogenous hyperenhancement, with marked bowel wall 
thickening in the distal ileum ( arrows ). C. Upstream to the stricture, there is a small bowel stool. 



Figure 41-32 Mixed fibrostenotic and active inflammatory small bowel Crohn # s disease with an adenocarcinoma. Postcontrast-enhanced 
axial (A) and coronal (B) CTE images show bilaminar hyperenhancement and moderate wall thickening associated with marked upstream 
dilation (arrows). Distal to the disease, there is a soft tissue mass ( arrowheads ) representing an obstructing adenocarcinoma. The patient had 
long-standing Crohn's disease. 


Penetrating Crohn's Disease 

Penetrating disease is present when there is sinus tract or 
fistula formation, an inflammatory mass or abscess, or free 
perforation (see Figs. 41-12, 41-24 to 41-27, 41-30, and 41-33). 
This can be in addition to the determination of active inflam¬ 
matory or mixed disease. However, in almost all cases, penetrat¬ 
ing disease occurs when there is mixed disease present. This 
Crohn’s subtype is characterized by transmural extension of 
the inflammatory process, with resultant fistula formation or 
perforation. Deep ulcers precede sinus and fistula formation 
to adjacent organs and the development of abscesses. On CTE, 
sinus tracts are small, linear- to tubular-shaped densities 
extending into the mesenteric fat, outside the wall of the bowel. 
On MRE, sinus tracts and fistulae are demonstrated by the 
high signal intensity of their fluid content on true FISP and 
HASTE images. When present, fistulae extend from the proxi- 
mal aspect of strictured, active disease or just upstream to the 


disease. Furthermore, the bowel affected by the fistulae are 
angulated and tethered and appeared fixed. There is loss of 
the normal undulating, curved contour of the small bowel. 
Interestingly, in cases of an enterovesicular fistula, urinary 
biadder gas is often absent. In these cases, there is a tethered 
loop of bowel, angulated toward the urinary biadder, with a 
linear strand of tissue extending toward the biadder and thick¬ 
ening of the wall of the biadder. There may be interloop 
inflammatory masses or abscesses. The multiplanar imaging 
capabilities of CTE and MRE are particularly useful in depict- 
ing complex fistulae and sinus tracts. Abscesses also occur in 
penetrating disease. 

Fibrostenotic Small Bowel Crohn's Disease 

Fibrostenotic disease is present when there is wall thickening, 
luminal narrowing, and significant upstream dilation (>3 cm), 
but no wall hyperenhancement. Furthermore, there is no mural 
edema (MRE) or mesenteric changes. In these cases, there is no 
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Figure 41-33 Mixed fibrostenotic and active inflammatory small bowel Crohn's disease with penetrating disease. A. Coronal HASTE image 
from MRE shows marked wall thickening of the terminal ileum with increased signal in the wall indicating mural edema-lymphatic dilation. There is 
also a sinus tract (white arrowhead) with increased signal in the tract. The upstream lumen is markedly dilated. B. Axial HASTE images show the 
terminal ileal wall thickening as well as an iliopsoas abscess ( arrow) with heterogenous signal. C. Postcontrast-enhanced axial VIBE image shows 
homogeneous hyperenhancement of the wall, moderate wall thickening, and the tract (black arrowhead) from the bowel to the abscess (arrow). 



Figure 41-34 Fibrostenotic disease. A. Postcontrast-enhanced coronal CTE image shows mild wall thickening without hyperenhancement in 
the distal ileum (arrow). There is moderate upstream dilation. B. Small bowel series performed 3 months earlier shows the fixed stricture (arrow), 
with upstream dilation. 


active inflammatory component. Small bowel obstruction is the 
predominant clinical manifestation of this disease subtype. CTE 
and MRE demonstrate a fixed narrowing of the involved bowel, 
with associated wall thickening. There is moderate to marked 
prestenotic dilation (Fig. 41-34). 

ASSESSMENT OF DISEASE ACTIVITY 

MRI and, to a lesser extent MDCT, have the potential to 
make the classification system of subtypes of Crohn’s disease 


more objective and reproducible and can help the clinician 
plan appropriate therapy. Differentiation between fibrotic and 
inflammatory stenosis is useful for selecting patients for 
medical (inflammatory) versus surgical (fibrotic) treatment. 
However, what has been published so far is based on different 
reference standards, including clinical indices, endoscopic 
scoring, biopsies, and surgical specimens. The problem of 
differentiating active inflammatory disease from fibrostenotic 
disease is further compounded by the faet that there is no 
accepted pathologic definition of these entities. Furthermore, 
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active inflammation and fibrostenosis coexist. Finally, patients 
who undergo surgical resection are distinctly different from 
those undergoing endoscopic biopsy because they have more 
severe disease. 

Magnetic Resonance Imaging-Derived Disease 
Activity Indices 

Although investigatory, several centers have compared MRE 
flndings with endoscopic flndings and have derived MRI scores 
(magnetic resonance index of activity [MaRIA] and activity 
index score [AIS]) to assess activity. 123,124 The MaRIA is derived 
predominantly from flndings in Crohns colitis, whereas the AIS 
is derived from terminal ileal Crohns disease based on initial 
histologic correlation and subsequently validated with endos- 
copy and endoscopic biopsies. The MaRIA is derived as follows: 

MaRIA = (1.5 x wall thickness [in mm]) + (0.02 x relative 
contrast enhancement of the bowel wall) 

+ (5 x the presence of edema) +(10 X ulceration) 

where relative contrast enhancement of the bowel wall is deflned 
as the wall signal intensity postenhancement minus the wall 
signal intensity pre-enhancement divided by the wall signal 
intensity pre-enhancement; the presence of edema is based on 
hyperintensity on T2-weighted pulse sequences relative to the 
psoas muscle signal; and ulceration refers to deep depressions 
in the mucosal surface. 

The AIS is derived as follows: 

AIS = 1.79 + (1.34 X mural thickness [in mm]) + 0.94 x mural 
T2 score 

where the mural T2 score is a qualitative score from 0 to 3, 
ranging from equivalent to adj acent, normal bowel wall signal 
to marked increased signal, nearly equivalent to the lumen. 

Although these scores have been validated in small numbers 
of patients in two separate centers, more studies are necessary 
to determine their broad applicability. 

Additional Imaging Considerations 

POSITRON EMISSION TOMOGRAPHY, 

POSITRON EMISSION TOMOGRAPHY/ 

COMPUTED TOMOGRAPHY, AND POSITRON 
EMISSION TOMOGRAPHY/MAGNETIC 
RESONANCE IMAGING 

PET and PET/CT have been used recently to assess the level of 
inflammation in patients with Crohn s disease. 125 ' 128 The studies 
are preliminary but show that the addition of PET may assist 
in characterizing the disease further. The recent addition of PET 


to MR (PET/MR hybrid imaging, or molecular MR) is an excit- 
ing new area of research. 129 As with other imaging investigations 
of small bowel Crohns disease, accepted, validated surrogates 
of disease activity, supported by pathology, will be necessary to 
show efficacy. 

CROHN'S JEJUNOILEITIS 

Diffuse jejunoileitis forms a subset of Crohns enteritis in which 
the distal ileum may be spared and disease progression may be 
craniad. It affects less than 10% of patients with Crohns disease 
of the small bowel. Jejunoileitis affects younger patients, has a 
more acute onset, and requires more extensive bowel resections 
than distal Crohn s disease. In some cases, proximal progression 
with involvement of the duodenum has been noted. 

CROHN'S ASSOCIATED ADENOCARCINOMA, 
NEUROENDOCRINE TUMOR, AND LYMPHOMA 

An increased prevalence of small bowel carcinoma has been 
reported in patients with Crohns disease involving the small 
bowel. 130,131 Most investigators agree that Crohns cancers exhibit 
special features—younger persons are more likely to be affected; 
the distal ileum is the usual site of involvement (most adeno- 
carcinomas of the small bowel are proximal, centered around 
the ligament of Treitz); and areas of long-standing disease are 
more likely to undergo malignant change, rendering a radio- 
logic diagnosis more difflcult. Surgically bypassed bowel is 
another site more likely to be involved by tumor when radio- 
logic diagnosis is extremely difflcult, but this form of surgery is 
no longer performed. Carcinoma may also arise at the site of 
fistulae, so that any bleeding from these fistulae should be 
viewed with suspicion. A preoperative radiologic diagnosis is 
almost always impossible because of the absence of character- 
istic features; this is also usually the case at laparotomy. However, 
careful scrutiny of an obstructive site is essential to identify a 
mass (see Fig. 41-32). It is not surprising that patients with 
Crohns carcinoma have a dismal prognosis, with an overall 
survival from the time of diagnosis measured in months. 

Studies have shown an association between neuroendocrine 
tumors and Crohns disease, with the tumor present in the face 
of disease. 132 Although there has been some concern that lym- 
phoma may develop in patients with Crohns disease, evidence 
to date does not confirm the association of Crohns disease and 
lymphoma. 13 However, with the increasing use of long-term 
immunomodulators and anti-tumor necrosis factor therapy, 
the risk of lymphoma may increase in Crohns patients. 
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Small Intestine as an Immunologic Organ 

Parasitic Infestations 
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Differential Diagnosis 


With increasing immigration, tourism, and globalization of the 
economy, infectious conditions of the small bowel are more 
likely to be encountered. Some of these patients with acute 
infectious diseases may undergo imaging studies for symptoms 
such as diarrhea or right lower quadrant pain (Figs. 42-1 and 
42-2). This chapter presents a review of the wide Spectrum of 
inflammatory and infectious disorders involving the small 
bowel other than Crohn’s disease. Inflammatory disorders that 
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cause malabsorption are discussed in Chapter 43, and Crohn’s 
disease is given special treatment in Chapter 41. 

Small Intestine as 
an Immunologic Organ 

The microflora of the upper gastrointestinal (GI) tract originates 
from swallowed food and from the oral cavity. Small amounts 
of bacteria and yeasts are present in the esophagus, stomach, 
and duodenum—about 10 6 bacteria/mL compared with 10 11 
to 10 12 bacteria/mL in the distal small bowel and colon. 1 

A variety of mechanisms prevent bacterial colonization of 
the small intestine. Secretion of water, electrolytes, and mucus 
by epithelial cells is an important component of host protec- 
tion. Mucous secretions help prevent adherence of infectious 
agents to epithelial cells or penetration of toxins into these cells. 
Intestinal motility and fluid flow also impede bacterial coloni¬ 
zation of the small bowel. Diarrhea caused by increased secre¬ 
tion of fluid and electrolytes also facilitates the passage of 
infectious agents out of the small intestine. Bacterial coloniza¬ 
tion may occur if there is small bowel stasis because of a motor 
disorder, diverticulosis, or strictures. 

The small intestine is one of the largest immunologic organs 
in the body because it has an enormous surface area that is 
constantly exposed to foreign antigens. In healthy individuals, 
the small intestine is in a chronic State of low-grade inflamma¬ 
tion and immune activity. 2 In most people, foreign antigens are 
eliminated without producing clinical symptoms. The small 
intestine can exclude foreign antigens without inducing auto- 
immune intestinal disease caused by cross-reactivity of foreign 
and host antigens. 

The immune system includes intraepithelial lymphocytes, 
lymphoid tissue in Peyer’s patches in the lamina propria, neu- 
trophils, macrophages, and mast cells. Peyer’s patches are unen- 
capsulated lymphoid clusters spanning the lamina propria. 2 A 
specialized epithelium overlies the Peyer’s patches; M cells in 
this specialized epithelium transport antigens to the underlying 
lymphoid tissue. 

B cells in the lamina propria synthesize immunoglobulin A 
(IgA) and, to a lesser degree, IgM, IgG, and IgE. Intraluminal 
secretion of IgA inhibits bacterial adherence to the epithelium, 
preventing bacterial colonization. IgA also neutralizes bacterial 
toxins, minimizing any deleterious effects on epithelial cell 
function. IgA also blocks absorption of intraluminal antigens. 
IgA helps neutralize intracellular pathogens but does not cause 
their destruction. 

Intraepithelial lymphocytes are primarily T cells. These cells 
lie in the basal epithelium, secrete cytokines, and are involved 
with antigen recognition and tolerance to oral antigens. They 
also perform immunosurveillance against abnormal epithelial 
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Figure 42-1 Acute infectious enteritis. An oncologist presented with 
7 days of diarrhea and right lower quadrant pain after returning from a 
conference in the Caribbean. CT through the pelvis shows a thickened 
bowel wall ( arrows ) in the distal ileum with a mural stratification pattern 
of enhancing mucosa, thickened but low-attenuation submucosa, and 
enhancing muscularis propria. The patient's symptoms resolved within 
3 weeks. A follow-up CT was normal. Although stool cultures were 
negative, the presumptive diagnosis was acute infectious enteritis. 

cells. T cells are markedly increased in number in graft-versus- 
host disease, celiac disease, and protozoan infections. 

Polymorphonuclear neutrophils differentiate in the bone 
marrow, leave the peripheral circulation, enter the lamina pro¬ 
pria, and traverse the epithelium to enter the intestinal lumen. 
Neutrophils recognize and phagocytize antibody-coated bacte- 
ria. Macrophages in the lamina propria are derived from mono- 
cytes produced in the bone marrow. They also pass through the 
epithelium into the lumen and are important in bacterial 
phagocytosis and killing. Mast cells are found in all layers of the 
bowel wall. They contain granules with preformed mediators of 
inflammation such as histamine and 5-hydroxytryptamine and 
are important in the defense against intestinal parasites and 
food antigens. 

Parasitic Infestations 

Worms and protozoa infect more than 25% of the world’s pop¬ 
ulation. Helminths (worms) are divided into roundworms 
(nematodes), tapeworms (cestodes), and flukes (trematodes). 
Nematodes are round and unsegmented. They have a body 
cavity and are divided into separate sexes. 2 Cestodes are tapelike 
and segmented and are hermaphrodites. Trematodes are leaf- 
shaped and unsegmented and are also hermaphrodites. 

ASCARIASIS 

Ascaris lumbricoides is the most common intestinal worm, 
infecting about 25% of the world’s population, most frequently 
people living in the tropics and subtropics. 3 Ascariasis is acquired 
by ingesting mature eggs from contaminated soil, food, or water. 
Two to 3 weeks after ingestion of eggs, larvae develop in the 
small intestine. The larvae penetrate the mucosa, enter vessels 
in the bowel wall to reach the portal venous system, and migrate 
through the liver and heart to the lungs. The larvae then 



Figure 42-2 Acute infectious ileitis. A young man presented with 
2 weeks of right lower quadrant pain and mild diarrhea. This spot 
image from a peroral pneumocolon shows numerous smooth, ovoid, 

3- to 5-mm nodules in the terminal ileum. Endoscopic follow-up was 
recommended because of the degree of nodularity and the confluent 
appearance of the nodules ( arrow ). Endoscopic biopsy specimens 
obtained several days later showed acute inflammatory changes in 
the terminal ileum. A follow-up barium study was normal. Although 
no stool cultures were obtained, the presumptive diagnosis was acute 
infectious ileitis. 

penetrate the alveoli, enter the tracheobronchial tree, and are 
swallowed. Development is completed in the small intestine, 
where the worms attach to the mucosal surface of the midjeju- 
num. Worms may grow up to 40 cm in length. 

Symptoms include abdominal pain and malabsorption. If 
the worms are present in large numbers, ascariasis can cause 
small bowel obstruction resulting from luminal obturation or 
intussusception. 4 5 Mature worms that migrate into the bile or 
pancreatic duets may cause cholangitis or panereatitis. 

Ascaris can be identified on plain abdominal radiographs, 
barium studies, and computed tomography (CT) scans. Long, 
smooth, convoluted tubular filling defeets are seen in the intes¬ 
tinal lumen on barium studies (Fig. 42-3) or CT. 6 If barium 
enters the worms intestinal tract, a long, thin line of barium will 
be present within the tubular radiolucent filling defeet caused 
by the worm (see Fig. 42-3). Small bowel folds are usually of 
normal size but may be enlarged. Small nodules reflect submu- 
cosal cysts surrounded by fibrotic tissue. The radiographic diag¬ 
nosis can be confirmed by detection of ova in stool specimens. 

HOOKWORM INFESTATION 
(ANCYLOSTOMIASIS) 

Hookworms are small (8-10 mm) nematodes that infect almost 
1 billion people worldwide. 2 The incidence of hookworm 
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Figure 42-3 Ascariasis. A young man presented with crampy 
abdominal pain and mild diarrhea 1 month after returning from a 
vacation in Central America. This spot image of the ileum from a 
small bowel follow-through shows numerous smooth, tubular filling 
defects in the barium column (representative ascarids identified by 
thick arrows). Barium faintly stains the body cavity of one worm ( thin 
arrow). (From Forbes A, Misiewicz JJ, Compton CC, et al: Atlas of 
Clinical Gastroenterology, 3rd ed. Edinburgh, Elsevier-Mosby, 2005.) 


disease has decreased markedly in the Southern United States 
with improved sanitation. Ancylostoma duodenale is found in 
Southern Europe, the Mediterranean region, and the western 
coast of South America. Necator americanus causes hookworm 
infestation in the Southern United States, the Caribbean, and 
South America. Both species are found in India and southeast 
Asia. 7 Near adult stage larvae and adult worms attach to the 
small intestinal mucosa. Ova are secreted into the feces. Infec- 
tion results primarily from filarial invasion of the feet (in people 
who walk barefoot) or hånds. 

Although hookworm infestation can cause abdominal pain, 
diarrhea, or acute GI bleeding, iron-defkiency anemia is the 
most common clinical presentation. Peripheral eosinophilia is 
present in most patients. 

The jejunal mucosa is edematous and hemorrhagic at sites 
of intestinal attachment. Hookworms have not been demon- 
strated on barium studies. Jejunal fold thickening and irritabil- 
ity may be present. 8 Ileal strictures have also been reported. 2 
Regional lymphadenopathy may be present. A definitive diag- 
nosis requires the GI demonstration of ova in stool specimens 
or worms in jejunal aspirates or biopsy specimens. 

STRONGYLOIDIASIS 

Strongyloides stercoralis is a nematode usually found in the 
tropics and subtropics and in areas of poor sanitation or areas 
in which human waste is used as fertilizer. In the United States, 
strongyloidiasis is found in people living in Appalachia, 9 mili- 
tary personnel returning from endemic regions, and patients 
who are immunocompromised because of malnutrition, steroid 
use, AIDS, or other causes. 

Filariform larvae about 0.5 mm long penetrate the skin, 
migrate through the venous system to the lungs, penetrate the 



Figure 42-4 Strongyloidiasis. This spot radiograph from a small 
bowel follow-through in a patient with a history of partial gastrectomy 
shows a tubular configuration of the pancreaticobiliary and alimentary 
limbs ( long arrows). Moderate mucosal nodularity is present ( open 
arrows). Sacculation and fold thickening are present in the 
pancreaticobiliary limb. 


alveoli, enter the tracheobronchial tree, and are swallowed. The 
larvae are transformed into adult worms in the small intestine. 
The females penetrate the mucosa of the duodenum and proxi- 
mal jejunum and live in the superficial layers of the proximal 
small bowel. Male worms are expelled. Female worms are about 
2 mm in length. 

Strongyloidiasis differs from other nematode diseases 
because autoinfection may occur; these infections may be life- 
threatening in an immunocompromised host. Eggs released 
into the intestinal lumen form rhabditiform larvae that develop 
into infective filariform larvae in the intestinal lumen or in the 
soil. The filariform larvae may reinvade intestinal mucosa or 
perianal skin. Most larvae die in lymphatics in the wall of the 
small bowel or in the mesentery. 

Strongyloidiasis may cause a wide variety of clinical symp¬ 
toms. These include abdominal pain, diarrhea, weight loss, and 
malabsorption. 

Mild infestation by strongyloidiasis cannot be detected on 
imaging studies. With chronic infection, thickened folds are 
seen in the duodenum and jejunum on barium studies. 10 With 
severe infection, the small bowel folds are effaced or obliterated, 
and the jejunum can assume a narrowed, tubular configuration 
(Fig. 42-4). 1113 Strongyloidiasis is also a cause of papillary ste¬ 
nosis and small intestinal dilation. A definitive diagnosis can be 
made by duodenal aspiration or biopsy. 

ANISAKIASIS 

Members of the Anisakidae family are nematode parasites of 
marine mammals. Anisakis larvae are found in intermediate 
hosts such as squid and fish (e.g., salmon, cod, anchovy, tuna, 
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mackerel, Pacific pollock, Pacific red snapper, herring). 14 Human 
infection is acquired by eating raw, inadequately cooked, or 
pickled fish. Anisakiasis is most common in areas in which raw 
fish such as sushi or sashimi is frequently eaten. Ingested larvae 
usually attach and invade the stomach, but small or large bowel 
involvement may occur. Edema and inflammation develop at 
the site of attempted larval penetration. Ulceration and perfora- 
tion with the formation of inflammatory masses have been 
reported. Symptoms of small bowel involvement can mimic 
those of acute appendicitis, Crohns disease, or small bowel 
obstruction. 

Anisakis larvae have been detected on double-contrast 
studies of the stomach and colon as thin, curved, 5-mm 
filling defects in the shallow barium pool. 15 Focal, irregular 
fold thickening may be seen in the small bowel. Strictures 
and short, ulcerated lesions have also been described. Per- 
foration with mesenteric abscess formation may lead to a 
mesenteric mass or abscess detected on cross-sectional imaging 
studies. 16 

TAPEWORM (CESTODE) INFESTATION 

Cestodes live as adults in the GI tract of definitive hosts and as 
cysticerci in the tissue of intermediate hosts. Humans are the 
definitive hosts for Taenia saginata (beef tapeworm), Taenia 
solium (pork tapeworm), Hymenolepis nana (dwarf tapeworm), 
and Diphyllobothrium latum (fish tapeworm). Humans are 
intermediate hosts for Echinococcus granulosus , Echinococcus 
multilocularis , and Taenia solium. These worms attach to the 
intestinal mucosa by a scolex. A connecting region is followed 
by the strobila and a ribbon-like chain of developing segments 
(the proglottids). The number of proglottids varies from 3 to 
4000, and the length of the cestode varies from several millime¬ 
ters to several meters. 17 

Humans are infected by eating inadequately cooked beef, 
pork, or fish (e.g., pike, salmon, trout, whitefish, turbot). After 
infected flesh is ingested, the cysticercus breaks down, releasing 
a scolex that attaches in the upper jejunum. The adult worm 
develops, and proglottids and ova are released into the lumen. 
Tapeworm infection usually causes no symptoms. Because of its 
long length (up to 4-6 m), T. saginata may cause obstructive 
symptoms. In contrast, D. latum may cause vitamin B 12 defi- 
ciency and macrocytic anemia. 

TREMATODE (FLUKES) INFESTATION 

A variety of flukes may involve the liver, biliary tract, and 
intestines. The genus Schistosoma infects more than 150 million 
people worldwide. 2 S. mansoni is endemic in Africa, the 
Middle East, and Latin America, S. japonicum is endemic 
primarily in Asia, and S. haematobium is endemic in the 
Middle East and Africa. S. haematobium mainly causes 
genitourinary disease but is occasionally found in the appen- 
dix. Because colonic infection by schistosomiasis is more 
common than small bowel infection, this disease is discussed 
in Chapter 58. 

GIARDIASIS 

Giardiasis is the most common parasitic disease worldwide. In 
the United States, giardiasis is usually found in the Rocky 
Mountain States. 18,19 Surface water contaminated by feces 


from wild animals is the principal source of infection. Cysts 
remain viable in cold water for 1 to 3 months 2 and can also 
survive the chlorine levels of many municipal water systems. 
Giardiasis is transmitted primarily by fecal-oral transmission 
from contaminated food and pets and occasionally by oral-anal 
contact. The risk of infection is greater in patients with immu- 
nodeficiency States and hypochlorhydria. 

After cyst ingestion, trophozoites emerge in the duodenum 
and proximal jejunum. The trophozoites remain in the intesti¬ 
nal lumen or penetrate the mucus gel layer of the proximal 
intestine to attach to the glycocalyx of the enterocytes. The 
trophozoites do not invade the epithelium. Mature cysts are 
excreted in the stool. 

The infection varies from the asymptomatic carrier State to 
self-limited diarrhea or chronic, watery diarrhea. Because the 
infection is patchy, biopsy specimens may be normal in infected 
patients. Some patients may have villous atrophy with crypt 
hyperplasia and variable inflammation, and others may have 
lymphoid hyperplasia. 

The small intestine frequently appears normal on small 
bowel follow-through studies. In about 50% of patients, there 
is increased intraluminal fluid and rapid small bowel transit. 
Some reports have described thickened folds and irritability in 
the duodenum and jejunum (Fig. 42 -5). 20,21 Because barium 
studies are abnormal in fewer than 50% of infected patients and 
radiographic Åndings are nonspecific, the diagnosis depends on 
the detection of cysts and trophozoites on stool examinations, 
detection of trophozoites on duodenal biopsies or aspirates, or 
positive fluorescent antibody test/ 


K 



Figure 42-5 Giardiasis. Spot image of the jejunum from an 
enteroclysis examination shows mildly thickened folds ( arrows ). Tiny 
mucosal nodules (open arrow) reflect enlargement of villi. (Courtesy 
Hans Herlinger, MD.) 
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TRYPANOSOMIASIS 

Chagas’ disease is caused by the protozoan Trypanosoma cruzi , 
spread by the bite of the reduviid bug. Chagas’ disease is endemic 
in central Brazil, northern Argentina, and Venezuela but has 
also been reported in Southern areas of the United States. It is 
estimated that 350,000 people in the United States are seroposi- 
tive for this infection. 23 T. cruzi produces a neurotoxin that 
attacks autonomic ganglion cells throughout the body, includ- 
ing those in the heart, GI tract, urinary tract, and respiratory 
tract. 24 The esophagus, duodenum, and colon are the GI organs 
most commonly affected, resulting in secondary achalasia, 
megaduodenum, and megacolon. Involvement of the mesen- 
teric small bowel leads to dilation of the small bowel, with 
delayed transit. 

Bacterial Infections 

Traveler’s diarrhea and foodborne diseases are common prob¬ 
lems related to tainted water supplies and improperly prepared 
or stored food. Bacteria are the organisms usually responsible 
for traveler’s diarrhea, which explains why prophylactic use of 
antibiotics decreases the incidence of traveler’s diarrhea. 
Chemicals, viruses, and parasites are less frequent causes of 
traveler’s diarrhea. Enterotoxigenic Escherichia coli is the most 
common cause of traveler’s diarrhea. Enteroadherent and 
enteropathogenic E. coli are less frequent causes. Shigella and 
Campylobacter jejuni are the next most common pathogens, but 
these bacteria usually involve the colon. This infection is rarely 
diagnosed on imaging studies, because acute watery diarrhea 
develops during or shortly after a period of travel. 

TUBERCULOSIS 

Tuberculosis is endemic in Asia. Intestinal tuberculosis is 
uncommon in the West, usually occurring in the homeless, 
alcoholics, inmates, farm workers, immigrants, or people 
infected with human immunodeficiency virus (HIV). With the 
rise of AIDS and immigration, intestinal tuberculosis has 
become more common in developed countries. In one hospital 
in London with an extensive population of Asian immigrants, 
new diagnoses of tuberculosis were almost as common as new 
diagnoses of Crohn’s disease. 26 The proposed mechanisms of 
infection of the GI tract include the ingestion of infected 
sputum or milk and hematogenous spread to submucosal lym- 
phatics. 27 Intestinal tuberculosis frequently occurs without 
radiographic evidence of pulmonary disease. 2 

Intestinal tuberculosis primarily occurs in the ileocecal 
region. The distribution of tuberculosis parallels the distribu¬ 
tion of the lymphatics. In one autopsy series of over 1000 cases, 
90% of patients had ileal disease and 75% had cecal disease. 
O ther sites were not infrequently involved, however, including 
the ascending colon in 51%, transverse colon in 33%, descend- 
ing colon in 23%, and appendix in 33%. 28 Skip lesions may be 
present. 

The three classic forms of GI tuberculosis are the ulcerative, 
hypertrophic, and ulcerohypertrophic forms. 29 Sloughing of 
mucosa overlying submucosal tubercles results in ulceration. 
These ulcers usually appear as short (3-6 mm in length) collec- 
tions perpendicular to the longitudinal axis of the bowel. The 
ulcers may be stellate or longitudinal. Extensive inflammation 
and fibrosis of the bowel wall result in the hypertrophic form 


of tuberculosis associated with extensive mesenteric lymphade- 
nopathy and adhesions. Bacilli are found primarily in necrotic 
mesenteric lymph nodes rather than the intestinal wall. Endo- 
scopic biopsy specimens and tissue cultures are frequently nega¬ 
tive." 0 " In one study, acid-fast bacilli and caseating necrosis 
were found in only 32% and 50% of patients with GI tubercu¬ 
losis, respectively. 32 In some cases, laparoscopic diagnosis with 
cultures and histologic examination of ascitic fluid may be 
helpful. Not infrequently, however, the diagnosis of tuberculosis 
is made only by pathologic examination of resected surgical 
specimens. 

Complications of small bowel tuberculosis include stric- 
tures and obstruction, fistulas, enteroliths, and chronic 
appendicitis. 

Barium studies may reveal perpendicular, stellate, or longi¬ 
tudinal ulcers of varying size with heaped-up margins in the 
colon or ileum (usually the terminal ileum). 33 Short or long 
strictures may be associated with nodular mucosa. A narrow, 
contracted cecum associated with a gaping ileocecal valve and 
disproportionate inflammation of the ascending colon are fmd- 
ings that help distinguish ileocecal tuberculosis from Crohn’s 
disease (Fig. 42-6). 34 However, longitudinal ulceration, sinus 



Figure 42-6 Ileocecal tuberculosis. This spot image of the 
ascending colon from a double-contrast barium enema shows 
disproportionately severe disease in the cecum versus the terminal 
ileum. The cecum is contracted and sacculated ( large arrow). Granular 
and nodular mucosa (open arrow ) is present in the cecum and 
ascending colon. The ileocecal valve is gaping ( curved arrow). Only 
the distal 2 cm of the terminal ileum is narrowed ( thin arrow). The 
remainder of the terminal ileum has a finely nodular mucosa 
( arrowhead). (From Rubesin SE, Bartram Cl, Laufer I: Inflammatory 
bowel disease. In Levine MS, Rubesin SE, Laufer I [eds]: Double 
Contrast Gastrointestinal Radiology, 3rd ed. Philadelphia, WB 
Saunders, 2000, pp 417-470.) 
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tracts, and fistulas in the terminal ileum may be indistinguish- 
able from those in Crohns disease on barium studies. 

CT often reveals thickening of the ileocecal valve. The medial 
wall of the cecum is disproportionately thickened and is often 
associated with a soft tissue mass that engulfs the terminal 
ileum. 35 Wall thickening may be uniform or heterogeneous. 
Lymphadenopathy predominates in the pericecal region but 
may extend into the mesentery. 

Historically, radiologic differentiation of tuberculosis from 
Crohns disease was facilitated by predominance of the tuber- 
culous inflammatory process in the cecum and ascending colon, 
with a patulous ileocecal valve lumen and thickened ileocecal 
valve lips in patients with tuberculosis. 36 Barium studies showing 
disease predominantly in the cecum and ascending colon with 
cecal contraction and CT showing low-attenuation lymph 
nodes indicative of caseous necrosis should suggest tuberculosis 
rather than Crohns disease as the diagnosis in these patients. 
However, tuberculosis and Crohns disease may have a similar 
lymphatic distribution and overlapping radiographic Åndings. 36 
The clinical history and patient demographics should therefore 
be considered before suggesting the diagnosis of Crohns disease. 

YERSINIOSIS 

Yersinia are gram-negative cocci acquired after the ingestion of 
contaminated food or water. Yersinia enterocolitica is more fre- 
quently encountered than Yersinia pseudotuberculosis in the 
United States. Yersinia invades epithelial cells, enters Peyers 
patches in the lamina propria and submucosa, and spreads to 
mesenteric lymph nodes. 38 Ileitis, colitis, mesenteric adenitis, 
periappendicitis, and hemolytic uremic syndrome have been 
reported. 3 Bacterial multiplication in Peyers patches and 
regional lymph nodes can result in distant infections, including 
chronic hepatitis, ankylosing spondylitis, and lung and kidney 
infections. 40 

Yersinia infection leads to the development of aphthoid 
ulcers overlying hyperplastic lymph follicles in the bowel. 
Hyperplasia of follicular and interfollicular regions results 
in massive lymphadenopathy. 41 Acute vasculitis may cause 
ischemia. 

The radiographic appearance in Yersinia enterocolitis 
depends on the course of infection. Early in the disease, aph¬ 
thoid ulcers and thickened folds may be the predominant Ånd¬ 
ings in the terminal ileum. 42 Later in the disease, the ulcers 
disappear but thickened undulating folds persist (Fig. 42-7). 
The inAammatory process is distinguished from Crohns disease 
by the absence of luminal narrowing, Assures, or Astulas. The 
inAammatory process usually resolves in 4 to 6 weeks. 

SALMONELLOSIS 

Salmonella infections in the GI tract may have distinet clinical 
forms, including gastroenteritis, typhoid fever, and an asymp- 
tomatic carrier State. Foodborne outbreaks resulting in diarrhea 
are usually caused by Salmonella enteritidis and Salmonella 
typhimurium, found in a wide variety of sources, including eggs, 
poultry, and livestock. Diarrheal outbreaks caused by fecal-oral 
spread from human reservoirs are less common. 1 Salmonella 
enter and multiply in M cells and enterocytes and then dis- 
seminate to lymphoid tissue and macrophages in the submu¬ 
cosa and mesenteric lymph nodes. The diarrheal form of 
salmonellosis varies from a few loose stools to a severe, watery, 



Figure 42-7 Yersinia ileitis. This spot image of the terminal ileum 
from a double-contrast barium enema shows thickened, undulating 
folds ( arrows ) in the terminal ileum. No ileal narrowing is seen. 

diarrheal State. The diarrhea usually lasts from 3 to 7 days. 
Bacteremia is uncommon, occurring in 6% to 8% of patients. 1 

Typhoid fever is usually caused by Salmonella typhi and Sal¬ 
monella paratyphi. Humans are the reservoir for S. typhi. The 
organism is transmitted by the fecal-oral route, so this disease 
is usually found in regions with contaminated water and poor 
waste treatment. In most patients, a brief episode of diarrhea 
precedes the febrile illness. A systemic, acute febrile illness then 
lasts for 3 to 5 weeks, accompanied by nonspeciAc symptoms 
such as headaehes, malaise, abdominal discomfort, and arthral- 
gia. Complications of Salmonella include GI bleeding and per- 
foration related to a lymphoid reaction in the ileocecal region. 
Bacteremia can lead to other infections, including meningitis, 
pericarditis, orchitis, and splenic or liver abscesses. Hepato- 
splenomegaly may be present. Perforation or peritonitis may 
cause an adynamic ileus. 

Salmonella may be manifested on barium studies by longi- 
tudinally oriented ulcers in the distal ileum overlying Peyers 
patches. 2 Prominent lymphoid hyperplasia may be present, and 
vascular thrombosis may be seen. The disease is sometimes 
detected on CT performed to evaluate hepatosplenomegaly, 
right lower quadrant pain, and fever. CT may reveal circumfer- 
ential thickening of the terminal ileum. 43 Barium studies may 
demonstrate nonspeciAc fold thickening in the terminal ileum. 

CAMPYLOBACTERIOSIS 

Campylobacter comprises a group of gram-negative rods, 
including Campylobacter jejuni, Campylobacter fetus, and Cam¬ 
pylobacter coli. These organisms may cause an acute enteritis or 
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colitis, or affected individuals may remain in an asymptomatic 
carrier State. 44 Colonic infections may be severe, resulting in 
fulminant colitis with GI bleeding or toxic megacolon. 44 
Systemic manifestations (e.g., arthritis, endocarditis, genital 
infections, urinary infections) may occur. Cross-reactivity of 
C. jejuni and neural antigens may result in Guillain-Barré 
syndrome. 2 

When the small intestine is involved, multiple superficial 
ulcers may develop in the distal ileum and region of the ileoce- 
cal valve. Barium studies may reveal thickened folds and aph- 
thoid ulcers in the distal ileum and terminal ileum. 45,46 The 
radiographic Åndings are indistinguishable from those of yer- 
siniosis or early Crohns disease. 

Fungal Infections 

HISTOPLASMOSIS 

Histoplasma capsulatum is a dimorphic fungus commonly 
found in the Mississippi and Ohio River valleys. This fungus 
occurs in a mycelial form at ambient temperature and in a yeast 
form at body temperature. 4 The fungus usually infects older 
patients or immunocompromised hosts. Small bowel infection 
is common in patients with disseminated disease, but clinical 
symptoms are usually minimal. Ileocecal disease is character- 
ized by ulceration, mucosal nodularity, strictures, and lymph- 
adenopathy. 47 Intestinal perforation and peritonitis may also be 


Viral Infections 

Numerous viruses may infect the small intestine, resulting in an 
acute diarrheal State. Radiologic studies are rarely performed in 
this clinical setting. The diagnosis can be made by viral cultures 
or by enzyme-linked immunosorbent assay (ELISA) or electron 
microscopy of stool specimens. Cytomegalovirus involving 
the small bowel is described later (see “Cytomegalovirus 
Infection”). 

Drug-lnduced Disorders 

Drugs may cause a variety of abnormalities in the small 
intestine. Ischemia can result from systemic hypotension and 
hypovolemia, mesenteric arterial vasoconstriction, and slow 
mesenteric flow with venous thrombosis (Box 42-1). 50 Ischemia 
is discussed in Chapter 47. Anticoagulants may cause GI bleed¬ 
ing. Small bowel hypomotility can be caused by narcotics, drugs 
with anticholinergic properties, or neurotoxic side effects (Box 
42-2). Drugs may cause malabsorption by a number of mecha- 
nisms, including interference with fat digestion and absorption; 
decreased gastric, pancreatic, and biliary secretions; increased 
intestinal transit; and small bowel mucosal injury (Box 42-3). 
Alcohol may also cause malabsorption by damage to intestinal 
crypts and villi. Metals such as aluminum, lead, gold, cadmium, 
mercury, zirconium, and iron may also damage small bowel 
epithelium. 

ULCERS AND STENOSES RELATED TO 
NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 

The small bowel is probably the most frequent site of gastroin- 
testinal biood loss caused by nonsteroidal anti-inflammatory 


BOX 42-1 DRUGS CAUSING SMALL BOWEL 
ISCHEMIA 


Antihypertensive drugs and diuretics 
Norepinephrine 
Dopamine 
Vasopressin 
Digoxin 
Cocaine 
Ergotamines 
Ergotamine 
Methysergide 
Oral contraceptives 


BOX 42-2 DRUGS ASSOCIATED WITH SMALL 
BOWEL HYPOMOTILITY 


Anticholinergic drugs 

Phenothiazines 

Tricyclic antidepressants 

Verapamil 

Clonidine 

Vincristine 

Narcotics 


BOX 42-3 DRUGS ASSOCIATED WITH VARIOUS 
FORMS OF MALABSORPTION 


Tetracycline 

Cholestyramine 

Colchicine 

Neomycin 

Methotrexate 

Methyldopa 

Allopurinol 

Thiazide diuretics 

Clofazimine 


drug (NSAID) use. NSAID-related lesions have been detected 
with increased frequency by capsule endoscopy, enteroscopy, 
and enteroclysis. Small bowel ulcers are found at autopsy in 
approximately 8% of people who take NSAIDs. 51,52 The mecha- 
nism of injury is unknown. 

NSAID-related injury is found primarily in the ileum. Punc- 
tate, linear, or circumferential ulcers secondary to NSAIDs may 
cause GI bleeding or perforation. Chronic inflammation and 
scarring lead to the formation of characteristic weblike dia- 
phragms and ringlike strictures in the small bowel. 53 ' 55 The 
mucosal diaphragms vary from slightly enlarged valvulae con- 
niventes to thick, rigid, ringlike areas of narrowing. Pathologi- 
cally, thick layers of hyalinized collagen are found to interdigitate 
with the muscularis mucosae. 2 6 

NSAID-induced ulcers may be detected on air contrast 
enteroclysis. Any form of enteroclysis can detect small bowel 
strictures, but thin webs may be difficult to differentiate from 
prominent small bowel folds. Thicker webs may be seen as 2- to 
5-mm thick rings encircling the bowel, associated with a tapered 
contour (see Chapter 46). 54 

FLUORINATED ANTIPYRIMIDINES 

Cells in the small bowel crypts have a high turnover rate 
and are particularly susceptible to chemotherapeutic drugs 
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Figure 42-8 5-FUDR chemotoxicity. CT through the upper pelvis 
shows homogeneous thickening of the wall of several small bowel 
loops ( arrows ). 


that inhibit cell proliferation. Mucosal damage occurs within 
the first 3 days of chemotherapy. Mucosal regeneration occurs 
within several weeks after cessation of chemotherapy. 5 Enteritis 
may be caused by chemotherapeutic agents such as dactino- 
mycin, bleomycin, cytarabine, doxorubicin, methotrexate, 
5-fluorouracil, and vincristine. 

Enteritis related to chemotherapy can sometimes be detected 
on CT performed in patients with known metastatic disease 
who have abdominal pain and diarrhea. 

Two antipyrimidines, 5-fluorouracil (5-FU) and floxuridine 
(5-FUDR), are used for the treatment of colonic carcinoma 
metastatic to the liver. Direct infusion of these agents into the 
hepatic artery may cause severe gastroduodenal inflammation 
and ulceration. Intravenous (IV) infusion may also produce a 
severe form of gastroduodenitis and associated enteropathy, 
manifested by nausea, vomiting, and diarrhea. CT (usually per¬ 
formed for follow-up of liver metastases) may reveal marked 
wall thickening in the distal ileum (Fig. 42-8). 58 Barium studies 
may show smooth, thickened, or effaced ileal folds (Fig. 42-9). 59 
The diagnosis is suggested based on the clinical history of recent 
chemotherapy with 5-FU or 5-FUDR. The diagnosis is con- 
firmed if there is improvement or resolution of clinical 
symptoms after cessation of chemotherapy and regression of 
radiologic abnormalities on follow-up imaging studies. 


Inflammatory Disease 
in Immunodeficiency 

SELECTIVE IMMUNOGLOBULIN A AND 
COMMON VARIABLE IMMUNODEFICIENCY 

Selective IgA and common variable immunodeficiency are the 
most common primary immune deficiency States in adults. 60 In 
selective IgA deficiency, there are a decreased number of IgA- 
producing plasma cells in the lamina propria and submucosa. 2 
GI tract infections are uncommon, however, because there is a 
compensatory increase in IgM-producing plasma cells. Bacte- 
rial and viral infections of the sinonasal regions cause most 
clinical complaints. There is a questionable increase in giardial 



Figure 42-9 5-FUDR chemotoxicity. This spot image of the right 
lower quadrant shows three loops of neoterminal ileum with markedly 
thickened, relatively smooth folds (thin arrows ) perpendicular to the 
longitudinal axis of the bowel. A portion of the infusion pump is 
identified (thick arrow). The ascending colon and cecum are surgically 
absent after a right hemicolectomy for colonic cancer. 


infections. On barium studies, nodular lymphoid hyperplasia 
of the ileum is often present. 

Common variable immunodeficiency is a heterogeneous 
group of varying B- and T-cell abnormalities that result in 
decreased production of IgG, IgM, and IgA, with an abnormal 
response to antigens and increased susceptibility to GI and 
respiratory infections. This heterogeneous disorder is associated 
with autoimmune diseases such as autoimmune hepatitis and 
sclerosing cholangitis. About one third of patients have the 
autoimmune form of atrophic gastritis with pernicious anemia 
and its increased risk of gastric carcinoma. Splenomegaly is 
frequently found. There may also be an increased risk of small 
bowel lymphoma in these patients. 61,62 

Polyclonal B-cell lymphoid hyperplasia is present in the 
small intestine. 2 Fymphoid aggregates of T cells are present in 
the epithelium and lamina propria. A varying amount of villous 
atrophy is seen. Unlike gluten-sensitive enteropathy, however, a 
paucity of inflammatory cells is present in the lamina propria. 
A granulomatous reaction may also be present. 

Barium studies may reveal extensive nodular lymphoid 
hyperplasia in the ileum (Fig. 42-10). 63,64 The nodules are 
slightly larger and are more numerous and more widely distrib- 
uted than the usual lymphoid follicles seen in the terminal 
ileum in children and young adults. 

Giardiasis is common in patients with common variable 
immunodeficiency. Unlike disease in immunocompetent indi- 
viduals, giardiasis in common variable immunodeficiency may 
cause severe mucosal damage and malabsorption. There is also 
an increased risk of colonic infections (e.g., salmonellosis) that 
can mimic ulcerative colitis. 60 
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GRAFT-VERSUS-HOST DISEASE 

GI epithelium is damaged during the induction protocols for 
bone marrow transplantation. Anorexia, cramping, abdominal 
pain, and watery diarrhea occur immediately after induction by 
chemotherapy or radiation. Within 3 weeks, the enterocyte 
population is restored and symptoms subside. However, acute 
graft-versus-host disease (GVHD) develops in 30% to 50% 
of patients 3 to 11 weeks after allogeneic bone marrow trans¬ 
plantation. Acute GI symptoms include diarrhea, anorexia, 
vomiting, abdominal pain, and GI bleeding. A protein-losing 
enteropathy and secondary infections may occur. 2,60 In patients 
with this disease, CD4 + T lymphocytes from the donor graft 
recognize host histocompatibility antigens as foreign, leading to 
a T cell-mediated attack on various tissues of the host. Tissue 
damage is most clinically evident in the skin, liver, mucous 
membranes, eyes, and GI tract. A maculopapular rash may be 
present on the palms, soles, and trunk. Acute watery diarrhea 
results from denudation of the intestinal epithelium. Biopsy 
Åndings vary from individual crypt cell death to total necrosis 
of the epithelium. 65 Submucosal edema is present. Acute GVHD 
is often complicated by cytomegalovirus, astrovirus, adenovi- 
rus, and Clostridium difficile infections. 66 Cholestasis and mild 
hepatocellular necrosis are reflected by abnormal liver function 
test results. 

Chronic GVHD develops 3 to 13 months after transplanta¬ 
tion and occurs without prior acute GVHD in 25% of patients. 
Esophageal changes are seen in 15% of patients, as described in 
Chapter 21. 6/ Unlike acute GVHD, which is characterized by 
enterocyte necrosis, chronic GVHD is characterized by patchy 
fibrosis of the lamina propria and submucosa, with bacterial 
overgrowth. 

Barium studies may confirm the diagnosis of acute or 
chronic GVHD and show the extent of disease. Thickened 



Figure 42-10 Marked lymphoid hyperplasia in a patient with 
common variable immunodeficiency. This spot image from a small 
bowel follow-through shows innumerable 1- to 2-mm, round nodules 
in the distal ileum and terminal ileum. These lymphoid follicles are 
increased in number and extent in comparison to the usual lymphoid 
pattern confined primarily to the terminal ileum. The lymphoid 
follicles are not enlarged or confluent. 


folds and nodular mucosa may be seen (Fig. 42-11). A tubular 
(ribbon-like or so-called toothpaste) bowel may result from 
sloughing of the epithelium or such rapid transit that barium 
fails to coat the surface of the small bowel (Fig. 42-12). 68-70 
Barium may also adhere to the necrotic bowel surface, so that 
it is sometimes detected on abdominal radiographs or CT 
scans obtained after the initial barium study. 71,72 CT may reveal 
a diffusely thickened small bowel wall (Fig. 42-13) with exten- 
sive submucosal edema (i.e., a target sign) or pneumatosis. 73 
The mesentery may also be engorged, and ascites may be 
present. 



Figure 42-11 Graft-versus-host disease. This spot image from a 
small bowel follow-through shows diffuse fold thickening in the 
jejunum. 



Figure 42-12 Graft-versus-host disease. This spot image from a 
small bowel follow-through shows that the jejunum and upper ileum 
have a diffusely narrowed, tubular appearance. In some loops the 
folds are markedly thickened (small arrow), whereas in other loops the 
folds are completely effaced (large arrows). 
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Figure 42-13 Graft-versus-host disease. CT through the top of the 

iliac crest shows extensive fold thickening ( arrows ) in mid small bowel 
loops. 



Figure 42-14 Neutropenic enteritis. CT through the pelvis shows 
marked thickening of an ileal loop ( arrows ) with a mural stratification 
pattern because of low-attenuation submucosal edema and 
inflammation. Other images revealed marked cecal inflammation 
compatible with typhlitis. 


TYPHLITIS 

Neutropenic enterocolitis primarily affects the cecum and, to 
a lesser degree, the terminal ileum and appendix. Neutropenic 
enterocolitis is sometimes detected on CT scans to evaluate 
abdominal pain or fever in patients with various forms of 
leukemia (Fig. 42-14). This entity is discussed in detail in 
Chapter 58. 


GASTROINTESTINAL INFECTIONS IN AIDS 

About 50% of patients infected with HIV have chronic diar- 
rhea. 74,75 This can be related to AIDS enteropathy, infectious 
enteritis or colitis, motility disturbances, or drug-induced side 
effects of antiretroviral and antimicrobial agents. 76 A wide 
variety of viruses, bacteria, protozoa, and fungi can infect the 
small bowel in patients with AIDS. Some pathogens, such as 
Mycobacterium avium-intracellulare , are unique to AIDS. Other 
pathogens such as Salmonella have an increased incidence in 
patients with AIDS compared with immunocompetent patients. 
Patients with AIDS often have several concurrent infections, 
resulting in chronic diarrhea, malabsorption, protein-calorie 
malnutrition, and weight loss. 

HUMAN IMMUNODEFICIENCY VIRUS ENTERITIS 

The GI tract can be a portal of entry for HIV through tears in 
the rectal mucosa or even intact intestinal epithelium. HIV 
adheres to M cells in the intestinal epithelium. The virus is 
subsequently delivered to intraepithelial lymphocytes, to lym- 
phocytes in lymphoid follicles, and to macrophages in the 
lamina propria/ HIV infection results in near-complete 
destruction of CD4 + intraepithelial lymphocytes, leading to 
abnormal differentiation of IgA-secreting B cells and decreased 
numbers of mucosal IgA plasma cells. HIV also alters enterocyte 
differentiation. 9 As a result, HIV infection causes villous 
atrophy, crypt hyperplasia, edema, and chronic inflammation. 91 
Nutrient absorption is impaired because of the loss of mature 
enterocytes. 

An acute self-limited diarrhea lasting 1 to 3 weeks occurs 
in approximately one third of patients with acute HIV infec¬ 
tion. The radiologist is not usually involved at this stage. 
AIDS enteropathy is defined as osmotic diarrhea and mal¬ 
absorption occurring without evidence of other enteric infec¬ 
tions. The radiologist may be asked to perform imaging studies 
on patients with chronic diarrhea, however, because endoscopy 
can establish the diagnosis in only about 40% of patients 
with suspected small bowel infection, and stool analysis can 
establish the diagnosis in only about 60% of patients. 81 ' 83 
Imaging studies are used to show the presence of small bowel 
disease and can sometimes aid in the differential diagnosis 
of these conditions. 

CYTOMEGALOVIRUS INFECTION 

Cytomegalovirus (CMV) is a double-stranded DNA virus in the 
herpesvirus group. A self-limited diarrheal infection can be seen 
in immunocompetent individuals. 84 After the initial infection, 
the virus enters a latent phase in circulating mononuclear cells 
throughout the GI tract. 85 The virus is usually reactivated when 
the host becomes immunocompromised. CMV accumulates in 
nuclear and cytoplasmic inclusions in epithelial cells, mono¬ 
nuclear cells, endothelial cells, fibroblasts, histiocytes, and 
smooth muscle cells of the GI tract. The infection results in 
varying degrees of inflammation and necrosis. Endothelial cell 
damage causes submucosal ischemia, with secondary epithelial 
ulceration. Ulceration leads to pseudomembrane formation 
and perforation. 

In the small intestine, discrete erosions and penetrating 
ulcers are separated by normal mucosa. 86 Barium studies and CT 
usually show ulceration in the distal small bowel and terminal 
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ileum (Figs. 42-15 and 42-16) and in the cecum and ascending 
colon. 86,8/ However, some patients primarily have duodenal or 
jejunal disease or even diffuse small bowel disease. 88 0 Intestinal 
perforation and ileocolic intussusceptions associated with lym- 
phoid hyperplasia have also been described. 91 

CRYPTOSPORIDIOSIS 

Cryptosporidium parvum is a unicellular, spore-forming coc- 
cidial protozoan that causes an acute self-limited diarrhea in 
immunocompetent patients. In patients with CD4 + counts less 
than 200 cells/mm 3 , however, C. parvum may cause a diffuse 
mucosal enteropathy, resulting in chronic, voluminous, watery 
diarrhea and malabsorption. 92 This parasite is transmitted by 
the fecal-oral ro ute via contaminated water or by person-to¬ 
person or pet-to-person contact. 3 Cryptosporidia are present 
in vacuoles beneath the membrane of epithelial cells at the 
villous tips but outside the epithelial cell cytoplasm. Infection 
results in a Spectrum of findings, ranging from a normal histo- 
logic appearance to villous atrophy with severe inflammation. 

Barium studies may reveal a variable degree of fold thicken- 
ing in the duodenum and mesenteric small bowel (Fig. 
42-17). 94,95 One series reported proximal small bowel predomi- 
nance with cryptosporidial enteritis. 96 

ISOSPORIASIS AND OTHER 
INTRACELLULAR PROTOZOANS 

Isospora belli is an obligate intracellular protozoan acquired by 
ingestion of contaminated food or water or by homosexual 



Figure 42-15 Cytomegalovirus infection in a patient with AIDS. 

This spot image of the terminal ileum from a small bowel follow- 
through shows large, lobulated folds ( thin arrows) and barium-filled 
grooves caused by ulceration. Localized perforation is manifested by 
a barium-filled track ( thick arrow) extending into the mesentery. 
(Courtesy Emil J. Balthazar, MD, and Hans Merlinger, MD.) 


transmission. Invasion of villous enterocytes results in villous 
atrophy and inflammation, often associated with extensive 
eosinophilic infiltration of the small bowel wall. Pro fuse watery 
diarrhea and malabsorption may ensue. Barium studies may 
reveal thickened small bowel folds, primarily in the duodenum 
and proximal small intestine. 98 

Cyclospora cayetanensis is an obligate intracellular protozoan 
that also causes villous atrophy and acute and chronic 
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Figure 42-16 Cytomegalovirus infection in a patient with AIDS. 

CT through the pelvis shows marked wall thickening of the distal ileum 
(arrows). There also is irregularity of the mucosal surface caused by 
ulceration. (Courtesy Emil J. Balthazar, MD, and Hans Herlinger, MD.) 



Figure 42-17 Cryptosporidiosis. This spot image of the mid small 
bowel shows mild, diffuse thickening of the folds. (Courtesy Hans 
Herlinger, MD.) 
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inflammation in normal or immunocompromised individuals. 
A chronic or relapsing watery diarrhea is usually present. 

Microsporidia are a gro up of spore-fo rming, obligate, intra- 
cellular protozoans that infect the small intestine or disseminate 
to other organs, depending on the species." 100 A chronic watery 
diarrhea is usually present. 

Enterocytozoon bieneusi infects 10% to 34% of patients with 
HIV infection and CD4 + counts of less than 50 cells/mm 3 . This 
protozoan infects enterocytes in the jejunum, resulting in 
villous atrophy and inflammation. 101 

MYCOBACTERIUM 
AVIUM-INTRACELLULARE COMPLEX 

Two acid-fast obligate intracellular mycobacteria, Mycobacte¬ 
rium avium and Mycobacterium intracellulare , form the Myco- 
bacterium avium-intracellulare (MAI) complex. These organisms 
are ubiquitous in the environment and are not enteric patho- 
gens in immunocompetent patients. However, immunosup- 
pressed patients exposed to aerosols, soil, or food containing 
MAI may develop disseminated infection. Genetic analysis of 
MAI isolated from AIDS patients has shown that most of these 
infections are caused by M avium , so the term M avium 
complex (MAC) is currently favored. 1( HIV-infected patients 
with CD4 + counts less than 100 cell/mm 3 may have dissemi¬ 
nated MAC infection involving the liver, spleen, bone marrow, 
lymph nodes, and gastrointestinal tract. GI involvement may 
cause chronic diarrhea, abdominal pain, malabsorption, weight 
loss, hepatosplenomegaly, and lymphadenopathy. 

The small intestine is the most severely infected portion 
of the GI tract. Jejunal and ileal predominance have been 
described. 85,103,104 Barium studies may reveal thickened small 
bowel folds caused by infiltration of the lamina propria and 
submucosa by macrophages packed with acid-fast organisms 
(Fig. 42-18). Fine mucosal nodularity may also be seen as a 
result of villous blunting from diffuse infiltration of the lamina 


propria. Aphthoid ulcers have also been described. 105 CT may 
reveal mesenteric lymphadenopathy, which is often more 
prominent than the retroperitoneal lymphadenopathy in these 
patients. Enlarged lymph nodes may have normal or low 
attenuation (Fig. 42-19). Hepatomegaly, splenomegaly, and 
ascites may also be detected in patients with disseminated 
infection. 106 

Small bowel infection by Mycobacterium tuberculosis in 
patients with AIDS produces radiographic findings similar 
to those in immunocompetent patients with M tuberculo¬ 
sis . 10 However, disseminated tuberculosis involving the peri- 
toneum (Fig. 42-20), liver, spleen, and pancreas is more 
common in patients with AIDS. 108 The findings of tubercu- 
lous peritonitis include high-attenuation ascites, peritoneal 



Figure 42-19 Mesenteric and retroperitoneal lymphadenopathy 
in a patient with Mycobacterium avium complex enteritis. 

CT through the tip of the liver shows a large left para-aortic nodal 
mass with a low-attenuation center ( black arrow). Masslike infiltration 
of the small bowel mesentery ( white arrow) is also present. 



Figure 42-18 Mycobacterium avium complex enteritis. This spot 
image from a small bowel follow-through shows moderately 
thickened, smooth folds in the affected small bowel. 


Figure 42-20 Tuberculous peritonitis in a patient with AIDS. 

This spot image from an enteroclysis examination shows extrinsic 
mass impressions ( arrows ) on the mesenteric border of midjejunal 
loops. Small bowel folds are also mildly enlarged. 
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and omental nodules, and low-attenuation lymphadenopathy 
(see Chapter 110). 

ACTINOMYCOSIS 

Actinomyces israelii is a filamentous bacterium that is part of 
the normal oral flora. GI actinomycosis usually involves the 
terminal ileum (Fig. 42-21) and appendix. A transmural infec- 
tion mimicking Crohns disease may be seen. 109 Fistulas are 
often present. 

CANDIDIASIS 

Fungal spores or hyphae of Candida may be found as a result 
of noninvasive colonization of blind loops or necrotic tissue. In 
contrast, invasive candidiasis may occur in the small intestine 
in patients with disseminated candidal infections, including 
patients with AIDS. 110,111 Mucosal invasion causes ulceration 
and even perforation. Barium studies may reveal thickened 
small bowel folds. 

Differential Diagnosis 

The radiologist usually encounters infectious disease of the 
small intestine during the work-up of patients with acute 
right lower quadrant pain or during the work-up of patients 
with chronic diarrhea, malabsorption, and weight loss. 112 Acute 



Figure 42-21 Actinomycosis in a patient with AIDS. This spot 
image from a double-contrast barium enema shows mucosal 
nodularity ( arrows ) and irregular fold thickening in the terminal ileum. 


enteritis that causes abdominal pain rather than diarrhea 
can mimic appendicitis on clinical grounds. If CT performed 
to rule out acute appendicitis shows thickened ileal folds 
(Fig. 42-22) or regional mesenteric lymphadenopathy, various 
infectious pathogens (e.g., Yersinia ) must be considered. 
However, a CT diagnosis of mesenteric adenitis is not indica- 
tive of a specific cause. A definitive diagnosis therefore requires 
stool cultures and biopsy specimens. Unfortunately, these 
cultures and biopsies are often negative or nonspecific in 
patients with acute infections. In such cases, follow-up CT 
or endoscopy may be needed to rule out small bowel 
lymphoma. 

The inflammatory response to a variety of damaging agents 
such as Chemical toxins, radiation, and infection is often similar. 
As a result, the CT or radiographic Åndings of thickened folds 
or villous enlargement are often nonspecific in patients with 
chronic diarrhea. When small bowel folds are thickened, the 
radiologist should therefore consider the age, travel history, and 
immune status of the patient. Proximal or diffuse small bowel 
fold thickening in patients with AIDS is caused by a variety of 
infections, including MAC, cryptosporidiosis (see Fig. 42-22), 
and isosporiasis. Patients receiving 5-FU or 5-FUDR may have 
intestinal chemotoxicity (see Figs. 42-8 and 42-9). Patients who 
have undergone allogeneic bone marrow transplantation may 
have GVHD (see Figs. 42-11 to 42-13) or CMV infection. 
Patients with proximal or diffuse small bowel fold thickening 
and a clinical history of malabsorption may have other types of 
disorders (see Chapter 43). 

Disease involving the distal ileum usually indicates a dis- 
order that has an affmity for lymphatic tissue in the small 
intestine, including Crohns disease, Yersinia enterocolitis (see 



Figure 42-22 Proximal small bowel fold thickening in a patient 
with AIDS. This spot image from a small bowel follow-through shows 
mildly thickened undulating folds (thin arrows ) in a proximal loop of 
jejunum. Compare these jejunal folds with folds in the third portion of 
the duodenum (thick arrow). Normal duodenal folds should be slightly 
thicker than jejunal folds. Enteroscopic biopsy specimens revealed 
cryptosporidiosis. 
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Fig. 42-7), tuberculosis (see Fig. 42-6), and lymphoma. In 
patients with acute diarrhea, aphthoid ulcers are not specific 
for Crohns disease because they reflect nonspeciflc inflam¬ 
mation of lymphoid tissue with erosion of the overlying 
mucosa. Any acute infection or inflammatory process can 
therefore lead to the development of aphthoid ulcers or thick- 
ened folds in the terminal ileum. In patients with thickened 
folds in the terminal ileum, an acute infection such as yer- 
siniosis should be favored. Unfortunately, it may be difficult 
to obtain a definitive diagnosis in these patients because cul- 
tures and biopsy specimens are often negative for a specific 
pathogen. 

Aphthoid ulcers, mesenteric border ulcers, cobblestoning, 
strictures, and fistulas should be highly suggestive of Crohns 
disease in patients with chronic diarrhea (see Chapter 41). 
However, these Åndings are not always specific for Crohns 
disease. If, for example, there is a clinical history of an immu- 
nodeficiency State or if the patient has lived in a region of the 
world in which tuberculosis is endemic, then tuberculosis (see 
Fig. 42-6), actinomycosis (see Fig. 42-21), Beh^et’s disease, and 
cytomegalovirus (see Figs. 42-15 and 42-16) should be consid- 
ered, depending on the clinical history. The CT fmdings of 
bowel wall thickening, mesenteric lymphadenopathy, and mes¬ 
enteric infiltration or abscess formation also are not specific for 
Crohns disease, so further work-up is required. 

Florid lymphoid reactions in the terminal ileum may 
result from prior enteric infection, immunodeficiency States 


(in particular, common variable immunodeficiency), and 
lymphoma. Small (1-2 mm), round, uniform nodules sepa¬ 
rated by normal mucosa are indicative of lymphoid hyper- 
plasia (see Fig. 42-23), which can probably be followed 
without further diagnostic testing. However, lymphoid 
nodules that are larger (>2 mm), more confluent, and not 
round, smooth, and uniform should be investigated for lym¬ 
phoma (Fig. 42-24). 

Small bowel wall thickening on CT is not a specific finding. 
However, a mural stratification pattern with a low-attenuation 
submucosa suggests a vascular or inflammatory process (see 
Fig. 42 -1 ), but not a malignant tumor. Lack of contrast enhance- 
ment should suggest necrosis and a possible vascular compo- 
nent to the disease. Fat deposition in the small bowel submucosa 
should suggest Crohns disease. Ileal wall thickening in patients 
with AIDS may be caused by inflammatory conditions or AIDS- 
related lymphoma (Fig. 42-25). 

Lymphadenopathy adj acent to abnormal small bowel loops 
is not a particularly helpful finding because it can be seen with 
infectious disorders, Crohns disease, carcinoid tumor, intra- 
peritoneal metastases, and lymphoma. Extensive mesenteric 
lymphadenopathy in patients with chronic diarrhea or malab- 
sorption is typically seen in patients with gluten-sensitive enter- 
opathy, Whipple’s disease (Fig. 42-26), and MAI infections. 
Lymphadenopathy in celiac disease is usually reactive, but lym¬ 
phoma cannot be excluded. 



Figure 42-23 Lymphoid hyperplasia in the terminal ileum. 

This spot image from a double-contrast barium enema shows 
discrete, round, uniformly sized, one to two radiolucent filling defects 
in the terminal ileum separated by normal mucosa. 



Figure 42-24 Mantie cell lymphoma in the terminal ileum. This 
spot image from a small bowel follow-through shows small, round, 
ovoid or polygonal nodules ranging from 1 to 4 mm. The nodules are 
confluent in some areas ( arrows ). This type of mucosal nodularity 
requires endoscopic biopsies to rule out lymphoma. The nodularity 
does not resemble cobblestoning because transversely and 
longitudinally oriented barium-filled clefts are not seen. 
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Figure 42-25 Heal wall thickening in a patient with AIDS. CT through the pelvis shows marked (1.5-2 cm) wall thickening ( arrows ) of uniform 
attenuation in the terminal ileum. The medial wall of the cecum is also thickened. Biopsy specimens revealed lymphoma. Marked wall thickening 
of uniform attenuation should be considered highly worrisome for small bowel lymphoma. 



Figure 42-26 Lymphadenopathy in Whipple's disease. A. CT through the liver shows low-attenuation lymphadenopathy in the retrocaval, 
retrocrural and left para-aortic [arrow) regions. B. An image caudal to A shows marked mesenteric lymphadenopathy ( arrows ) of more uniform 
and higher attenuation. 


REFERENCES 


1. Geboes K: Inflammatory disorders of the small 
intestine. In Morson and Dawson’s Gastroin- 
testinal Pathology, ed 5, Chichester, England, 
2013, Wiley-Blackwell, pp 315-372. 

2. Fenoglio-Preiser CM, Noffsinger AE, Stem- 
mermann GN, et al: Non-neoplastic lesions of 
the small intestine. In Fenoglio-Preiser CM, 
Lantz P, Listrom M, et al, editors: Gastrointes- 
tinal Pathology: An Atlas and Text, ed 2, Phila- 
delphia, 1999, Lippincott-Raven, pp 309-358. 

3. Pawloski ZS: Ascariasis: Host-pathogen 
biology. Rev Infect Dis 4:806-814, 1982. 

4. Hesse AA, Nouri A, Hassan HS, Hashish AA: 
Parasitic infestations requiring surgical inter¬ 
ventions. Semin Pediatr Surg 21:142-150,2012. 

5. Blumenthal DS, Schultz MG: Incidence of 
intestinal obstruction in children infected with 
Ascaris lumbricoides. Am J Trop Med Hyg 
24:801-804, 1975. 

6. Hommeyer SC, Hamill GS, Johnson JA: 
CT diagnosis of intestinal ascariasis. Abdom 
Imaging 20:315-316, 1995. 


7. Markell EK, Voge M: Medical Parasitology, 
ed 4, Philadelphia, 1976, WB Saunders. 

8. Herlinger H: Parasitic and bacterial inflamma¬ 
tory diseases. In Herlinger H, Maglinte DD, 
Birnbaum BA, editors: Clinical Imaging of the 
Small Intestine, ed 2, New York, 1999, Springer, 
pp 291-309. 

9. Ramirez-Olivencia G, Espinosa MÅ, Martin 
AB, et al: Imported strongyloidiasis in Spain. 
Int J Infect Dis 18:32-37, 2014. 

10. Drasin GF, Moss JPO, Cheng SH: Strongyloides 
stercoralis colitis: Findings in four cases. Radi- 
ology 126:619-621, 1978. 

11. Medina LS, Heiken JP, Gold RP: Pipestem 
appearance of small bowel in strongyloidiasis 
is not pathognomonic of fibrosis and irrevers- 
ibility. AJR 159:543-544, 1992. 

12. Dallemand S, Waxman M, Farman J: Radio- 
logical manifestations of Strongyloides stercora¬ 
lis. Gastrointest Radiol 8:45-51, 1983. 

13. Hamilton KW, Abt PL, Rosenbach MA: Donor- 
derived strongyloides stercoralis infections in 


renal transplant patients. Transplantation 91: 
1019-1024, 2011. 

14. Muraoka A, Suehiro I, Fuigii M, et al: 
Acute gastric anisakiasis: 28 cases during 
the last 10 years. Dig Dis Sci 41:2362-2365, 
1996. 

15. Matsui T, Iida M, Murakami M, et al: Intestinal 
anisakiasis: Clinical and radiologic features. 
Radiology 157:299-302, 1985. 

16. Cespedes M, Saez A, Rodriguez I, et al: 
Chronic anisakiasis presenting as a mesen¬ 
teric mass. Abdom Imaging 25:548-550, 
2000. 

17. Pearson RD: Parasitic diseases: Helminths. In 
Yamada T, Alpers DH, Kaplowitz N, et al, 
editors: Textbook of Gastroenterology, ed 4, 
Philadelphia, 2003, Lippincott Williams 8c 
Wilkins, pp 2608-2625. 

18. Kapus KD, Lundgren RG, Jr, Juranek DD, et al: 
Intestinal parasitism in the United States: 
Update on a continuing problem. Am J Trop 
Med Hyg 50:705, 1994. 






42 Inflammatory Disorders of the Small Bowel Other Than Crohn # s Disease 771 


19. Katelaris PH, Farthing MJG: Diarrhea and 
malabsorption in giardiasis: A multifactorial 
process? Gut 33:295-297, 1992. 

20. Barry MA, Weatherhead JE, Hotez PJ, Woc- 
Colburn L: Childhood parasitic infections 
endemic to the United States. Pediatr Clin 
North Am 60:471-485, 2013. 

21. Brandon J, Glick SN, Teplick SK: Intestinal 
giardiasis: Importance of serial filming. AJR 
144:581-584, 1985. 

22. Li E, Stanley SL: Parasitic diseases: Protozoa. In 
Yamada T, Alpers DH, Kaplowitz N, et al, 
editors: Textbook of Gastroenterology, ed 4, 
Philadelphia, 2003, Lippincott Williams 8c 
Wilkins, pp 2588-2607. 

23. Holbert RD, Margiros E, Hirsch CP, Nunenm- 
acher SJ: Chagas disease: A case in south Mis- 
sissippi. J Miss State Med Assoc 36:1-5, 1995. 

24. Smith B: The myenteric plexus in Chagas 
disease. J Pathol Bacteriol 94:462-463, 1967. 

25. Olsen SJ, MacKinnon LC, Goudling JS, 
et al: Surveillance for foodborne-disease 
outbreaks—United States, 1993-1997. MMWR 
Morb Mortal Wkly Rep 49(SS-l):l-62, 2000. 

26. Yonal O, Hamzaoglu HO: What is the most 
accurate method for the diagnosis of intestinal 
tuberculosis? Turk J Gastroenterol 21:91-96, 
2010 . 

27. Carreera GF, Young S, Lewicki AM: Intestinal 
tuberculosis. Gastrointest Radiol 1:147-155, 

1976. 

28. Cullen JH: Intestinal tuberculosis: Clinical 
pathological study. Q Buli Sea View Hosp 
5:143-160, 1940. 

29. Thoeni RF, Margulis AR: Gastrointestinal 
tuberculosis. Semin Roentgenol 14:283-294, 
1979. 

30. Ferentzi CV, Sieck JO, Ali MA: Colonoscopic 
diagnosis and medical treatment of ten 
patients with colonic tuberculosis. Endoscopy 
20:62-65, 1988. 

31. Hoshino M, Shibata M, Goto N, et al: A clinical 
study of tuberculous colitis. Gastroenterol Jpn 
14:299-305, 1979. 

32. Kim KM, Lee A, Choi KY: Intestinal tubercu¬ 
losis: Clinicopathologic analysis and diagnosis 
by endoscopic biopsy. Am J Gastroenterol 
93:606-609, 1998. 

33. Nakano H, Jaramillo E, Watanabe M, et al: 
Intestinal tuberculosis: Findings on double- 
contrast barium enema. Gastrointest Radiol 
17:108-114, 1992. 

34. Vaidya MG, Sodhi JS: Gastrointestinal tract 
tuberculosis: A study of 102 cases including 55 
hemicolectomies. Clin Radiol 29:189-195, 
1978. 

35. Balthazar EJ, Gordon R, Hulnick D: Ileocecal 
tuberculosis: CT and radiologic evaluation. 
AJR 154:499-503, 1990. 

36. Almadi MJ, Ghosh S, Aljebreen AM: Differen- 
tiating intestinal tuberculosis from Crohn’s 
disease: A diagnostic challenge. Am J Gastro¬ 
enterol 104:1003-1012, 2009. 

37. Park SJ, Han JK, Kim TK, et al: Tuberculous 
colitis: Radiologic-colonoscopic correlation. 
AJR 175:121-128, 2000. 

38. Hanski C, Autschka U, Schmoranzer HP, et al: 
Immunohistochemical and electron micro- 
scopic study of interaction of Yersinia entero- 
colitica serotype 08 with intestinal mucosa 
during experimental enteritis. Infect Immun 
57:673-678, 1989. 

39. VanTrappen G, Agg HO, Ponette E, et al: Yer¬ 
sinia enteritis and enterocolitis: Gastroentero- 
logical aspects. Gastroenterology 72:220-227, 

1977. 


40. Saebo A, Lasser J: Yersinia enterocolitica, an 
inducer of chronic inflammations. Int J Tissue 
React 16:51-57, 1994. 

41. Case records of the Massachusetts General 
Hospital: Weekly clinicopathological exercises. 
Case 28-1990. A 72-year-old woman with 
abdominal pain and an ileocecal radiographic 
abnormality. N Engl J Med 323:113-123, 
1990. 

42. Ekberg O, Sjostrom B, Brahme F: Radiological 
findings in Yersinia ileitis. Radiology 123:15- 
19, 1977. 

43. Balthazar EJ, Charles HW, Megibow AJ: Salmo¬ 
nella and Shigella- induced ileitis. CT findings 
in four patients. J Comput Assist Tomogr 
20:375-378, 1996. 

44. Zilbauer M, Dorrell N, Wren BW, Bajaj-Elliott 
M: Campylobacter jejuni-mediated disease 
pathogenesis: An update. Trans R Soc Trop 
Med Hyg 102:123-129, 2008. 

45. Brodey PA, Fertig S, Aron JM: Campylobacter 
enterocolitis: Radiographic feature. AJR 139: 
1199-1201, 1982. 

46. Herlinger H: Parasitic and bacterial inflamma¬ 
tory diseases. In Herlinger H, Maglinte DD, 
Birnbaum BA, editors: Clinical Imaging of the 
Small Intestine, ed 2, New York, 1999, Springer, 
pp 291-308. 

47. Fantry GT, Fantry LE, James SP: Chronic 
infections of the small intestine. In Yamada T, 
Alpers DH, Kaplowitz N, et al, editors: Text¬ 
book of Gastroenterology, ed 4, Philadelphia, 
2003, Lippincott Williams 8c Wilkins, 
pp 1561-1579. 

48. Alterman DD, Cho KC: Histoplasmosis involv- 
ing the omentum in an AIFS patient: CT dem¬ 
onstration. J Comput Assist Tomogr 12: 
664-665, 1988. 

49. Heneghan SJ, Li J, Petrossian E, Bizer LS: 
Intestinal perforation from gastrointestinal 
histoplasmosis in acquired immunodeficiency 
syndrome: Case report and review of the litera- 
ture. Arch Surg 128:464-466, 1993. 

50. Levin MS: Miscellaneous diseases of the small 
intestine. In Yamada T, Alpers DH, Kaplowitz 
N, et al, editors: Textbook of Gastroenterology, 
ed 4, Philadelphia, 2003, Lippincott Williams 
8c Wilkins, pp 1663-1684. 

51. Allison MC, Howatson AG, Torrance CJ, et al: 
Gastrointestinal damage associated with the 
use of non-steroidal anti-inflammatory drugs. 
N Engl J Med 327:749-754, 1992. 

52. Handa O, Naito Y, Fukui A, et al: The impact 
of non-steroidal anti-inflammatory drugs on 
the small intestinal epithelium. J Clin Biochem 
Nutr 54:2-6, 2014. 

53. Bjarnason I, Price AB, Zanelli G, et al: Clinico¬ 
pathological features of nonsteroidal antiin- 
flammatory drug-induced small intestinal 
strictures. Gastroenterology 94:1070-1074, 
1988. 

54. Levi S, deLacey G, Price AB, et al: “Diaphragm- 
like” strictures of the small bowel in patients 
treated with non-steroidal anti-inflammatory 
drugs. Br J Radiol 63:186-189, 1990. 

55. Wilson IH, Cooley NV, Luibel FJ: Nonspecific 
stenosing small bowel ulcers. Am J Gastroen¬ 
terol 50:449-455, 1968. 

56. Lang J, Price AB, Levi AJ, et al: Diaphragm 
disease: Pathology of disease of the small 
intestine induced by non-steroidal anti- 
inflammatory drugs. J Clin Pathol 41:516-526, 
1988. 

57. Hiehle JF, Levine MS: Gastrointestinal toxicity 
of 5-FU and 5-FUDR: Radiographic findings. 
Can Assoc Rad J 42:109-112, 1991. 


58. Carucci LR, Jacobs R, Levine JE, et al: Toxic 
effects of fluorouracil on the small bowel. 
RSNA Gastrointestinal Cases of the Day. 2002, 
Available at: RSNA.org. 

59. Kelvin FM, Gramm HF, Gluck WL, et al: 
Radiologic manifestations of small bowel tox¬ 
icity due to floxuridine therapy. AJR 146:39- 
43, 1977. 

60. Shanahan F: Gastrointestinal manifestations 
of immunologic disorders. In Yamada T, 
Alpers DH, Kaplowitz N, et al, editors: 
Textbook of Gastroenterology, ed 4, Philadel¬ 
phia, 2003, Lippincott Williams 8c Wilkins, 
pp 2705-2722. 

61. Sander CA, Medeiros LJ, Weiss LM, et al: 
Lymphoproliferative lesions in patients with 
common variable immunodeficiency syn¬ 
drome. Am J Surg Pathol 16:1170-1183, 1992. 

62. Chiaramonte C, Glick SN: Nodular lymphoid 
hyperplasia of the small bowel complicated by 
jejunal lymphoma in a patient with common 
variable immunodeficiency syndrome. AJR 
163:1118-1119, 1994. 

63. Crooks DJM, Brown WR: The distribution 
of intestinal nodular lymphoid hyperplasia in 
immunoglobulin deficiency. Clin Radiol 
31:701-706, 1980. 

64. Herlinger H: Immune deficiency diseases. 
In Herlinger H, Maglinte DDT, Birnbaum 
BA, editors: Clinical Imaging of the Small 
Intestine, ed 2, New York, 1999, Springer, 
pp 309-330. 

65. Washington J, Jagasia M: Pathology of graft- 
versus-host disease in the gastrointestinal tract. 
Hum Pathol 40:909-917, 2009. 

66. Jones B, Kramer SS, Saral R, et al: Gastrointes¬ 
tinal inflammation after bone marrow trans¬ 
plantation: Graft-versus-host disease or 
opportunistic infection. AJR 150:277-281, 
1988. 

67. McDonald GB, Sullivan KM, Plumley TF: 
Radiographic features of esophageal involve- 
ment in chronic graft-versus-host disease in 
humans. AJR 142:501-506, 1984. 

68. Fisk JD, Shulman HM, Greening RR, et al: Gas¬ 
trointestinal radiographic features of human 
graft-vs.-host disease. AJR 136:329-336, 1981. 

69. Rosenberg HK, Serota FT, Koch P, et al: Radio¬ 
graphic features of gastrointestinal graft- 
versus-host disease. Radiology 38:371-374, 
1981. 

70. Gramm HF, Vincent ME, Braver JM: Differen- 
tial diagnosis of tubular small bowel. Curr 
Imaging 2:62-70, 1990. 

71. Ma LD, Jones B, Lazenby AJ, et al: Persistent 
oral contrast lining the intestine in severe 
mucosal disease: Elucidation of radiographic 
appearance. Radiology 191:747-749, 1981. 

72. Jones B, Fishman EK, Kramer S, et al: Com- 
puted tomography of gastrointestinal inflam¬ 
mation after bone marrow transplantation. 
AJR 146:691-695, 1986. 

73. Navari RM, Sharma P, Deeg HJ, et al: Pneuma- 
tosis cystoides intestinalis following allogeneic 
marrow transplantation. Transplant Proc 15: 
1720-1724, 1983. 

74. Smith PD, Janoff EN: Gastrointestinal compli- 
cations of the acquired immunodeficiency syn¬ 
drome. In Yamada T, Alpers DH, Kaplowitz N, 
et al, editors: Textbook of Gastroenterology, 
ed 4, Philadelphia, 2003, Lippincott Williams 
8c Wilkins, pp 2567-2589. 

75. Dworkin B, Wormser GP, Rosenthai WS, et al: 
Gastrointestinal manifestations of the acquired 
immunodeficiency syndrome: A review of 22 
cases. Am J Gastroenterol 80:774-778, 1985. 



772 SECTION VI Small Bowel 


76. Poles M, Fuerst M, McGowan I, et al: HIV- 
related diarrhea is multifactorial and fat mal- 
absorption is commonly present, independent 
of HAART. Am J Gastroenterol 96:1831-1837, 
2001 . 

77. Fenoglio-Prieser CM, Noffsinger AE, Stem- 
mermann GN, et al: AIDS-related diseases. In 
Fenoglio-Preiser CM, Lantz P, Listrom M, et al, 
editors: Gastrointestinal Pathology: An Atlas 
and Text, ed 2, Philadelphia, 1999, Lippincott- 
Raven, pp 563-595. 

78. Amerongen HM, Weltzin R, Farnet CM, et al: 
Transepithelial transport of HIV-1 by intesti- 
nal M cells: A mechanism for transmission of 
AIDS. J AIDS 4:760-765, 1991. 

79. Heise C, Dandekar S, Kumar P, et al: Human 
immunodeficiency virus infection of entero- 
cytes and mononuclear cells in human jejunal 
mucosa. Gastroenterology 100:1521-1527, 
1991. 

80. Kotier DP, Reka S, Clayton F: Intestinal 
mucosal inflammation associated with human 
immunodeficiency virus infection. Dig Dis Sci 
38:1119-1126, 1993. 

81. Greenson JK, Belitsos PC, Yardley JH, et al: 
AIDS enteropathy: Occult enteric infections 
and duodenal mucosal alterations in chronic 
diarrhea. Ann Intern Med 114:366-372, 
1991. 

82. Wilcox CM, Schwartz DA, Cotsonis G, Thomp¬ 
son SE: Chronic unexplained diarrhea in 
human immunodeficiency virus infection: 
Determination of the best diagnostic approach. 
Gastroenterology 110:30-37, 1996. 

83. Rene E, Marche C, Regnier B, et al: Intestinal 
infections in patients with acquired immuno¬ 
deficiency syndrome: A prospective study in 
132 patients. Dig Dis Sci 34:773-780, 1989. 

84. Surawicz C, Myerson D: Self-limited cytomeg- 
alovirus colitis in immunocompetent individ- 
uals. Gastroenterology 94:194-199, 1988. 

85. Pantongrag-Brown L, Nelson AM, Brown 
AE, et al: Gastrointestinal manifestations 
of acquired immunodeficiency syndrome: 
Radiologic-pathologic correlation. Radio- 
graphics 15:1155-1178, 1995. 

86. Balthazar EJ, Martino JM: Giant ulcers of the 
ileum and colon caused by cytomegalovirus in 
patients with AIDS. AJR 166:1275-1276, 1996. 

87. Balthazar EJ, Megibow AJ, Fazzini E, et al: 
Cytomegalovirus virus colitis in AIDS: Radio- 
graphic findings in 11 patients. Radiology 155: 
585-589, 1985. 


88. Teixidor HS, Honig CL, Norsoph E, et al: Cyto¬ 
megalovirus infection of the alimentary canal: 
Radiologic findings with pathologic correla¬ 
tion. Radiology 163:317-323, 1987. 

89. DeRiso A, Kemeny MM, Torres RA, Oliver 
JML: Multiple jejunal perforations second to 
cytomegalovirus in a patient with acquired 
immune deficiency syndrome. Dig Dis Sci 
34:623-629, 1989. 

90. Williams CM, Schwartz DA: Symptomatic 
CMV duodenitis: An important clinical 
problem in AIDS. J Clin Gastroenterol 14:293- 
297, 1992. 

91. Kram HB, Shoemaker WC: Intestinal perfora- 
tion due to cytomegalovirus infection. Dis 
Colon Rectum 33:1037-1040, 1990. 

92. Marcos LA, Gotuzzo E: Intestinal protozoan 
infections in the immunocompromised 
host. Curr Opin Infect Dis 26:295-301, 
2013. 

93. DuPont HL, Chappell CL, Sterling CR, et al: 
The infectivity of cryptosporidium parvum in 
healthy volunteers. N Engl J Med 332:855-859, 
1995. 

94. Wall S, Ominsky S, Altman DF, et al: Multifocal 
abnormalities of the gastrointestinal tract in 
AIDS. AJR 146:1-5, 1986. 

95. Megibow AJ, Balthazar EJ, Hulnick DH: Radi¬ 
ology of non-neoplastic gastrointestinal disor- 
ders in acquired immune deficiency syndrome. 
Semin Roentgenol 22:31-41, 1987. 

96. Berk RN, Wall SD, McCardle CB, et al: 
Cryptosporidiosis of the stomach and small 
intestine in patients with the acquired immu¬ 
nodeficiency syndrome. AJR 143:549-554, 
1984. 

97. DeHovitz JA, Pape JW, Boncy M, Johnson WD: 
Clinical manifestations and therapy of Isospora 
belli infections in patients with acquired 
immunodeficiency syndrome. N Engl J Med 
315:87-90, 1986. 

98. Shein R, Gleb A: Isospora belli in a patient with 
acquired immunodeficiency syndrome. J Clin 
Gastroenterol 6:525-528, 1984. 

99. Leder K, Ryan N, Spelman D, Crowe SM: 
Microsporidial disease in HIV-infected 
patients: A report of 42 patients and review of 
the literature. Scand J Infect Dis 30:331-338, 
1998. 

100. Case records of the Massachusetts General 
Hospital: Weekly clinicopathological exercises. 
Case 51-1993. A 36-year-old man with AIDS, 
increase in chronic diarrhea, and intermittent 


fever and chilis. N Engl J Med 329:1946-1954, 
1993. 

101. Slavik T: Human immunodeficiency virus- 
related gastrointestinal pathology: A Southern 
Africa perspective with review of the literature. 
Part 1: Infections. Arch Pathol Lab Med 
136:305-315, 2012. 

102. Yakrus MA, Good RCL: Geographic distribu¬ 
tion, frequency, and specimen source of Myco- 
bacterium avium complex serotypes isolated 
from patients with acquired immunodefi¬ 
ciency syndrome. J Clin Microbiol 28:926-929, 
1990. 

103. Vincent ME, Robbins AR: Mycobacterium 
avium-intracellulare complex enteritis: Pseudo- 
Whipple’s disease in acquired immunodefi¬ 
ciency. AJR 144:921-922, 1985. 

104. Schneedbaum GW, Novick DM, Chabon AB, 
et al: Terminal ileitis associated with Mycobac¬ 
terium avium-intracellulare infection in a 
homosexual man with acquired immune defi¬ 
ciency syndrome. Gastroenterology 92:1127- 
1132, 1987. 

105. Frager DH, Frager JD, Brandt LJ, et al: Gastro¬ 
intestinal complications of AIDS: Radiologic 
features. Radiology 158:597-605, 1986. 

106. Nyberg DA, Federle MP, Jeffrey RB, et al: 
Abdominal CT findings of disseminated Myco¬ 
bacterium avium-intracellulare in AIDS. AJR 
145:297-299, 1985. 

107. Jadvar H, Mindelzun RE, Olcott EW, Levitt DB: 
Still the great mimicker: Abdominal tubercu- 
losis. AJR 168:1455-1460, 1997. 

108. Radin DR: Intraabdominal Mycobacterium 
tuberculosis vs. Mycobacterium avium-intra¬ 
cellulare infections in patients with AIDS: 
Distinction based on CT findings. AJR 156: 
487-491, 1991. 

109. Litt HI, Levine MS, Maki DD, et al: Ileal acti- 
nomycosis in a patient with AIDS. AJR 172: 
1297-1299, 1999. 

110. Yan L, Yang C, Tang J: Disruption of the intes¬ 
tinal mucosal barrier in Candida albicans 
infections. Microbiol Res 168:389-395, 2013. 

111. Radin DR, Fong T, Halls JM, Pontrelli GN: 
Mondial enteritis in acquired immunodefi¬ 
ciency syndrome. AJR 141:1289-1290, 1983. 

112. Rubesin SE, Furth EE: Differential diagnosis of 
small intestinal abnormalities with radiologic- 
pathologic explanation. In Herlinger H, 
Maglinte DD, Birnbaum BA, editors: Clinical 
Imaging of the Small Intestine, ed 2, New York, 
1999, Springer, pp 527-566. 



Malabsorption 

STEPHEN E. RUBESIN 


CHAPTER OUTLINE 


Digestion and Absorption 

Carbohydrate Digestion and Absorption 
Protein Digestion and Absorption 
Fat Digestion and Absorption 
Fluids and Electrolytes 

Anatomic Classification of Malabsorption 

Hepatobiliary and Pancreatic Disorders 
Gastric Disorders 
Small Bowel Disorders 

Diagnosis of Malabsorption: Clinical Perspective 

Bacterial Overgrowth 

Jejunoileal Diverticulosis 

Progressive Systemic Sclerosis, Visceral Neuropathies, 
and Myopathies 

Epithelial Cell Damage 

Celiac Disease 

Tropical Sprue 

Giardiasis 

Whipple's Disease 

Eosinophilic Gastroenteritis 

Amyloidosis 

Short Gut Syndrome 

Nonformation of Chylomicrons 

Abetalipoproteinemia 

Lymphatic Obstruction and Lymphangiectasia 

Multifactorial Diseases 

Diabetes Mellitus 
Cystic Fibrosis 

Differential Diagnosis of Fold Enlargement in 
Malabsorption 


Malabsorption is caused by a variety of diseases originating in 
the liver and biliary tree, pancreas, and small intestine. 13 Normal 
digestion and absorption are presented as a background for 
understanding intestinal malfunction. A description of diseases 
of the small intestine that result in malabsorption is then 
presented. 

Digestion and Absorption 

The components of most foods (carbohydrates, proteins, and 
fats) cannot be used in their natural State. Foods must first be 
digested and then absorbed by the gastrointestinal (GI) tract. 
Proper functioning of the stomach, liver and biliary tree, pan¬ 
creas, and small bowel and, to a lesser degree, salivary giands 


and colon, is required for normal digestion and absorption 
of food. 

CARBOHYDRATE DIGESTION 
AND ABSORPTION 

Carbohydrates account for 40% to 50% of daily caloric intake. 4 
Ingested carbohydrates are derived from plants, except for 
lactose, which originates in dairy products. Simple sugars 
include the monosaccharides, fructose and glucose, and the 
disaccharides, sucrose and lactose. Starches are soluble poly¬ 
mers of glucose fo und in the cell walls of plants. The starches 
are a-amylose, a linear polymer of glucose, and amylopectin, a 
branched form of glucose. Dietary fibers are nondigestible car¬ 
bohydrates (nonstarch polysaccharides) that are structural 
components of plant cell walls. 

The GI tract is adapted for digesting carbohydrates to a 
monosaccharide form that can be transported across the 
epithelium of the small intestine. Luminal digestion of 
starches is accomplished by amylase secreted by the parotid 
giand and pancreas. Salivary amylase is of minor importance 
because this enzyme is deactivated in the acidic environment 
of the stomach. Amylase digestion of starches is so efficient 
that starch digestion is more dependent on the form of the 
starch than on the availability of luminal amylase. 4 Amylase 
deficiency is present only in cases of severe pancreatic 
insufficiency. 

Enzymes on the apical membrane of the enterocytes are 
responsible for further digestion of the products of luminal 
digestion and breakdown of disaccharides. For example, sucrose 
isomaltase is an enzyme that cleaves sucrose into glucose and 
fructose. Brush border lactase cleaves lactose into glucose and 
galactose. This enzyme is critical for mammalian survival 
because early nutrition is provided by the mother’s milk. 4 The 
monosaccharides are then brought across the epithelium by 
passive diffusion, facilitative transport of proteins, or sodium- 
coupled active transport. 

Colonic bacteria digest dietary fiber that reaches the colon, 
producing a variety of products, including short-chain fatty 
acids, methane, and hydrogen. Short-chain fatty acids are 
rapidly absorbed in the colon, providing energy for colonic 
epithelial cells. 

Digestion of lactose, sucrose, and starches is incomplete 
because digestion depends on the type of food and contact 
time with the brush border. Between 2% and 20% of starch 
is not digested. 4 Most small bowel diseases result in global 
dysfunction of the intestinal mucosa, leading to carbohydrate 
malabsorption, with subsequent diarrhea, flatulence, and 
weight loss. Specific disaccharidase deficiencies result in similar 
symptoms. For example, trehalose is a disaccharide of glucose 
found in insects, yeasts, and mushrooms. As a result, people 
who are trehalase-deficient have severe diarrhea after ingestion 
of mushrooms. 
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PROTEIN DIGESTION AND ABSORPTION 

Proteins in the lumen of the GI tract derive from the diet 
(70-100 g/day), from salivary, gastric, pancreatic, and biliary 
secretions (30 g/day), and from sloughed epithelial cells 
(30 g/day). 5 Protein digestion begins in the stomach. Inactive 
precursors (pepsinogens) are secreted from chief cells and 
are activated to pepsins in the acidic environment of the 
stomach. Proteins in the gastric lumen are digested to a 
mixture of large polypeptides, smaller oligopeptides, and free 
amino acids. 

The exocrine pancreas secretes five inactive precursor zymo- 
gens into the duodenal lumen. Enteropeptidase (enterokinase) 
on the brush border of the duodenal enterocytes converts tryp- 
sinogen into trypsin. Trypsin then activates the remainder of 
the pancreatic zymogens—chymotrypsinogen, proelastase, and 
procarboxypeptidases A and B. These pancreatic enzymes 
break proteins into oligopeptides (60%-70%) and free amino 
acids (30%-40%). 5 Peptidases on the brush border of the 
enterocytes further degrade the intraluminal oligopeptides, 
resulting in a mixture of tripeptides, dipeptides, and free amino 
acids. Distinet transport systems separately transport free 
amino acids and peptides of two to three amino acids into the 
epithelial cells. Various peptidases within the enterocytes further 
digest the small polypeptides. Amino acids leave the enterocytes 
via transport mechanisms across the basal membrane, passing 
into the portal circulation. 

FAT DIGESTION AND ABSORPTION 

The sources of fat include diet (120-150 g), biliary secretions 
(40-50 g), and sloughed intestinal cells and bacteria. 6 Most 
dietary fat is composed of neutral fats, long-chain triglycerides. 
Phospholipids and sterols (including cholesterol) comprise 
only a small percentage of dietary fat. 6 

Lipid digestion begins in the stomach with the hydrolysis of 
triglycerides by gastric and salivary lipase; 20% to 30% of intra¬ 
luminal fat digestion occurs in the stomach. The grinding 
action of the antrum helps reduce triglycerides into smaller 
particles. The fat globules are dispersed in a stable form with a 
large surface area, termed emulsification. Gastric lipid digestion 
has an inereased role in patients with cystic fibrosis or a partial 
gastrectomy. 6 

After chyme reaches the small intestine, bile salts and leeithin 
secreted by the liver solubilize the fat, allowing the fat to be 
broken into smaller droplets by the agitating action of the small 
bowel. Lipolytic enzymes secreted by the pancreas break triglyc¬ 
erides, phospholipids, and sterol esters into their component 
monoglycerides and free fatty acids. Bile salts combine with the 
monoglycerides and free fatty acids to form micelles. The 
micelles deliver the breakdown products of fat to the microvilli 
of the epithelial cell brush border. 

After brush border uptake, long-chain fatty acids and mono¬ 
glycerides are delivered to smooth endoplasmic reticulum in 
the cytoplasm for resynthesis into complex lipids. 6 Phospho¬ 
lipids, an important component of cell membranes, are syn- 
thesized in the rough endoplasmic reticulum. Triglycerides 
resynthesized in the endoplasmic reticulum of enterocytes are 
secreted by enterocytes as lipoproteins. These lipoproteins are 
multimolecular aggregates of lipid and protein, with a configu- 
ration that allows transport through aqueous intracellular fluid 
or plasma. Leeithin is the primary phospholipid in lipoproteins 


and is derived primarily from bile salts (10-20 g/day) or diet 
(5-10 g/day). Cholesterol is primarily derived from biliary 
secretions (1-2 g/day), with a minor component (0.2-0.5 g/ 
day) from the diet. 

Most dietary fat enters the lymphatic circulation through 
lacteals located in each villus and is then passed via mesenteric 
lymphatics to the thoracic duet and superior vena cava. About 
25% of triglycerides are transported to the liver bound to 
albumin. 

Digestion of fat is very efficient. Almost all dietary triglyc- 
eride is absorbed by enterocytes. No ingested triglyceride is 
found in the colon. The small amount of fecal fat (<7 g/day) 
is derived from phospholipids in sloughed intestinal mem¬ 
branes or intestinal bacteria. After micelle delivery, bile salts 
return to the small bowel lumen to solubilize more free fatty 
acids and monoglycerides. Eventually, conjugated bile salts 
(95%) are resorbed in the ileum via an active sodium-coupled 
process. Some bile salts are passively absorbed in the proximal 
small intestine. Fecal loss of bile salts is balanced by synthesis 
of bile in the liver. 

FLUIDS AND ELECTROLYTES 

Diarrhea and malabsorption are not synonymous. Malabsorp- 
tion may occur in some diarrheal States. A large volume of 
fluid (8-10 L) enters the GI lumen each day, but only 100 mL 
of fluid is normally exereted in the feces. 7 The daily fluid load 
includes about 2 L of oral intake, 0.5 to 1.5 L of saliva, 2.5 L 
of gastric juice, 0.5 L of bile, 1.5 L of pancreatic secretions, 
and 1 L of intestinal secretions. The small bowel absorbs about 
7 L of fluid daily, with 1.5 to 1.9 L of fluid reaching the colon. 
The colon is capable of resorbing up to 4 L of fluid on a daily 
basis. Diarrhea therefore occurs if more than 4 L of fluid 
reaches the colon or if abnormally funetioning colonic mueosa 
cannot resorb the 1.9 L of fluid that normally enters the colon 
each day. 

Anatomic Classification 
of Malabsorption 

In summary, carbohydrate digestion requires a funetioning 
pancreas and small bowel brush border enzymes. Normal 
protein digestion requires adequate gastric and pancreatic func- 
tion and small bowel brush border enzymes. Fat digestion 
requires normal hepatic, biliary, exocrine, pancreatic, and small 
bowel funetion. An anatomic classification of malabsorption 
by abnormalities of the liver, biliary tree, stomach, and small 
intestine aids the radiologist in understanding malabsorption 
(Table 43-1). 3 

HEPATOBILIARY AND PANCREATIC DISORDERS 

Bile salt insufficiency caused by biliary obstruction or 
decreased hepatic synthesis leads to mild malabsorption. Any 
disease that destroys pancreatic exocrine tissue decreases 
bicarbonate and pancreatic enzyme secretion. Maldigestion 
does not occur until 90% of the pancreatic exocrine tissue 
has been destroyed. 4 The most common cause of panereas- 
related maldigestion is aleohol-related panereatitis. Patients 
with cystic fibrosis have malabsorption, but this is a less 
common disease. 
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Anatomically Oriented Classification of Malabsorption 


Organ 

Disease or Condition 

Pathophysiology 

Stomach 

Zollinger-Ellison syndrome 

Pancreatic enzyme inactivation by acid 


Postgastrectomy 

Rapid transit of nutrients, dilution of 
pancreatic enzymes 


Pernicious anemia 

Intrinsic factor deficiency (vitamin B 12 
malabsorption) 

Pancreas 

Chronic pancreatitis, cystic fibrosis, pancreatic cancer 

Decreased pancreatic enzyme and 
bicarbonate secretion 

Liver, biliary tree 

Severe parenchymal liver disease 

Decreased bile salt formation 

Cholestatic liver disease (primary biliary cirrhosis, drug-induced 

Decreased bile salt delivery to 


cholestasis), bile duet obstruction (bile duet carcinoma, pancreatic 
cancer, gallstones, sclerosing cholangitis) 

duodenum 

Small intestine 

Jejunal diverticulosis, scleroderma, small intestinal fistulas, stricture in 

Stasis with bacterial overgrowth, bile 


Crohn's disease, diabetes, pseudo-obstruction 

salt deconjugation 


Crohn's disease, small intestinal resection, cholecystocolonic fistula 

Increased bile salt loss 


Lactase deficiency, Crohn's disease 

Disaccharidase deficiency 


Celiac disease, tropical sprue, Whipple's disease, eosinophilic 
gastroenteritis, radiation enteropathy, Crohn's disease, intestinal 
ischemia, ileal resection 

Loss of normal epithelial cells 


Abetalipoproteinemia 

Nonformation of chylomicrons 


Lymphangiectasia, lymphoma, tuberculosis, carcinoid 

Lymphatic obstruction 


Diabetes mellitus, giardiasis, adrenal insufficiency, hyperthyroidism, 
hypogammaglobulinemia, amyloidosis, AIDS 

Multiple causes 


From Rubesin SE, Rubin RA, Herlinger Ft: Small bowel malabsorption: Clinical and radiological perspectives. Radiology 184:297-305, 1992. 


GASTRIC DISORDERS 

Diseases of the stomach may cause mild malabsorptive States. 
Patients with pernicious anemia have decreased production of 
intrinsic factor, leading to vitamin B 12 deficiency. In patients 
with Zollinger-Ellison syndrome, inflammation and ulceration 
in the duodenum and first several loops of jejunum cause diar- 
rhea, not malabsorption. About one third of patients with 
Zollinger-Ellison syndrome have diarrhea related to gastric 
hypersecretion and intestinal mucosal damage. Mild malab¬ 
sorption results from excess acid entering the duodenum, which 
inactivates pancreatic enzymes. 

SMALL BOWEL DISORDERS 

Malabsorption can result from a wide variety of mechanisms 
beginning in the intestinal lumen and extending deep to the 
small mesentery (see Table 43-1). 

Bacterial Overgrowth (Intraluminal Stasis) 

Any disease that causes stasis in the lumen of the small intestine 
can lead to bacterial overgrowth and small bowel dysfunction 
(Box 43-1). Disorders that cause chronic small bowel obstruc¬ 
tion (e.g., Crohn’s disease, adhesions) may result in stagnation 
and bacterial overgrowth. Diseases with intrinsic small bowel 
hypomotility (e.g., diabetes, scleroderma, jejunal diverticulosis) 
can also lead to stasis and bacterial overgrowth. Stasis in surgical 
blind loops or the afferent loop of a gastrojejunostomy can also 
result in bacterial overgrowth. 

In patients with bacterial overgrowth, malabsorption is 
related to several mechanisms, including intraluminal bacterial 
deconjugation of bile salts and fermentation of carbohydrates. 
Concomitant epithelial cell dysfunction may be present. Bac¬ 
terial digestion of malabsorbed fat forms compounds that 


can stimulate small bowel or colonic secretion. Solutes of 
malabsorbed carbohydrates and deconjugated bile salts are 
also osmotically active, resulting in water and electrolyte 
loss. 

Brush Border Disease 

Brush border enzyme deficiencies or transport mechanism defi- 
ciencies may cause osmotic diarrhea, malabsorption, or both. 
The most common example of osmotic diarrhea caused by 
brush border disaccharidase deficiency is so-called lactase defi¬ 
ciency (lactose-phlorizin hydrolase deficiency) with lactose 
intolerance. 4 The norm for most people is for brush border 
lactose-phlorizin hydrolase levels to decline in older children 
and adolescents to 5% to 10% of early childhood levels. As a 
result, lactase-phlorizin hydrolase deficiency is the norm, and 
the ingestion of dairy products can lead to diarrhea, flatulence, 
and cramps in most adults. Preservation of lactose-phlorizin 
hydrolase is an autosomally recessive trait, found typically in 
northern Europeans. Intermediate activity of this enzyme is 
found in heterozygotes. 

Mucosal Damage 

Inflammation or necrosis of crypt cells and immature villous 
cells causes secretory diarrhea. Biood, pus, and mucus in the 
intestinal lumen lead to osmotic diarrhea. Widespread epithe¬ 
lial damage is therefore characterized by a combination of 
osmotic and secretory diarrhea and nutrient malabsorption. 
Diseases that destroy proximal small bowel epithelium cause 
generalized malabsorption of fats, proteins, carbohydrates, iron, 
and folate, whereas diseases that damage distal ileal mucosa 
primarily cause malabsorption of fat because of bile salt loss 
and vitamin B 12 deficiency. Mucosal diseases causing malab¬ 
sorption typically involve relatively long segments of small 
bowel. These diseases are relatively uncommon, however; they 
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BOX 43-1 DISEASES CAUSING SMALL BOWEL 

HYPOMOTILITY AND MALABSORPTION* 


GENETIC DISORDERS 

Familial visceral neuropathies 
Familial visceral myopathies 

Muscular dystrophy 

COLLAGEN-VASCULAR DISORDERS 

Progressive systemic sclerosis 

Dermatomyositis, polymyositis 
Periarteritis nodosa 
Systemic lupus erythematosus 

ENDOCRINE DISORDERS 

Diabetes mellitus 

Hypothyroidism 

Hypoparathyroidism 

NEUROLOGIC DISEASES 

Parkinson's disease 
Multiple sclerosis 
Chagas' disease 

Spinal cord injury 

DRUGS 

Narcotics 
Phenothiazines 
Antiparkinson medications 
Ganglionic blockers 
Tricyclic antidepressants 

OTHER 

Celiac disease 
Radiation enteritis 
Jejunal diverticulosis 
Amyloidosis 

Lead poisoning 

Data from Rubesin SE: Diseases of the small bowel causing 
malabsorption. In Taveras JM, Ferrucci JT (eds): Radiology: 
Diagnosis, Imaging, Intervention. Philadelphia, JB Lippincott, 
1993 , pp 1-17. 

*Disorders typically having a malabsorptive State are highlighted 
in bold. 


include celiac disease, tropical sprue, Whipple’s disease, and 
eosinophilic enteritis. 

Postmucosal Disease 

Any disorder that obstructs lacteals in the villi or lymphatics in 
the small bowel mesentery may cause fat malabsorption. In 
primary lymphangiectasia, for example, abnormal formation of 
lymphatics results in impaired absorption of chylomicrons and 
fat-soluble vitamins and loss of lymph into the intestinal lumen 
from lymphoenteric fistulas. 

Diseases with Multifactorial Causes 

Malabsorption is caused by several mechanisms in many dis¬ 
eases. In amyloidosis, for example, malabsorption can be 
attributed to stasis with bacterial overgrowth, mucosal destruc- 
tion caused by ischemia, and disruption of nutrient absorption 
by amyloid deposition in the lamina propria. Fat malabsorp¬ 
tion in hyperthyroidism is attributed to rapid small bowel 
transit. 


Diagnosis of Malabsorption: 

Clinical Perspective 

Malabsorption is characterized by diarrhea, steatorrhea, exces¬ 
sive gas, abdominal pain, and weight loss. Diarrhea is caused by 
decreased intestinal absorption, colonic secretion of fluid 
induced by hydroxy fatty acids, and osmotic overload of bile 
salts and fatty acids. Steatorrhea is the term used for the bulky, 
foul-smelling, greasy stools caused by the malabsorption of fat. 
Excessive gas production is related to fermentation of carbohy- 
drates by intestinal bacteria and results in borborygmi, flatu- 
lence, and abdominal distention. Abdominal pain has a variety 
of causes, including pancreatic inflammation, biliary disease, 
small bowel obstruction, and ischemia. 

Unfortunately, adults with malabsorption often have an 
insidious presentation. Steatorrhea may be so mild that it is 
unrecognized by the patient. Mild steatorrhea is typical of 
low-grade bile duet obstruction, chronic hepatic disease, mild 
to moderate pancreatic insuffkiency, and even mild celiac 
disease. Many patients with malabsorption present with symp¬ 
toms related to a specifk vitamin or nutrient deficiency. For 
example, vitamin A deficiency may cause night blindness, 
vitamin K deficiency results in easy bruisability, petechiae, or 
hematuria, vitamin D or calcium malabsorption results in 
paresthesias, tetany, or bone pain, and decreased absorption 
of folate, vitamin B, or iron may cause pallor, glossitis, sto- 
matitis, and cheilosis. 

The clinician has a broad array of laboratory tests and biop- 
sies to make a diagnosis of malabsorption. The reader is referred 
to textbooks of gastroenterology for further description of these 
tests. Radiologic imaging in patients with a clinical diagnosis of 
malabsorption is performed as an adjunet to help identify dis¬ 
eases (e.g., jejunoileal diverticulosis) that cause malabsorption. 
Radiologic imaging is also used to detect complications of dis¬ 
eases that cause malabsorption (e.g., T-cell lymphoma arising 
in celiac disease). 

Bacterial Overgrowth 

A wide variety of disorders may cause small bowel hypomotility 
with resulting stasis and bacterial overgrowth (see Box 43-1) or 
intestinal pseudo-obstruction. 

JEJUNOILEAL DIVERTICULOSIS 

Small bowel diverticula are acquired protrusions of mueosa and 
submueosa on the mesenteric border of the small bowel, where 
the vasa recta pierce the muscularis propria. The diverticula are 
larger and more numerous in the jejunum, decreasing in size 
and number as they progress into the ileum. 8,9 Jejunoileal diver¬ 
ticula develop in a heterogeneous group of disorders associated 
with abnormalities of smooth muscle or the myenteric plexus. 
Small bowel dysmotility is frequent. Some cases of jejunoileal 
diverticulosis may be a manifestation of systemic sclerosis or a 
forme fruste of isolated scleroderma. 10 

Jejunoileal diverticulosis is not uncommon, occurring in 
about 2% of the population, 8 but most people with jejunal 
diverticulosis are asymptomatic. In patients with numerous 
diverticula, stasis with bacterial overgrowth and malabsorptive 
symptoms may occur. Complications of jejunal diverticula, 
including GI obstruction or perforation, may cause abdominal 
symptoms. 
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Diverticula are readily identified on barium studies as 1- to 
7-cm round, barium-filled sacs on the mesenteric border of the 
small bowel (Fig. 43-1). The mouths of the diverticula are 
broad-based and the necks are variable in length. Air-fluid levels 
may be present on upright or cross-table lateral radiographs. If 
there are numerous diverticula, the course of the small bowel 
may be obscured by the numerous sacs. On computed tomog- 
raphy (CT) scans, large diverticula are easily mistaken for small 
intestinal loops. The best way that diverticula are detected by 
CT is visualization of an air-fluid level in a focal sacculation. 11 
The motor disorder seen in jejunoileal diverticulosis is mani¬ 
fested by decreased peristalsis, increased intraluminal fluid and 
gas, luminal dilation, and prolonged transit time. 

Although other small bowel disorders may be associated 
with sacculations or diverticula, jejunoileal diverticulosis is 
easily differentiated from the sacculations in Crohns disease, 
scleroderma, or prior surgery, a solitary Meckels diverticulum, 
or diverticula confmed to the terminal ileum. 1,10 

Jejunoileal diverticulosis may be complicated by pneumato- 
sis cystoides intestinalis or free intraperitoneal air caused by 
perforation or benign pneumatosis. Jejunal diverticulitis may 
cause abdominal pain, free perforation obstruction or abscess 
formation, or GI bleeding. 1216 Jejunal diverticulitis is mani¬ 
fested on CT as a stranding or mass in the small bowel mesen- 
tery adj acent to a diverticulum or true abscess formation. 
Mechanical obstruction may result from volvulus, enterolith 
impaction, or diverticulitis. Heterotopic tissue or neoplasms are 
rare complications. 



Figure 43-1 Jejunolileal diverticulosis causing malabsorption. This 
overhead radiograph from a small bowel follow-through shows 
multiple large diverticula on the mesenteric border of jejunum and 
ileum. The sacs are smooth, but many have a lobulated contour. 


PROGRESSIVE SYSTEMIC SCLEROSIS, VISCERAL 
NEUROPATHIES, AND MYOPATHIES 

The small intestine is clinically involved in about 40% of 
patients with progressive systemic sclerosis (scleroderma). 
The smooth muscle, especially that of the circular muscle layer, 
degenerates and is replaced by collagen. 18 The muscular abnor- 
malities result in duodenal and jejunal dilation (Fig. 43-2) 
and hypomotility, with prolonged small bowel transit time 
and increased intraluminal fluid. Patchy and predominant 
fibrosis of the circular muscle layer leads to bunching of small 
bowel folds, producing the so-called hidebound bowel (see 
Fig. 43-2). 1 Despite luminal dilation, an increased number of 
small bowel folds per inch is usually seen. Asymmetric scar- 
ring leads to wide-mouthed sacculations, usually on the mes¬ 
enteric border of the small bowel. 20 21 As with any small bowel 
disorder characterized by hypomotility, transient intussuscep- 
tions and pneumatosis intestinalis may occur, with or without 
pneumoperitoneum. 

Several forms of visceral myopathies and neuropathies 
present with malabsorption or intestinal pseudo-obstruction. 
These include autosomal dominant and recessive conditions 
or isolated cases. 22 Other isolated cases have been caused by 
Epstein-Barr virus infection or abnormalities of cytoskeleton 
filament proteins. 23 Visceral myopathies are characterized his- 
tologically by degeneration and fibrosis of the inner circular and 
outer longitudinal smooth muscle layers. 24 Congenital neuropa¬ 
thies are characterized by degeneration of the myenteric plexus 



Figure 43-2 Scleroderma. This spot radiograph from enteroclysis 
shows a massively dilated small bowel. (Compare the diameter of the 
lumen with the size of a lumbar vertebral body.) There is also an 
increased number of folds per inch, producing the hidebound sign. 
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of the bowel. Decreased or absent peristalsis is seen in visceral 
myopathies and scleroderma, but large-amplitude, nonpropul- 
sive contractions are seen in visceral neuropathies. 24 Marked 
duodenal enlargement typically occurs in visceral myopathies, 
whereas small bowel dilation may be present in visceral myopa¬ 
thies and neuropathies. The increased number of folds and 
sacculations typical of scleroderma are not found. The colon 
demonstrates hypercontractility in visceral neuropathy and 
dilation and lack of haustration in visceral myopathy. 24 

Epithelial Cell Damage 

CELIAC DISEASE 

Celiac disease (gluten-sensitive enteropathy, or celiac sprue) is 
a chronic immunologic inflammatory disease in which the 
gliadin fraction of wheat, barley, or rye gluten incites damage 
to the small bowel mucosa. Removal of wheat products from 
the diet reverses this mucosal damage. Although the mechanism 
of celiac disease is not completely understood, it is postulated 
that there is suspension of normal immune tolerance to foreign 
food antigens. 25,26 The gliadin fraction of ingested wheat prod¬ 
ucts stimulates an immune response in the epithelium of the 
small intestine, leading to mucosal inflammation and destruc- 
tion. Lymphocytic infiltration may also occur in the stomach 
(as lymphocytic gastritis) or colon. 

Celiac disease occurs in about 1 in 200 whites. 5 Most people 
with celiac disease ignore minor symptoms or are asymptom- 
atic. Celiac disease resulting in severe clinical symptoms is 
uncommon and is usually encountered in whites, particularly 
northern Europeans and people from Ireland. 26 Children may 
present with diarrhea, abdominal distention, weight loss, and 
failure to thrive. Young adults may present with diarrhea, steat- 
orrhea, or infertility. Older adults may present with steatorrhea, 
anemia, weight loss, or other symptoms. Patients who develop 
symptoms in adulthood or who develop celiac disease de novo 
in adulthood may present with symptoms related to the malab- 
sorption of specific nutrients such as vitamin A or B 12 . Bleeding 
or purpura related to vitamin K deficiency may be present. 
Aphthous stomatitis, cheilosis, and glossitis are not infrequent. 
In adults, symptoms in celiac disease may be precipitated by 


pregnancy, respiratory therapy, and gastric surgery. 2 Gluten¬ 
sensitive enteropathy is seen in patients with dermatitis herpeti- 
formis. 28 Celiac disease has also been associated with other skin 
diseases, such as psoriasis, eczema, cutaneous amyloid, and 
mycosis fungoides. 24 

The diagnosis of celiac disease can be made when physicians 
test for serum antibodies associated with celiac disease in 
patients with minimal GI complaints or indicators of malab- 
sorption, such as vitamin defkiencies. Immunoglobulin A (IgA) 
and IgG antibodies to gliadin are elevated in 75% to 85% of 
patients with celiac disease. 29 These antibodies may also be 
elevated in some patients with inflammatory bowel disease or 
liver disease. Endomysial antibody is also elevated in a large 
percentage of patients with celiac disease. 30,31 

The antigen for antiendomysial antibody is tissue trans- 
glutaminase (tTG). An enzyme-linked immunosorbent assay 
(ELISA) test for IgA anti-tTG is reported to have a sensitivity 
of 90% to 95% for the diagnosis of celiac disease. Other 
studies have shown less favorable results for antiendomysial 
antibody. 31 Some patients with celiac disease have IgA defi¬ 
ciency, so this test will have false-negative results in these 
patients. Small bowel biopsies and follow-up biopsies after 
gluten withdrawal are usually required for a definitive 
diagnosis. 32 

Biopsy specimens in celiac disease typically reveal a loss of 
intestinal villi associated with crypt hyperplasia and infiltration 
of the lamina propria by plasma cells and lymphocytes (Fig. 
43 -3). 33 Lesser degrees of villous atrophy may be present, 
however, ranging from mild villous flattening to partial villous 
atrophy or a flat mucosa. Because other diseases may cause loss 
of intestinal villi, biopsy-proven reversal of mucosal changes 
after gluten withdrawal is essential for confirming this diagno¬ 
sis. Nevertheless, some patients may develop disease that is 
refractory to gluten withdrawal. 

Radiographic Findings 

Although endoscopic or capsular biopsy is required for a defini¬ 
tive diagnosis of celiac disease, enteroclysis may help establish 
the diagnosis in patients with atypical symptoms. 34 Enteroclysis 
is particularly of value for detecting complications in patients 
with known celiac disease and a poor response to medical 


Figure 43-3 Celiac disease. A. A jejunal resection 
specimen demonstrates marked flattening and loss of 
villi (short arrows). The crypts are elongated relative to 
the height of the villi ("crypt hyperplasia") (double 
arrow). There is an increased inflammatory infiltrate 
expanding the lamina propria. The muscularis mucosa 
(mm), submucosa (sm) circular muscle layer of the 
muscularis propria (C), longitudinal muscle layer of the 
muscularis propria (L), and serosa (s-tiny arrow) are 
identified. (H & E, 40 x). B. Capsule endoscopy shows 
villous atrophy of the jejunum. 
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Figure 43-4 Celiac disease. 

A. This spot radiograph from 
enteroclysis shows a paucity of 
folds (two to three folds/inch) 
in two loops of jejunum (j). 
However, the folds are of normal 
thickness. B. Coronal reformatted 
CT scan in another patient show 
markedly increased small bowel 
secretions. Note that the ileal 
folds (red arrow) are larger than 
jejunal folds (yellow arrow). 


therapy or patients with recurrent symptoms despite gluten 
withdrawal. 34-36 

The radiographic findings in celiac disease reflect the villous 
atrophy that results in loss of mucosal surface area. This mucosal 
atrophy is manifested as a decreased number of folds in the 
proximal jejunum (Fig. 43-4), the portion of the small bowel 
that is most severely atrophic. Three or fewer folds per inch are 
present in 75% of adult patients with known or suspected celiac 
disease. Four folds per inch in the proximal jejunum is inde- 
terminate for celiac disease, because the proximal jejunum nor¬ 
mally has four to seven folds per inch. The mucosal surface 
pattern may appear finely reticular in uncomplicated celiac 
disease, with polygonal radiolucent islands of mucosa sur- 
rounded by barium-filled grooves. 34 35 This radiographic pattern 
reflects the “mosaic” pattern visualized when celiac mucosa is 
examined under a dissecting microscope. Villous atrophy 
reveals the underlying groove pattern of the mucosa and crypt 
openings. 

In contrast, ileal folds may be increased in number and 
thicker than normal in celiac disease, an adaptive response to 
increase the mucosal surface area of the small bowel. 38 This 
phenomenon has been termed jejunization of the ileum. If 
jejunal or proximal ileal folds are enlarged or nodular, compli- 
cations such as ulcerative jejunoileitis, lymphoma, or edema 
related to hypoproteinemia should be suspected. 35 Nevertheless, 
thickened nodular folds and discrete mucosal nodules can be 
seen in the duodenum in patients with uncomplicated celiac 
disease (Fig. 43-5), reflecting the effect of gastric acid on atro¬ 
phic duodenal mucosa, in association with inflammation, 
Brunner’s giand hyperplasia, and gastric metaplasia. 39 " 41 

Enteroclysis is much more accurate than small bowel follow- 
through studies for evaluating fold patterns and establishing the 
diagnosis of celiac disease or one of its complications. However, 
transient intussusceptions occur in 25% of patients with celiac 
disease, and these intussusceptions are better shown on small 
bowel follow-throughs. 42,43 Diffuse hypomotility in celiac 
disease may also be better shown on small bowel follow-through 
studies. 



Figure 43-5 Duodenitis in celiac disease. This spot radiograph 
centered on the second and third parts of the duodenum shows thick, 
nodular folds. 


Complications 

The major complications of celiac disease include malabsorp¬ 
tion refractory to gluten withdrawal, hyposplenism, neuropa- 
thy, intestinal ulceration and pneumatosis, lymphadenopathy, 
the cavitary mesenteric lymph node syndrome, and malig- 
nancy. 35,3 In patients with known celiac disease, complica¬ 
tions are frequently heralded by development of fever, acute 
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abdominal pain, abdominal distention, weight loss, or steator- 
rhea, despite adherence to a gluten-free diet. CT and enterocly- 
sis are complementary radiologic tests for the diagnosis of these 
complications. 46 

Splenic atrophy occurs in one third to one half of patients 
with celiac disease. 47 ' 4 ' Decreased splenic size correlates with 
decreased splenic function. 49 A small spleen may be shown on 
any radiologic test capable of visualizing the spleen. 

Mesenteric and retroperitoneal lymphadenopathy are not 
uncommon in celiac disease and are usually caused by reactive 
lymphoid hyperplasia. 1 Mesenteric or retroperitoneal lymph¬ 
adenopathy can be of low attenuation (Fig. 43-6), reflecting fat 
deposition in lymph nodes, or of normal attenuation. The cavi- 
tary mesenteric lymph node syndrome is a rare, usually fatal 
disorder, typically occurring in patients with celiac disease or 
patients with small bowel villous atrophy refractory to a gluten- 
free diet. " This condition is characterized by markedly 
enlarged, cavitary lymph nodes filled with lipid-rich hyaline 
material. CT may reveal mesenteric or retroperitoneal masses 
of low attenuation, with or without fat-fluid levels (Fig. 43-7). 35 

Although numerous malignant tumors have been described 
in patients with celiac disease, there is defmitely an increased 
incidence of squamous cell carcinoma of the pharynx and 
esophagus and of adenocarcinoma and lymphoma of the small 
bowel in these patients. 24,55 ' 62 Malignant tumors are the most 
common cause of death in adults with celiac disease. 59 ' 63 

Small bowel lymphomas are T-cell lymphomas in patients 
with celiac disease. These tumors have a 300-fold higher inci¬ 
dence in celiac disease than in the general population and are 
the most common malignant tumors complicating celiac 
disease. 24,57,58 T-cell lymphomas in celiac disease are distinet 
from typical B-cell small bowel lymphomas. T-cell lymphomas 
usually involve long segments of bowel. Both T- and B-cell 
lymphomas may have a multifocal distribution. Unlike most 
small bowel lymphomas, T-cell lymphoma tumors tend to be 
located in the jejunum rather than in the ileum. 35 T-cell lym¬ 
phomas are usually manifested on barium studies, and CT and 
magnetic resonance imaging (MRI) scans (Fig. 43-8) by thick- 
ened, nodular folds in long segments of jejunum. 35 In some 



Figure 43-6 Lymphadenopathy in celiac disease. This CT scan 
shows numerous low-attenuation lymph nodes (arrow) in the root of 
the small bowel mesentery and in the retroperitoneum (r). 


patients, however, radiographic studies may reveal a cavitary or 
annular lesion (Fig. 43-9). 

Radiologic differentiation of T-cell lymphoma from ulcer- 
ative jejunoileitis is not possible. Ulcerative jejunoileitis is an 
entity in which multiple uleers develop in the small bowel 
during the fifth or sixth decade of life. 64,65 About 75% of these 
patients have celiac disease or villous atrophy unresponsive to 
gluten withdrawal. 46 Patients usually present with fever, abdom¬ 
inal pain, weight loss, or abdominal distention. This entity is 
complicated by GI bleeding, perforation, or obstruction. Ulcer- 
ation is most prominent in the jejunum but is also seen in the 
ileum or colon. Thickened, nodular folds may be present in the 



Figure 43-7 Cavitary mesenteric lymph node syndrome. This CT 
scan shows numerous ovoid masses in the abdomen. The masses have 
fat and debris levels ( arrows ). These represent enlarged, cavitary lymph 
nodes that could be mistaken for loops of small bowel with air-fluid 
levels. However, the fat and fluid attenuation of the nodes and the lack 
of opacification by positive oral contrast should suggest the correct 
diagnosis. (From Rubesin SE, Flerlinger H, Saul SH, et al: Adult celiac 
disease and its complications. RadioGraphics 9:1045-1066, 1989.) 



Figure 43-8 T-cell lymphoma complicating celiac disease. This 
coronal MRI scan shows mural thickening of the jejunum ( long arrow ) 
and enlarged lymph nodes ( arrows ) in the adjacent mesentery. 
(Courtesy Gabriele Masselli, MD, Rome, Italy.) 
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Figure 43-9 T-cell lymphoma complicating celiac disease. This 
spot radiograph from enteroclysis shows a short annular lesion ( large 
arrow) with central ulceration ( small arrows) in the jejunum. Note the 
decreased number of jejunal folds proximal to the lesion because of 
underlying celiac disease. 



Figure 43-10 Ulcerative jejunoileitis complicating celiac disease. 

This spot radiograph during the early phase of enteroclysis shows a 
loop of jejunum with moderately thickened, irregular folds ( arrows ) 
caused by ulcerative jejunoileitis. Also note a decreased number of 
normal-sized folds more proximally in the jejunum (J) because of 
underlying celiac disease. (From Rubesin SE, Merlinger H, Saul SH, 
et al: Adult celiac disease and its complications. RadioGraphics 
9:1045-1066, 1989.) 


jejunum, mimicking the radiographic appearance of lymphoma 
(Fig. 43-10). Some cases of ulcerative jejunoileitis may progress 
to stricture formation (Fig. 43-11). 

Small bowel adenocarcinomas are usually annular infiltrat- 
ing lesions involving the duodenum or jejunum. 35 These tumors 
have a threefold higher incidence in celiac disease than in the 
general population. They are usually advanced tumors at the 
time of diagnosis. 53 

TROPICAL SPRUE 

Tropical sprue is a persistent contamination of the small bowel 
by enteric pathogens that occurs in residents of endemic tropi¬ 
cal or subtropical areas such as the Caribbean, southeast Asia, 
and India. Travelers to endemic areas usually develop tropical 
sprue only after prolonged visits. The disease is uncommon in 
children. Patients initially suffer a watery diarrheal illness that 
may remit or progress to chronic malabsorption. Although 
unproven, it has been postulated that colonization of the small 
intestine by toxigenic strains of coliform bacteria causes tropical 
sprue. 66 Combined folate and vitamin B 12 deficiency in tropical 
sprue can lead to megaloblastic anemia. In tropical sprue, 
villous atrophy is partial and crypt hyperplasia is not severe. 
The histologic changes of tropical sprue are found in the duo¬ 
denum, jejunum, and ileum, unlike the duodenal and jejunal 



Figure 43-11 Strictures in ulcerative jejunoileitis complicating 
celiac disease. This spot radiograph from enteroclysis shows 
three short segments of ringlike narrowing ( arrows ) in the 
jejunum. (From Rubesin SE, Merlinger H, Saul SH, et al: Adult 
celiac disease and its complications. RadioGraphics 9:1045-1066, 
1989.) 
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changes in celiac disease. Tropical sprue responds to antibiotic 
and folate therapy. 24 

Tropical sprue is radiographically distinet from celiac disease. 
Thickened folds are seen in the jejunum (Fig. 43-12) and even 
the ileum, in contrast to the normal-sized folds (although 
decreased in number) in uncomplicated celiac disease. 

GIARDIASIS 

The protozoan Giardia lamblia is a frequent cause of endemic 
and epidemic diarrhea worldwide. Outbreaks of diarrhea are 
less frequent in the United States. Rarely, giardiasis is heralded 
by malabsorptive symptoms. 6 The protozoan attaches to the 
mucosal surface of the intestine, causing little damage to the 
underlying small bowel. 33 Barium studies in patients with giar¬ 
diasis usually show no abnormalities. In severe cases, thickened 
folds may be seen in the distal duodenum and proximal 
jejunum. 68,69 There may be rapid transit of barium and spasm 
in the proximal small bowel. 70,71 

WHIPPLE'S DISEASE 

Tropheryma whipplei (formerly called Tropheryma whippelii) is 
a gram-positive bacillus with a thick wall and trilaminar mem- 
brane. 72 This recently cultured (1991) bacterium is responsible 
for the rare systemic bacterial disease first described by George 
Whipple in 1907. It has been postulated that a defeet in 
monocyte-macrophage funetion prevents affeeted individuals 
from eliminating the Whipple’s bacillus. 



Figure 43-12 Tropical sprue. This spot radiograph from a small 
bowel follow-through shows moderately thickened, slightly undulating 
folds in the jejunum. Unlike celiac disease, the number of folds per 
inch in the jejunum is normal. 


Whipple’s disease usually occurs in whites, particularly men, 
with a male predominance of 6:1. 74 GI symptoms include 
bloating, weight loss, and steatorrhea. Extraintestinal manifes¬ 
tations include arthritis, arthralgias, cardiac disease, fever, and 
multiple central nervous system fmdings, including dementia 
and myoelonus. Arthritis is the most common extraintestinal 
manifestation. These patients typically have a migratory arthri¬ 
tis involving large and small joints. Cardiac involvement is char- 
acterized by pericarditis, valvular defeets, and congestive heart 
failure. Peripheral lymphadenopathy is not uncommon. 

Whipple’s disease is typically manifested on barium studies 
by thickened, nodular folds, primarily in the distal duodenum 
and jejunum (Fig. 43-13). 75 Fine mucosal nodularity is some- 
times demonstrated as a result of villous blunting caused by 
expansion of the lamina propria by lacteals distended with fat 
and by innumerable macrophages containing digested bacilli. 33 

CT may reveal enlarged, low-attenuation lymph nodes in the 
mesentery and retroperitoneum (see Fig. 43-22). 76 Fat accumu- 
lation in obstructed lymph nodes accounts for this low- 
attenuation lymphadenopathy. Other causes of low-attenuation 
mesenteric and retroperitoneal lymphadenopathy include 
Mycobacterium avium-intracellulare infeetion in patients with 
AIDS, celiac disease, and metastatic testicular carcinoma. 35,77,78 

The diagnosis of Whipple’s disease is confirmed on biopsy 
specimens showing a lamina propria packed with periodic 
acid-Schiff (PAS)-positive macrophages containing gram¬ 
positive, acid-fast, negative bacilli. 33 Electron micrography may 
be performed to verify the diagnosis. 

EOSINOPHILIC GASTROENTERITIS 

Eosinophilic enteritis is a rare heterogeneous group of disorders 
characterized by an eosinophilic infiltrate in various organs and 
various layers of the GI tract. Symptoms depend on the distri¬ 
bution and location of the eosinophilic infiltrate. If the small 
bowel mueosa and submueosa are infiltrated by eosinophils, 
mild steatorrhea, protein loss, weight loss, and iron deficiency 



Figure 43-13 Whipple's disease. This overhead radiograph from a 
small bowel follow-through shows thickened, nodular folds in the 
proximal and mid small bowel. 
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may occur. Eosinophilic infiltration of the muscularis propria 
results in gastric outlet obstruction or small bowel obstruc¬ 
tion. 79 Eosinophilic infiltration involving primarily the serosa 
of the small bowel is rare but can result in eosinophilic ascites. 
Eosinophilic enteritis usually develops during the third to sixth 
decades of life. About 50% of patients have a peripheral eosino- 
philia or an allergic history (including asthma, hay fever, drug 
sensitivity, or urticaria). The diagnosis of eosinophilic enteritis 
requires biopsy confirmation of eosinophilic infiltration of the 
small bowel wall in the absence of extraintestinal disease or 
parasitic infection. 

Eosinophilic infiltration of the small bowel can involve the 
jejunum or entire small bowel, is typically patchy, and can be 
unifocal or multifocal. With the mucosal form of eosinophilic 
enteritis, barium studies may reveal smooth or nodular, thick- 
ened folds perpendicular to the longitudinal axis of the small 
bowel (Fig. 43-14). 81,82 Spasm is a frequent finding. Eosinophilic 
enteritis can mimic the radiographic findings of other diseases 
causing submucosal bleeding in the small bowel (e.g., isch- 
emia). Concomitant gastric disease is found in about 50% of 
patients. In these patients, barium studies may reveal antral 
polyps or thickened, nodular antral folds. Thus, clues to the 
diagnosis of eosinophilic enteritis include simultaneous involve- 
ment of the gastric antrum and small bowel, peripheral eosino- 
philia, and history of allergic diseases. 

AMYLOIDOSIS 

Amyloidosis is a gro up of diseases characterized by the extracel- 
lular deposition of insoluble fibrillar proteins with specific 
histologic staining and characteristic features on electron 
microscopy. In primary amyloidosis and amyloidosis associated 
with multiple myeloma, a variable portion of an immunoglob- 
ulin light chain is deposited predominantly in the muscular 
layers of the small bowel. This results in small bowel hypomotil- 
ity. Primary amyloidosis also affects the tongue, heart, kidneys, 
biood vessels, nerves, and muscles. In secondary and hereditary 
forms of amyloidosis, amyloid is primarily deposited in the 



Figure 43-14 Eosinophilic enteritis. This spot radiograph from a 
small bowel follow-through shows thickened, straight folds (small 
arrows) in several loops of distal small bowel and an abnormal surface 
pattern (thick arrow) in the terminal ileum. 


mucosa, resulting in malabsorption. Secondary amyloidosis is 
associated with chronic GI diseases such as Crohn s disease and 
schistosomiasis and chronic systemic inflammatory diseases 
such as tuberculosis, rheumatoid arthritis, leprosy, chronic 
osteomyelitis, and familial Mediterranean fever. Ischemia and 
infarction can result from amyloid deposition in biood vessels. 

Barium studies reveal abnormalities in the small bowel in 
about 40% of patients with primary amyloidosis, including 
decreased small bowel motility; transient intussusceptions; 
thickened, nodular folds; focal ulceration; and, rarely, acute 
perforation. Enteroclysis may reveal a finely granular 
mucosal surface pattern, reflecting blunting of villi and deposi¬ 
tion of amyloid in the lamina propria. 85,86 Large amyloid depos- 
its in the lamina propria may be manifest by 4- to 10-mm, 
smooth-surfaced, nodular elevations (Fig. 43-15). 85 Chronic 
ischemia and infarction may also be manifested by numerous 
3- to 4-mm nodules and by erosions and thickened mucosal 
folds. 85 Although ischemic changes are reversible, the fine gran- 
ularity and submucosal nodules do not respond to therapy. 85 

SHORT GUT SYNDROME 

Resection of large lengths of the small intestine results in an 
acute diarrheal illness and long-term malabsorptive State. 87 
Disease States that lead to extensive small bowel resections 
include vascular damage from volvulus, superior mesenteric 
artery embolus, superior mesenteric vein thrombosis, and 
strangulated hernia, Crohn’s disease, radiation enteropathy, and 
abdominal trauma. Barium studies are of value for document- 
ing the amount of small intestine remaining (Fig. 43-16) and 
the presence of residual or recurrent small bowel disease— 
usually the same disease that necessitated small bowel resection. 
Barium studies may also reveal postsurgical complications such 
as adhesions and anastomotic strictures. Other complications 
include gastric hypersecretion with ulcer formation and renal 
calculi caused by hyperoxaluria after ileal resection. Ileal resec¬ 
tion can also lead to cholelithiasis. 



Figure 43-15 Amyloidosis involving the small bowel. This spot 
radiograph from a small bowel follow-through shows smooth, 
thickened folds (small arrow ) caused by edema from low-grade 
ischemia and focal nodularity (large arrow) caused by amyloid 
deposits in the submucosa. 
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Figure 43-16 Short gut syndrome. This overhead radiograph 
shows a total of only three loops of small bowel from the 
duodenojejunal junction (D) to the ileocecal valve (I). The small bowel 
is dilated but not obstructed. 


In some patients, portions of the remaining small intestine 
compensate for the loss of bowel by increasing the thickness 
and number of folds to increase the absorptive capability of the 
small bowel. 88 As a result, barium studies may reveal an increased 
number of ileal folds and increased fold height and thickness. 

Nonformation of Chylomicrons 

ABETALIPOPROTEINEMIA 

Abetalipoproteinemia is a rare, autosomally transmitted disor- 
der that is heterogeneous at the molecular level. 89 This disorder 
is linked to a defect in the microsomal triglyceride transport 
protein (MTTP). 89 Triglycerides and cholesterol esters are nor¬ 
mally secreted from cells in association with the large, hydro- 
phobic, apolipoprotein B (apoB). MTTP is an enzyme found in 
the endoplasmic reticulum necessary for the assembly of apoB- 
containing lipoproteins. 89 Without functioning MTTP, fats 
cannot be transported out from the basal membrane of entero- 
cytes. This results in the accumulation of absorbed fats and 
fat-soluble vitamins within enterocytes. Triglycerides also accu- 
mulate in hepatocytes. 

Symptoms and age at onset vary, depending on the specific 
defect in apoB-lipoprotein synthesis. Clinically apparent mal- 
absorption may develop at any time, from infancy to early 
adulthood. Vitamin E deficiency results in spinocerebellar 
degeneration and acanthocytosis. Vitamin A deficiency results 
in retinitis pigmentosa, which typically develops during the 
second decade of life. Mental retardation may also be present. 

Barium studies may reveal moderately thickened, nodular 
folds in the duodenum and proximal jejunum (Fig. 43-17). 90 It 
is difficult to explain the radiographic Åndings on the basis of 
the underlying pathology. There is no villous distortion or infil¬ 
tration of the submucosa in abetalipoproteinemia, only 



Figure 43-17 Abetalipoproteinemia. This spot radiograph of small 
bowel shows mildly thickened, irregular folds, possibly caused by 
intestinal secretions that prevent barium from adequately coating the 
mucosal surface because the microscopic pathology does not explain 
the apparent fold thickening in this condition (Courtesy Hans 
Merlinger, MD.) 

accumulation of fat in enterocytes near the tips of the villi. No 
fat droplets are seen in the intercellular spaces or lymphatics. It 
has therefore been postulated that these “thickened folds” on 
barium studies are an artifact of malabsorption, in which 
increased secretions prevent barium from adequately coating 
the mucosa. 91 

Lymphatic Obstruction 
and Lymphangiectasia 

Primary intestinal lymphangiectasia results from a congenital 
abnormality of lymphatic development. Secondary lymphangi¬ 
ectasia results from lymphatic obstruction in the small bowel 
wall and mesentery because of cardiac failure, retroperitoneal 
fibrosis, radiation therapy, or mesenteric lymph node involve- 
ment by Whipple’s disease, tuberculosis, sarcoidosis, lymphoma, 
or carcinoid tumor. 

Lymphatic obstruction results in abnormal absorption of 
chylomicrons and fat-soluble vitamins, excessive leakage of 
lymph into the intestinal lumen, and impaired circulation 
of enteric lymphocytes. Chylous ascites results from serosal and 
mesenteric lymphatic obstruction. Blockage of the thoracic 
duet causes chylous pleural effusions. 

In patients with primary lymphangiectasia, symptoms 
usually develop in older children and young adults. Diarrhea is 
present in 80% of patients. Steatorrhea is less common, occur- 
ring in 20% of patients. 2 Edema of the extremities and chylous 
pleural effusions are common. Patients may develop hypogam- 
maglobulinemia, lymphocytopenia (particularly of T lympho¬ 
cytes), and hypoproteinemia. 
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Barium studies typically reveal thickened, straight, parallel, 
relatively smooth folds in the jejunum and ileum (Fig. 43-18). 92 
Disproportionate involvement of the duodenum and jejunum 
occurs in some patients. 93 Dilated lymphatic lacteals may cause 
villous distention and blunting, manifested radiographically by 
sharply defined 1-mm nodular radiolucencies in the small 
bowel (Fig. 43-19). Luminal distention is uncommon. CT may 
reveal a thickened small bowel wall (Fig. 43-20). In patients with 
secondary lymphangiectasia, CT may also reveal lymphade- 
nopathy of normal or low attenuation. 

Multifactorial Diseases 

DIABETES MELLITUS 

From 10% to 20% of patients with severe diabetes mellitus have 
diarrhea without malabsorption. 94 Steatorrhea, if present, is 
usually mild. Steatorrhea in patients with diabetes mellitus has 
a variety of causes, including hypomotility with bacterial over- 
growth, pancreatic exocrine insufficiency, malabsorption of bile 
salts, and abnormal small bowel absorption or secretion. About 
4% to 9% of patients with type 1 diabetes have clinical celiac 
disease related to the HLA-DR31-DQ2 haplotype. 33 The patho- 
genesis of diabetic malabsorption is uncertain. The proximal 
vagus nerves and sympathetic nerves of the small bowel show 
varying demyelination, but the myenteric and submucosal plexi 
are histologically normal. 95 As a result, diabetics with symptoms 
related to the small bowel usually have a severe neuropathy and 
often also have a nephropathy and retinopathy. Barium studies 
may reveal small bowel transit that is normal, slow, or rapid. 
Some patients may have accompanying gastroparesis. 

CYSTIC FIBROSIS 

Cystic fibrosis is an autosomal recessive disorder caused by 
a variety of defects in the cystic fibrosis transmembrane con- 
ductance regulator gene (CFTR) on chromosome 7q32. 9< At 
least 1000 mutations have been discovered in this gene, account- 
ing for the wide variation in the severity and presentation of 
cystic fibrosis. Abnormalities in the CFTR gene in epithelial cells 



Figure 43-18 Lymphangiectasia. This spot radiograph of jejunum 
from enteroclysis shows smooth, mildly thickened, slightly undulating 
folds. 


result in abnormal duodenal bicarbonate secretion, 97 abnormal 
activity of peptide hydrolases, and abnormal chloride secretion. 
Loss of pancreatic enzyme secretion and subsequent maldiges- 
tion further compound small bowel problems. Malabsorption, 
if present, is related to bile acid and pancreatic exocrine 
abnormalities. 96,98 



Figure 43-19 Lymphangiectasia. This spot radiograph from 
enteroclysis shows mildly thickened, irregular folds. Tiny mucosal 
nodules (arrow) are seen in one region because of enlarged, bulbous 



Figure 43-20 Lymphangiectasia. This CT scan through the upper 
pelvis shows diffuse thickening of the small bowel wall in profile (open 
arrow) and en face (large arrow). Stranding of the small bowel 
mesentery reflects dilated lymphatics and mild mesenteric lymph 
node enlargement (small arrows). 
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Figure 43-21 Cystic fibrosis. This spot radiograph from a small 
bowel follow-through shows luminal dilation and moderately 
thickened, straight folds. 


Although cystic fibrosis does not cause a small bowel-related 
malabsorptive syndrome, it does lead to a meconium ileus 
equivalent, often resulting in a functional distal small bowel 
obstruction or even intussusception of the distal ileum." 100 The 
proximal colon and distal small bowel are filled with thick, 
viscous fecal material. Cystic fibrosis is included in this chapter 
because folds in the duodenum and mesenteric small bowel 
may appear thickened (Fig. 43-21). 101 The cause of these thick¬ 
ened folds is uncertain. It has been postulated that thick seere- 
tions coating the mucosa prevent barium from approaching the 
epithelial layer, leading to the erroneous impression of thick¬ 
ened folds. Whatever the explanation for thick folds, the pos- 
sibility of ischemia or another malabsorptive State may 
erroneously be considered in patients with cystic fibrosis. 

Differential Diagnosis of Fold 
Enlargement in Malabsorption 

Small bowel folds are composed of mucosa and submucosa and 
are therefore enlarged by diseases involving the mucosa and 
submucosa. 91 Smooth enlargement of folds usually indicates 
edema, hemorrhage, or inflammation in the lamina propria and 
submucosa. Tiny nodules (0.5-2 mm) usually indicate villous 
enlargement by mucosal inflammation, amyloid infiltration, or 
lacteal obstruction. Gross nodularity of folds usually indicates 
focal deposition of inflammatory cells, amyloid, or tumor. 

Malabsorptive diseases manifested by thickened, smooth 
folds include giardiasis, lymphangiectasia, tropical sprue, and 
celiac disease complicated by severe hypoproteinemia. Fold 
changes in giardiasis and celiac disease occur in the proximal 
jejunum, whereas lymphangiectasia is more evenly distributed 
throughout the small bowel. Giardiasis is further characterized 



Figure 43-22 Lymphoma as a cause of diffuse nodular fold 
thickening. This spot radiograph from a small bowel follow-through 
shows moderately thickened, nodular small bowel folds (thick arrow). 
Tiny nodules reflect villous enlargement (thin arrow). This radiographic 
appearance is unusual for non-Hodgkin's lymphoma involving the 
small bowel but can be seen in T-cell lymphoma complicating celiac 
disease, Mediterranean lymphoma associated with 
immunoproliferative small intestinal disease, and lymphoma in 
patients with AIDS. (Courtesy K. Cho, MD.) 

by rapid small bowel transit and spasm. Celiac disease is usually 
associated with a decreased number of folds per inch. 

Malabsorptive diseases manifested by thickened, nodular 
folds include celiac disease complicated by lymphoma or ulcer- 
ative jejunoileitis, Whipple’s disease, amyloidosis, eosinophilic 
enteritis, abetalipoproteinemia, and mastocytosis. Thickened, 
nodular folds in celiac-related lymphoma or ulcerative jejuno¬ 
ileitis are usually focal and located in the jejunum. There also 
is a decreased number of folds per inch in 75% of patients 
with celiac disease. In Whipple’s disease and abetalipoprotein¬ 
emia, the folds are more diffusely abnormal, although jejunal 
predominance occurs in some patients. Whipple’s disease is 
typically a disease of middle-aged white men, whereas abetali¬ 
poproteinemia is a disease with retinitis pigmentosa and spino- 
cerebellar degeneration that develops during the second and 
third decades of life. Eosinophilic gastroenteritis typically has a 
multifocal distribution, often associated with ileal predomi¬ 
nance and skip areas. About 50% of patients with eosinophilic 
enteritis have a peripheral eosinophilia or allergic history. Amy¬ 
loidosis is more diffusely distributed throughout the small 
bowel. Coarse mucosal deposits (nodules >5 mm) of amyloid 
may be present. Fine mucosal nodules (enlarged villi caused by 
dilated lacteals) may also be seen in patients with lymphangi¬ 
ectasia if an optimal radiographic technique is used. 

Other diseases of the small bowel may produce thickened, 
finely nodular folds, but malabsorption is not present. About 
50% of patients with mastocytosis have flushing, tachycardia, 
headaches, and urticaria pigmentosa. Mucosal nodularity is 
usually multifocal. However, malabsorption is rare in patients 
with mastocytosis. Some patients with diffuse lymphoma have 
diffusely thickened, nodular folds in large segments of the small 
intestine (Fig. 43-22). This radiographic pattern is present in 
patients with mantie cell lymphoma and Mediterranean lym¬ 
phoma associated with immunoproliferative small intestinal 
disease (IPSID). 
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Clinical Considerations 

Primary neoplasms of the small bowel are uncommon and, 
although about 40 different histologic types of benign and 
malignant tumors have been identified, they constitute only 1% 
to 5% of all gastrointestinal neoplasms. 1. Almost 75% of the 
tumors found at autopsy are benign, whereas most of the symp- 
tomatic tumors and tumors detected at surgery are malignant. 
Regardless of the relative incidence of benign and malignant 
small bowel tumors, the low susceptibility of the small bowel to 
neoplastic transformation is remarkable when one considers its 
length, total mucosal surface area, and diversity of structural 
elements. 

Benign small bowel tumors are usually discovered in patients 
between 50 and 80 years of age and occur with equal fre- 
quency in men and women. Symptomatic patients may present 
with abdominal pain and other clinical features of partial 
or intermittent small bowel obstruction. 3 Intussuscepting 
neoplasms may cause significant intestinal obstruction and 
benign tumors are involved in most adult cases. Bleeding 
from benign tumors occurs in 40% to 50% of symptomatic 
patients. 3 Anemia, occult bleeding, or intermittent gastro¬ 
intestinal (GI) hemorrhage may be caused by ulceration of 
an epithelial adenoma or the mucosa overlying an intramural 
tumor. In clinical investigations in which enteroclysis was 
used to evaluate GI bleeding, small bowel neoplasms accounted 
for 50% of the diagnostic findings, with an almost equal 
detection of benign and malignant tumors. 6,7 Constitutional 
symptoms such as malaise, anorexia, and weight loss 
are uncommon in patients with benign small bowel neo¬ 
plasms, as is the ability to palpate the tumor on clinical 
examination. 


Imaging Considerations 

Diagnosis of benign small bowel neoplasms remains a dilemma 
because of the vagueness and paucity of symptoms as well as 
the diffkulty in detecting these lesions on conventional radio- 
logic studies. Because benign small bowel neoplasms are rela- 
tively uncommon, most radiologists do not have adequate 
experience with these tumors, so delayed or inaccurate diagno¬ 
sis is common. 1 More sophisticated diagnostic methods of 
intestinal evaluation in patients suspected of small bowel neo¬ 
plastic disease have been advocated. 8 

Barium-based methods of enteroclysis have been shown to 
be a reliable technique for the demonstration of small bowel 
tumors and the evaluation of occult GI bleeding and intestinal 
obstruction. 810 Enteroclysis may also allow for accurate differ¬ 
entiation of detected benign small bowel tumors. 9 ' 11 Computed 
tomography (CT) has now become the most readily available 
and commonly used imaging modality for the evaluation of 
patients with nonspecific abdominal symptoms. CT has the 
advantage of demonstrating intraluminal, mural, and extraint- 
estinal abnormalities simultaneously. Certain CT Åndings can 
differentiate benign and malignant small bowel tumors and, for 
some benign tumors such as lipomas and leiomyomas, may 
allow for a specific diagnosis. 1113 CT enteroclysis further 
improves the advantages inherent in multidetector CT (MDCT) 
scanners by using techniques of small bowel infusion via an 
enteric tube. 14,15 Whether performed with positive enteral con- 
trast media (e.g., iodinated, water-soluble) or preferably with 
neutral enteral contrast media (e.g., water) with intravenous 
(IV) contrast enhancement, CT enteroclysis has been shown to 
be an accurate method for the diagnosis of small bowel neo¬ 
plasms, with a reported sensitivity and specificity of 85% and 
97%, respectively. 16 CT enterography, an enteric CT study 
without intubated intestinal infusion, is an alternative to CT 
enteroclysis for the investigation of small bowel neoplasms. 17 

CT enterography is dependent on the patient’s ability to 
ingest a sufficient volume of oral contrast over a short period 
of time and interindividual variation in bowel transit time. The 
choice between the intubation-infusion method (enteroclysis) 
and oral approach (enterography) is one of preference and may 
also depend on the clinical indications, patient population, 
radiology practice, and diagnostic algorithms used by different 
centers. 18 Magnetic resonance imaging (MRI) of the small 
bowel has been advocated because of its superior soft tissue 
contrast resolution, which allows for the differentiation of 
various pathologic changes in the bowel wall, multiplanar 
imaging capability, lack of associated exposure to ionizing radi¬ 
ation, possibility of repeated serial acquisitions, and elimination 
of the need for an iodinated contrast medium. 19 Small bowel 
capsule endoscopy, although a sensitive technique for the detec¬ 
tion of mucosal disease, including intestinal polyposis, has been 
shown to have limitations in the diagnosis of small bowel 
tumors. 20 ' 22 
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Specific Tumors 

Although numerous benign tumors can be found in the small 
bowel, approximately 90% are adenomas, GI stromal tumors, 
lipomas, or hemangiomas. Reports of benign tumors arising 
from almost all mesenchymal cell types have appeared sporadi- 
cally in the literaturev Benign small bowel tumors often display 
similar morphologic features on imaging studies. Although a 
specific histologic diagnosis may be difficult, useful diagnostic 
observations can be made based on the number and location 
of tumors and on certain radiologic features that differentiate 
these lesions. 

ADENOMA 

Adenomas found within the small bowel are benign glandular 
epithelial neoplasms that are classified similarly to colonic 
adenomas and may exhibit a malignant predisposition. Approx¬ 
imately 40% are villous adenomas, and the remainder show 
a tubular or tubulovillous morphology. As with colonic adeno¬ 
mas, the finding of cellular atypia, a villous component, or 
large size increases the risk for malignancy. Most patients 
with adenomas are asymptomatic, but they may occasionally 
present with GI bleeding or intestinal obstruction secondary 
to intussusception. 

Most adenomas are small (1-2 cm) and have smooth or 
slightly lobulated contours. They may appear on barium studies 
as sessile or pedunculated intraluminal polyps or as small mural 
nodules on enteroclysis (Fig. 44-1). Radiologic differentiation 
from other polypoid lesions, such as polypoid carcinoma, ham- 
artomatous or inflammatory polyp, or other small submucosal 
neoplasms, is difficult. 

Although small bowel adenomas usually occur as solitary 
lesions, multiple lesions may be found as a manifestation of 
hereditary multiple polyposis syndromes (e.g., familial adeno- 
matous polyposis syndrome, Gardner’s syndrome). 1 Villous 



Figure 44-1 Adenoma. Enteroclysis shows a small (8-mm) jejunal 
adenoma appearing as a smooth, sessile mucosal nodule ( arrow). 


adenomas are sessile and lobulated, usually larger than most 
adenomatous polyps, have a strong predilection for the duode- 
num, and carry a higher risk for malignant transformation 
(Fig. 44-2). 24 

GASTROINTESTINAL STROMAL TUMOR 

Gastrointestinal stromal tumors (GISTs) constitute a major sub- 
set of GI mesenchymal neoplasms and are characterized immu- 
nohistologically by the expression of c-kit protein (CD117). 25,26 
These are typically single, firm, circumscribed neoplasms, usu¬ 
ally found in the stomach and small bowel. 2,3,26 GI bleeding, 
obstruction from intraluminal growth and compression or 
intussusception are common clinical manifestations. 

In reported preoperative series of patients with small bowel 
tumors, features on barium enteroclysis allowed for the accurate 
preoperative diagnosis of GISTs in 83% to 100% of patients. 10 
Submucosal tumors appear as smooth, round, or semilunar 
mural defects that are demarcated by sharp angles with the 
intestinal wall (Fig. 44-3). 

CT is particularly useful in depicting the nature and extent 
of small bowel GISTs. 28 These tumors appear on CT as sharply 
defined masses that display a homogeneous soft tissue density 
and uniform contrast enhancement. It is difficult to predict the 
malignant potential of these tumors by imaging alone; however, 
experience with CT suggests that malignant GISTs are larger 
than benign tumors, less uniform in shape, and of heteroge- 
neous tissue attenuation. 28 A more detailed discussion of GISTs 
can be found in Chapter 45. 

LIPOMA 

Lipomas of the small bowel account for 20% to 25% of all GI 
lipomas, and the small bowel represents the second most 



Figure 44-2 Tubulovillous adenoma. Enteroclysis shows an 
elongated jejunal tubulovillous adenoma ( arrows). 
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Figure 44-3 Gastrointestinal 
stromal tumor (GIST). A. The 

submucosal nature of the tumor 
is recognized on barium study 
by an area of semicircular mass 
effect on the lumen ( arrows ). 

The smooth surface results from 
stretching of the normal overlying 
mucosa. B. CT scan of the GIST 
(L) shows a smooth submucosal 
mass of homogeneous soft tissue 
(muscle) attenuation compressing 
the lumen (arrows). 



Figure 44-4 Intussusception of a lipoma. A dilated small bowel 
loop shows an abrupt narrowing of its lumen at the entry into the 
intussusception (black arrow). Also note the stretched coil spring 
pattern of folds typical of intussusception. The contour of the lipoma 
is visible at the apex of the intussusception (white arrows). 

common site for the occurrence of GI lipomas. 29 These benign 
neoplasms arise as a well-circumscribed submucosal prolifera- 
tion of fat that usually grows intraluminally; outward extension 
tends to be impeded by the firmness of the muscularis propria. 
Small bowel lipomas are usually solitary, relatively avascular 
lesions of variable size (1-6 cm). Most of these tumors occur in 
the ileum. Although most patients with lipomas are asymptom- 
atic, some may present with intermittent intestinal obstruction, 
possibly secondary to intussusception (Fig. 44-4). 



Figure 44-5 Lipoma. This CT scan shows a lipoma protruding into 
the bowel lumen (arrow). A well-circumscribed, intraluminal 
homogenous mass of negative attenuation consistent with fat is 
characteristic of an enteric lipoma on CT. 


Barium studies demonstrate a sharply demarcated, often 
pedunculated tumor that tends to conform to the contour of 
the small bowel lumen. 29,30 The configuration of the tumor may 
change during fluoroscopy with compression or peristalsis of 
the small bowel. CT can be diagnostic of small bowel lipoma by 
showing that the lesion has attenuation values consistent with 
those of fat 30 (Fig. 44-5). The presence of soft tissue stranding 
within an otherwise uniform lipoma on CT has been attributed 
to fibrovascular changes associated with ulceration of the 
tumor. 30 

HEMANGIOMA 

Benign angiomatous tumors are hamartomatous vascular 
growths, which are most likely congenital. Two principal forms 
are described—papillary (capillary) hemangiomas and cavern- 
ous hemangiomas. Cavernous hemangiomas predominate in 
the small bowel, occurring as simple polypoid tumors or, rarely, 
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as diffusely expansile lesions. 31 Microscopically, these submuco- 
sal neoplasms consist of enlarged vascular channels or sinuses 
lined by endothelium and surrounded by minimal stromal 
tissue. Hemangiomas may be single or multiple. Although most 
hemangiomas are only millimeters in size, some may enlarge 
and protrude into the lumen. Direct invasion of the mucosa or 
penetration beyond the serosa is uncommon. 

In contrast to other small bowel tumors, which are less likely 
to cause symptoms, 80% of patients with hemangiomas are 
symptomatic. Most of these patients present with GI bleeding 
that is often acute, severe, and intermittent. Anemia and occult 
fecal biood loss are also common clinical fmdings. 

Hemangiomas must be of sufficient size to produce an 
intraluminal or intramural nodular defect on barium studies 
(Fig. 44-6). Although a rare occurrence, the finding of calci- 
fied phleboliths on abdominal radiographs can suggest the 
diagnosis. When discovered in patients with vascular cutane- 
ous lesions or tuberous sclerosis, Turner’s syndrome, or Osler- 
Weber-Rendu disease, such radiographic fmdings should 
increase suspicion for intestinal hemangiomas. Mesenteric 
arteriography may be performed to demonstrate an intestinal 
vascular abnormality, but differentiation between small vas¬ 
cular tumors and other vascular malformations is difficult. 
In one reported case, CT demonstrated a large jejunal hem- 
angioma that appeared as a heterogeneous mass with promi¬ 
nent mesenteric vasculature. 32 CT enteroclysis and CT 
enterography performed with neutral enteral and IV contrast 
media have the potential to demonstrate a vascular heman- 
gioma, provided that the tumor is of sufficient size and the 
intestinal lumen is distended enough for optimal mural visu- 
alization (Fig. 44-7). 14 





Figure 44-6 Hemangioma. Double-contrast enteroclysis 
demonstrates a 1.5-cm, slightly lobulated mural nodule (arrow) in a 
patient with occult gastrointestinal bleeding. A hemangioma was 
confirmed at surgery. (From Maglinte DD, Lappas JC, Kelvin FM, et al: 
Small bowel radiography: Flow, when, and why? Radiology 163:297- 
305, 1987.) 


UNCOMMON TUMORS 

Neurogenic tumors arise from the intramural neural plexus of 
the small bowel. Neurofibromas are the nerve tumors most 
frequently encountered and are composed of nerve sheath ele¬ 
ments, notably Schwann cells and fibroblasts. Neurofibromas 
may occur as single tumors or, more commonly, as multiple 
lesions, with or without systemic neurofibromatosis type 1 
(NF1). Although rare in the general population, neural tumors 
of the small bowel have been reported in 10% to 25% of patients 
with neurofibromatosis. 33 Symptomatic neurofibromas in NF1 
are most common in the jejunum; clinical manifestations vary 
depending on tumor extent. Mucosal involvement may lead to 
GI bleeding or obstruction from intussusception or volvulus. 
Neurofibromas may originate within the intestinal wall, appear- 
ing as solitary or discrete multifocal intraluminal or intramural 
masses. Multiple or diffusely elongated tumors are evident as 
mural thickening on CT, whereas on barium studies, these 
tumors create scalloping of the intestinal wall from the intra¬ 
mural and intraluminal components of the neurofibromas. 33 
Neurofibromas of mesenteric origin may encroach on adjacent 
small bowel, producing mass effect on the serosal surface, or 
may directly infiltrate the intestinal wall, producing focal or 
diffuse mural thickening and rigidity or submucosal or mucosal 
masses (Fig. 44-8). 

Ganglioneuromas arise from sympathetic ganglia and 
manifest as focal polypoid lesions, multifocal polyps (ganglio- 
neuromatous polyposis), or diffuse infiltrating lesions (ganglio- 
neuromatosis). Imaging characteristics of these tumors are 
similar to those seen in the many forms of neurofibromas. 33 

Inflammatory fibroid polyps, also referred to as inflamma- 
tory pseudotumors, are encountered almost exclusively in the 
ileum. They are usually solitary and are composed of a vascular 
fibrous stroma with a diffuse inflammatory infiltrate. Their 



Figure 44-7 Cavernous hemangioma by CT. This is a coronal 
contrast-enhanced CT enteroclysis image of a patient with anemia 
requiring blood transfusions. There is a 1.3-cm polypoid mass (arrow) 
in the proximal jejunum that shows brisk enhancement. 
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Figure 44-8 Plexiform neurofibroma. This CT scan in a 6-year-old 
boy with neurofibromatosis type 1 shows an elongated soft tissue mass 
in the right lower quadrant (white arrows) contiguous with multiple 
segments of small bowel (black arrow). Surgical pathology confirmed 
infiltration of the small bowel wall into the intermyenteric plexus. 


exact cause remains uncertain, but they likely develop as 
an exuberant response to local intestinal injury. 1 Barium 
studies demonstrate a nonspecific smooth, rounded mass in 
the distal small bowel. Affected individuals may occasionally 
present with obstructive symptoms caused by intussusception 
of the polyps. 34 

Myoepithelial hamartoma is a rare developmental tumor 
consisting of varying amounts of pancreatic tissue, smooth 
muscle, and epithelial structures. The term ectopic pancreatic 
rest is used to describe these lesions when there is a predomi- 
nance of pancreatic acinar tissue. Most myoepithelial hamar- 
tomas occur in the gastric antrum or duodenum, but some 
have been reported in the mesenteric small bowel. 23 Myoepi¬ 
thelial hamartomas are small, solitary lesions that appear 
on barium studies as smooth mural masses with occasional 
umbilication. 

Heterotopic gastric mucosa may occur as an isolated lesion 
in the mesenteric small bowel or may be associated with mal- 
formations such as Meckel’s diverticulum or an enteric duplica- 
tion. Occasionally, barium studies may demonstrate a polypoid 
(sessile or pedunculated) lesion in the small bowel. 

Polyposis Syndromes 

FAMILIAL ADENOMATOUS 
POLYPOSIS SYNDROME 

Familial adenomatous polyposis syndrome (FAPS) and its vari¬ 
ants (Gardner s syndrome and Turcot s syndrome) are different 
manifestations of a hereditary disorder caused by a germline 
mutation of the adenomatous polyposis coli gene. 35 Adenoma¬ 
tous polyps in FAPS typically involve the colon but, to a lesser 
degree, the small bowel may manifest duodenal and jejunoileal 
adenomas and ileal lymphoid polyps. Of patients with FAPS 
and duodenal adenomas, 76% were fo und to have additional 
adenomas in the proximal jejunum, and 24% had distal jejunal 
and ileal polyps visualized by capsule endoscopy. Isolated 
adenomas of the distal jejunum or ileum are rare, occur ring in 



Figure 44-9 Familial adenomatous polyposis syndrome (FAPS). 

This CT scan from an enteroclysis performed with water-soluble 
contrast shows multiple polyps ( arrows ) within the jejunum. 


only 3% of FAPS patients. " 6 Because small bowel polyps in FAPS 
occur more frequently in those patients with sentinel duodenal 
adenomas, CT enteroclysis and capsule endoscopy may have an 
important role for the diagnosis of small bowel disease (Fig. 
44-9). 20,22,36 

Desmoid tumors are benign proliferations of musculoapo- 
neurotic fibrous tissue that are locally aggressive and tend to 
recur without distant metastasis. Desmoid tumors are reported 
in 10% of patients with FAPS, with 50% of the tumors being 
intra-abdominal—85% to 100% of these tumors are confmed 
to the mesentery. CT is an ideal imaging method for the dem¬ 
onstration of desmoids, because it can show the extent of tumor 
invasion within the mesentery and affected small bowel. 38,39 

PEUTZ-JEGHERS SYNDROME 

Peutz-Jeghers syndrome (PJS) is an unusual autosomal domi¬ 
nant disorder with variable penetrance; about 50% of cases are 
familial and 50% are new mutations. PJS is characterized by GI 
hamartomatous polyps, mucocutaneous melanotic pigmenta- 
tion, and a signifkant risk for developing a variety of malignan- 
cies. 40,41 Patients with PJS present in early life with pigmented 
macules on the lips, buccal mucosa, and volar surfaces of the 
hånds and feet. Cutaneous lesions often predate the formation 
of GI polyps, but typically fade during adolescence, with only 
the buccal lesions persisting into adulthood. Signs of GI polyps 
may be evident during the second or third decade of life, with 
GI bleeding or abdominal pain caused by transient small bowel 
intussusceptions. 

Histologically, the polyps in PJS are benign hamartomas 
containing a proliferative smooth muscle core and lined by 
normal intestinal epithelium. These polyps are more commonly 
found in the jejunum than in the ileum, but may also occur 
in the stomach or colon. Patients with PJS are at increased risk 
for intestinal and extraintestinal malignancies, including esoph- 
ageal, gastric, small bowel, colorectal, breast, ovarian, and pan¬ 
creatic cancers. 40,41 Most of the reported carcinomas of the GI 
tract in PJS patients appear to develop from coexisting adeno¬ 
mas rather than from the hamartomas, but a hamartoma- 
adenoma-carcinoma sequence is suspected in some cases. 40 
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Figure 44-10 Peutz-Jeghers syndrome. CT enteroclysis performed 
with enteral water infusion and IV contrast enhancement shows 
multiple intraluminal polyps within the jejunum ( arrows). The fluid 
density of the neutral enteral contrast medium is juxtaposed with the 
enhancing bowel wall, increasing the conspicuity of the tumor. 


Barium studies may demonstrate luminal polyps of variable 
size in the small bowel. Larger polyps (2-3 cm) typically have 
a lobulated contour. Pedunculated lesions with broad-based 
attachments may also be found. 42,43 Diffuse proliferation of 
intestinal polyps is not typical for PJS because uninvolved 
small bowel segments usually alternate with other segments 
containing several hamartomas. PJS polyps may be detected 
on CT as soft tissue masses within the contrast medium-filled 
intestinal loops and are exquisitely displayed by CT enteroclysis 
(Fig. 44-10). 44 

COWDEN'S DISEASE 

Cowdens disease, or multiple hamartoma-neoplasia syndrome, 
is an inherited condition characterized by hamartomas and 
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other abnormalities of the skin, breast, thyroid giand, and 
intestinal tract. 41 Of patients with this disease, 80% present 
with benign dermatologic manifestations that serve as markers, 
with the most common being facial trichilemmomas, lipomas, 
and mucocutaneous keratoses. Patients with Cowdens syn¬ 
drome are at a particularly high risk for developing breast and 
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Small Bowel Metastases 
Summary 


Malignant tumors of the small bowel are rare and account for 
only 3% to 6% of gastrointestinal (GI) tract malignancies. The 
most common malignancies include adenocarcinomas, carci¬ 
noid tumors, GI stromal tumors, lymphomas, and metastases. 
The diagnosis of a small bowel neoplasm has been an ongoing 
challenge for radiologists. Despite almost four decades of surgi- 
cal and technologic advances in diagnostic modalities, the sur- 
vival of these patients has not changed, largely as a result of 
delays in clinical diagnosis. In this chapter, we examine the 
common small bowel malignancies and evaluate how the radi¬ 
ologist may better diagnose these lesions. 

The small intestine represents 75% of the length and 90% of 
the mucosal surface of the GI tract. Despite this large area of 
exposure to carcinogens, small bowel neoplasm are uncommon 
and account for only 3% to 6% of GI neoplasms. Possible 
reasons for the low prevalence of small bowel cancers include 
rapid transit time reducing mucosal exposure to carcinogens, a 
high volume of fluid diluting carcinogens, the absence of bacte- 
rial degradation of bile salts, a high proliferation rate and apop- 
tosis of mucosal cells, and immunomodulation by high levels 
of immunoglobulin A produced by the abundant ileal lym- 
phoid tissue. 2 

Despite advances in diagnostic imaging and operative tech- 
niques, the survival of patients with primary malignant tumors 
has not changed in the last two decades. 3 The main reasons for 
the absence of survival benefit are delayed diagnosis 4 and lack 
of novel adjuvant therapies. 3 Patients with small bowel neo¬ 
plasms often present with nonspecific symptoms such as 
abdominal pain or GI bleeding. 1 Given the relative rarity of 
small bowel tumors, physicians have a low index of suspicion. 
The imaging tests ordered initially, such as fluoroscopic studies 
and routine abdominopelvic CT, have low sensitivity for small 
bowel neoplasms, which leads to further diagnostic delay. We 
will discuss general considerations for the imaging of suspected 
small bowel neoplasms and then examine the five most 
common small bowel malignancies—adenocarcinoma, carci¬ 
noid tumor, GI stromal tumor, lymphoma, and metastatic 
tumor (Table 45-1). In diagnosing small bowel malignancies, 
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location in the proximal or distal small bowel is an important 
differentiating factor. 

The growth pattern of small bowel malignancies may be 
exoenteric or endoenteric. An exoenteric growth pattern is 
characterized by extension of tumor into the outer layers of the 
small bowel wall and mesentery without growth into the lumen, 
although an extrinsic luminal indentation may be seen. In con- 
trast, an endoenteric growth pattern is characterized by tumor 
confmed to the lumen and bowel wall without extension into 
the adj acent mesentery. Occasionally, a mixed pattern, with a 
dumbbell appearance, may be seen. Other imaging features 
such as the presence or absence of adenopathy, mesenteric 
masses, or bowel obstruction and the vascularity of liver metas¬ 
tases (if any) help narrow the differential diagnosis. 

Imaging Small Bowel Neoplasms 

When a small bowel neoplasm is suspected, small bowel entero- 
clysis or small bowel follow-through has traditionally been per- 
formed. These studies are relatively insensitive for the diagnosis 
of malignant small bowel tumors. In various series, abnormali- 
ties were present on small bowel follow-through in 53% to 83% 
of patients with primary malignant small bowel tumors, but 
direct evidence of tumor was found in only 30% to 44% of 
patients. In general, enteroclysis has better accuracy than small 
bowel follow-through. 4 6 Nevertheless, a major limitation of 
enteroclysis is the lack of demonstration of extraintestinal 
abnormalities. 

Techniques that allow for optical visualization of tumors 
include video capsule endoscopy and double-balloon endos- 
copy. These techniques are usually performed by GI physicians. 
Detailed discussions of these techniques have been published. 
Capsule endoscopy is now routinely performed for unexplained 
GI bleeding or suspected small bowel disease. It depicts small 
bowel mucosa very well (Fig. 45-1) but has many limitations, 
including lack of visualization of submucosal lesions (Fig. 45-2), 
limited angle of view, susceptibility to becoming lodged at the 
site of a stricture, incorrect triangulation of the site of disease, 
and the need to view several thousand images 9 Double-balloon 
endoscopy allows for sampling of the lesion but is time- con- 
suming and often requires two procedures to evaluate the entire 
small bowel. 1011 This technique has a complication rate of 
approximately 1.2% to 3.6%, including bowel perforation, 12 has 
limited availability, and is only used in select cases. 

Cross-sectional imaging examinations are not only able to 
view the mucosa, but also the bowel wall and adj acent mesen¬ 
tery. Dedicated small bowel computed tomography (CT) or 
magnetic resonance imaging (MRI) techniques may be divided 
into enteroclysis or enterography procedures. CT enterography 
has been increasingly used as the first-line investigation in small 
bowel disease, including Crohn’s disease and small bowel neo¬ 
plasm. 1 In enterography, 1350 to 2000 mL of enteral contrast 
is ingested over a period of about 1 hour. In enteroclysis, a tube 
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Figure 45-1 Capsule endoscopy of proximal jejunum. This shows 
exquisite anatomic detail with depiction of individual villi. This degree 
of spatial resolution is not possible with imaging techniques. 

However, there are multiple pitfalls of capsule endoscopy. 



Figure 45-2 Typical findings of gastrointestinal stromal tumor. 

This 65-year-old man presented with obscure gastrointestinal 
bleeding. Coronal reformation of CT shows a mildly hypervascular, 
4-cm exoenteric mass ( arrowhead ) in the mid small bowel. This lesion 
was missed on prior capsule endoscopy (not shown). 


Typical Imaging Features of the Four Major Malignant Small Bowel Neoplasms 


Contrast 


Neoplasm 

Location 

Growth Pattern 

Enhancement 

Obstruction 

Other features 

Cancer 4 

Periampullary, 
prox. jejunum 

Endoenteric 

Variable, usually less 
than mucosa 

Common 

Apple core, constricting. 

Carcinoid 

Distal ileum 

Endoenteric 

Usually intense and 
homogenous 

Rare 

Small: often have spiculated mesenteric mass. 
Hypervascular liver metastases. 

NHL 

lleum 

Exoenteric 

Usually = or > than 
mucosa 

Rare 

Often large; may show aneurysmal dilation, 
often with adenopathy. 

GIST 

Jejunum 

Exoenteric 

Usually intense and 
homogeneous 

Rare 

Usually no adenopathy. May show liver or 
mesenteric metastases. 


*Endoenteric growth is into lumen of bowel, while exoenteric growth is outward into adjacent mesentery. 
f Frequency of small bowel obstruction. 

*Small bowel adenocarcinoma. 

GIST, Gastrointestinal stromal tumor; NHL, non-Hodgkin lymphoma; prox., proximal. 


is placed in the distal duodenum or proximal jejunum and 
enteral contrast is mechanically pumped into the small bowel 
using a dedicated hydraulic pump (preferably) or by hånd. In 
CT enteroclysis and enterography, the optimal enteral contrast 
is neutral contrast—with a Hounsfleld density similar to that 
of water. Water, methylcellulose, mannitol, polyethylene glycol, 
and a proprietary preparation of 0.1% barium sulfate suspen¬ 
sion (VoFumen, E-Z-EM, New York) are used. It is vital to 
administer an adequate bolus of intravenous (IV) contrast at a 
rate of 3 to 5 mL/s. Ideally, scanning should be done in at least 
two phases to include a late arterial phase (scan time to start, 
-35-50 seconds) and venous phase (70- to 80-second delay 
from contrast injection). Additional delayed phases may help 
demonstrate that the high density in the lumen is extravasated 
biood. 


MRI enteroclysis or enterography has different types of 
enteral contrast; the most commonly used contrast in the 
United States is 0.1% barium sulfate solution. Antiperistaltic 
agents are commonly administered. If glucagon is used, it is 
advisable to give 0.5 mg intramuscularly or subcutaneously at 
the start of the study and then the same dose again before 
the GI postcontrast phases. 14,15 The typical MRI enterography- 
enteroclysis protocol includes coronal T2-weighted, single-shot 
fast spin-echo (SSFSE) or coronal half-Fourier acquisition 
single-shot turbo spin-echo (HASTE), and coronal single-shot 
free precession sequences (e.g., fast imaging employing steady- 
state acquisition [FIESTA], fast imaging with steady-state pre¬ 
cession [FISP], fast held echo [FFE]). Postcontrast coronal, 3D 
fat-suppressed gradient echo sequences (e.g., volumetric inter- 
polated breath-hold examination [VIBE], liver acquisition 
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with volume acceleration [LAVA], Tl-weighted high-resolution 
isotropic volume examination [THRIVE]) need to be acquired 
in multiple phases, typically starting 35 seconds after gadolin- 
ium injection. 151 

A study of CT enteroclysis reported a sensitivity of 100% for 
diagnosing small bowel neoplasms (N= 21). 18 However, because 
this study did not have a reference standard, such as capsule 
endoscopy or long-term clinical and radiologic follow-up, it was 
not possible to ascertain its true sensitivity. A larger study of 
219 patients with suspected small bowel neoplasms reported a 
sensitivity of 85% and specificity of 97% with CT enteroclysis. 
A prospective MRI enteroclysis study of 150 patients (including 
19 with small bowel neoplasms) reported an overall sensitivity 
and specificity of 86% and 98%, respectively. 19 Another MRI 
enteroclysis study of 91 patients with suspected small bowel 
neoplasms fo und a sensitivity of 91% and 94% for the two 
blinded reviewers and a specificity of 95% to 97%. 1 It is likely 
that CT and MRI enteroclysis have a similar accuracy for diag¬ 
nosing small bowel neoplasms, which is considerably better than 
that of fluoroscopic studies. CT is faster and better tolerated by 
ill patients compared with MRI, but has the disadvantage of 
using ionizing radiation. To our knowledge, there are no pro¬ 
spective or large studies comparing the sensitivity of enteroclysis 
versus enterography for the diagnosis of small bowel neoplasms. 
In general, enterography is easier to perform than enteroclysis 
and is the preferred diagnostic option in most centers. 

Adenocarcinoma 

The incidence of small bowel adenocarcinoma increased from 
5.7/million in 1974 to 7.3/million in 2004. 20 Excluding periam- 
pullary tumors, the distribution is approximately 55% in the 
duodenum, 15% in the jejunum, and 13% in the ileum. There 
is a distal ileal preference in patients with Crohns disease. 
Tumors in the jejunum have a significantly better survival than 
those in the ileum. 3 

Adenocarcinoma of the small bowel has risk factors similar 
to those of colon cancer. Small bowel adenocarcinoma is 
associated with familial adenomatous polyposis (FAP) and 
hereditary nonpolyposis colorectal cancer (HNPCC). The 


generally accepted hypothesis is that adenocarcinoma occurs 
via an adenoma-carcinoma sequence and that there are muta¬ 
tions in key regulatory genes, such as p53 and k-ras , in a manner 
similar to that for colon cancer. 20 Other risk factors include 
Crohns disease and celiac disease. 

Small bowel adenocarcinoma typically presents as an 
annular, constricting mass (Fig. 45-3). Less common radio- 
graphic features of small bowel adenocarcinoma include a pol- 
ypoid or ulcerated mass or multiple filling defects. The tumors 
show heterogeneous enhancement on CT and MRI. Differentia¬ 
tion from active inflammation is important in diagnosing 
adenocarcinoma in the setting of Crohn s disease. Features that 
support the presence of malignancy include lack of mural 
stratification, asymmetric wall thickening, and a lobulated 
outer wall surface (Fig. 45-4). Mesenteric vascular congestion 
is unlikely to be seen in malignancy, unless there is coexisting 
inflammation. Surgery is the mainstay of treatment for small 
bowel adenocarcinoma. Adjuvant chemotherapy has been used 



Figure 45-3 Typical tindings of small bowel adenocarcinoma. 

Axial CT on a 67-year-old presenting with small bowel obstruction. 
There is an annular, constricting mass ( arrow ) in the proximal jejunum, 
with upstream bowel dilation ( arrowhead). The location of this tumor 
and its imaging findings are characteristic of adenocarcinoma. 



Figure 45-4 Diagnosing cancer in Crohn's disease. A, B. Axial CT scans in 41-year-old woman show mild wall thickening in the terminal ileum 
(white arrowhead). There is mural heterogeneity, with enhancement of the mucosa and edema in the submucosa. More proximally, an 8-cm 
segment of substantial wall thickening with homogeneous enhancement is seen ( black arrowhead). B. There is proximal shouldering ( black 
arrowhead). At surgery, Crohn's disease was found in the terminal ileum. The more proximal lesion was an adenocarcinoma. Good bowel 
distention and an IV contrast bolus are required to diagnose cancer in the presence of inflammatory bowel disease ( white arrowhead). 
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increasingly, although there are no conclusive data that support 
its benefit 20 

Carcinoid Tumors 

The current term for all carcinoid tumors is gastro enterop an- 
creatic neuroendocrine tumors. Surveillance, Epidemiology, and 
End Results (SEER) database findings on over 67,000 small 
bowel tumors, recorded over 30 years, have been published. 
These data show that the incidence of carcinoid tumor 
increased by 350% from 1974 to 2004." Carcinoid tumor is 
now considered to be the most common primary malignant 
lesion of the small bowel, with a slightly higher incidence 
(37.4% of all cases) than small bowel adenocarcinoma (36.9%). 
The incidence trajectory of carcinoid tumors, most likely the 
result of improved imaging technique, may widen this gap in 
the fut ure. 

Carcinoid tumors originate from the ectodermal cells of the 
neural crest and therefore may occur at any site in which these 
cells are present, including the GI, pancreatic, biliary, respira- 
tory, and genitourinary tracts and the thymus. Approximately 
95% of GI carcinoid tumors occur in the appendix, rectum, and 
small intestine. About 60% of small bowel carcinoid tumors 
occur within 40 cm of the ileocecal junction. There are no clear 
histologic differences between benign and malignant carcinoid 
tumors. All carcinoid tumors are potentially malignant, with 
the most important factor being the depth of invasion. Small 
bowel carcinoid tumors are more aggressive than appendiceal 
or colonic carcinoid tumors, and may show metastases even 
when small. Generally, tumors smaller than 1 cm are found to 
have metastasized 50% of the time, whereas tumors larger than 
2 cm are found to have metastasized 95% of the time (Fig. 
45-5). 21 Ileal carcinoid tumors usually metastasize to peritoneal 
sur faces, omentum, lymph nodes, liver, and lungs. 

The carcinoid syndrome consists of periodic cutaneous 
flushing, diarrhea, bronchospasm and, less commonly, valvular 
stenosis in the right heart. Only 20% of small bowel carcinoid 
tumors give rise to this syndrome. The liver deaminates 
serotonin secreted by the tumor into biologically inert 
5-hydroxyindoleacetic acid (5-HIAA). Thus, in 85% of patients 
with carcinoid syndrome, there are hepatic metastases, the seere- 
tions from which enter the systemic circulation directly. In some 
cases, the syndrome may occur in the absence of hepatic metas¬ 
tases if there is liver dysfunction, high tumor load, or retroperi- 
toneal metastases with venous outflow that bypasses the liver. 

Small bowel follow-through studies are only about 25% sen¬ 
sitive for carcinoid tumors. Somatostatin receptor nuclear scin- 
tigraphy is 70% to 80% sensitive. If a CT examination is also 
performed, the two techniques have a combined sensitivity of 
more than 90%. When a tumor is incidentally found in the 
distal ileum, carcinoid tumor should be the leading consider- 
ation. When visible on CT, the primary tumor typically has a 
smooth, rounded, and intensely enhancing appearance (Figs. 
45-5 and 45-6). The desmoplastic reaction caused by the release 
of vasoactive amines typically causes a spiculated mesenteric 
mass (see Fig. 45-6). This mass may be calcified in up to 70% 
of cases. 22 Depending on the severity of the desmoplastic reac¬ 
tion, there may be indrawing or fixation of adj acent bowel 
loops. Liver lesions are best demonstrated on dual-phase CT. 
Small metastases are typically hypervascular (see Fig. 45-5), 
whereas larger lesions are heterogeneous, with peripheral 
hyperdensity. On MRI, carcinoid tumors are isointense to 



Figure 45-5 Small bowel carcinoid. Coronal CT reformation in a 
59-year-old woman with carcinoid presenting with diarrhea and 
wheezing shows a 3-cm hypervascular mass in the distal ileum 
( arrowhead ). Despite the small size of the primary lesion, there are 
multiple hypervascular liver metastases ( arrows). 


muscle on Tl-weighted images and isointense to mildly hyper- 
intense to muscle on T2-weighted images. As with CT, intense 
enhancement may be seen. Positron emission tomography 
(PET) using 18 F-fluorodeoxyglucose (FDG) is only 25% to 40% 
sensitive because well-differentiated carcinoids are hypometa- 
bolic. FDG avidity correlates with malignant potential and has 
prognostic significance. PET with 18 fluorodopa is considered to 
be more sensitive than FDG PET, but this radiopharmaceutical 
has not yet been approved by the U.S. Food and Drug Admin¬ 
istration (FDA). 

Gastrointestinal Stromal Tumors 

A gastrointestinal stromal tumor (GIST) is the most common 
mesenchymal tumor arising from the GI tract. It is characterized 
by the expression of a tyrosine kinase growth factor receptor and 
a gain-of-function mutation at the KIT receptor. 23 This is signifi- 
cant because the mutation allows for unchecked growth of the 
tumor and resistance to apoptosis. Like other small bowel 
tumors, the clinical presentation of GISTs is often nonspecific. 
Like GI lymphoma, the most common site of GISTs is the 
stomach (70%), followed by the small bowel (20%). Within the 
small bowel, GISTs are usually located in the jejunum, 24 and 20% 
to 30% of GISTs are malignant at presentation. 25,26 Features 
associated with a poor prognosis include ileal location, tumor 
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Figure 45-6 Mesenteric mass of small bowel carcinoid. Coronal 
CT reformation in a 68-year old man with carcinoid syndrome shows 
a hypervascular terminal ileal endoenteric mass ( arrowhead ), with an 
adjacent spiculated mass [arrow) in the mesentery. Spiculated 
mesenteric masses occur because of a desmoplastic reaction and 
need not contain tumor cells. Unlike this case, most mesenteric 
carcinoid lesions show calcification. 



Figure 45-7 Ileal gastrointestinal stromal tumor. Coronal CT 
reformation in 54-year-old woman with obscure GI bleeding shows 
a 3-cm, intensely enhancing exoenteric mass (arrow) in the distal 
ileum. Its exoenteric nature made this mass more likely to be a 
gastrointestinal stomal tumor (GIST) than a carcinoid. Lymphoma 
is another possibility, but tends to be larger and has more 
heterogeneous enhancement. A GIST was diagnosed at surgery. 


size, and high mitotic activity. 25 Tumors smaller than 2 cm are 
typically confined to the bowel, whereas those larger than 5 cm 
are usually malignant and have associated metastases. 27 

Small GISTs (<5 cm) may show intense homogenous 
enhancement (Fig. 45-7; see Fig. 45-2). Larger GISTs show 
heterogeneous enhancement with exoenteric growth 13 contain- 
ing areas of low attenuation because of central necrosis or 
high attenuation because of hemorrhage or calcification (Fig. 
45-8). 28,29 Some GISTs may show a mixed growth pattern 
with endoluminal and exophytic components and a dumbbell 
shape. GISTs may be missed by techniques that only assess 
the mucosa, such as barium studies and capsule endoscopy 
(see Fig. 45-2). Findings that suggest a poor prognosis on 
CT include size larger than 5 cm, lobulated outline, hetero¬ 
geneous enhancement, ulceration of tumor, and mesenteric 
fat infiltration (Fig. 45-9). 28 ' 31 

MRI often reveals a heterogeneous signal caused by internal 
hemorrhage and necrosis. On T1-weighted imaging, GISTs have 
low or intermediate signal, whereas on T2-weighted sequences, 
they exhibit heterogeneously high signal intensity. The most 
common metastases are to the mesentery and liver. Mesenteric 
metastases often show low density despite the primary tumor 
being hypervascular (see Fig. 45-9). Liver metastases are typi¬ 
cally hypervascular on CT or MRI prior to chemotherapy. 9 
Unlike adenocarcinoma and lymphoma, lymphatic spread is 
uncommon with GISTs. 29,32 If significant adenopathy or lung 
metastases are present, an alternative diagnosis should be 
considered. 


GISTs are relatively refractory to conventional chemotherapy 
and to radiotherapy. Surgical resection offers the best hope of 
cure. In the last 10 years, molecular therapy using tyrosine 
kinase inhibitors, has been developed. The first such drug was 
imatinib (Gleevec, Novartis, East Hanover, NJ). Sunitinib 
(Sutent, Pfizer, New York) and sorafenib (Nexavar, Bayer 
Healthcare, Wayne, NJ) are now also used as second- and third - 
line agents. Tyrosine kinase inhibitor drugs induce apoptosis of 
the tumor and are administered for metastatic disease and for 
large nonmetastatic primary tumors after surgical resection. 
Even when the resected specimen has clear margins, between 
40% and 90% of patients develop hepatic or mesenteric recur- 
rence, possibly because of microscopic spillage of tumor at the 
time of surgery. 27 

After chemotherapy, mesenteric and liver metastases become 
hypovascular and often completely cystic on CT (Fig. 45-10). 33 
As a result, treated metastases may be mistaken for benign liver 
cysts on CT. Such cystic lesions should not be considered non- 
viable. One of the first signs of relapse may be a new enhancing 
focus within a stable-sized cystic metastasis (see Fig. 45-10). 34 
Given that size changes are not a significant feature of response 
or relapse of liver metastases being treated with tyrosine kinase 
inhibitors, Response Evaluation Criteria in Solid Tumors 
(RECIST) criteria are not predictive of medium-term response. 
Other response criteria have been suggested that take into 
account changes in the enhancement pattern of metastases as 
a guide to therapy response (Table 45-2). 35 As yet, these criteria 
have not been validated in multiple institutions. Radiologists 
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Figure 45-8 Atypical gastrointestinal stromal 
tumors. A. Axial CT scan in a 52-year-old shows 
a 5-cm mass ( arrow ) arising exoenterically from a 
proximal jejunal loop (black arrowhead). The mass 
contains a focus of increased density (white 
arrowhead ) caused by hemorrhage. B, C. Axial 
CT scan in 44-year-old with cirrhosis and ascites 
shows an incidental mass ( arrows ). There 
is dense peripheral calcification and central 
cystic change. A GIST was diagnosed on surgical 
pathology. These findings are unusual at 
presentation, but often seen following therapy 
with imatinib. 



Figure 45-9 Assessing prognosis of GIST on CT. This 48-year-old woman had a GIST. A. At presentation, axial CT shows an 8-cm 
heterogeneously enhancing exoenteric mass (arrow) in the mid small bowel. The tumor was resected, and surgical pathology revealed a GIST 
with a high mitotic rate. B. Axial CT performed 4 months later shows interval growth of low-density mesenteric masses ( arrowheads ). 


should also be aware that imatinib causes hypoalbuminemia 
and ascites, which may be mistaken for tumor progression (see 
Fig. 45-10). 

Lymphoma 

GI lymphoma may be primary or secondary. Primary GI lym¬ 
phoma is diagnosed when the lymphadenopathy is confined to 
the region of the bowel mass, the peripheral white cell count 
and bone marrow aspirate are normal, and there is no evidence 


of disease in the liver or spleen, mediastinal adenopathy on 
chest radiographs, and palpable adenopathy. Secondary lym¬ 
phoma is diagnosed when multiple sites are affected. 

In the West, the most common site of primary GI lymphoma 
is the stomach (40%-75%), followed by the small bowel (20%- 
30%), ileocecal region (10%-20%), colon (10%), and esophagus 
(<1%). 36 In some parts of the world, such as the Middle East, 
small bowel lymphoma secondary to immunoproliferative dis- 
order accounts for 70% of GI lymphomas. In the small bowel, 
the ileum is the most common site (60%-65%) of involvement. 
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Figure 45-10 Treatment-related changes of GIST metastasis. This 69-year-old woman had a GIST and liver metastasis. A. Axial CT shows 
a metastasis of 10+ cm in the right lobe of the liver ( arrows ). B. Nine months after therapy with imatinib, the liver metastasis (white arrow) is 
smaller and completely cystic-appearing, without solid elements. It could be mistaken for a benign cyst if the prior examinations are not 
available. New-onset ascites (black arrow) is present and was misinterpreted by the radiologist as heralding peritoneal metastases. Ascites may 
be drug-induced and should not be reported as indicating tumor progression in the absence of solid mesenteric nodules. Imatinib is known to 
cause hypoalbuminemia, and albumin levels are used to determine the efficacy of therapy. The dose of imatinib was reduced because of the 
presence of moderate hypoalbuminemia. C. Axial CT performed 4 months later shows a mural nodule ( arrowhead ), a finding that indicates 
recurrent tumor. A new-onset mural nodule may be the only feature of tumor recurrence. 


table Comparison of RECIST 1.1 and Choi Criteria in 
45-2 Assessing Response of GIST to Chemotherapy 


Parameter RECIST 1.1 Criteria Choi Criteria 


Complete response 
(CR) 

Partial response 

(PR) 


Stable disease (SD) 
Proqressive disease 
(PD) 


Disappearance of 
lesions 

30+% decrease 
in size from 
baseline 

Not CR, PR, PD 

20+% increase in 
size from prior 
minimum 


lesions and no new 

10+% decrease 
in size or 15+% 
decrease in 
Hounsfield density 

10+% increase in 
size 

New or enlarging 
tumor nodules 


The Choi criteria were developed at the MD Anderson Hospital in 
Houston. They allow easier diagnosis of partial response because 
most GISTs show reduction in enhancement prior to reduction in size. 


An ileal predominance is also seen with carcinoid tumors, 
whereas a jejunal predilection is seen with adenocarcinomas 
and GISTs. Acquired immunodeficiency syndrome (AIDS) is 
associated with high-grade B-cell lymphoma, and celiac disease 
is associated with T-cell lymphoma. There is also a slightly 
increased risk of lymphoma in Crohns patients following 
therapy with antitumor necrosis factor. 3 8 Predictors of a poor 


prognosis include T-cell type, high-grade histology, tumor size 
larger than 10 cm (Fig. 45-11), and tumor perforation. 39,40 

As with other small bowel malignancies, small bowel lym¬ 
phoma presents with nonspecific symptoms. Several imaging 
patterns of small bowel lymphoma have been described. The 
most common finding is a predominantly homogeneously 
enhancing exoenteric mass measuring at least 2 cm in diameter 
(see Fig. 45-11). This is in contrast to carcinoid tumors, in 
which the primary tumor is endoenteric and usually smaller 
than 2 cm. Unlike adenocarcinomas, luminal narrowing or 
bowel obstruction is not a key feature of lymphoma. Unlike 
GISTs, adjacent moderate- to large-volume lymphadenopathy 
is often found with lymphoma. Less common findings of small 
bowel lymphoma include an exophytic mass with ulceration 
and central necrosis. Luminal enlargement may occur because 
of infiltration of the myenteric plexus. This finding is called 
aneurysmal dilation of bowel (Fig. 45-12) and may be found in 
other submucosal neoplasms, including GISTs and melanoma 
metastases. Lymphomas show a homogeneously low signal 
on Tl-weighted images and heterogeneously high signal on 
T2-weighted images. 

Small bowel lymphoma that is limited to bowel or associated 
with adjacent adenopathy (stages IE and IIE, respectively) is 
often treated surgically because of the risk of perforation 
with chemotherapy (Fig. 45-13). The treatment of widespread 
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Figure 45-11 Typical primary lymphoma of the small bowel. A 

43-year-old with celiac disease presented with abdominal pain and 
unexplained weight loss. Axial CT shows a large mass ( arrowheads) 
involving a long segment of mid small bowel. This exoenteric mass 
enhances homogeneously and does not cause proximal obstruction, 
The history raised suspicion of T-cell non-Hodgkin lymphoma (NHL) 
of small bowel. The exoenteric growth, long segment involvement, 
and lack of proximal bowel obstruction are also features of small 
bowel NHL. The T-cell histology and large tumor size are poor 
prognostic features. 



Figure 45-12 Aneurysmal bowel dilation in lymphoma. This 
48-year-old man presented with abdominal pain and anemia. Axial 
CT shows a 12-cm small bowel mass ( arrowhead ) with a distended 
lumen containing oral contrast and gas ( black arrow), a finding known 
as aneurysmal bowel dilation. The proximal bowel ( white arrow ) was 
unobstructed. This patient had B-cell non-Hodgkin lymphoma. 



Figure 45-13 Risk of perforation of small bowel lymphoma with chemotherapy. This 57-year-old woman had anemia. A. Coronal 
reformation at presentation shows extensive mesenteric adenopathy ( arrowhead ) and a large mass involving the terminal ileum (arrow). The 
involved bowel showed eccentric wall thickening. The lumen is distended as a result of aneurysmal dilation. The patient was treated with 
chemotherapy. B. Coronal reformation obtained 3 months later because of an acute abdomen shows an extraluminal gas pocket ( white arrow). 
The lateral wall of the ileum was almost nonexistent ( black arrow) and had perforated as a result of rapid tumor lysis. Note the marked regression 
of mesenteric adenopathy ( arrowhead). 
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lymphoma is not standardized. Management decisions may 
range from “watch and see” for asymptomatic, low-grade fol- 
licular lymphoma to combined chemotherapy and rituximab. 
Rituximab is a chimeric, monoclonal, anti-CD20 antibody that 
has been shown to be successful against B-cell lymphomas that 
express CD20 receptors in over 90% of cases. Rituximab may 
rarely cause an interstitial pneumonitis that can be mistaken on 
CT for tumor progression or a chest infection. 

Small Bowel Metastases 

Metastases to the small bowel often occur as an incidental 
Ånding in patients with known abdominal carcinomatosis. 
Metastatic tumor can involve the small bowel via intraperito- 
neal spread (the most common ro ute of spread), hematogenous 
dissemination, or lymphatic channels. Hematogenous spread 
to the small bowel is usually from malignant melanoma or 
breast or lung cancer. Postmortem studies show that up to 70% 
of patients with metastatic melanoma have small bowel metas¬ 
tases. As a general rule, cross-sectional imaging studies have a 
low sensitivity for detecting these metastases. 

In patients with known malignancy and small bowel obstruc¬ 
tion, the main considerations are adhesions, radiation-induced 
strictures, and metastases. Adhesions show sharp zones of tran¬ 
sitions, usually adjacent to the anterior parietal peritoneum. 
The presence of nodular defects or focal enhancement favors 
metastases (Fig. 45-14). Irregular bowel wall thickening of 
pelvic small bowel loops with a normal thickness of the proxi- 
mal jejunum favors radiotherapy. However, all these entities 
have overlapping imaging appearances. 

Summary 

The diagnosis of small bowel tumors has not significantly 
improved over the last several years, despite advances in medical 
and surgical management, the introduction of capsule endos- 
copy, and refinements in diagnostic imaging. In most cases, 
capsule endoscopy is superior to imaging techniques for the 
diagnosis of small bowel mucosal lesions. However, imaging 



Figure 45-14 Small bowel metastases causing obstruction. 

This 81-year-old man with known malignant melanoma presented 
with bowel obstruction. Axial CT shows a serosal mass (arrow) in the 
distal small bowel with upstream bowel dilation ( arrowhead ). Multiple 
melanoma metastases were found at surgery. 

tests have a complimentary role in diagnosis, primarily by better 
demonstration of the bowel wall and adj acent mesentery. Dedi- 
cated CT and MRI techniques such as enterography or entero- 
clysis should be used for the diagnosis of suspected small 
bowel neoplasms rather than small bowel follow-through or 
barium enteroclysis. Optimal technique requires adequate small 
bowel distention, multiphasic IV contrast sequences, and mul¬ 
tiplanar reformations. Using the location of tumor, size, exo- 
enteric or endoenteric growth pattern, enhancement pattern, 
and presence or absence of bowel obstruction (see Table 45-1), 
it is often possible to determine the type of small bowel neo- 
plasm on imaging studies. 
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In patients with known or suspected small bowel obstruction, 
the radiologist is called on to answer the following questions: 

• Is the bowel obstructed? 

• If so, what is the level of the obstruction? 

• What is the cause of the obstruction? 

• What is the severity of obstruction? 

• Does the patient have a closed loop or simple obstruction 
(Fig. 46-1)? 

• Is the bowel strangulated? 

• Are ischemic changes present? 

• Is immediate surgery needed, or should a trial of conserva- 
tive therapy be used? 

These questions are very important to answer because clini- 
cal Åndings may be misleading: approximately 88% of patients 
with partial small bowel obstruction resolve with conservative 
management within 48 hours; 37% of patients admitted with 
ischemic small bowel obstruction have a different clinical diag- 
nosis. The preoperative diagnosis of strangulation is made on 
clinical grounds alone in 48% of patients. The purpose of this 
chapter is to provide a working classification for radiologic 
thinking about small bowel obstruction. After a description of 
the causes of small bowel obstruction, this chapter will present 
a radiologic approach to suspected small bowel obstruction 
(Box 46-1). 

Terms Used in Describing Small 
Bowel Obstruction and 
Adynamic lleus 

Small bowel obstruction is a condition, not a disease. The term 
small bowel obstruction does not indicate the cause, severity, or 
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prognosis of the obstruction. The term ileus comes from the 
Greek variably meaning “to twist up,” “to wrap,” or “to roli up,” 1 
implying that a patient is rolied up in discomfort. The term 
ileus means that the bowel lumen is dilated, but must have a 
qualifier before it that indicates neuromuscular-based dilation 
or mechanical obstruction. Functional ileus, paralytic ileus, 
functional obstruction , and adynamic ileus are equivalent terms 
indicating that the bowel is dilated because there is abnormal 
intestinal motility that prevents succus entericus from progress- 
ing down the gastrointestinal (GI) tract. Common causes of 
adynamic ileus include drugs that alter bowel motility (e.g., 
narcotics), recent abdominal surgery, intestinal ischemia, peri- 
tonitis, neuromuscular disorders (e.g., scleroderma), and endo- 
crine disturbances (e.g., diabetes, hypothyroidism). If succus 
entericus cannot progress down the small bowel because the 
lumen is mechanically obstructed, the terms small bowel obstruc¬ 
tion, mechanical ileus, or mechanical obstruction can be used. To 
avoid confusion, we will only use two distinet terms— adynamic 
ileus and small bowel obstruction. 

Simple obstruction implies that the lumen is partially or 
completely occluded, but that biood flow is preserved. Strangu¬ 
lation or strangulated obstruction means that biood flow is 
compromised, leading to bowel wall edema, intestinal ischemia 
and, eventually, necrosis to perforation. A simple obstruction 
can be complete (i.e., no fluid or gas passes beyond the site of 
obstruction) or incomplete (i.e., some fluid and gas does pass 
beyond the site of obstruction). In open loop obstruction, intes¬ 
tinal flow is blocked distally, but the proximal loops are open 
and can be decompressed by vomiting or nasogastric intuba- 
tion. In closed loop obstruction, both flow into and flow out of 
the closed loop are blocked, resulting in progressive accumula- 
tion of fluid in the closed loop (see Fig. 46-1). 

Pathophysiology 

After food has been digested in the stomach and duodenum, 
most of the contents entering the jejunum are in fluid State. If 
the neuromuscular funetion of the bowel is preserved, a large 
degree of luminal narrowing is needed to cause obstruction. 
Narrowing can be caused by abrupt angulation, kinking, or 
compression of the lumen by extrinsic disease; circumferential 
compromise of the lumen by intrinsic disease, intussusception, 
and/or obturation by intraluminal contents. 

A series of physiologic factors leads to progressive accumula- 
tion of fluid in obstructed small bowel loops. Elevated intralu¬ 
minal pressures stimulate secretion of water and electrolytes 
into the lumen. 2 Release of hormones such as vasoactive intes¬ 
tinal polypeptide (VIP) and various prostaglandins stimulates 
epithelial secretion and inhibits fluid resorption. 3 5 Enzymatic 
breakdown of intraluminal contents inereases the osmolality of 
intraluminal contents, also drawing more fluid into the lumen. 

Intraluminal pressures are higher with closed loop than with 
open loop obstruction, 2 which leads to even further secretion 
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Figure 46-1 Simple versus closed loop small bowel obstruction. 

In simple small bowel obstruction (Simple), there is a single 
discordance of small bowel caliber at the transition point (TP). There is 
taoerina of the distention back to the liaament of Treitz (Lia of Treitz) . 

In closed loop obstruction (Closed loop), th e obstructed segment of 
bowel between the first transition point (TP A) and second transition 

point (TP B) becomes markedlv dilated and is at risk for ischemia. 

There is taoerina of the distention back to the liaament of Treitz 

proximal to TP A. The bowel is collapsed beyond the level of TP B. The 
dearee of bowel caliber is triolv discordant. most dilated between TP 

A and TP B, less dilated proximal to TP A, and collapsed beyond TP B. 
IC valve. ileocecal valve. 


of fluid into the closed loop. High intraluminal pressures even- 
tually exceed venous pressures and then capillary pressures. 
Loss of biood flow leads to the potential Cascade of edema, small 
bowel ischemia, necrosis, and perforation. Stasis in a closed 
loop obstruction also leads to bacterial overgrowth. Subsequent 
bacterial invasion of the bowel leads to further edema and 
inflammation. Release of bacterial toxins into the circulation 
causes shock. 2 

In simple (open loop obstruction) of the proximal small 
intestine, vomiting or intubation leads to the loss of gastric, 
pancreatic, and biliary secretions. Loss of electrolytes in these 
secretions results in dehydration, metabolic alkalosis, hypochlo- 
remia, hypokalemia, and hyponatremia. Only minor changes in 
fluids and electrolytes are seen with open loop obstruction 
involving the distal small intestine because less fluid is lost. 

Symptoms 

Open loop (simple) obstruction of the proximal small bowel is 
characterized by frequent, large-volume, often bilious vomit¬ 
ing. 2 Abdominal pain is intense, but is often relieved by vomit¬ 
ing. Abdominal distention and tenderness are minimal because 
the small bowel is decompressed by vomiting. 

In open loop (simple) obstruction of the distal small bowel, 
fluid bils the distensible small bowel loops. As a result, vomiting 
is infrequent and of low volume. Abdominal distention is of 
moderate to marked degree. 

In closed loop obstructions, reflex vomiting may be present, 
even if the obstruction is distal. Abdominal distention may be 
absent. Abdominal pain is progressive and may rapidly worsen 
if ischemia progresses to infarction and perforation. 


BOX 46-1 CAUSES OF SMALL BOWEL 
OBSTRUCTION IN ADULTS 


EXTRINSIC LESIONS 

Adhesions 
Hernias 
External 
Inguinal 
Femoral 
Obturator 
Sciatic 
Perineal 
Supravesical 
Spigelian 
Lumbar 
Incisional 
Umbilical 
Internal 
Paraduodenal 
Epiploic foramen 
Diaphragmatic (traumatic) 

Transomental 
Transmesenteric 
lliac fossa 

Extrinsic tumors in mesentery 
Lymphoma 
Peritoneal metastasis 
Carcinoid 
Desmoid 
Abscess 
Diverticulitis 

Pelvic inflammatory disease 
Crohn's disease 
Aneurysm 
Hematoma 
Endometriosis 
Congenital 
Annular pancreas 
Ladd's bands 

INTRAMURAL LESIONS 

Tumors infiltrating wall of small intestine 
Adenocarcinoma 
Carcinoid tumor 
Lymphoma (rare) 

GI stromal tumors (rare) 

Inflammatory conditions 
Crohn's disease 
Tuberculosis 

Potassium chloride or NSAID-induced stricture 
Eosinophilic gastroenteritis 
Vascular 

Radiation enteropathy 
Ischemia 
Hematoma 

Post-traumatic hematoma 
Thrombocytopenia 
Anticoagulants 
Henoch-Schonlein purpura 
Congenital 

Atresia, stricture, stenosis 

Duplication 

Meckel's diverticulum 

INTRALUMINAL CAUSES 

Obturation 
Gallstone 
Bezoar 
Foreign body 
Ascaris 

Meconium (cystic fibrosis) 

Intussuscepting tumor 
Inverted Meckel's diverticulum 
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Radiologic Imaging 

This section discusses the role of a variety of imaging modalities 
in patients with small bowel obstruction. 

PLAIN RADIOGRAPHY OF THE ABDOMEN 

The plain radiograph of the abdomen has traditionally been 
used as the first radiologic study in the work-up of acute 
abdominal pain and suspected small bowel obstruction. Many 
adults admitted with clinical suspicion of acute small bowel 
obstruction undergo surgery on the basis of clinical, physical, 
and laboratory Åndings in conjunction with plain abdominal 
radiographs. The diagnosis of small bowel obstruction on 
abdominal radiographs relies on the demonstration of dilated 
loops of small bowel (Fig. 46-2), identified by their smooth 
luminal contour, valvulae conniventes, and central location in 
the abdomen. Air-fluid levels may traverse the entire lumen 
loop of the loop) or be trapped as bubbles between folds at the 
top of a fluid-filled bowel loop, resulting in a string of pearls 
sign. Fluid-filled loops may not be seen on supine radiographs 
but may be recognized on erect or cross-table lateral decubitus 
radiographs. 

Plain abdominal radiographs have only moderate accuracy 
for the diagnosis of small bowel obstruction. In one series, 
abdominal radiographs had a sensitivity of 86% for the diag¬ 
nosis of high grade obstruction, but a sensitivity of only 56% 
for the diagnosis of low-grade obstruction. In another series, 
abdominal radiographs revealed small bowel obstruction in 
78% of patients with this condition. 8 Obstructions can be 
missed by abdominal radiographs if vomiting or nasogastric 
intubation leads to decompression of small bowel loops. Fluid- 
filled loops (Fig. 46-3) may not be visible, leading to a false¬ 
negative diagnosis or erroneous interpretation of the level of 
obstruction. In a few patients, abdominal radiographs may be 
obtained before fluid and air accumulates in the lumen and 
dilates the small intestine. A false-positive diagnosis of obstruc¬ 
tion occurs in up to 44% of patients, mistaking adynamic ileus 


or aerophagia for obstruction. The level of obstruction can be 
accurately predicted in about 75% of patients. 8 

Unfortunately, plain abdominal radiographs are poor at 
suggesting the diagnosis of strangulation. 9,10 In patients with 
strangulating obstruction, the underlying small bowel obstruc¬ 
tion is diagnosed in only 50% of patients. 9,10 Strangulation is 
suggested on abdominal radiographs by the demonstration of 
smooth, thick valvulae conniventes in a dilated loop or loops 
of small intestine. Linear pneumatosis paralleling in the wall 
of the small bowel or portal venous gas strongly suggests 
superimposed ischemia and infarction. Closed loop obstruc¬ 
tions are often not visible because they are fluid-filled. However, 
a dilated, fluid-filled loop that does not change location or 
configuration on serial abdominal radiographs suggests a 
closed loop obstruction. 

COMPUTED TOMOGRAPHY 

Given the limitations of plain abdominal radiographs, com- 
puted tomography (CT) has become the premier imaging tech- 
nique for the diagnosis of small bowel obstruction. 11 CT has a 
vital role in these patients because it is readily available, fast, 
and offers a comprehensive, noninvasive means of assessing the 
bowel lumen, bowel wall, and adjacent mesentery and vascular- 
ity. In comparison to barium studies, CT does not rely on oral 
contrast reaching the site of obstruction, but uses intestinal 
fluid proximal to the obstruction to outline the transition zone 
(see Fig. 46-3). 12 As a result, CT has become the imaging modal- 
ity of choice for diagnosing a variety of conditions, including 
adynamic ileus, acute or prolonged high grade small bowel 
obstruction, suspected strangulation or perforation, and acute 
inflammatory processes such as appendicitis, Crohns disease, 
or diverticulitis causing small bowel obstruction. CT is also the 
best examination for evaluating patients with a known primary 
tumor and suspected metastatic disease causing small bowel 
obstruction (Fig. 46-4). 

CT has an accuracy of almost 90% for the diagnosis high- 
grade obstructions versus an accuracy of only 50% for low-grade 


Figure 46-2 Plain radiographs 
demonstrating small bowel 
obstruction. A. Plain radiograph 
obtained with patient in 
supine position demonstrates 
diffuse small bowel dilation. 

B. Radiograph obtained with 
patient standing demonstrates 

numerous air-fluid levels ( arrows ). 
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Figure 46-3 Plain abdominal radiography limitations. A. Supine radiograph of the abdomen shows a gasless abdomen. B. Coronal 
reformatted CT scan performed several hours later shows a distal small bowel obstruction with fluid-filled small bowel loops (yellow arrow) and 
an ischemic jejunal loop (red arrow) with mural thickening. If the bowel is completely filled with fluid, plain abdominal radiographs will misjudge 
the presence and level of small bowel obstruction. 



Figure 46-4 Transition zone with mass demonstrated at CT. Axial 
CT image through pelvis shows a dilated ileum. There is invasion of the 
distal ileum by a carcinoma (arrow) of the rectosigmoid junction. 


obstructions. 7 CT can accurately predict the cause of obstruction 
in 70% to 95% of patients 12 ' 16 and can often suggest superim- 
posed ischemia and intestinal perforation. The entire abdomen 
is evaluated by CT, providing a vast array of information not 
demonstrated by an abdominal radiograph. For example, CT 
can identify a variety of causes of small bowel obstruction, such 
as carcinoid tumor, intraperitoneal or hematogenous metastasis, 
Crohns disease, appendicitis, and diverticulitis. 17 


Although CT is the premier means of evaluating patients 
with small bowel obstruction, it does have limitations. It is 
difficult to distinguish an adynamic ileus of the small bowel 
from a distal small bowel obstruction if a transition zone is 
not identified. 1 It can also be difficult to determine the loca¬ 
tion of the transition zone along the course of dilated small 
bowel, even with the ability to scroll through a scan on a 
picture archiving and Communications system (PACS) worksta¬ 
tion or visualize the intestine in any plane. The localization 
of the transition zone to an abdominal quadrant is not accurate 
in diagnosing the distance of the obstruction from the 
duodenal-jejunal junction because a markedly dilated jejunum 
may fall into the pelvis and an obstructed distal ileum may 
rotate into the left upper quadrant. Finally, although CT is an 
excellent technique for suggesting strangulation, it can usually 
but not always predict whether a bowel loop has reversible or 
irreversible ischemia or whether the affected small bowel will 
be viable at surgery. 18,19 Abnormal bowel wall thickening or 
mesenteric engorgement also cannot always predict surgical 
viability of the bowel. In the setting of ischemia, a CT finding 
of pneumatosis indicates breakdown in the mucosal integrity 
of the bowel wall and is strongly suggestive of ischemia. The 
CT finding of pneumatosis can usually but not always predict 
irreversible ischemia at surgery. Patients with CT Åndings of 
free intraperitoneal gas or portomesenteric gas have a greater 
likelihood of irreversible transmural necrosis than patients with 
pneumatosis alone. Nevertheless, CT is currently the modality 
of choice for acutely ill patients with suspected high-grade or 
complete small bowel obstruction, suspected strangulation, or 
suspicion of an inflammatory process (e.g., appendicitis, 
Crohns disease) or a hernia as the cause of small bowel 
obstruction. 20,21 
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BARIUM STUDIES 

Various barium studies may be performed on patients with 
suspected small bowel obstruction, including small bowel 
follow-through, enteroclysis (small bowel enema), barium 
enema, and studies performed via indwelling nasogastric, naso- 
jejunal, or jejunostomy tubes. 

The use of barium is safe in patients with suspected small 
bowel obstruction because barium does not form concretions 
in the small bowel lumen proximal to an obstructing lesion. In 
obstructed patients, the residual fluid in dilated small bowel 
loops prevents barium from dehydrating and agglomerating. 
Barium also does not form concretions in the proximal ascend- 
ing colon. However, concretions may form in the remainder of 
the colon because water is resorbed from the barium sulfate 
suspension. Therefore, barium sulfate should not be adminis- 
tered orally or via a proximal bowel tube in a patient with an 
obstructing lesion distal to the hepatic flexure of the colon 
because dense barium concretions can form, with the possibil- 
ity of stercoral ulceration and perforation. If there is any doubt 
about the location of bowel obstruction, CT or barium enema 
should be performed before barium is administered proximal 
to the site of a colonic obstruction. 

The presence of barium proximal to a small bowel obstruc¬ 
tion makes surgery more hazardous because barium that spilis 
into the peritoneal cavity may result in a form of granuloma- 
tous peritonitis. Some surgeons therefore request that small 
bowel examinations be performed with water-soluble contrast 
material rather than barium. Small bowel follow-through 
examinations using water-soluble contrast have even been 
advocated as a therapeutic technique to improve small bowel 
obstruction. 22 

The use of hypertonic water-soluble contrast in small bowel 
obstruction can be problematic. This draws fluid into the 
lumen, whereas the aim of therapy is to decompress the small 
bowel. Dilution of water-soluble contrast material by retained 
fluid also may result in very poor radiologic detail, compromis- 
ing the ability to diagnose small bowel obstruction or demon- 
strate the site and cause of obstruction. These limitations are 
partially obviated by the use of iso-osmolar iodinated oral con¬ 
trast agents. 


Small bowel follow-through and enteroclysis studies are not 
recommended to be performed in patients with high-grade 
distal small bowel obstruction. Because of small bowel dilation 
and diminished small bowel peristalsis, it may take an inordi- 
nate period of time for barium to reach the site of obstruction. 
Not infrequently, 24-hour follow-up radiographs must be 
obtained to visualize the site of a high-grade distal small bowel 
obstruction. By this time, the barium suspension is diluted and 
there is poor anatomic detail of the transition zone (Fig. 46-5). 
The transition zone may even be obscured by dilated-barium 
filled loops. 

If a study must be performed from above in a patient with 
a high-grade small bowel obstruction, prior passage of a Miller- 
Abbot tube, Cantor tube, or enteroclysis catheter with a built-in 
suction port 23,24 is helpful. The small bowel is first decompressed 
and then an antegrade barium study is performed. 

If more information is needed after CT, a single-contrast 
barium enema with reflux of barium to the site of small bowel 
obstruction is often better than an antegrade study in patients 
with high-grade distal small bowel obstruction (Fig. 46-6). After 
the administration of 1 mg of intravenous (IV) glucagon to 
relax the ileocecal valve, barium can be refluxed into the distal 
ileum in 85% of patients. Barium is then pushed retrogradely 
by the addition of water to the enema bag. This is an excellent 
technique that can easily visualize pelvic loops of ileum and 
even the proximal ileum or distal jejunum. A barium enema is 
also an excellent technique in patients with an ileocolic anasto- 
mosis. A long length of small intestine can be visualized by 
retrograde flow of barium through the ileocolic anastomosis, 
resulting in the excellent demonstration of a transition zone. In 
patients with an ileostomy or colostomy, a retrograde ileostomy 
or colostomy study can also be performed to diagnose a distal 
small bowel obstruction. 

Enteroclysis and small bowel follow-through examinations 
are reserved for patients with known or suspected low- 
grade small bowel obstruction. Enteroclysis should not be per¬ 
formed in patients with high-grade small bowel obstruction, 
suspected strangulation, suspected perforation, or adynamic 
ileus. Enteroclysis is superior to small bowel follow-through 
for the demonstration of short lesions such as strictures or 
tumors. By overdistending the small bowel lumen, enteroclysis 


Figure 46-5 Small bowel 
follow-through poorly 
demonstrating transition zone. 

A 24-year-old woman had acute 
abdominal pain and distention. 

A. Barium had not reached 
the colon after 10 hours. An 
overhead radiograph obtained 
24 hours after the ingestion of 
barium reveals diffuse small 
bowel dilation. The cecum (c) and 
ascending colon are relatively 
collapsed. A gap between the 
ileum (i) and cecum is minimally 
filled with barium ( arrow ). B. Axial 
CT scan through the pelvis 
demonstrates dilated ileum (I) 
and thick-walled distal ileum 
( arrows ). Inflammatory stranding 
surrounds the contrast-filled right 
external iliac artery. This patient 
had Crohn's disease. 
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Figure 46-6 Barium enema demonstrating inguinal hernia as 
cause of high-grade # small bowel obstruction. The jejunum (J) is 
dilated. Barium refluxes into the distal ileum (I) and stops at the 
internal ring of the right inguinal canal (arrow). 



Figure 46-7 Small bowel follow-through demonstrates low-grade 
obstruction by ischemic stricture. A 3-cm tapered narrowing (thick 
arrows ) has a small central ulcer (thin arrow ) and preserved folds. The 
jejunum (J) is dilated proximal to the stricture. (From Rubesin SE, 

Furth EE: Differential diagnosis of small intestinal abnormalities with 
radiologic-pathologic explanation. In Herlinger H, Maglinte DD, 
Birnbaum BA (eds): Clinical Imaging of the Small Intestine, 2nd ed. 
New York, Springer, 1999, pp 527-566.) 


can demonstrate subtle adhesions. Obstruction is implied by 
distention of the jejunal diameter to more than 4 cm and ileal 
diameter to more than 3 cm. A high-grade obstruction is 
implied by delayed passage of contrast to the transition zone, 
dilution of contrast material, and minimal passage of contrast 
material through the transition zone. A low-grade obstruction 
is diagnosed if there is delayed passage of contrast at the transi¬ 
tion zone itself. Small bowel follow-through examinations are 
more physiologic, however, with inherent small bowel motility 
propelling the barium down the intestinal tract, allowing a 
more accurate estimate of transit time. Small bowel follow- 
through examinations are also much easier on the patient and 
examiner, but only in the setting of low-grade or absent small 
bowel obstruction. Long lesions such as Crohns disease and 
ischemia (Fig. 46-7) can be easily demonstrated on small bowel 
follow-through in patients with low-grade obstruction. Small 
bowel follow-through examinations (especially with a peroral 
pneumocolon) are probably superior for the demonstration of 
the terminal ileum in comparison to enteroclysis. 

OTHER STUDIES 

CT and magnetic resonance (MR) enteroclysis are intubation 
techniques discussed in earlier chapters. 25 Similar to enterocly¬ 
sis, these techniques have no role in patients with suspected 
high-grade small bowel obstruction. These techniques may be 
of value for patients with carcinoid tumor, radiation therapy, 


and peritoneal metastasis. Transabdominal ultrasound and con- 
ventional MR imaging should be considered as primary imaging 
modalities for evaluating bowel obstruction only in the pediat- 
ric and pregnant population. 26 

Classification of Small 
Bowel Obstruction 

EXTRINSIC LESIONS 

Adhesions 

Adhesions are the most common cause of small bowel obstruc¬ 
tion, accounting for about two thirds of cases. 28,29 Most adhe¬ 
sions form after abdominal surgery; 10% to 15% of adhesions 
are attributed to prior or concurrent inflammation. 29 A small 
fraction of adhesions are thought to be congenital in origin. 
Although adhesions form in more than 90% of patients who 
have undergone laparotomy, only 5% of patients who have 
undergone laparotomy will develop an adhesive obstruction. 

About 1% of patients will develop a small bowel obstruction 
in the immediate postoperative period. About 90% of these 
early postoperative obstructions are caused by adhesions (Fig. 
46-8) and 7% by hernias, with the remainder related to abscess 
formation, intussusception, or technical factors. 31,32 

The most important radiographic Ånding in the diagnosis 
of small bowel obstruction is the abrupt transition from a 
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Figure 46-8 Partial small bowel obstruction by an adhesive 
band. Spot radiograph from an enteroclysis shows a long linear 
lucency ( black arrows), which represents an adhesive band Crossing 
the ileum. The ileum is focally narrowed ( white arrow) by the band. 
Note preservation of small bowel folds ( white arrow) in the area of 
narrowing and dilation of the bowel proximal to the band with 
collapse of bowel distal to the band. 


dilated to nondilated small intestine at the site of obstruction. 
On barium studies, a sharp, straight, or curved edge (Fig. 46-9) 
is seen where the adhesive band crosses the bowel lumen. The 
adhesion itself may be manifest as a narrow, bandlike radiolu- 
cency Crossing the bowel lumen between dilated proximal and 
collapsed distal loops. The bowel may be angulated toward the 
adhesion. Smooth, thin mucosal folds will be tethered toward 
the extraluminal adhesive process. The bowel may be com- 
pletely cut off, with a rounded, beaklike, or sharp edge. Mucosal 
folds are preserved and no mucosal nodularity or mass is 
present. Several loops may be pulled together at the site of adhe- 
sions. Multiple bands or extensive adhesions may be present. 
Multiple bands are often associated with scar formation along 
the anterior abdominal wall at prior incision sites. Extensive 
adhesions are often caused by prior extensive intra-abdominal 
inflammatory processes, such as traumatic perforation, perito- 
nitis, and postoperative abscesses. 

Adhesions are not usually seen on CT. The CT diagnosis of 
adhesions is a diagnosis of exclusion: there is an abrupt transi¬ 
tion from a dilated to collapsed small intestine without appar- 
ent cause (Fig. 46-10). 33 The transition zone may appear 
rounded or beaklike. 13,34 Other abnormalities can cause a transi¬ 
tion zone without apparent cause on CT, including small 
primary tumors, such as carcinoid tumor, small intraperitoneal 
metastases, and short inflammatory, ischemic, or drug-related 
strictures. 33 The CT diagnosis of adhesion is supported by a 



Figure 46-9 Adhesion causing complete small bowel obstruction. 

Abrupt beaklike narrowing (arrow) represents the site of adhesion 
obstructing the mid small bowel. (Courtesy Hans Herlinger, MD.) 



Figure 46-10 Narrowing at site of transition zone. Axial CT scan 
through the lower abdomen demonstrates dilated small intestine. 
There is an abrupt transition (arrow) between the collapsed and 
obstructed small bowel. The small bowel feces sign is present 
proximal to the obstruction. 

history of prior laparotomy in the absence of a history of a 
tumor with a predilection for peritoneal spread (e.g., ovarian 
carcinoma) or a known history of inflammatory bowel disease. 
The CT diagnosis of adhesions is accurate in 70% to 95% of 
patients. 7,1316,35 

Closed Loop Obstruction and Strangulation 

The most common causes of closed loop obstruction are single 
adhesive bands, internal or external hernias, or rents in the 
mesentery. 36,37 The trapped loop or loops become progressively 
dilated and fluid-filled. The vessels feeding the trapped intestine 
may be compressed by the band or hernia orifice or occluded 
by twisting of the mesentery; either process results in strangula¬ 
tion. Both dilation and the risk of strangulation of the trapped 
loops depend on the stage and degree of compression or 
twisting. 
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The radiographic findings of strangulation vary, depending 
on the level of trapping and twisting. Initially, the closed loop 
may not be dilated. In the usual patient, however, the closed 
loop is dilated and fluid-filled, with little or no intraluminal 
gas. If the closed loop(s) are parallel to the plane of recon- 
struction on CT, they appear as a C- or U-shaped configura- 
tion. 38,3 ' If the loops are imaged perpendicular to the plane 
of reconstruction, they appear in a radial configuration, with 
the trapped mesentery pointing toward the band or hernia 
orifice (Fig. 46-11). The loops that enter and exit the closed 
loop lay side by side and are narrowed or tapered at the level 
of the band or mesenteric rent. 40 The entry or exit site may 
have a beaklike appearance when imaged in cross section. The 
small intestine proximal to the closed loop may be dilated and 
fluid-filled, whereas the small intestine distal to the closed 
loop is collapsed. The mesenteric vessels radiate to the point 
of obstruction. 

With a strangulated obstruction, there is a continuum from 
bowel wall edema to mild to moderate ischemia to transmural 
infarction and, finally, to perforation. CT has a sensitivity of 
approximately 90% in the diagnosis of strangulation in a closed 
loop obstruction. 38 CT may reveal circumferential bowel wall 
thickening of low, normal, or high attenuation. With the use of 
IV contrast material, wall thickening may show enhancement, 
delayed enhancement, 41 or no enhancement. 42 On unenhanced 



Figure 46-11 Closed loop obstruction caused by transmesenteric 
internal hernia in a patient with prior Roux-en-Y gastric bypass 
surgery. Note the markedly distended jejunal segments (red arrows) 
within the hernia sac, which converge at its orifice (yellow arrow). 
Ascites is also present. 


CT scans, high-attenuation bowel wall thickening implies hem- 
orrhage with ischemia. The lack of contrast enhancement is 
clear evidence of vascular obstruction. 42 A mural stratification 
pattern (target sign), with low attenuation of the submucosa 
reflecting submucosal edema, may indicate a Spectrum of 
pathology ranging from bowel wall edema to full-thickness 
infarction. Pneumatosis in the wall of the closed loop indicates 
a rent in the mucosa and strangulation. A sloughed mucosa or 
debris in a lumen may have the appearance of feces. CT cannot 
fully predict viability of the bowel, even if pneumatosis is 
present. Air in the mesenteric veins or portal venous system is 
highly suggestive of nonviable bowel. 

If the closed loop is twisted, its mesentery appears twisted or 
whirled. 43 Fluid in the leaves of the small bowel mesentery is 
not specific for ischemia because intraperitoneal fluid is com- 
monly seen in simple small bowel obstructions. However, stran¬ 
gulation is implied by haziness of the mesenteric fat and large 
mesenteric vessels, findings reflecting mesenteric edema and 
venous engorgement, respectively, related to compression or 
twisting of mesenteric vessels. 

Enteroclysis or small bowel follow-through should not be 
performed in patients with high-grade small bowel obstruction 
and suspected closed loop obstruction. However, low-grade, 
potentially partial closed loop obstructions may occasionally be 
found on barium studies in less symptomatic patients (Fig. 
46-12). 44,45 There is adjacent smooth-surfaced compression of 
the inflow and outflow limbs as the trapped loops course under 
the band or through the hernia. 44 4 " Volvulus is implied by twist¬ 
ing of the folds at the point of obstruction. Smooth, thick val- 
vulae conniventes in a partially closed loop imply edema with 
possible ischemia. 



Figure 46-12 Partial closed loop obstruction demonstrated at 
enteroclysis. A loop of small bowel is focally dilated. As it enters and 
exits below an adhesive band, the loop is abruptly angulated and 
narrowed (arrow), and the folds are pulled toward the small bowel 
mesentery. 
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Figure 46-13 CT scan demonstrating Spigelian hernia resulting in closed loop obstruction with strangulation. A. Axial image through 
pelvis demonstrates four loops of intestine (between the i), with their mesentery ( arrows ) radiating toward the midline. Haziness of the small 
bowel mesentery results from vascular engorgement. B. Axial image just caudal to A demonstrates the mesentery radiating toward the left 
anterior abdominal wall ( arrowhead). The radially arranged bowel has a thick wall with a mural stratification pattern ( black arrow), indicative of 
minimum submucosal edema caused by ischemia. A loop of intestine is trapped in a Spigelian hernia ( large white arrow). The loop exiting the 
hernia is abruptly angulated ( open arrow). The site of volvulus is indicated by the open arrow and arrowhead. At surgery, a twist at the loop 
exiting the Spigelian hernia resulted in irreversible small bowel ischemia. 


Hernias 

Hernias occur at predictable sites of weakness in the abdominal 
wall where there is only fascia and peritoneum between the 
viscera and skin (Fig. 46-13). A wide variety of internal hernias 
(Fig. 46-14) occur at sites of mesenteric and omental weak¬ 
ness, normal openings of the peritoneal surface, or under 
adhesive or congenital bands. 46 ' 49 Prior to the era of lapa- 
rotomy, hernias were the most common cause of small bowel 
obstruction. 

Complications of hernias include incarceration, obstruction, 
and strangulation. Incarcerated hernias are not reducible, 
usually because of adhesions in the hernial sac. Urgent treat- 
ment is not always required because incarceration is not equiva- 
lent to obstruction or strangulation. Incarceration is not a 
radiologic diagnosis unless the fluoroscopist manually reduces 
the hernia (indicating that is not incarcerated) or the hernia 
retracts with change in the patients position. When incarcer¬ 
ated hernias cause small bowel obstruction, the obstruction is 
usually high grade or complete. 2 Strangulation is a serious and 
life-threatening complication. Strangulated hernias are tense 
and irreducible. 

Inguinal hernias comprise about 80% of anterior abdominal 
wall hernias; femoral hernias comprise only about 5%. 2 Ingui¬ 
nal hernias are more common in men than women (7:1), 
whereas femoral hernias are more common in women than 
men (1.8: l). 2 Most patients with an inguinal hernia have a 
patent processus vaginalis as the cause of the inguinal hernia. 
These hernias usually result from elevated abdominal pressure 
related to pregnancy, coughing, constipation, obesity, prosta- 
tism, or physical exertion. Inguinal hernias may be caused by 
weakening of the muscular aponeurosis and fascia because of 
age, cigarette smoking, or collagen deficiency (e.g., Marfans, 
Ehlers-Danlos, and Hunter-Hurler syndromes). 2 

Direct inguinal hernias occur at Hesselbach’s triangle, 
bounded anterosuperiorly by the inguinal ligament, medially by 
the rectus abdominis, and laterally by the inferior epigastric 
vessels that form the lateral umbilical fold. Herniations occur 



Figure 46-14 CT scan demonstrating a right paraduodenal 
internal hernia. There is a cluster of jejunal loops in the hernia sac 
(arrows) in the right upper quadrant. These loops are poorly perfused, 
and at surgery irreversible ischemia of the herniated intestine was 
found. 


inferiorly where this region is covered only by peritoneum and 
the transversalis fascia. Indirect inguinal hernias (Fig. 46-15) 
occur in the deep inguinal ring in a fossa bounded medially by 
the inferior epigastric vessels. Because of this anatomy, indirect 
inguinal hernias are lateral to the inferior epigastric vessels and 
direct inguinal hernias are medial to the inferior epigastric 
vessels. Congenital indirect inguinal hernias enter a patent 
tunica vaginalis. The risk of a major complication in a patient 
with an inguinal hernia is low. 

Weakness in the linea alba at the umbilicus leads to a umbili¬ 
cal or paraumbilical hernia (Fig. 46-16). Most pediatric umbili¬ 
cal hernias close spontaneously, but persistent umbilical hernias 
require surgery. 2 
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Epigastric hernias also occur in defects in the linea alba. 
These hernias are more frequent in men. Multiple hernias are 
seen in 20% of patients. Epigastric hernias usually contain 
incarcerated preperitoneal fat and do not contain a peritoneal 
sac. Gastric herniation is uncommon. 



Figure 46-15 CT scan demonstrating inguinal hernia. Coronal 
reformatted image shows a right inguinal hernia ( arrow) causing distal 
ileal obstruction. 


Complications in parastomal hernias are uncommon. 
However, peritoneal herniation develops in more than 50% of 
patients who have had a colostomy for at least 5 years. 

Above the semilunar line (the line of Spigel), the aponeurosis 
of each internal oblique muscle splits to surround the rectus 
abdominus, with its posterior half joining the aponeurosis of the 
transversus abdominis posterior to the ipsilateral rectus. Below 
the semilunar line of Spigelius, the aponeuroses of the external 
and internal oblique muscles and the transversus abdominis 
pass anterior to the rectus. Spigelian hernias occur below the line 
of Spiegel, because the junction of the rectus abdominis and 
lateral flank muscles is weak owing to the lateral abdominal wall 
muscle aponeurosis passing only anterior to the rectus. A Spige¬ 
lian hernia is usually small (1 to 2 cm) and intraparietal, rarely 
penetrating the fascia of the external oblique muscle (Fig. 46 -17). 
Spigelian hernias contain omentum, small bowel, or colon. 
Incarceration and strangulation are common complications. 

A Richter’s hernia is a hernia in which only one wall of a 
bowel loop enters the hernia. The involved wall bowel wall may 
become ischemic or gangrenous. 

The obturator foramen is covered by the obturator internus 
and externus muscles. The small superolateral corner of the 
obturator fossa is weakened at the site of penetration by the 
obturator nerve and vessel. Obturator hernias occur at this 
superolateral site (Fig. 46-18). 

CT and barium studies may reveal smooth, tapered com- 
pression of the bowel loops entering and exiting the hernia, 
with the degree of narrowing determined by the width of the 
luminal opening (Fig. 46-19). 50 Dilation of the small bowel 
proximal to the hernia indicates obstruction at the entry site 
caused by compression or twisting. Dilation of loops with the 
hernia itself suggests obstruction at the outflow loop. The 
radiographic Åndings of strangulation are similar to those of 
adhesive obstruction. The sigmoid colon is usually found in a 
leff inguinal hernia and the distal ileum usually enters a right 
inguinal hernia, although the cecum and appendix can also be 
pulled into a right inguinal hernia. On barium studies, lateral 
or steep oblique views are extremely helpful to show midline 
(Fig. 46-20) or obturator hernias. Upright views or views per- 
formed during the Valsalva maneuver are helpful for demon¬ 
strating pelvic hernias at fluoroscopy. Similarly, lateral views 



Figure 46-16 CT scan 
demonstrating umbilical hernia 
resulting in small bowel 
obstruction and strangulation. 

A. Within the umbilical hernia, a 
loop of small intestine has a thick 
wall (white arrow). The small 
bowel is dilated and fluid-filled. 
The CT equivalent of a string of 
pearls sign is present (black 
arrows). The small bowel distal to 
the obstruction is collapsed 
( arrowhead ). B. Axial image just 
caudal to A demonstrates 
collapsed loops ( arrows ) entering 
and exiting the hernia. The fat of 
the umbilical hernia is engorged. 
At surgery, the ileum within the 
hernia sac showed irreversible 
ischemia. 
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Figure 46-17 Intraparietal Spigelian hernia. A loop of ileum (large 
arrow) protrudes just lateral to the left rectus sheath (r). The hernia is 
intraparietal, covered by the fascia of the external oblique muscle 
(small arrows). 



Figure 46-18 Obturator hernia. Axial CT scan through the pelvis 
shows a loop of ileum (i) between the pectineus muscle (large arrow) 
and the external obturator muscle (short arrow). The internal 
obturator muscle is identified by the arrowhead. 


while the patient performs a Valsalva maneuver may enable 
visualization of anterior abdominal hernias on CT. 51 

Extrinsic Tumors in Mesentery or Retroperitoneum 

A variety of neoplastic, inflammatory or vascular masses extrin¬ 
sic to bowel may cause small bowel obstruction. These masses 
compress the bowel lumen and distort the lumen by a desmo- 
plastic reaction involving the mesentery and peritoneal surfaces 
of the bowel. 

Spread of inflammation from diver ticulitis, most frequently 
sigmoid diverticulitis, can secondarily affect the small bowel. 
The inflammatory process may cause an adynamic ileus or 
small bowel obstruction. 



Figure 46-19 Right inguinal hernia containing ileum and 
appendix. Overhead view from barium enema, centered lower than 
usual, demonstrates ileum (i) below and to the right of the rectal 
ampulla (R). The tip of the appendix (arrow) enters the right inguinal 
canal. (From Forbes A, Misiewicz JJ, Compton CC, et al: Atlas of 
Clinical Gastroenterology, 3rd ed. Edinburgh, Elsevier Mosby, 2005.) 


Carcinomatosis involving the small bowel mesentery is 
usually caused by ovarian carcinoma in women and by carci- 
nomas arising from organs adjacent to the peritoneum (includ- 
ing stomach, pancreas, colon, and liver) in men and women. 
Carcinomatosis is frequently multifocal, occurring at depen- 
dent sites in the peritoneal cavity in which ascitic fluid accumu- 
lates (including the mesenteric border of the distal ileum, 
medial base of the cecum, sigmoid mesentery, pararectal fossae, 
and rectovesical or rectouterine Space). 52 Carcinomatosis pro- 
duces an extensive desmoplastic reaction, manifested by extrin¬ 
sic mass effect (Fig. 46-21), angulation of small bowel loops, 
luminal narrowing, and tethering of folds on both CT or barium 
studies. 53,54 CT may demonstrate ascites or peritoneal implants 
on the surface of the liver, peritoneum, omentum, or mesentery. 
CT may also reveal the underlying malignant tumor responsible 
for the ascites. Carcinoid tumors, mycobacterial infection, and 
desmoid tumors may mimic intraperitoneal metastases. Metas¬ 
tases or lymphoma in retroperitoneal lymph nodes may sec¬ 
ondarily infiltrate the small bowel mesentery, causing small 
bowel obstruction. Retroperitoneal nodal invasion may also 
resemble intraperitoneal metastases, with mass effect and des¬ 
moplastic tethering of the adj acent bowel. 

Small carcinoid tumors typically appear as smooth-surfaced, 
submucosal masses 1 to 2 cm in diameter. 53 Once carcinoid 
tumors infiltrate the deep layers of the small bowel wall or 
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Figure 46-20 Incisional hernias detected on lateral view. Spot 
radiograph from small bowel follow-through shows intestinal loops 
(large arrows ) protruding through the expected location of the 
anterior abdominal wall (identified by wire sutures, small arrow). Mild, 
smooth compression of the lower loop with preservation of normal 
folds (midsized arrow ) is present at the neck of the lower hernia sac. 


adj acent mesentery, however, they may be indistinguishable 
from intraperitoneal metastases on imaging studies. An intense 
desmoplastic reaction causes focal or multifocal angulation of 
the bowel wall, luminal narrowing, and tethering of mucosal 
folds toward the side of mass effect. 5 Invasive carcinoid tumors 
cannot be differentiated on barium studies from intraperitoneal 
metastases because both disorders are located in the distal ileum 
and can be multifocal. However, CT demonstration of a large 
central mesenteric nodal metastasis (with calcification in 50%) 
is almost diagnostic of carcinoid tumor (Fig. 46-22). 55 

Primary non-Hodgkin s lymphoma of the small bowel does 
not usually cause obstruction because it is a soft tumor that only 
narrows the lumen. However, non-Hodgkin’s lymphoma 
arising in mesenteric lymph nodes or extending from the ret- 
roperitoneum into the small bowel mesentery may cause small 
bowel obstruction because of tumor infiltration and luminal 
narrowing (Fig. 46-23). 56 

Enteric duplications may compress the small bowel loop and 
result in obstruction. Duplications typically are located on the 
mesenteric border of the distal ileum. As a result, barium studies 
may reveal an extrinsic mass impression on the mesenteric 
border of the distal ileum. Communication with the lumen of 
the adjacent small bowel is uncommon. CT typically demon- 



Figure 46-21 Intraperitoneal metastases from carcinoid tumor. 

Spot radiograph of the right lower quadrant from small bowel 
follow-through demonstrates several areas of extrinsic mass 
impression and tethering of folds. 


strates a mass of soft tissue or fluid attenuation on the mesen¬ 
teric border of the affected bowel loop. 

Slowly leaking aneurysms of the abdominal aorta or iliac 
vessels or surgery for these aneurysms may also cause a desmo¬ 
plastic reaction. This can lead to distortion and narrowing of 
small bowel loops, causing partial or even high-grade small 
bowel obstruction. 

INTRAMURAL LESIONS 

Intrinsic tumors or inflammatory processes that infiltrate 
the submucosa and muscularis propria may cause obstruc¬ 
tion by narrowing the lumen of the affected small bowel. 
A marked amount of circumferential luminal narrowing is 
necessary to obstruct small bowel because its contents are 
liquid. Constricting lesions include primary adenocarcinoma, 
Crohn’s disease, and radiation enteropathy. Polypoid lesions 
of the small intestine may also cause obstruction by 
intussusception. 

Primary Tumors 

Adenocarcinoma of the small intestine has a predilection for 
the second to fourth portions of the duodenum and proximal 
jejunum. When patients with small bowel adenocarcinoma 
present with clinical signs of obstruction, these tumors are 
almost always at an advanced stage. Barium studies may reveal 
a short annular narrowing, with abrupt, nodular shelflike 
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and the mucosal folds are preserved though spiculated and 
tethered, rather than nodular (Fig. 46-25). 5 An adhesive band 
may circumferentially narrow the lumen, but the mucosa is 
smooth, and the folds are tethered, not nodular (Fig. 46-26). 58 

Primary lymphoma of small bowel rarely causes obstruction 
because it is an infiltrative tumor that destroys the muscular 
wall but does not cause a desmoplastic reaction. Primary lym¬ 
phoma usually causes focal dilation or cavitation of the small 
bowel. 56 Even when primary lymphomas are circumferential 
and narrow the lumen, high-grade obstruction is unusual 
because of the soft cellular nature of these tumors. 

Inflammatory Conditions 

The advanced stenotic phase of Crohns disease may cause 
recurrent episodes of partial small bowel obstruction. Although 
high-grade obstructions are uncommon, small bowel obstruc¬ 
tion is the most frequent indication for surgery in patients with 
Crohns disease. 59 When luminal narrowing is seen during 
barium studies (Fig. 46-27) or CT (Fig. 46-28), the narrowing 
may be caused by edema, spasm, inflammation, fibrosis or, 
rarely, a carcinoma. The diameter of the stricture may change 
during the course of the examination or on delayed images. 
Severe luminal narrowing has been termed the string sign. In 
such cases, the use of metoclopramide or the high-volume 
administration of contrast pressure of enteroclysis may distend 
the lumen to varying degrees, revealing an ulceronodular 
pattern. Obstruction is diagnosed on barium studies or CT by 
delayed passage of contrast medium through the diseased 
segment, with proximal small bowel diktion. 60 ' 62 Bowel wall 
thickening or local mesenteric infiltration do not aid in the CT 
diagnosis of obstruction. Stenoses that resist the pressure of 
enteroclysis may require surgery. 

Other primary inflammatory causes of small bowel obstruc¬ 
tion are rare. Acute infections such as yersiniosis rarely cause 



Figure 46-23 Non-Hodgkin's lymphoma secondarily arising in the small bowel mesenteric lymph nodes, partially obstructing the small 
intestine. A. Overhead image from enteroclysis shows that pelvic ileal loops are separated ( double arrow) by a presumptive mass in the small 
bowel mesentery. The small bowel is narrowed, tapered, and partially obstructed at several sites ( black arrows). Thick small bowel folds [white 
arrows ) could be the result of ischemia caused by venous or lymphatic obstruction in the mesentery or direct tumor invasion. B. CT clarifies the 
radiographic findings. Separation of bowel loops is caused by a large, homogeneous mesenteric mass (M). A loop of intestine is tapered and 
partially obstructed (arrow). The tumor circumferentially infiltrates one intestinal loop (open arrow), accounting for the thick folds seen on the 
enteroclysis. (A from Rubesin SE, Gilchrist AM, Bronner M, et al: Non-Hodgkin lymphoma o f the small intestine. RadioGraphics 10:985-998, 1990.) 


margins (Fig. 46-24). 53 Nodularity or ulceration may be seen in 
the center of the lesion. The tumor is rigid and does not change 
shape with manual compression or peristalsis. A primary tumor 
may be confused with an annular intraperitoneal metastasis or 
adhesive band. However, intraperitoneal metastases are located 
primarily in the distal small bowel, the bowel wall is angulated, 



Figure 46-22 Carcinoid tumor causing partial obstruction 
and ischemia of the ileum. Axial CT scan through the pelvis 
demonstrates dilated ileum (i) but contrast in the colon, indicative of 
partial small bowel obstruction. A 2-cm centrally calcified mass (thick 
arrow) is seen in the root of the small bowel mesentery. Thick strands 
of tumor radiate from the ileum toward the mass. Two ileal loops (thin 
arrows) have uniformly thickened walls. At surgery, ischemic changes 
in the ileum were associated with the carcinoid tumor, which had 
spread to the root of the small bowel mesentery. (From Rubesin SE: 
Small bowel tumors. Contemp Diagnost Radiol 27:1-6, 2004.) 
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Figure 46-24 Adenocarcinoma of jejunum causing partial small bowel obstruction. A. Overhead image from an upper GI series shows a 
dilated distal duodenum and jejunum (J) proximal to a 3-cm focally ulcerated lesion ( arrow ). B. Spot radiograph shows a circumferential mass 
(black arrows) with central ulceration (u). This case is an example of how an upper GI series can be converted to a small bowel study when the 
distal duodenum is dilated. 



Figure 46-25 Annular metastasis from colonic carcinoma. Spot 
radiograph from enteroclysis demonstrates a short annular lesion with 
a thin lumen ( arrowheads ). Although the proximal margin is abrupt, 
the folds are preserved and tethered (arrow). 


small bowel obstruction because the acute inflammatory 
process heals without fibrosis. Tuberculosis is unusual in 
Western countries but may be seen in returning visitors or 
immigrants from Asia. 63 Tuberculosis may produce radio- 
graphic features identical to those of Crohns disease, but the 
cecum and ascending colon tend to be more severely involved 
than the terminal ileum. Patients with tuberculosis may 
also have a patulous ileocecal valve, rather than the narrowed 
ileocecal valve typically seen in Crohns disease. A definitive 
diagnosis of ileocecal tuberculosis requires culture and biopsy 
specimens. 

Beh^et’s disease mimics Crohns disease, but the ulcers are 
often larger and deeper in Beh^et’s disease. Focal perforation 



Æ 




Figure 46-26 Circumferential adhesive band. Spot radiograph 
from enteroclysis shows abrupt angulation (long arrow) at the 
transition zone. The bowel just distal to the angulation is tight (short 
arrows), but folds are preserved throughout the region. (Courtesy 
Hans Merlinger, MD.) 


with peritoneal reaction is not uncommon in Beh^et’s disease. 
Carcinoma of the cecum and lymphoma of the ileocecal valve 
invading the terminal ileum may also mimic Crohns disease. 53 

Vascular Diseases 

Radiation Enteropathy. Radiation enteropathy may cause mild 
to moderate small bowel obstruction because of a combination 
of serositis and adhesions, wall fibrosis, and dysmotility. The 
changes are localized to the preexisting radiation portal, usually 
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Figure 46-27 Crohn's disease causing partial small bowel 
obstruction. Spot radiograph from enteroclysis demonstrates a dilated 
ileum (i) proximal to a 1 cm in length by 1 mm in luminal diameter 
stricture ( long arrow). An ulceronodular pattern (cobblestoning; u) is 
seen in the ileum distal to the stricture, manifested as transverse and 
longitudinal barium-filled, knifelike clefts or ulcers (short arrow) 
separating polygonal islands of relatively spared mucosa. (Courtesy 
Hans Merlinger, MD.) 



Figure 46-28 Crohn # s disease causing partial small bowel 
obstruction. A. Coronal reformatted CT image shows a stricture (arrow) 
of the midileum, with proximal dilation and the small bowel feces sign. 



Figure 46-29 Radiation enteropathy causing low-grade small 
bowel obstruction. Spot radiograph from enteroclysis shows smooth, 
thick folds ( white arrows ) in a deep pelvic ileal loop. The folds are 
slightly angled, indicating radiation serositis. In profile, the spaces 
between thick loops have a spikelike appearance ( arrowhead ), 
so-called interspace spikes. A nearby loop has top normal-sized folds 
(black arrow) for comparison. 


in the pelvic area. Submucosal edema and fibrosis are mani¬ 
fested on barium studies as smooth, straight, parallel thick folds 
that cross the small bowel lumen (Fig. 46-29). 5 Barium filling 
compressed interstices between the folds may result in inter¬ 
space spikes. The lumen of the affected bowel may also be nar- 
rowed by submucosal fibrosis. Radiation-induced serositis and 
adhesions result in fixation and angulation of bowel loops and 
tethering of folds, similar to any extrinsic adhesive process. 64 CT 
may also reveal bowel wall and fold thickening, with submuco¬ 
sal edema demonstrated as a target sign (Fig. 46-30). 65 Small 
bowel obstruction caused by radiation serositis is suggested by 
proximal small bowel dilation associated with angulated loops 
(see Fig. 46-3OB). Adhesive bands may form where the small 
bowel enters the radiation portal. Smooth, tapered strictures 
may develop 6 months or more after radiation therapy (Fig. 
46-31). Surgery in patients with radiation enteropathy is not 
without risk because these patients may develop postoperative 
fistulas and interloop abscesses. 2 

Blunt abdominal trauma (often a seat belt injury) may 
result in stricture formation after healing of a bowel wall 
hematoma or ischemia. However, most hematomas resolve 
without sequelae after conservative treatment. 66 Strictures 
developing at enteroenterostomy sites (Fig. 46-32) may be the 
sequelae of ischemia, prior leak with fibrotic healing, or surgi- 
cal technique. 

Acute inflammation, ischemia, and ulceration related to the 
use of nonsteroidal anti-inflammatory drugs (NSAIDs) or 
potassium chloride tablets may also result in stricture forma¬ 
tion. 67 In these cases, barium studies may reveal ringlike stric¬ 
tures (Fig. 46-33) with tiny central openings. 

INTRALUMINAL CAUSES 

Gallstones, bezoars, foreign bodies, meconium, and tangles of 
Ascaris worms may obturate the small bowel lumen, causing 
obstruction. 
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Figure 46-30 Radiation enteropathy causing low-grade small bowel obstruction. A. Axial CT through pelvis shows angulation and 
wall-thickening (short arrows) of the terminal ileum. In some areas, a mural stratification pattern caused by submucosal edema is evident (long 
arrow). The cecum (c) is identified. B. Spot radiograph from a small bowel follow-through shows angulation of the terminal ileum and smooth 
thick folds (arrows). The ileum (i) proximal to the radiation change is dilated. . 




Figure 46-32 High-grade obstruction at enteroenterostomy 
site. There is a 1- to 2-mm wide, barium-filled, side to side 
enteroenterostomy (arrows). The jejunum proximal to the obstruction 
is dilated. 


Figure 46-31 Radiation stricture. A 2-cm long smooth narrowing 
(open arrows) is present at the edge of the radiation portal. Smooth 
thick straight folds perpendicular to the longitudinal axis of the bowel 
(arrows) are typical of radiation change caused by submucosal edema 
or fibrosis. 


Gallstone-induced small bowel obstruction (also known as 
gallstone ileus) usually occurs in older patients, especially 
women. A gallstone can erode through the wall of the gallblad- 
der or bile duet into the small bowel or colon. Most fistulas 
extend from the gallbladder fossa to the duodenum. Passage of 


gallstones through the GI tract may result in large gallstones 
becoming trapped in the narrowest segments of bowel, the ter¬ 
minal ileum and sigmoid colon. Calcified ectopic gallstones are 
visible on plain radiographs of the abdomen in only approxi- 
mately 15% of patients. CT is superior for the demonstration 
of calcified gallstones (Fig. 46-34) as the cause of a small bowel 
or colonic obstruction. 68 The classic Rigler’s triad of a calcified 
gallstone, gas in a shrunken gallbladder or biliary tree, and small 
bowel obstruction is seen in only a minority of patients on plain 
radiographs, 69 but is better detected on CT. In some patients, a 
gallstone may be detected on a small bowel follow-through 
examination as a calcified or noncalcified intraluminal radiolu- 
cent filling defeet at the site of transition between dilated and 
nondilated small bowel. 
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Foreign body impactions in the small bowel are much less 
common than foreign body impactions in the pharynx or 
esophagus. 70 Small bowel obstruction by foreign bodies usually 
occurs in psychiatric or mentally challenged patients or in drug 
smuggiers. Some people who eat indigestible food substances, 
such as persimmons, can develop small bowel bezoars. 1 These 
patients often have a partial gastrectomy or gastroenterostomy 



Figure 46-33 Ringlike strictures related to NSAID use. A spot 
radiograph from enteroclysis demonstrates two ringlike narrowings 
(arrows ) in the jejunum. (Courtesy Arunas Gasparitis, MD, Chicago.) 



Figure 46-34 Gallstone ileus. Coronal reformatted CT scan shows 
an obstructing calcified intraluminal gallstone (arrow). 


and may have an underlying obstructive lesion. Cameras used 
during capsule endoscopy may become stuck behind an 
obstructing small bowel lesion. 

In adults with cystic fibrosis, inspissation of bowel contents 
may cause small bowel obstruction (meconium ileus equiva- 
lent). These patients may have a history of decreased intake of 
pancreatic enzyme supplements or narcotic use. 

INTUSSUSCEPTION 

Various extrinsic, intrinsic, and intraluminal processes result in 
small bowel intussusception. A loop of small intestine with part 
of its mesentery invaginates into the lumen of the bowel segment 
distal to it. The inner, advancing segment is termed the intus- 
susceptum and the outer receiving segment the intussuscipiens. 
Most intussusceptions are nonobstructive, transient intussus- 
ceptions without a lead point that are detected on abdominal 
CT performed for other reasons. 7 73 Nonobstructive transient 
intussusceptions are also seen in small bowel disorders associ- 
ated with dysmotility, such as scleroderma or celiac disease. 
Benign or malignant polypoid tumors are the most common 
causes of small bowel intussusception in adults presenting with 
small bowel obstruction. 74 In postoperative patients, intussus¬ 
ceptions may be related to suture lines, adhesions, or intestinal 
tubes. 75 

Barium studies typically reveal a narrow, tapered, barium- 
filled channel outlining the lumen of the intussusceptum (Fig. 
46-35). 53 If barium refluxes between the outer wall of the 



Figure 46-35 Jejunal intussusception caused by adhesion. 

The lumen of the intussusceptum is narrow and outlined by barium 
(long white arrows). Barium refluxes retrogradely between the 
serosal surface of the intussusceptum and mucosal surface of the 
intussuscipiens (thick white arrow). Barium coating the mucosal 
surface of the intussuscipiens reveals mucosal folds ( short black 
arrows), the so-called coil spring. At surgery, the intussusception 
occurred at a site of adhesions. 
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intussusceptum and mucosal surface of the intussuscipiens, the 
mucosal folds of the intussuscipiens will be demonstrated as 
parallel folds perpendicular to the longitudinal axis of the 
bowel. This is the so-called coil spring sign. Coil spring folds 
that appear thicker than normal small bowel folds indicate that 
there is mucosal and submucosal edema because of lymphatic 
or venous congestion. If the intussusception is caused by an 
underlying tumor, a polypoid lead point may be identified. 
Barium filling the interstices of the lead point implies that the 
tumor is a mucosal lesion such as an adenoma or hamartoma. 
In contrast, a ro und, smooth-surfaced polypoid lead point sug¬ 
gests a submucosal lesion such as a lipoma or metastatic 
melanoma. 

Small bowel intussusception may be manifested on CT by 
a pair of concentric rings of soft tissue, with an eccentrically 
located area of fat attenuation inside the outer ring. 76,7 The 
outer ring of soft tissue represents the intussuscipiens, whereas 
the inner ring of soft tissue represents the wall of the intus¬ 
susceptum. The eccentrically located fat represents the mes- 
entery of the intussusceptum (Fig. 46-36). Vessels in the 
invaginating mesentery may be visible as punctate dots or 
thin, undulating strands of soft tissue or IV contrast attenu¬ 
ation. If the wall of the intussuscipiens is thickened, the pos- 
sibility of bowel wall edema and ischemia should be 
considered. 78 Obstruction is implied by dilation of the small 
bowel proximal to the intussusception associated with collapsed 
small bowel distally. 


The clinical history is helpful for evaluating patients with 
small bowel intussusception. Most patients with metastatic 
melanoma as the lead point have a history of prior surgical 
removal of melanoma from the skin. Some patients with a 
metastatic, melanoma-related intussusception present with 
symptoms from the intussusception as the initial manifesta¬ 
tion of their disease. 78 Most patients with Peutz-Jeghers syn- 
drome, an autosomal dominant disorder, have a family history 
of this syndrome. However, 45% of cases of Peutz-Jeghers 
syndrome occur as spontaneous mutations, so these patients 
may initially present with symptoms related to small bowel 
hamartomas. Most patients with Peutz-Jeghers syndrome have 
pigmented lesions on the lips, oral mucosa, face, or extremi- 
ties/ However, pigmented lesions may be overlooked in 
patients of African or Asian origin; they may present with 
bleeding or abdominal pain caused by an intussuscepting 
hamartoma. 

The location of the intussusception is of little value in dis- 
tinguishing between polyps of different histologic types. Peutz- 
Jeghers polyps and adenomas are usually located in the proximal 
jejunum, whereas stromal tumors, metastatic melanoma, and 
lipomas have a relatively uniform distribution in the small 
bowel. 

When small bowel intussusception occurs, barium filling 
the interstices of a lead point lesion should suggest a tumor 
of mucosal origin, such as a Peutz-Jeghers polyp or adenoma. 
Smooth and round but centrally umbilicated or ulcerated 




Figure 46-36 Inflammatory fibroid polyp 
causing intussusception. A. Axial CT scan through 
the pelvis shows the stalk of the polyp (s) within 
the lumen of the ileum. The mesentery ( white 
arrow) is being pulled into the lumen. B. Image 
just caudal to A demonstrates a round, soft tissue 
attenuation intraluminal mass (f). C. Spot 
radiograph from enteroclysis demonstrates the 
head of the polyp (F), stalk of the polyp ( long black 
arrow), lumen of the intussusceptum ( thin white 
arrows), serosal surface of the intussusceptum 
(short black arrow), and retrograde flow of barium 
into the intussuscipiens ( thick white arrow). (C from 
Rubesin SE: Small bowel tumors. Contemp 
Diagnost Radiol 27:1-6, 2004.) 
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polypoid lead point lesions are usually submucosal tumors, 
such as stromal tumors or metastatic melanoma. Melanoma 
metastases have central umbilication or ulceration in more 
than 50% of patients. Intussusception by soft melanoma 
metastases may be intermittent and may not cause obstruc¬ 
tion. Multiple polypoid tumors in the jejunum or mid small 
intestine should suggest a diagnosis of Peutz-Jeghers syndrome 
or metastases, especially from malignant melanoma. Lipomas 
are smooth-surfaced, pliable, and often pedunculated lesions 
that have fat attenuation on CT (Fig. 46-37). The fat of a 
lipoma should be distinguished from the invaginating mes- 
entery of an intussuscepting polyp. Inflammatory fibroid 
polyps are typically located in the distal ileum. Pedunculated 
polyps with long stalks that intussuscept are usually inflam¬ 
matory fibroid polyps, lipomas, or inverted MeckeFs diver- 
ticulum (Fig. 46-38). 81,82 Other causes of intussusception 
include Henoch-Schonlein purpura, lymphoma, hematomas, 
and mesenteric lymphadenopathy. Causes of intussusception 
in patients with AIDS include B-cell lymphoma, Kaposi’s 
sarcoma, mesenteric lymphadenopathy, lymphoid hyperplasia, 
and intestinal dysmotility. 83 

Figure 46-37 Heal lipoma causing ileocolic intussusception. 

Coronal reformatted image shows an intussuscepted fat density 
lipoma (yellow arrow) causing dilation of the distal ileum ( red arrow). 




Figure 46-38 Inverted Meckel's diverticulum causing intussusception. A. Spot radiograph from a small bowel follow-through shows a 
tapered narrowing of the ileum ( large black arrows) at the narrowest point of the intussusceptum. The mucosa of the intussuscipiens is outlined 
by refluxed barium ( white arrows). B. Specimen photograph of the Meckel's diverticulum. There is a long polypoid intraluminal filling defect, 
which is the invaginated Meckel's diverticulum (M). (From Rubesin SE, Herlinger H, DeGaeta L: Interlude: Test your skilis. Radiology 176:636, 
644, 1990.) 
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Small bowel abnormalities continue to be a significant diagnos- 
tic challenge for clinicians and radiologists. Clinicians have his- 
torically struggled to diagnose many small bowel diseases 
because patients typically present with only nonspecific com- 
plaints such as abdominal pain, weight loss, or anemia. There- 
fore, in most cases, the diagnosis of small bowel pathology is 
highly dependent on the radiologist. Although fluoroscopic 
barium studies have traditionally been the mainstay in the diag¬ 
nosis of many small bowel diseases, they have proven to be 
inherently limited because they image only the lumen of the 
bowel and provide very little information regarding extralumi- 
nal disease. Since its introduction in the late 1970’s, computed 
tomography (CT) has proven to be extremely useful for the 
evaluation of the small intestine and has been used for the 
evaluation of such routine conditions as small bowel obstruc¬ 
tion and Crohn’s disease. However, over the last decade, CT has 
taken on a larger role in diagnosing a variety of more subtle 
bowel diseases, including vascular disorders of the small 
intestine. 

Vascular disorders of the small bowel encompass a wide 
variety of conditions, which primarily affect the mesenteric 
vasculature. These conditions have traditionally proven very 
difficult to diagnose radiographically, and ultimately angiog- 
raphy or surgery is relied on to make the correct diagnosis. 
With the introduction of multidetector CT (MDCT), along 
with the development of sophisticated three-dimensional 
imaging tools, it is now possible to image the small bowel 


vasculature, as well as the small intestine, in a single examina- 
tion, offering a thorough evaluation in patients with a wide 
variety of suspected small bowel vascular disorders. 

This chapter will review the current status of imaging regard¬ 
ing a variety of vascular disorders of the small intestine, includ¬ 
ing mesenteric ischemia and infarction, vasculitis, aneurysms, 
acute small bowel bleeding, and radiation enteritis. Although a 
variety of imaging modalities will be discussed, this chapter will 
concentrate on the use of MDCT and 3D imaging for the diag¬ 
nosis of these conditions. 

Computed Tomography Imaging 

The last decade has brought significant improvements in CT 
technology with the development of 64-, 128-, and 256-slice 
and, most recently, dual-source scanners. These latest scan- 
ners have allowed markedly improved spatial and temporal 
resolutions, enabled the reliable acquisition of angiographic 
images at peak arterial enhancement, and reduced motion 
related artifacts. 1 In addition to improving the image quality 
of conventional axial images and multiplanar reformats, these 
technologic advances have improved our ability to create truly 
isotropic data sets, and have greatly facilitated the creation 
of 3D reconstructions. These technologic improvements, 
along with the latest 3D software packages and CT protocol 
refinements, allow high-resolution images of the small bowel, 
small bowel mesentery, and mesenteric vasculature to be 
obtained, largely obviating the need for any other imaging 
modality. 

When a vascular disorder of the small bowel is suspected, the 
CT examination must be specifically focused to optimize evalu¬ 
ation of the bowel. Prior to the injection of intravenous (IV) 
contrast, most patients are given a neutral oral contrast agent 
(e.g., barium sulfate [VoLumen, E-Z-EM, New York]) to distend 
the small bowel maximally, although in a few select cases (e.g., 
when acute gastrointestinal hemorrhage is suspected) no oral 
contrast agent is given. Notably, positive contrast agents are 
never given because a beam-hardening artifact from the con¬ 
trast can obscure subtle bowel wall thickening or enhancement 
abnormalities and can also interfere with 3D postprocessing. An 
injection of roughly 120 mL of nonionic IV contrast is then 
administered at a relatively high rate of 3 to 5 mL/s to maximize 
arterial enhancement. Arterial phase images are acquired at 30 
seconds after the injection of contrast, followed by the acquisi¬ 
tion of venous phase images at 60 to 70 seconds. The arterial 
phase images are important in the evaluation of the arterial 
mesenteric vasculature, small bowel hypoenhancement or 
hyperemia, vascular malformations, and hypervascular small 
bowel tumors. The venous phase images are critical for evaluat- 
ing the mesenteric venous vasculature, identifying subtle areas 
of bowel wall thickening or hypovascular small bowel tumors, 
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and complete evaluation of the remainder of the abdomen and 
pelvis. 

Images are acquired with thin collimation, with acquisition 
of 0.625- to 0.75-mm slices, which are then reconstructed into 
3- to 5-mm axial slices for routine interpretation. Coronal and 
sagittal multiplanar reformations are created directly at most 
CT scanners immediately after acquisition of the axial source 
images. Simultaneously, a set of 0.5- to 0.75-mm isotropic” 
images are used to create 3D reconstructions. 

Two primary 3D reconstruction methods, which are typi- 
cally created interactively by a radiologist at an independent 
workstation, are the most useful for the evaluation of small 
bowel vascular disorders: 

1. Maximum intensity projection (MIP) imaging involves 
the acquisition of the highest attenuation voxels in a 
dataset and the projection of these voxels into a 3D 
display. These images are most useful for complete visu- 
alization of the mesenteric vasculature and for better 
visualization of abnormalities in the small bowel mesen- 
tery by accentuating soft tissue structures and vessels in 
the midst of mesenteric fat. 

2. Volume rendering (VR) is based on a complex algorithm 
that assigns a specific color and transparency to each 
voxel in a dataset based on its underlying attenuation and 
then presenting this data in a 3D display. This technique 
is the most useful for depicting abnormalities of the 
bowel wall itself and can accentuate subtle areas of bowel 
wall thickening or hyperemia. 2 

Because small bowel loops and the mesenteric vasculature 
are anatomically complex, and the relationships between differ- 
ent bowel loops and vascular structures are not easy to visualize 
using any single imaging plane, it is necessary to use a variety 
of imaging planes during 3D evaluation. To visualize the proxi- 
mal portion of the celiac axis, superior mesenteric artery (SMA), 
and inferior mesenteric artery (IMA), the sagittal projection is 
often the most helpful (Fig. 47-1). However, to visualize the 
complicated vascular branching of the arterial vessels adequately 
as they extend distally, coronal or coronal oblique planes are 
necessary (Fig. 47-2). Similarly, the mesenteric veins are best 
seen in a coronal projection (Fig. 47-3). 

After adequate evaluation of the mesenteric vessels, it is also 
important to image the bowel (Fig. 47-4) comprehensively. 
However, visualizing the small bowel in its entirety on the axial 
images can be difficult and time-consuming, and the full extent 
and distribution of bowel abnormalities can be difficult to 
appreciate. Moreover, in our experience, subtle abnormalities in 
the fold pattern of the small bowel are difficult to appreciate in 
the axial plane, and the terminal ileum and ileocecal valve tend 
not to be well visualized. Instead, the small bowel is best visual- 
ized in the coronal plane, using cut planes to remove overlap- 
ping bowel loops while performing 3D analysis. 

Mesenteric Ischemia 

ACUTE MESENTERIC ISCHEMIA 

Accounting for roughly 5% of all hospital admissions, acute 
mesenteric ischemia (AMI) is a severe, life-threatening disorder, 
with mortality rates ranging from 60% to 80%. 3-5 Unfortu- 
nately, AMI can be extremely difficult to diagnose clinically. 
Although patients complain of intense abdominal pain, their 
physical examination can be misleadingly unremarkable. 



Figure 47-1 Normal celiac and superior mesenteric artery 
anatomy. Sagittal volume-rendered CT angiogram demonstrates 
normal anatomy of the celiac axis (black arrow) and superior 
mesenteric artery (white arrow). The left gastric artery ( arrowhead ) can 
also be seen arising from the celiac artery. 


Laboratory markers are rarely suggestive, although lactate levels 
can be elevated, and no single laboratory marker is absolutely 
specific. Ultimately, given the nonspecific presentation of most 
patients, the diagnosis is contingent on radiology. 

A relatively large proportion of cardiac output is routed to 
the small bowel in the resting State and after a meal, making the 
small bowel extremely sensitive to decreases in biood flow. 
Acute mesenteric ischemia can be broadly divided into three 
major categories: (1) arterial occlusion; (2) venous occlusion; 
and (3) nonocclusive mesenteric ischemia. 

The most common cause is arterial occlusion, which accounts 
for 60% to 70% of all cases. Arterial occlusion can result from 
emboli to the SMA, usually in the setting of atrial fibrillation, 
but also secondary to recent myocardial infarction, mycotic 
aneurysms, and severe ulcerated plaque in the thoracic or 
abdominal aorta. 6 The SMA is considered particularly vulner- 
able to emboli, given its wide caliber and narrow angle at 
takeoff, and a large embolus lodged at its origin can occlude 
biood flow to almost the entire small bowel and right colon. 
Most emboli lodge in the most proximal aspect of the SMA 




47 Vascular Disorders of the Small Intestine 829 



Figure 47-2 Coronal volume-rendered CT angiogram. This 
demonstrates the normal anatomy of the celiac axis (splenic artery, 
long arrow; common hepatic artery, short arrow) and superior 
mesenteric artery ( arrowhead ). The coronal projection allows easy 
Identification of the branches arising from the SMA. 



Figure 47-3 Coronal volume-rendered CT image in the venous 
phase. This demonstrates the normal appearance of the superior 
mesenteric vein (arrow) and its branches as they join the splenic vein 
and portal vein at the confluence. 


(usually 3 to 10 cm from the origin), although smaller emboli 
can travel distally and occlude biood flow to a smaller segment 
of the small bowel or right colon 7 (Figs. 47-5 to 47-8). There- 
fore, acute mesenteric ischemia should not be discounted when 
a relatively short segment of small bowel is involved, rather than 
the entire SMA territory. 

Although most arterial occlusive ischemia of the small bowel 
is embolic in nature, there are several other causes. Thrombosis 
of the SMA can occur as a result of severe atherosclerotic disease 
or in patients with underlying hypercoagulability syndromes. 
When thrombosis occurs in the setting of underlying 



Figure 47-4 Coronal volume-rendered image. This shows the 
normal appearance of the small bowel. 


atherosclerosis, the most common sites of occlusion are at the 
origins of the SMA and celiac artery. This particular subgroup 
of patients often has a history of chronic mesenteric ischemia, 
with development of AMI after superimposed thrombosis of a 
chronically narrowed and diseased vessel 5,8 (Fig. 47-9). Notably, 
although arterial collaterals are not usually found in patients 
with acute occlusive AMI, patients with a history of chronic 
mesenteric ischemia and superimposed arterial thrombosis can 
have evidence of arterial collaterals, a sometimes confusing 
feature. 9 More rarely, acute mesenteric ischemia can be seen in 
the setting of vasculitis, aortic dissection (with extension of an 
occluding dissection flap into the SMA), occlusion of the SMA 
by surrounding tumor, or thrombosis of an SMA aneurysm 
(Fig. 47-10). 5 

Venous occlusion (thrombosis of the superior mesenteric 
vein [SMV]) accounts for roughly 10% of all cases of AMI. A 
sizeable percentage of these patients are ultimately found to 
have a history of a specific hypercoagulability syndrome, per¬ 
sonal or family history of unexplained thrombotic episodes, 
underlying malignancy, or oral contraceptive use, although a 
discrete cause for the venous occlusion is not found in at least 
one third of patients (Figs. 47-11 to 47-13). 10 Unfortunately, 
although the acute symptoms of venous occlusive AMI are 
usually much less severe compared to those of arterial occlu¬ 
sion, this can lead to considerable delay in presentation and 
diagnosis, resulting in a mortality rate as high as 40%. 5 

Complicated small bowel obstructions are also a cause of 
occlusive ischemia because strangulation of the bowel results in 
occlusion of the vasculature leading to the involved bowel 
segment. This type of bowel ischemia typically involves a com- 
bination of arterial and venous occlusion (Fig. 47-14). 

The final major category of acute mesenteric ischemia is 
nonocclusive ischemia, typically caused by hypotension and 
diminished biood flow to the small bowel resulting from under¬ 
lying conditions such as cardiogenic shock, cardiac failure, 
acute myocardial infarction, severe hypovolemia, trauma, renal 
failure with overly aggressive dialysis, or severe vasoconstriction 
from drugs (e.g., digitalis, cocaine). Nonocclusive AMI accounts 
for roughly 30% of all cases of bowel ischemia and is associated 
with a 70% mortality rate. 11 The odds of acute mesenteric 






Figure 47-5 Superior mesenteric artery thrombosis: contrast-enhanced CT images in a patient with acute abdominal pain. A. Coronal 
contrast-enhanced CT image demonstrates dilated small bowel loops in the mid and right abdomen, with pneumatosis identified within several small 
bowel loops, predominantly in the central abdomen. B. Axial contrast-enhanced CT image demonstrates subtle thrombus ( arrow ) in the superior 
mesenteric artery. Multiple small bowel loops are dilated with thin walls (no appreciable bowel wall thickening) and a small amount of adjacent 
ascites, findings that raise concern for bowel ischemia. C. Volume-rendered contrast-enhanced image in the sagittal projection demonstrates a 
large thrombus (arrow) in the superior mesenteric artery, the full extent of which was not appreciated on the axial image. D. Volume-rendered 
contrast-enhanced CT image in the sagittal plane after surgical embolectomy demonstrates a patent superior mesenteric artery. 
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Figure 47-6 Superior mesenteric artery thrombus in patient with acute abdominal pain. A. Coronal contrast-enhanced multiplanar 
reconstruction demonstrates moderate wall thickening of multiple small bowel loops in the mid abdomen. B. Sagittal multiplanar reconstruction 
demonstrates occlusive thrombus (arrow) in the superior mesenteric artery. There is also calcification and narrowing of the origin of the celiac 
artery related to chronic atherosclerotic disease. 



Figure 47-7 SMA embolism. A. Axial contrast-enhanced image demonstrates an acute embolism (arrow) in the SMA. B. Coronal contrast- 
enhanced image demonstrates diffusely hypoenhancing bowel with a relative paucity of bowel wall thickening, a common appearance for acute 
mesenteric ischemia caused by arterial occlusion. 
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Figure 47-8 SMA embolism. Axial (A) and coronal (B) contrast-enhanced images demonstrate diffuse hypoenhancement (as a result of acute 
mesenteric ischemia) of the small bowel in the left hemiabdomen in a patient with subtle SMA embolism. 



Figure 47-9 SMA thrombosis. Sagittal volume-rendered CT image 
demonstrates thrombus ( arrow ) formation at the origin of the SMA in 
a region of calcified atherosclerotic plaque. 



Figure 47-10 Carcinoid tumor causing mesenteric ischemia. 

Coronal volume-rendered contrast-enhanced CT image demonstrates 
a large mesenteric carcinoid tumor (m) encasing the mesenteric 
vessels, resulting in diffuse small bowel wall thickening related to 
ischemia. 
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Figure 47-11 SMV thrombosis. Contrast-enhanced CT image in a 
patient with acute abdominal pain demonstrates thrombus in the 
SMV (arrow), with moderate thickening of the small bowel and right 
colon, which is concerning for bowel ischemia. 



Figure 47-12 SMV thrombosis. Coronal volume-rendered contrast- 
enhanced CT demonstrates moderate thickening of the small bowel 
(predominantly in the left abdomen), with a large thrombus (arrow) in 
the SMV. 


ischemia in the setting of a low-flow State are increased when 
the patient has underlying atherosclerotic disease or some other 
abnormality of the mesenteric vasculature. In younger patients, 
nonocclusive mesenteric ischemia has been reported with 
cocaine use, which results in splanchnic vasoconstriction to 
preserve biood flow to the heart and brain (Fig. 47-15). 12 

Although the diagnosis of AMI was once dependent on angi- 
ography, CT has now assumed a primary role in the diagnosis 
and has proven to be highly effective. Several studies have 
shown CT to be extremely accurate, with sensitivities greater 
than 90%. 13 ' 19 A large meta-analysis studying the accuracy of 
CT in AMI found a pooled sensitivity of 93.3% and specificity 
of 95.9%. 18 There is little doubt that CT should be considered 
the first-line radiologic examination when AMI is suspected. 

Computed Tomography Findings 

Bowel Dilation. Small bowel dilation is common, although 
completely nonspecific. In a series of nine patients by Lee and 




Figure 47-13 SMV thrombosis. A. Axial contrast-enhanced CT 
demonstrates severe thickening of the small bowel and right colon as 
a result of venous occlusive ischemia. The intense mucosal 
enhancement with submucosal hypodensity and edema represents an 
example of the target or halo appearance. B. Axial contrast-enhanced 
image demonstrates thrombus (arrow) within the SMV, representing 
the cause of the patient's bowel ischemia. 


colleagues, eight of nine patients demonstrated bowel dilation. 20 
In some cases, dilated bowel can be seen on the basis of an 
adynamic ileus and interruption of normal bowel peristalsis 
after an ischemic event and, in other cases, severe bowel dilation 
can be seen with irreversible transmural bowel infarction. 21 “ In 
general, small bowel dilation is more common after venous 
occlusion than with arterial occlusion; 1 

Bowel Wall Thickening. Although not completely specific, 
bowel wall thickening is the most common CT Ånding in bowel 
ischemia, likely on the basis of edema and hemorrhage within 
the bowel wall. The normal small bowel wall is usually from 3 
to 5 mm thick. In the study by Lee and associates, 20 bowel wall 
thickening up to 1.5 cm was noted in patients with mesenteric 
vein thrombosis. However, it is important to remember that this 
Ånding is relatively nonspeciAc and can be seen in a great 
variety of other conditions. 

Despite being a common Ånding in AMI, bowel wall thick¬ 
ening is usually seen aAer venous occlusion or thrombosis 
and is not a characteristic feature of AMI caused by arterial 
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Figure 47-14 Closed loop obstruction leading to small bowel 
strangulation. Coronal contrast-enhanced CT image demonstrates 
multiple dilated loops of small bowel, many of which appear tethered 
and radiating toward a central point (arrow) indicating closed loop 
obstruction. In addition to several markedly thickened, hyperemic 
loops of small bowel, several loops of bowel in the right abdomen are 
poorly enhancing. There is also a small amount of interloop ascites. 

A strangulated ischemic small bowel was found at surgery. 


occlusion. 2 In patients with AMI on the basis of arterial occlu¬ 
sion, the bowel wall is usually thinned, rather than thick¬ 
ened. 14,15,20 Moreover, although small bowel wall thickening is 
a common finding in AMI, the presence and degree of bowel 
wall thickening do not usually correlate with the severity of 
ischemic damage. 25 

Bowel Wall Attenuation and Abnormal Enhancement. The 

appearance of the bowel wall can vary dramatically in cases of 
bowel ischemia, with a low-density wall usually reflecting 
submucosal edema; high density within the wall is usually sec- 
ondary to intramural hemorrhage. 26 2 Notably, intramural 
hemorrhage can be a very difficult finding to identify without 
the aid of noncontrast images because hemorrhage within the 
bowel wall can be confused with normal enhancement of the 
wall. Bowel wall edema and hemorrhage are most common 
after venous thrombosis, although they can also be seen in the 
setting of reperfusion after arterial occlusion or a nonocclusive 
AMI. 22 

Small bowel ischemia can result in diffuse hypoenhancement 
of the bowel wall and mucosa, a halo or target appearance, or 
diffuse hyperenhancement. Diffuse hypoenhancement of the 
bowel wall is the most specific finding and is usually seen in the 
setting of acute arterial occlusion or diffuse transmural infarc- 
tion, regardless of any cause. 15 Diffuse hyperenhancement of the 


bowel wall or a halo appearance (with hyperenhancement of 
the bowel mucosa and diffuse, low-density edema of the sub¬ 
mucosal layer) can also be seen with ischemia. 26 This mucosal 
hyperenhancement is usually seen after venous occlusion but 
can also occur secondary to reperfusion after arterial occlusion 
or nonocclusive ischemia. 

Rarely seen in some patients with ischemia, there can be 
delayed enhancement of affected loops, likely on the basis of 
delayed delivery of contrast, as well as contrast persisting in the 
ischemic segment because of delayed washout. 

Stranding and Ascites. Ascites and mesenteric stranding are 
nonspecific findings in patients with bowel ischemia. Their 
presence depends on the cause, duration, severity, and site of 
involvement of the bowel ischemia. 25 In general, the presence of 
mesenteric inflammation and edema is not synonymous with 
bowel infarction and can be seen with venous occlusion and 
strangulated bowel obstructions without evidence of frank 
infarction. Moreover, hemorrhage in the mesentery is a very 
common finding in cases of venous thrombosis. However, in 
patients with arterial occlusion, infiltration and edema of the 
mesentery is a much more ominous finding, often seen in the 
setting of bowel infarction. 22 

Pneumatosis and Portomesenteric Venous Air. Pneumatosis 
and portomesenteric venous gas are relatively specific signs 
for transmural bowel infarction, although both are relatively 
rare (Fig. 47-16). When the mucosal layer of the bowel is 
disrupted after an infarction, air can extend directly into the 
bowel wall, producing pneumatosis, seen in 6% to 30% of 
cases of acute mesenteric ischemia. 14,15,20,28 This gas can then 
extend further into the mesenteric veins and portal veins (por¬ 
tomesenteric venous air), a finding that is only seen in 3% to 
14% of cases. 

The specificity of pneumatosis and portomesenteric venous 
gas for ischemia and infarction approaches 100%. However, 
these two findings must be interpreted with a great deal of 
caution, because, rarely, they can be seen in a few nonischemic 
conditions as well, including iatrogenic mucosal injury (e.g., 
after the placement of a gastrostomy tube or jejunostomy tube), 
infections, bowel trauma, and inflammatory diseases (Fig. 
47-17). 25 In addition, the radiologist must be careful not to 
confuse gas tracking along a bowel fold or gas immediately 
adjacent to the bowel wall with pneumatosis. 

Patterns of Ischemia: Arterial Occlusive Ischemia Versus 
Venous Occlusive Ischemia. Although there can often be a 
great deal of overlap, the pattern of abnormalities seen on CT 
secondary to arterial occlusion and venous occlusion can vary. 
Although bowel wall thickening is commonly thought to rep¬ 
resent a critical imaging finding in bowel ischemia, this finding 
is less commonly seen in cases of arterial occlusion. Rather, the 
bowel actually tends to become thinned (paper thin bowel) 
because there is a lack of arterial flow but no appreciable mural 
edema or intramural hemorrhage. This thinning can also be 
attributed to loss of intestinal muscular tone after the ischemic 
event. In most cases of arterial occlusion, hypoenhancement of 
the small bowel wall and mucosa is present, although hyperemia 
of the mucosa can rarely be seen in cases of reperfusion after 
an embolic event. Acutely, the bowel is not usually dilated unless 
there is evidence of infarction. Finally, there is generally a rela¬ 
tive paucity of mesenteric fluid, hemorrhage, and fat stranding, 
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Figure 47-15 IV drug abuser complaining of pain after 
recent cocaine use. A. Axial contrast-enhanced image 
through the pelvis demonstrates moderate thickening of the 
small bowel and right colon. The small bowel demonstrates 
mucosal hyperemia and low density in the submucosa (halo or 
target appearance), in keeping with bowel ischemia. B. Axial 
contrast-enhanced CT image through the level of the kidneys 
demonstrates multiple bilateral renal infarcts. The caliber of 
the superior mesenteric artery is small ( arrow ). C. Sagittal 
multiplanar reconstruction demonstrates diffuse narrowing of 
the superior mesenteric artery, in keeping with IV drug 
abuse-related vasoconstriction. 



Figure 47-16 Bowel infarction with pneumatosis. Contrast- 
enhanced axial CT image in a patient with mesenteric ischemia and 
infarcted bowel shows ascites, extensive pneumatosis, and air within 
the mesenteric veins. Despite emergent surgery, the patient died. 

although these three features can be seen when there has been 
progression to frank bowel infarction. Given these Åndings, the 
CT appearance of acute AMI in the setting of arterial occlusion 
can be relatively diffkult to identify; careful attention must be 
paid to subtle changes in bowel enhancement when an embolus 
is identified in the SMA. 


The CT appearance after venous thrombosis is generally 
much more impressive, as the bowel wall is usually markedly 
thickened, the wall can be diffusely hypointense because of 
edema or hyperintense because of intramural hemorrhage, and 
the mucosa is often avidly hyperemic. The bowel can sometimes 
be moderately dilated, and there is typically significant mesen¬ 
teric hemorrhage, edema, fluid, and fat-stranding, even in the 
absence of true bowel infarction. 22 

As one would expect, complicated bowel obstructions dem- 
onstrate elements of venous and arterial occlusion, depending 
on the degree of strangulation, and can have a variable appear¬ 
ance on CT, depending on which vessels are compromised. 
Nonocclusive mesenteric ischemia does not have a characteris- 
tic pattern and can be the most diffkult of the three types of 
AMI to diagnose (Figs. 47-18 and 47-19). 

CHRONIC MESENTERIC ISCHEMIA 

Chronic mesenteric ischemia (CMI), relatively uncommon 
(only 5% of all ischemic intestinal diseases) compared with 
AMI, is most common in older patients with widespread ath- 
erosclerotic disease and tends to be most prevalent in women, 
smokers, and those with diabetes and hypertension. 29 Patients 
usually complain of repeated bouts of abdominal pain, typically 
occurring immediately after a meal, and often develop fear of 
food, anorexia, and severe chronic weight loss. Notably, these 
symptoms do not arise acutely, but develop slowly over many 
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Figure 47-17 Benign 
pneumatosis intestinalis. 

A, B. Axial noncontrast images 
demonstrate diffuse pneumatosis 
in multiple fluid-filled, mildly 
dilated small bowel loops. 

The patient was completely 
asymptomatic, and the 
pneumatosis was thought to be 
secondary to recent placement of 
a jejunostomy tube (arrow in A). 



Figure 47-18 Nonocclusive 
mesenteric ischemia. A, B. Axial 
contrast-enhanced images in a 
patient with septic shock 
demonstrate diffusely thickened, 
hypoenhancing loops of small 
bowel. The arterial and venous 
vasculature (not shown) was 
widely patent. 



Figure 47-19 Nonocclusive 
mesenteric ischemia. 

A, B. Coronal contrast-enhanced 
images demonstrate diffusely 
thickened, hypodense bowel in a 
patient with nonocclusive 
mesenteric ischemia. The arterial 
and venous vasculature was 
widely patent. 
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years; given the relatively nonspecific nature of the symptoms, 
the diagnosis is extremely diffkult to make clinically. 5,30 

Atherosclerotic disease of the mesenteric vessels is the 
primary cause of chronic mesenteric ischemia. However, the 
presence of atherosclerotic plaque and calcification alone does 
not automatically suggest that a patient suffers from CMI. Mes¬ 
enteric atherosclerosis is a relatively common incidental Ånding 
and close to 20% of all patients older than 65 years will dem- 
onstrate more than 50% narrowing of a mesenteric vessel, 
without clinical symptoms in all but a few patients. Ultrasound 
and autopsy studies have confirmed this and have demonstrated 
that significant atherosclerotic disease can be present in mul¬ 
tiple mesenteric arteries without symptoms of ischemia. 5,31 ' 33 
Although rare, nonatherosclerotic diseases can also produce 
CMI, including such entities as vasculitis, median arcuate liga¬ 
ment syndrome, radiation vasculopathy, and fibromuscular 
dysplasia. 

Most patients will remain asymptomatic unless there is sig¬ 
nificant disease in at least two of the three major mesenteric 
arteries (celiac axis, SMA, and IMA; Fig. 47-20). In most cases, 
atheroma involves the proximal segments of the mesenteric 
arteries, although more diffuse irregularity and narrowing of a 
vessel (with associated pruning of smaller branch vessels) can 
be present in patients with underlying diabetes. 3 In patients 
with more diffuse narrowing, ischemic symptoms can develop, 
even without a single discrete stenosis reaching the 50% thresh- 
old. The ultimate key to the diagnosis of CMI is not the 
presence of mesenteric vascular narrowing alone, but the simul- 
taneous presence of collateral pathways, because symptoms 
usually develop when collateral pathways are no longer 


sufficient to deliver biood supply to the bowel: Two major 
collateral pathways are the most common: 

1. The pancreaticoduodenal arteries connect the celiac axis 
and SMA and can flow in either direction, depending on 
the site of occlusion. The presence of large arterial col- 
laterals surrounding the head of the pancreas is often the 
most important clue to the presence of a hemodynami- 
cally significant stenosis of the mesenteric vasculature, 
and should prompt a close examination of the mesenteric 
arteries on a sagittal reconstruction (Fig. 47-21). 

2. The arc of Riolan and marginal artery of Drummond 
allow communication between the SMA and IMA (Fig. 
47-22). In addition, in severe cases, when the celiac artery, 
SMA, and IMA are all compromised, pelvic, lumbar, or 
phrenic collateral vessels can develop. 

Although catheter angiography was once the primary means 
of establishing the diagnosis of CMI, a number of other cross- 
sectional imaging modalities are now first-line options when 
trying to make this diagnosis. Duplex ultrasound has proven to 
be accurate as a screening test for the proximal mesenteric arter¬ 
ies, based on peak systolic and end-diastolic velocities measured 
while fasting and in the postprandial State. 39 ' 41 The diagnosis of 
a critical stenosis on ultrasound is based primarily on velocity 
criteria, with a velocity of more than 275 cm/s in the proximal 
SMA or more than 200 cm/s in the proximal celiac artery in a 
fasting patient suggestive of a 70% or greater stenosis. 42 Mag¬ 
netic resonance angiography (MRA) has also been shown to 
correlate accurately with conventional angiography and can be 
a valuable option in patients for whom iodinated contrast 
agents are contraindicated. 43,44 Recent MR imaging (MRI) 



Figure 47-20 Chronic mesenteric ischemia. 

A. Sagittal 3D CT angiogram demonstrates 
calcified atherosclerotic plaque at the origins of 
the celiac artery and SMA. B. Axial oblique 
multiplanar reformat (MPR) demonstrates calcified 
and soft plaque at the origin of the SMA. 
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Figure 47-21 CT angiogram in a patient with 
celiac artery stenosis. A. Sagittal volume- 
rendered CT image shows marked narrowing 
[arrow) at the origin of the celiac artery. B. Coronal 
MIP image shows the pancreaticoduodenal 
collateral pathways (arrow) that have developed 
between the SMA and celiac axis. 




Figure 47-22 Marginal artery of Drummond. This coronal 
volume-rendered image demonstrate several large collateral vessels, 
including a large marginal artery of Drummond ( arrowheads ), in a 
patient with superior mesenteric artery stenosis. This is an important 
collateral pathway between the IMA and SMA. 


protocols have also incorporated imaging of patients before and 
after a meal. Regardless, CT is the primary modality whereby 
the diagnosis of CMI is made. CT offers optimal visualization 
of the involved vascular segments, the ability to rotate and view 
the involved segments from any perspective using 3D tech- 
niques, and the ability to view calcification and soft plaque 
rather than the vessel lumen alone and, perhaps most impor- 
tantly, it provides the added advantage of evaluating the bowel 
and nonvascular portions of the abdomen and pelvis. 

Vasculitis 

A general term encompassing a wide variety of diseases that 
result in inflammation and necrosis of biood vessels, vasculitis 
is often classified based on the size of the affected vasculature. 
Three primary categories of vasculitis have been described: 
(1) large vessel vasculitis affects the aorta and its major 
branches(the two most common types are Takayasus arteritis 
and giant cell arteritis); (2) medium vessel vasculitis affects the 
visceral arteries and their branches, with classic examples in this 
category including polyarteritis nodosa, Kawasaki disease, and 
primary granulomatous central nervous system vasculitis; and 
(3) small vessel vasculitis affects arterioles, venules, and capil- 
laries. This category includes the largest number of discrete 
entities; the most common are lupus vasculitis, Henoch-Schon- 
lein purpura, Wegeners granulomatosis, and Churg-Strauss 
syndrome. 45,46 Furthermore, some forms of vasculitis (usually 
small vessel vasculitis) have been termed secondary vasculitis 
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when caused by an underlying collagen vascular disease (e.g., 
lupus vasculitis, Beh^et’s disease), infection, malignancy, or 
drug reaction. 46 

Each of these entities affects a characteristic distribution of 
biood vessels. The involvement of the small bowel can vary 
greatly, depending on the type of vasculitis and the vessels 
involved. 

LARGE VESSEL VASCULITIS 

Of the large vessel vasculitides, Takayasus arteritis is the most 
likely to involve the mesenteric vessels. Takayasus arteritis is a 
chronic granulomatous inflammatory disease of the large arter¬ 
ies, usually affecting the aorta and its main branches. 45 Women 
are affected about 10 times more often than men, and there 
appears to be a unique predilection for Asian patients. Takaya- 
su s arteritis classically involves the aortic arch, but can also 
affect the abdominal aorta and mesenteric branches, resulting 
in abdominal pain, ischemia (acute or chronic), hemorrhage, 
or strictures. 45 

The radiographic diagnosis of mesenteric involvement by 
Takayasus arteritis was once typically made using conventional 
angiography. However, these findings can now be well depicted 
with MDCT of the mesenteric vessels, with 3D reconstructions 


depicting the full extent of the patient’s disease. Particularly in 
the acute phase, the walls of the superior mesenteric artery can 
appear thickened, usually more regular and extensive than in 
atherosclerotic disease, and typically encompassing a much 
longer segment. As the involvement becomes more chronic, 
long-segment strictures and stenoses of the SMA can develop, 
along with poststenotic dilation, aneurysms and, in severe cases, 
occlusion, with collateral vessel formation. Unlike conventional 
angiography, CT also has the advantage of being able to visual- 
ize changes in the small bowel as a result of compromised biood 
flow, including increased or decreased wall enhancement, wall 
thickening, mesenteric stranding, and ascites and, in cases of 
frank infarction, pneumatosis and mesenteric venous gas. 

MEDIUM VESSEL VASCULITIS 

Of the medium vessel vasculitides, polyarteritis nodosa (PAN) 
is the most likely to affect the mesenteric arteries (Fig. 47-23). 
PAN is a fibrinoid necrotizing vasculitis that weakens the arte- 
rial wall of small and medium-sized vessels, leading to the for¬ 
mation of aneurysms, typically at branch points. The kidneys 
and renal arteries are the most commonly involved, with abnor- 
malities present in up to 80% to 90% of patients. However, the 
small intestine and mesenteric vessels are also involved in over 


Figure 47-23 Polyarteritis nodosa. A. Contrast- 
enhanced CT demonstrates thickening of the 
superior mesenteric artery ( arrow). B. Sagittal 
reconstruction demonstrates mural thickening (arrow) 
of the proximal portion of the superior mesenteric 
artery, reflecting vasculitic involvement of the SMA. 
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50% of cases, with the small bowel being the most commonly 
involved portion of the gastrointestinal (GI) tract. Bowel 
involvement by PAN is thought to portend a particularly poor 
prognosis. 4 Abdominal pain is reported in up to two thirds of 
patients with this disorder, usually from ischemia, and GI hem- 
orrhage and bowel perforation are common complications. 45,46,48 
In a series of 24 patients with polyarteritis nodosa and GI tract 
involvement, 54% developed a surgical abdomen, of whom 3 
subsequently died. 45 

Radiologic diagnosis is best made with high-quality CT 
angiographic images, which demonstrate aneurysms involving 
the renal, mesenteric, hepatic, splenic, or peripancreatic arter¬ 
ies. 49 Although this pattern of aneurysm formation is highly 
suggestive of PAN, patients with necrotizing angiitis secondary 
to IV drug use, lupus vasculitis, and Wegener’s granulomatosis 
can also have a similar distribution and appearance. 

SMALL VESSEL VASCULITIS 

Of the small vessel vasculitides, those most likely to involve the 
small bowel include Henoch-Schonlein purpura, systemic lupus 
erythematosus (SLE), and Beh^ets disease. 

Henoch-Schonlein Purpura 

A small vessel vasculitis of unknown cause, Henoch-Schonlein 
purpura is the most common vasculitis of childhood. 50,51 
Although generally thought of as a purely pediatric condition, 
up to 30% of patients may be older than 20 years. 45 The disorder 
is characterized by the deposition of IgA-predominant com- 
plexes in the skin, joints, kidneys, and GI tract. The skin disease 
is typically the first manifestation, appearing as a petechial rash 
with purpura, often on the lower extremities. 51 

GI tract involvement can occur in up to 60% of patients, 
most often resulting in abdominal pain related to ischemia. 52 
Occult or overt GI bleeding is a very common feature, seen 
in up to 52% of patients, and intramural hematoma within 
the bowel wall is not uncommon. 50 Any part of the GI tract 
can be involved, but the small bowel is the most frequently 
involved site. Although certainly not specific for the disease, 
common CT Åndings include bowel wall thickening, bowel 
wall dilation, luminal narrowing, fold thickening, and ulcer- 
ation (Fig. 47-24). 53 Multiple different bowel loops can be 
involved, and areas of intervening normal bowel can be seen. 
There are typically multiple stigmata of intense abdominal 


inflammation, including enlarged mesenteric lymph nodes, 
engorged mesenteric vasculature, ascites, and mesenteric 
stranding. 52 Particularly when presenting in the pediatric popu¬ 
lation, intussusception is a common surgical complication, 
occurring in up to 13.6% of patients, with the most common 
sites being ileoileal and ileocolic. It is thought that this unique 
predisposition toward intussuception, particularly in locations 
within the small bowel, which are uncommon in normal chil- 
dren, is related to hemorrhage and edema within the bowel 
wall serving as a pathologic lead point. 50 Although the CT 
appearance of the bowel can be dramatic, less than 5% develop 
true bowel infarction or perforation, and the vast majority of 
cases will resolve without sequelae. 45 

Systemic Lupus Erythematosus 

SLE is a complex auto immune disease with multisystem involve¬ 
ment that can affect any portion of the GI tract as a result of 
immune complex deposition in the wall of small arterioles 
feeding the bowel. 45,54,55 Moreover, patients with SLE are further 
at risk for bowel complications, given that 27% to 42% of SLE 
patients are hypercoagulable because of underlying antiphos- 
pholipid syndrome, placing them at high risk for the develop - 
ment of mesenteric arterial or venous thrombosis. 56 These 
two features (arteriolar vasculitis and central mesenteric throm¬ 
bosis) place these patients at unique risk of bowel ischemia. 

Abnormal CT Åndings in the bowel are usually reflective 
of bowel ischemia (see Fig. 47-20), including bowel wall thick¬ 
ening, edema, intramural hemorrhage, altered mucosal 
enhancement or, in more advanced cases, pneumatosis or 
mesenteric venous gas (Fig. 47-25). 54 3D and multiplanar 
imaging of the mesenteric vessels are critical to avoid missing 
subtle cases of arterial or venous thrombosis. Particularly in 
those patients in whom the amount of thrombus is small 
and involves only a short segment, the abnormality can be 
easy to miss on conventional axial images. In patients in 
whom the bowel ischemia is secondary to the vasculitis itself 
(rather than thrombosis), subtle beading or pruning of the 
mesenteric artery branches may be most apparent on 3D 
MIP images. 

Behget's Disease 

A small vessel vasculitis usually affecting young males (age 11 
to 30 years), Behget’s disease is classically characterized by oral 
and genital ulcers, ocular inflammation, arthritis, and skin 


Figure 47-24 Henoch- 
Schonlein purpura. 

A, B. Contrast-enhanced CT 
image demonstrates moderate 
small bowel thickening. The small 
bowel is thickened with mucosal 
hyperemia and has a target 
appearance. This was ultimately 
proven to be a case of bowel 
ischemia secondary to Henoch- 
Schonlein purpura. 
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Figure 47-25 Lupus vasculitis in a 32-year old woman with lupus, 
abdominal pain, and elevated lactic acid level. This coronal 
contrast-enhanced image shows moderate ascites, marked thickening 
of the small bowel in the mid abdomen and left upper quadrant, and 
mucosal hyperemia and low density in the submucosal layer of the 
bowel wall. These findings reflect bowel ischemia secondary to lupus 
vasculitis. 


lesions. 46 It is an uncommon necrotizing vasculitis of unknown 
cause that may involve multiple organs, including the GI tract 
in up to 50% of cases. The two most common locations in the 
GI tract are the distal ileum (including the ileocecal region) and 
esophagus, with involvement of the bowel characterized by 
severe ulceration. Typically, the diagnosis is made through 
biopsy of the mucosal ulcers, and patients are subsequently 
treated with steroids. 

Given that the most common site of involvement in the 
small bowel is the distal ileum, Beh^et’s involvement in this 
location can very much mimic Crohns disease. Severe ulcer- 
ations in the bowel wall place the patient at high risk of devel- 
oping fistulas, sinus tracts, abscesses, and other complications, 
all of which can misleadingly suggest Crohns disease (particu- 
larly given the patient population). Bowel wall thickening on 
CT can be severe and even masslike in appearance, asymmetri- 
cally involving the bowel wall, and can be confused with malig- 
nancy, particularly lymphoma (Fig. 47-26). The presence of 
large asymmetric ulcerations is a feature most often appreci- 
ated on fluoroscopic studies, and barium studies also demon- 
strate marked fold thickening of the involved bowel, often 
appearing focal and masslike and sometimes mimicking a small 
bowel lymphoma or neoplasm. In a series of 28 patients by 
Ha and co-workers with intestinal Beh^et’s, it was suggested 
that discrete, masslike, polypoid lesions in the bowel were more 
common in patients without complications, whereas bowel wall 
thickening was more common in patients with complications. 58 
Similarly, most patients without complications had very little 
inflammatory change or fluid adjacent to the involved bowel 
segments, whereas severe mesenteric infiltration was more 



Figure 47-26 Behget's disease. Coronal contrast-enhanced CT 
demonstrates marked thickening of the distal ileum ( arrow ), somewhat 
masslike in appearance. This was originally thought that it might 
represent lymphoma, but was found to be manifestation of Behget's 
disease. 


common in patients with complications such as peritonitis or 
perforation. 

Acute Small Bowel Bleeding 

Although much less common than the colon, the small bowel 
is an important site of GI bleeding, perhaps accounting for 3% 
to 5% of all cases. 59 The most frequent causes of small bowel 
bleeding include ulcerations, tumors, Crohns disease, angio- 
dysplasia, and vascular malformations. 60 Usually suspected after 
negative upper and lower endoscopy, small bowel bleeding is 
notoriously diffkult to diagnose. Although some endoscopic 
procedures have been developed to evaluate the small bowel, 
these have not proven especially efficacious in identifying 
sources of bleeding. For example, push enteroscopy involves the 
use of a long endoscope to visualize the small bowel beyond the 
reach of a conventional endoscope. However, this technique is 
naturally limited by its ability to reach only 80 to 120 cm beyond 
the ligament of Treitz (thus not evaluating the distal small 
bowel), is time-consuming, and can miss small bowel bleeding 
that is intermittent in nature. 59,61 Capsule endoscopy, which 
involves the evaluation of the small bowel with a wireless video 
capsule, has become an option for evaluating the entire small 
bowel. However, this technique is expensive, time-consuming, 
can be problematic in patients with bowel strictures and nar- 
rowing, and can also miss those with intermittent bleeding. 
Moreover, this technique is limited to the evaluation of the 
mucosal layer of the bowel and will miss bleeding from submu¬ 
cosal lesions. Most importantly, given its time-consuming 
nature, capsule endoscopy is best reserved for cases of chronic 
bleeding rather than for the acute setting. 

Although the two most common radiologic studies used in 
the setting of GI bleeding have traditionally been technetium 
99m-labeled red biood cell (RBC) scans and catheter angiogra- 
phy, both these modalities have signifkant limitations in the 
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small bowel. Although tagged RBC scans can detect low rates 
of bleeding (>0.2 mL/min), are noninvasive, and can detect 
intermittent bleeding over long periods of time, this modality 
is limited by its poor spatial resolution and inability to localize 
sites of bleeding accurately. Catheter angiography is limited by 
its ability to only detect relatively rapid rates of bleeding (at least 
1 mL/min) and by its difficulty in detecting intermittent hem- 
orrhage. Moreover, it is an invasive modality with associated 
risks to patient safety and also suffers from poor contrast reso¬ 
lution, which can limit its ability to characterize the true site of 
bleeding accurately. 62 

Computed Tomography in the Diagnosis of Gastrointestinal 
Bleeding. Computed tomography has taken on a growing role 
in the evaluation of small bowel bleeding in the acute setting, 
with its ability to identify extraluminal sources of bleeding (e.g., 
submucosal tumors, vascular malformations) and precisely 
localize the anatomic site of bleeding. Although the data regard- 
ing the use of CT in the acute setting is still relatively sparse, 
studies performed in animal models suggest that bleeding may 
be detectable at 0.35 mL/min, better than catheter angiography, 
and only slightly above the rate detected by tagged RBC studies. 
In the acute setting, the sensitivity of CT for acute GI hemor- 
rhage has reported to be as high as 92%. 59,63 Moreover, CT may 
be a better option than capsule endoscopy, even in the subacute 
or chronic setting. In a study by Huprich and colleagues, CT 
enterography (with arterial and venous phase imaging and the 
use of a neutral oral contrast agent to distend the small bowel) 
was more sensitive for the source of small bowel bleeding than 
capsule endoscopy (88% vs. 38%); CT’s primary advantage was 
in cases of bleeding caused by small bowel masses. 64 

Technique. Like other modalities, CT is somewhat limited 
when bleeding is intermittent, and it is critical that the study be 
performed when the patient is actively bleeding. In the acute 
setting, no oral contrast should be administered; positive oral 
contrast agents can mask sites of active bleeding, whereas 
neutral contrast agents (e.g., water, VoLumen) can potentially 
dilute sites of bleeding. 62,65 Moreover, the potential need for 
intervention in the acute setting makes any oral ingestion con- 
traindicated. However, neutral contrast agents may be of use in 
the chronic setting because there is less focus on identifying 
active bleeding and more focus on identifying an occult small 
bowel mass, ulcer, or vascular malformation. 

Brisk injections (4 to 6 mL/s) of IV contrast are generally 
necessary because acquiring images at peak arterial enhance- 
ment improves the chances of visualizing active contrast extra- 
vasation or subtle vascular malformations. Portal venous phase 
images are also an important part of a GI bleeding protocol 
because they facilitate the visualization of hypovascular small 
bowel tumors and subtle bowel wall thickening. Some institu¬ 
tions use a noncontrast phase prior to the administration of 
contrast to avoid mistaking radiodense ingested materials, med- 
ications, sutures, or surgical clips for sites of bleeding. However, 
we do not routinely acquire noncontrast images at our institu¬ 
tion because any active site of bleeding should change in con- 
figuration over the arterial and venous phases and ingested 
foreign material should remain identical in appearance. 

Findings. In the acute setting, extravasated contrast material 
within the bowel is the most critical sign of active bleeding. This 
extravasation can be quite subtle in the most difficult cases, 


although in the most obvious situations, an entire small bowel 
loop can be filled with extravasated contrast (Figs. 47-27 and 
47-28). Importantly, normal mucosal enhancement when the 
bowel is not particularly well distended can be mistaken for 
active extravasation, as can hyperdense older clotted biood. In 
both these situations, it is important to note that active extrava¬ 
sation will typically have much higher Hounsfield attenuations 
(usually >90 HU) compared with older clotted biood or mucosal 
enhancement (usually <90 HU). 65 This is discussed more fully 
in Chapter 125. 

Miscellaneous Disorders 

SUPERIOR MESENTERIC ARTERY DISSECTION 

Most cases of SMA dissection reflect extension of an aortic dis- 
section into the SMA (Fig. 47-29). The dissection flap can 
extend a variable length into the SMA and, in some cases, can 
result in complete occlusion of the vessel, with resulting bowel 
ischemia. However, isolated visceral artery dissection (without 
an associated aortic dissection) is a rare phenomenon, usually 
involving the SMA, with the celiac and common hepatic arteries 
involved less often (Figs. 47-30 and 47-31). When this occurs, 
it is thought that the most likely causes are an intrinsic abnor- 
mality of the vessel wall, such as underlying vasculitis, cystic 
medial necrosis, fibromuscular dysplasia (FMD), aneurysm, or 
collagen vascular disease. 66 ' 69 

Although rare, the identification of visceral artery dissec- 
tions is becoming more common with improved CT scanner 
technology, multiplanar reformats, and 3D reconstructions. In 
particular, the orientation of the dissection flap, which can have 
a helical configuration, as well as a volume-averaging artifact, 
can make it difficult to identify an SMA dissection on axial 
images, and evaluation of the artery in multiple planes is man- 
datory. The dissection flap should thereby be easily visualized 



* 
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Figure 47-27 Acute gastrointestinal bleeding on CT. Contrast- 
enhanced arterial phase CT image demonstrates active extravasation 
within the duodenum (arrow), which is distended with hematoma. This 
was found to represent a bleeding duodenal ulcer when further 
evaluated with endoscopy. 
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Figure 47-28 Acute small bowel hemorrhage on CT. Contrast-enhanced arterial (A) and venous (B) phase images demonstrate active 
extravasation of contrast material ( arrow ) into the right lower quadrant small bowel. The extravasated contrast changes in configuration and 
enlarges over the two phases, allowing it to be differentiated from ingested hyperdense material, even without noncontrast images. 



Figure 47-29 Dissection involving the superior mesenteric artery. Axial contrast-enhanced CT (A) and coronal volume-rendered (B) images 
demonstrate a dissection ( arrows) involving the superior mesenteric artery 


on CTA, and is typically located a few centimeters distal to the 
SMA origin, sometimes resulting in narrowing or occlusion of 
the lumen. 70 Patients can present with clinical symptoms related 
to intestinal ischemia or hemorrhage, and the decision to 
undergo operative repair, endovascular intervention, or conser- 
vative therapy is largely contingent on patient symptoms and 
the presence of bowel ischemia. 69 

TRAUMA 

Bowel and mesenteric injury is found in 5% of patients under- 
going laparotomy after significant blunt abdominal trauma. 70 
The mesenteric side of the small intestine is more vulnerable to 
vascular tears, resulting in mesenteric biood or hematoma. The 
antimesenteric border of the bowel, on the other hånd, is more 
likely to perforate. 1 The radiologist must have a high index of 
suspicion for mesenteric injury or bowel injury in trauma 
patients with fluid or increased density in the mesentery, 
whether or not pneumoperitoneum is present. 


Another Ånding that can be seen in the setting of trauma 
and hypovolemic shock is the so-called shock bowel complex, 
in which there is severe submucosal edema and intense mucosal 
enhancement of the small bowel (Fig. 47-32). This appearance, 
which is often associated with other evidence of hypovolemic 
shock (including a flattened inferior vena cava [IVC], narrow 
aorta, peripancreatic fluid, diminished enhancement of the 
spleen and liver, and intense enhancement of the adrenal giands) 
should not be confused with bowel ischemia or bowel injury, 
because the abnormal appearance of the bowel should resolve 
with supportive therapy and volume resuscitation. 2 

RADIATION ENTERITIS 

The small intestine is the most common site of injury in patients 
undergoing radiation therapy, particularly in patients receiving 
high doses of radiation over a relatively short period of time. 
Patients with a history of previous intra-abdominal surgery or 
peritonitis are particularly susceptible to radiation enteritis 
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Figure 47-30 Dissection of the superior 
mesenteric artery. Contrast-enhanced axial CT 
image (A) and coronal volume-rendered 
reconstruction (B) demonstrate a dissection flap 
( arrows) in the superior mesenteric artery. 





Figure 47-31 Sagittal contrast-enhanced CT. This demonstrates 
mild aneurysmal dilation of the celiac artery, with a dissection flap. No 
dissection was identified within the aorta itself. 


because of the immobility of the intestine as a result of adhe- 
sions. Patients with diabetes or atherosclerotic disease are also 
at additional risk because the radiation is more likely to result 
in endarteritis and, ultimately, fibrosis. Patients can present 
with acute symptoms of radiation enteritis (pain, diarrhea, 
bleeding) during the radiation therapy, or symptoms of chronic 
radiation injury (pain, obstruction, malabsorption) can occur 
at any time point after the therapy (including decades later). 

The diagnosis of radiation enteritis is usually made clinically 
based on the patient s history and presentation. However, CT 
can be helpful to confirm the suspected diagnosis and deter- 
mine the severity and extent of involvement. In patients with 
acute radiation enteritis, CT will typically demonstrate thicken- 
ing and edema of the small bowel wall, often with mucosal 
hyperemia, with associated mucosal ulceration generally best 



Figure 47-32 Shock bowel in a 23-year-old woman immediately 
after a motor vehicle accident. Contrast-enhanced CT demonstrates 
pneumoperitoneum, a flattened IVC ( arrow) suggestive of 
hypovolemia, and a diffusely thickened, avidly enhancing small bowel. 
This constellation of findings represents the shock bowel complex. 


appreciated on fluoroscopic barium studies (Fig. 47-33). Intra- 
mural hemorrhage can often be present in the acute stage. Over 
time, patients with chronic radiation injury can demonstrate 
stenoses, adhesions, strictures, small bowel obstruction, and 
fistulas. In the most obvious cases of chronic radiation injury, 
the small bowel mucosa will appear completely effaced, result¬ 
ing in a smooth featureless appearance of the small bowel on 
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CT and fluoroscopic studies, often referred to as ribbon or 
toothpaste bowel. 

SPLANCHNIC ARTERY ANEURYSMS 

Splanchnic artery aneurysms are rare, with an incidence of 
0.01% to 0.25% in autopsy series. 73 Most patients with splanch¬ 
nic artery aneurysms are asymptomatic, and the diagnosis is 
most often made incidentally. However, in some cases, these 
aneurysms can rupture, and patients can then present with 
abdominal pain and mesenteric hemorrhage. 



Figure 47-33 Radiation enteritis. Axial contrast-enhanced CT 
image in a patient after radiation therapy for lymphoma demonstrates 
moderate thickening of several small bowel loops in the right 
abdomen, thought to be secondary to radiation enteritis. There is 
also minimal mesenteric stranding and ascites. 


The splenic artery is the most commonly involved (60%), 
followed by the hepatic artery (20%), SMA (5.5%), celiac artery 
(4%), pancreatic arteries (2%), and gastroduodenal artery 
(1.5%). 7; The diagnosis can be made using any modality, 
including CT, MRI, ultrasound (US), or angiography, although 
MDCT is the easiest procedure for making the diagnosis, and 
3D reconstructions can nicely illustrate the 3D shape and mor- 
phology of the aneurysm, providing a roadmap for surgical or 
endovascular repair. Although the treatment of these aneu¬ 
rysms has traditionally been surgical, endovascular repair has 
become increasingly common. 

The most common location for an SMA aneurysm is within 
the first 5 cm of the vessel; the most common causes for an 
aneurysm in this location include endocarditis, atherosclerosis, 
and pancreatitis. Complications can include thrombosis and 
rupture, each of which carries a high mortality rate, because 
complications involving SMA aneurysms place the patient at 
great danger of small bowel ischemia. Celiac artery aneurysms 
are more frequent in men than women, and 75% of patients 
present with clinical symptoms, typically pain (Figs. 47-34 
and 47-35). 76 The risk of rupture is 13%, with an almost 
100% mortality rate when rupture occurs. The most common 
cause of a celiac artery aneurysm is atherosclerotic disease, 
and most aneurysms occur either at or near the origin of 
the vessel. 

DRUG-INDUCED SMALL BOWEL ANGIOEDEMA 

A self-limited process characterized by the vascular leakage of 
serum from small vessels, angioedema is likely related to the 
abnormal release of bradykinin, resulting in severe vasodilation. 
Although in rare cases hereditary caused by a Clq esterase 
deficiency, angioedema is usually drug-related. Angiotensin- 
converting enzyme (ACE) inhibitors are the drugs most com¬ 
monly known to cause angioedema, and most clinicians are 
familiar with the swelling, flushing, and facial edema that can 
characterize this drug reaction. Other drugs, however, including 
IV contrast itself, can also produce angioedema. 



Figure 47-34 Celiac artery aneurysm. A. Axial contrast-enhanced CT image in the arterial phase demonstrates an aneurysm (arrow) of the 
celiac artery. B. Volume-rendered (VR) projection nicely demonstrates the complex shape of the celiac artery aneurysm, which begins 
approximately 1.5 cm distal to the origin of the celiac artery. 



846 


SECTION VI Small Bowel 


Figure 47-35 

axis ( arrows ). 




Although classically associated with the oral and respiratory 
mucosa, angioedema can also be seen in the small bowel, and 
has been increasingly reported in association with ACE inhibi¬ 
tor usage. The appearance on CT can be very striking, with 
marked segmental thickening of small bowel loops and intense 
mucosal enhancement, often resulting in a mistaken diagnosis 
of bowel ischemia or vasculitis. 78 Notably, however, this bowel 
abnormality should be relatively short-lived and transient if the 
offending drug is discontinued. 

MEDIAN ARCUATE LIGAMENT SYNDROME 

The median arcuate ligament is a fibrous arch that unites the 
right and leff crura on either side of the aortic hiatus. Although 
there is a great deal of variation in the shape and orientation of 
the median arcuate ligament, in most individuals the ligament 
crosses above the celiac origin and anterior to the aorta. 
However, in 10% to 24% of individuals, the median arcuate 
ligament has a low insertion across the origin of the celiac axis, 
an anatomic abnormality that can be exacerbated in patients 
with an abnormally high takeoff of the celiac artery. 80,81 This 
abnormal positioning of the median arcuate ligament can result 
in varying degrees of celiac artery compression. 

In rare cases, the compression can be hemodynamically sig- 
nificant, resulting in collateral flow to the celiac artery from the 
SMA (Figs. 47-36 and 47-37). A small subset of individuals with 
this low insertion will be symptomatic, presenting with symp¬ 
toms similar to those of CMI. In particular, most patients with 
clinical symptoms tend to be young women, and there is a 
tendency to develop symptoms after meals or exercise, or with 
inspiration. The cause of pain in patients with median arcuate 
ligament syndrome is controversial; some believe that the pain 
is a result of compromised biood flow and shunting of biood 
away from the SMA, but others think that the pain is a result 
of compression or chronic irritation of the celiac plexus. 30,81 ' 84 
Because of controversy about the true cause of pain, there is a 


great deal of disagreement about the best management strategy. 
There have been arguments in favor of open surgical release of 
the median arcuate ligament and endovascular angioplasty with 
stenting. 

Although the diagnosis was once typically made with cath- 
eter angiography, CT with 3D reconstructions is now clearly the 
best means of evaluation. Sagittal reconstructions are of the 
utmost importance because the abnormally low insertion of 
the median arcuate ligament, compression of the celiac artery, 
and a characteristic-shaped indentation on the proximal celiac 
artery can all be optimally illustrated (see Figs. 47-31 and 47- 
32). Moreover, when the compression is hemodynamically sig- 
nificant, poststenotic dilation of the celiac artery can be seen, 
and prominent collaterals surrounding the pancreatic head 
from the SMA through the gastroduodenal and peripancreatic 
arteries can be present. 85 Also, given that median arcuate liga¬ 
ment compression is almost certainly a dynamic process, inspi- 
ratory and expiratory scans can be performed to evaluate for 
worsening compression on inspiration (Fig. 47-38). 

HEMANGIOMAS 

GI hemangiomas are rare benign vascular tumors that can 
occur anywhere in the GI tract, but are most frequently located 
in the small intestine (usually the jejunum). 86 Hemangiomas 
account for 7% to 10% of all benign small bowel tumors. 
Histologically, hemangiomas are classified according to their 
major component. Capillary hemangiomas are composed of 
small capillaries with thin walls and blood-fllled spaces lined by 
endothelial cells. Cavernous hemangiomas consist of larger 
blood-fllled sinuses lined by single or multiple layers of endo¬ 
thelial cells. 88 

Small bowel hemangiomas can be single or multiple and can 
be associated with hemangiomas or vascular malformations in 
other organs, such as the liver and skin. Accordingly, there have 
been reported associations between GI hemangiomas and 
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Figure 47-36 Median arcuate ligament syndrome. A. Sagittal contrast-enhanced image demonstrates a hooklike or J-shaped appearance of 
the proximal celiac axis, which is narrowed ( arrow ). B. Coronal MIP image shows enlarged and dilated pancreaticoduodenal collaterals supplying 
the celiac from the SMA. 



Figure 47-37 Median arcuate ligament syndrome. A. Sagittal contrast-enhanced image shows severe narrowing of the proximal celiac artery 
by a prominent median arcuate ligament. B. Coronal CTA with MIP shows enlarged and dilated pancreaticoduodenal collaterals supplying the 
celiac from the SMA. 
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Figure 47-38 Median arcuate ligament 
syndrome. Expiratory (A) and inspiratory 
(B) contrast-enhanced sagittal CT images in a 
patient with median arcuate ligament syndrome. 

A. The expiratory image demonstrates a 
characteristic J-shaped indentation on the 
proximal celiac artery, with resultant compression. 

B. The degree of celiac artery compression 
increases on the inspiratory image. 



Osler-Weber-Rendu syndrome, Maffucci’s syndrome, Klippel- 
Trenaunay-Weber syndrome, and congenital blue rubber bleb 
nevus syndrome. 88 

With hemangiomas, 90% eventually present with clinical 
symptoms, usually acute or chronic GI hemorrhage. Moreover, 
particularly when large, these lesions can result in small 
bowel obstruction, intussuception, or perforation. Nevertheless, 
small bowel hemangiomas have proven extremely difficult to 
diagnose radiographically, particularly prior to the CT era. In a 
review of the Japanese literature by Akamatsu and associates, a 
preoperative diagnosis was possible in only 24% of patients 
using small bowel series, angiography, or scintigraphy. 88a 
Although some of these lesions are undoubtedly now being 
diagnosed with capsule endoscopy, CT has emerged as a very 
good option for diagnosing these masses. Although there have 
been few reports in the literature, the appearance can vary 
greatly. In some cases, mural thickening of the involved bowel 
segment is seen, with intense associated enhancement on 
arterial phase images, whereas in other cases, a distinet hyper- 
vascular mass or a tangle of abnormal serpiginous vessels may 
be identified (Fig. 47-39). The presence of phleboliths within 
the lesions is readily apparent on CT and can strongly suggest 
the diagnosis. 88 90 

Summary 

Advances in CT technology—the refmement of CT protocols 
to study the small bowel and mesenteric vasculature specifkally 
and the development of modern 3D reconstruction software— 
over the last few years have markedly improved our ability to 
diagnose diseases of the small bowel. Whereas CT was once 



Figure 47-39 Contrast-enhanced axial CT image. This 
demonstrates a 9-mm enhancing lesion in the distal small bowel 
(arrow) ultimately proven to represent a hemangioma. 


limited to only the most basic diagnoses in the small bowel, 
and fluoroscopic studies were used to make more subtle deter¬ 
minations and diagnoses, CT should now be considered as the 
first-line imaging study in patients with suspected vascular dis- 
orders of the small bowel. CT can accurately image the small 
bowel and mesenteric vasculature with a high degree of detail 
and subtlety and can identify a wide range of pathologies. 
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Surgical treatment of disease of the small bowel requires the 
use of relatively few operative techniques, and most of these 
surgical interventions are applicable to any segment of the 
jejunum and ileum. Primarily, they include enterotomy for 
removal of polyps or foreign bodies, enteroplasty for treatment 
of strictures, enterectomy for resection of obstructed, trauma- 
tized, neoplastic, or necrotic segments, plication to prevent 
intestinal obstruction, and creation of ostomies or mucous 
fistulas for feeding or drainage purposes. 1 In addition, the small 
bowel is used for the surgical construction of reservoirs after 
gastrectomy and proctocolectomy and for the reconstitution 
of biliary and pancreatic flow into the gastro intestinal (GI) 
tract. Another development is the surgical option of small 
bowel transplantation for the treatment of select patients with 
short bowel syndrome and intestinal failure. 

Radiologic studies are seldom performed as routine 
follow-up of the surgical procedure, but are done to assess 
the integrity of the small bowel or investigate postoperative 
complications. Appreciation of postoperative anatomy and 
associated intestinal alterations can be especially important 
because the pertinent surgical history may be incomplete or 
even unknown at the time of diagnostic imaging. In patients 
with a history of small bowel surgery who present with GI 
symptoms, the postoperative anatomy and site of any anas¬ 
tomosis can be evaluated by small bowel enteroclysis tech¬ 
niques. 2,3 However, experience with CT enteroclysis is limited 
to a few institutions. An alternative technique for achieving 
adequate bowel distention is CT enterography, which does 
not require intubation but the patient must drink large 
quantities of oral contrast in a short period of time. Con- 
sidering many factors specific to the patient and institution, 
the radiologist would make a choice between the intubation- 
infusion method (enteroclysis) and the oral approach 
(enterography). 


Small Bowel After Gastric Surgery 

Important although uncommon alterations in small intestinal 
physiology or anatomy may occur after certain operations on 
the stomach. In the postgastrectomy syndrome, various patho- 
physiologic disorders result from interruption of the pyloric 
sphincter mechanism or from the sequelae of a vagotomy. 
Rapid influx of hyperosmotic gastric contents into the small 
bowel may manifest clinically as the dumping syndrome, with 
symptoms of postprandial cramping and urgent diarrhea. Mild 
luminal dilation and hypermotility of the efferent jejunum can 
be observed on small bowel studies. Serotonin, enteroglucagon, 
and vasoactive intestinal polypeptide are also released systemi- 
cally by the small intestine in response to luminal distention 
and are partly responsible for the vasomotor component of 
dumping. 4 Small bowel dysmotility with bacterial colonization, 
intestinal malabsorption, and impaired pancreatic and biliary 
function may also contribute to postvagotomy diarrhea. 5 

AFFERENT LOOP OBSTRUCTION 

An afferent loop may be created with an esophagoenterostomy, 
gastroenterostomy, or enteroenterostomy that results from 
various gastric or pancreaticogastric operations. In Billroth II 
gastrojejunostomy, the afferent loop is the duodenum, in Whip- 
ple’s procedure it is the Roux jejunal limb, and in Roux-en-Y 
gastric bypass the afferent loop is the duodenum and proximal 
jejunum. Afferent loop obstruction, also referred to as biliopan- 
creatic limb obstruction, is an uncommon complication of 
these surgical procedures and occurs with variable clinical 
severity, acuteness, and chronicity. 6 Afferent loop syndrome 
refers to chronic partial obstruction of an afferent loop. Causes 
include stenosis of the anastomosis, adhesions, retrograde 
intussusception, volvulus, internal hernia, recurrent neoplasm, 
and inflammatory disease. 6,7 The clinical diagnosis of afferent 
loop obstruction can be difficult because patients may have 
vague symptoms or the classic finding of bilious vomiting with 
relief of abdominal pain. Acute obstruction can result in pan- 
creatitis, whereas chronic progression of the syndrome can 
result in malabsorption, intestinal bleeding, or perforation. 8 

Abdominal radiographs are often normal because the 
obstructed afferent loop is fluid-filled because of ongoing accu- 
mulation of biliary, pancreatic, and intestinal secretions. GI 
barium studies may suggest the diagnosis if there is nonfilling 
of the afferent loop or preferential filling of a dilated afferent 
loop associated with stasis (Fig. 48-1). However, the efficacy of 
barium studies is questionable because the afferent loop fails to 
opacify in 20% of normal patients. 9 

Computed tomography (CT) is helpful in visualization of 
the obstructed afferent loop. 911 A characteristic finding on the 
CT is a dilated, U-shaped afferent loop that traverses the midline 
(Fig. 48-2). Nonopacification of the afferent loop is usual after 
oral contrast administration. Transmitted pressure from the 
obstruction may be sufficient to distend the gallbladder and bile 
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Figure 48-1 Afferent loop obstruction. Barium injection into small 
gastric remnant (S) results in preferential filling of a distended afferent 
loop (A). Only minimal contrast material enters the efferent (E) 
intestine. Distorted bowel margins are caused by kinking and 
tethering from adhesions (arrow). 



Figure 48-2 CT image of afferent loop obstruction. Oral contrast 
medium opacifies the normal efferent small bowel loops (E); the 
abnormal uniformly dilated afferent loop (A) remains nonopacified. 


duets. 10,11 Coronal CT images aid in identifying the course of 
the obstructed loop and differentiating the intestine from other 
fluid collections (Fig. 48-3). 6 

Enterectomy and Anastomosis 

Enterectomy refers to surgical excision of the intestine and its 
corresponding mesentery, as indicated by a wide variety of 
clinical conditions. Primary anastomosis generally follows 



Figure 48-3 Afferent loop obstruction after Roux-en-Y 
esophagojejunostomy. Coronal CT image displays obstructive 
distention of the afferent biliopancreatic limb (A) and common bile 
duet (arrow). The scan was performed with IV but without oral contrast 
media. 


segmental resection of the small bowel, although in some 
patients an external ostomy is created in conjunction with 
closure or formation of a mueous fistula of the distal bowel 
segment. 

Anastomosis of the small bowel is one of the most com- 
monly performed GI surgical procedures because it is required 
for reconstituting continuity of the intestine after resection, 
bypassing an obstructed intestinal segment, and forming an 
enteric reservoir. Mechanical sutures and Staples are established 
forms of instrumentation equal to the use of manual suturing 
techniques for all types of intestinal operations. 12 

Intestinal anastomoses can be constructed as an end-to- 
end, functional end-to-end (anatomic side-to-side), end-to- 
side, or side-to-side anastomosis (Fig. 48-4). An end-to-end 
anastomosis is preferred to reestablish continuity of the small 
bowel, provided there is minimal disparity in luminal size. 
An end-to-end anastomosis ideally serves to avoid small bowel 
stasis syndromes. Closing the two ends of an excised bowel 
segment and performing a side-to-side anastomosis in close 
proximity to the closed ends creates a functional end-to-end 
anastomosis that provides an inereased anastomotic surface. 
An end-to-side anastomosis is used to compensate for dis- 
proportionate proximal and distal luminal sizes, and a side- 
to-side anastomosis is indicated in unusual clinical situations 
that require expeditious bypass of an intestinal obstruction 
(e.g., as with extensive neoplastic disease of the small bowel). 
When an end-to-side anastomosis is performed, the end of 
the proximal lumen is anastomosed to the side of the distal 
intestinal segment. This arrangement ensures that peristalsis 
within the blind (distal) segment is directed antegrade toward 
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Figure 48-4 Intestinal anastomoses. A. Functional end-to-end jejunal anastomosis, created by an anatomic side-to-side technique, is evident 
on enteroclysis with characteristic short oversewn ends (E) in close proximity to a broad anastomotic lumen (A) traversed by the catheter. 

B. Functional end-to-end anastomosis ( arrow ) demonstrated on a coronal CT enteroclysis image with similar anatomic features. E indicates 
oversewn ends of the proximal and distal loops. C. End-to-side anastomosis (arrow). D. Side-to-side anastomosis (arrow). (From Lappas JC, 
Maglinte DD: Imaging of the postsurgical small bowel. Radiol Clin North Am 41:305-326, 2003.) 


and beyond the anastomotic opening, thereby preventing 
stasis (Fig. 48-5). 1 

Despite careful preoperative patient preparation and metic- 
ulous surgical technique, dehiscence of small bowel anastomo¬ 
ses can occur. Aside from technical considerations, several 
factors may adversely affect the success of an anastomosis, 
including sepsis, tissue hypoxia, malignancy, and advanced 
patient age. Intestinal perforation from an anastomotic dehis¬ 
cence may be detected by the presence of free intraperitoneal 
air on abdominal radiographs. Contrast studies performed with 
water-soluble contrast media may demonstrate an intestinal 
leak, although similar Åndings are detectable on CT, which also 
provides the advantage of localizing contaminated peritoneal 
fluid and imaging the complication of abscess formation. 
Extraintestinal fluid collections, which progressively increase in 
volume in the postoperative period, are suggestive of an anas¬ 
tomotic disruption, and evidence of enteric contrast media 
extravasation is diagnostic. Suture dehiscence with a small 
or contained intestinal leak can also result in a localized 


perianastomotic inflammatory process or phlegmon, which 
may result in partial intestinal obstruction (Fig. 48-6). 

POSTOPERATIVE BLIND POUCH AND LOOP 

Although the anatomic end-to-end and functional end-to-end 
surgical anastomoses have essentially replaced the side-to-side 
anastomosis to restore bowel continuity, the latter procedure is 
occasionally performed, and a postoperative blind pouch may 
develop. It should be appreciated that a blind pouch is not 
intentionally created, unlike a postoperative blind loop. During 
side-to-side anastomosis, division of the circular muscle can 
result in local dysmotility with stasis that leads to progressive 
dilation of the proximal anastomotic segment and formation of 
a blind intestinal pouch. An incorrectly performed end-to-side 
anastomosis (side of the proximal segment of intestine sutured 
to the end of the distal intestine) creates a similar anatomic 
abnormality. Occasionally, blind pouches may be encountered 
in association with a prior functional end-to-end (anatomic 
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Figure 48-5 End-to-side anastomosis. A. Using correct surgical 
technique, the end of the proximal small bowel segment is 
anastomosed to the side of the distal small bowel segment, allowing 
intestinal contents to flow in a normal peristaltic direction ( arrows ) 
through a patent bowel lumen. B. An improper anastomosis, with the 
side of the proximal bowel segment sutured to the end of the distal 
bowel segment, allows intestinal peristalsis ( arrows ) to be directed 
into the blind segment and contributes to the complication of lumen 
dilation (pouch formation) and intestinal stasis. 


side-to-side) surgical anastomosis because of abnormal local 
peristalsis and stasis. 

In addition to intestinal stasis with potential for bacterial 
overgrowth, a postoperative blind pouch can be associated with 
inflammation, ulceration, and intestinal bleeding. 13 Symptoms 
of abdominal pain and distention, episodic diarrhea, and a 
history of previous intestinal anastomosis suggest the clinical 
syndrome and its underlying abnormality, but diagnostic con- 
firmation requires radiologic imaging. Segmental pouch resec- 
tion and a restorative end-to-end anastomosis are corrective 
and eliminate the associated complications. 

On CT, an intestinal blind pouch is recognized as a distinet 
saccular enteric structure, with surgical clips visible in the adja- 
cent region. 14 Small bowel contrast studies, particularly entero- 
clysis and CT enteroelysis, demonstrate the pouch and its 
anastomotic relationships (Fig. 48-7). 

Although some clinical features are in common with the 
blind pouch syndrome, the anatomic abnormality associated 
with the blind loop syndrome is different. In blind loop syn¬ 
drome, a segment of small intestine has been completely 
bypassed from the enteric stream by an enteroanastomosis. 
Stagnation of small bowel contents within the blind loop leads 
to bacterial overgrowth, which, in the most severely affeeted 
patients, can approximate the composition of normal colonic 



Figure 48-6 Perianastomotic phlegmon with intestinal narrowing. 

Symptoms of obstruction developed in this patient shortly after a 
segmental ileal resection with end-to-end anastomosis was performed 
for benign disease. Enteroelysis shows a short segment of luminal 
narrowing with a small leak (white arrow) and thickened folds (black 
arrows ) of the adjacent ileal loop. At surgery, ischemic dehiscence of 
the anastomosis was associated with a localized inflammatory reaction 
and mural edema of the proximal bowel segment. 



Figure 48-7 Blind pouch. CT enteroelysis shows formation of a 
saccular blind pouch (P) associated with a prior side-to-side jejunal 
anastomosis. Arrows point to the afferent and efferent limbs. 


flora in quantity and complexity of organisms. Bacterial over¬ 
growth in the small intestine may result in profound distur- 
bances of absorptive funetion, with malabsorption of lipids and 
vitamin B 12 being most notable. 15 Symptoms and clinical signs 
of the syndrome are those of malabsorption and include 
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diarrhea, steatorrhea, anemia, and nutritional deficiencies. As 
in the diagnosis of blind pouch, dedicated small bowel entero- 
clysis studies can accurately demonstrate the postoperative ana- 
tomic abnormality. 

Enterostomy 

Enterostomy refers to an intestinal opening that is surgically 
designed to communicate with the skin and function on a tem- 
porary or permanent basis. To prevent an intra-abdominal leak 
from the intestinal lumen, an enterostomy is made in small 
bowel segments that are sufficiently mobile to be brought into 
contact with the anterior abdominal wall. 

JEJUNOSTOMY 

Jejunostomy is an ideal ro ute for administering nutritional 
support. 1 Advantages of a feeding jejunostomy over gastros- 
tomy include reduced nausea, vomiting, and risk of pulmonary 
aspiration via gastroesophageal reflux. Surgical feeding jejunos- 
tomies are performed in malnourished patients with an antici- 
pated lengthy postoperative course, in patients with pathology 
of the upper GI tract, including gastroparesis, malignancy, 
fistula, and anastomotic leaks proximal to the potential jejunos¬ 
tomy site, and in patients who are not candidates for endo- 
scopic, fluoroscopic, or laparoscopic insertion of feeding 
jejunostomies or who have failed these approaches. Direct intu- 
bated jejunostomies satisfy temporary nutritional require - 
ments, whereas long-term jejunal feeding is best accomplished 
by a Roux-en-Y type jejunostomy. Surgical placement of the 
jejunostomy, at least 70 cm distal from the duodenojejunal 
junction and fixation of the jejunal loop to the peritoneum, are 
common precautions used during jejunostomy construction. 
Some surgeons prefer injection of the jejunostomy catheter 
with a water-soluble contrast medium before initiating enteric 
feeding to ascertain proper catheter position and thus avoid a 
misdirected infusion. 

Various complications can be associated with any of the 
surgical jejunostomy methods. 1,16 In a series of patients with 
jejunostomy tubes, radiologic studies demonstrated compli¬ 
cations related to catheter placement in 14% of cases; in 
19% of cases, various mechanical problems were attributed 
to the location or function of the catheter. 17 Abnormalities 
included enterogastric reflux of the alimentation fluid, mal- 
position of the catheter, and dislodgment, with an intra- 
abdominal leak and small bowel obstruction at or near the 
jejunostomy site. 

ILEOSTOMY 

A distal enterostomy or ileostomy is primarily used for evacu- 
ation of intestinal contents in clinical situations that preclude 
normal use of the colon or require its surgical removal. A con- 
ventional (end) ileostomy, with total proctocolectomy, provides 
a relatively simple and often curative surgical approach that 
mitigates the future risks of malignancy or recurrent inflamma¬ 
tion with these diseases. The loss of fecal continence and its 
attendant physical and psychological effects remain significant 
drawbacks of ileostomy surgery. Since the development of the 
ileoanal reservoir procedures, the use of conventional ileostomy 
has been restricted to patients with extensive Crohns proctoco- 
litis, anal sphincter dysfunction, reservoir failure, and older 



Figure 48-8 Parastomal hernia. This 51-year-old woman had a 
history of pelvis leiomyosarcoma requiring distal colonic resection and 
left lower quadrant colostomy. The CT image shows a large anterior 
abdominal wall defect with herniation of multiple small bowel loops 
and mesentery ( arrow). The colon (c) proximal to the ostomy (o) is 
displaced to the side. This diagnosis requires careful review of several 
scan slices because the herniated loops and stoma are often in 
different axial scan planes. 


patients. 18 Another form of distal enterostomy, the loop (double- 
barrel) ileostomy, is performed in some situations to permit 
temporary intestinal diversion. Circumstances include Crohns 
disease complicated by abscess or extensive fistulas and emer- 
gency intervention for intestinal obstruction, or as an adjunct 
to complex operations that require the protection of a distal 
enteric anastomosis to promote healing. 

Creation of a conventional Brooke or everting end-ileostomy 
involves transection of the ileum with mobilization of a 5-cm 
ileal segment through an abdominal wall defect and a specific 
suturing technique to allow for ileostomy maturation. 18 Mal- 
function of an ileostomy may result from adhesions, prestomal 
narrowing of the ileal lumen, paraileostomy herniation, and 
recurrent disease. These abnormalities can present early or late 
after operation and usually occur at or near the ileostomy site, 
producing symptoms of diarrhea or intestinal obstruction. 

CT accurately detects parastomal hernias because it is the 
most commonly performed examination in patients with unex- 
plained stoma-related abdominal symptoms. Herniation is 
often associated with large (>3-cm) defects in the anterior 
abdominal wall at the stomal site and is common lateral to the 
stoma (Fig. 48-8). 19 Evaluation of patients with an ileostomy 
and suspected ileostomy dysfunction or other complication can 
also be safely performed by retrograde contrast media examina- 
tions, including enteroclysis. 

Heal Reservoirs 

Ileal reservoirs are continence-preserving surgical procedures 
that offer patients the advantage of an improved body image 
and active lifestyle. Many surgeons consider the presence of 
Crohns disease a contraindication for these procedures because 
of the increased risk for recurrent inflammatory disease and 
the potential for additional small bowel resection in these 
patients. 18 
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CONTINENT ILEOSTOMY RESERVOIR 

Kock introduced the concept of an internal reservoir associated 
with a postcolectomy ileostomy in 1969 and demonstrated that 
the terminal ileum could function as a low-pressure, highly 
compliant reservoir. 2 The complexity of Kock pouch construc- 
tion and function now limits the application of the procedure 
to select patients with prior colectomy and conventional ileos¬ 
tomy or failed or contraindicated ileoanal pouch surgery. 18 21 

Creation of a continent ileostomy involves the use of the 
distal 45 cm of ileum, with the most proximal ileal segment 
fashioned into a spherical reservoir by complex suturing tech- 
niques. By design, opposing directions of peristalsis prevent 
propulsive activity from emptying the pouch. Continence is 
further maintained by intussusception of the efferent ileal 
segment into the pouch to form the valve mechanism; the end 
of the ileum creates the abdominal wall stoma. Suturing of the 
pouch to the anterior abdominal wall provides stability and 
prevents volvulus of the pouch and peripouch herniation. Suc- 
cessful Kock pouch construction obviates the use of an external 
ileostomy appliance because the contents of the ileal reservoir 
are evacuated by stomal intubation. 

Complications of the Kock pouch usually occur months after 
surgery and include various forms of valve dysfunction, non- 
specific inflammation of the reservoir or the afferent ileal 
segment (pouch ileitis), and fistulas. Although reasonable func- 
tional results, including long-term continence, are achieved, the 
incidence of surgical revision in patients with a continent ileos¬ 
tomy remains high. 22 

Retrograde double-contrast barium examination following 
cleansing irrigation of the reservoir is the recommended method 
for evaluation of the Kock pouch. Radiography in an oblique 
or lateral view is required to visualize the efferent ileal segment 
and ileostomy stoma adequately. Suspicion of suture dehiscence 
in the immediate postoperative period or pouch perforation, 
after intubation, should be evaluated using water-soluble rather 
than barium contrast media. 

Barium studies of the normal reservoir show typical small 
bowel fold patterns interrupted by a linear mucosal ridge that 
represents the suture line between the two anastomosed ileal 
segments. 2 " Surface granularity is seen with mild pouchitis, 
whereas ulceration and mucosal fold distortion occur with 
more severe pouch inflammation. 24 The intact continence valve 
appears as a tubular or round, lobular structure invaginated 
within the reservoir and associated with an array of stabilizing 
surgical clips. Sliding and eversion of the valve from the pouch 
results in valve shortening, with progressive lengthening and 
tortuosity of the efferent ileal segment to the stoma. 24 Dif- 
ficulty in pouch intubation, chronic outflow obstruction, and 
incontinence ensue. Adenomas may occur in the continent 
ileostomy, and surveillance of the reservoir is required for 
patients who have undergone surgery for familial polyposis 
syndromes (Fig. 48-9). 

ILEOANAL POUCHES 

Creation of an ileal reservoir with an ileoanal anastomosis fol¬ 
lowing colectomy and rectal mucosectomy has become an 
important surgical alternative for patients requiring total proc- 
tocolectomy. In patients with primary colonic mucosal disease, 
including chronic ulcerative colitis and adenomatous polyposis, 
this innovative operation removes potential disease-bearing 



Figure 48-9 Kock pouch in a patient with familial adenomatous 
polyposis. Contrast medium injection of the pouch (P) after 
catheterization of the efferent limb shows multiple round mucosal 
defects representing recurrent adenomas. An irregular mass [arrow) 
suggests malignancy. A, afferent limb. 


mucosa while preserving anal continence and the normal def- 
ecatory pathway. 

Several forms of ileoanal pouch have been described, but the 
J pouch configuration is preferred because of the simplicity of 
its construction, adequate reservoir capacity, ease of emptying, 
and absence of a potentially obstructing efferent limb. 18 An 
ileoanal J pouch is constructed from the distal 25 cm of ileum, 
fashioned into a J shape, and secured by side-to-side anastomo¬ 
sis of the two adjacent loops (Fig. 48-10A). After anorectal 
mucosectomy and rectal transection that spares the integrity of 
the anal sphincter, the constructed ileal pouch is anastomosed 
to the dentate line of the rectal cuff. A proximal diverting ileos¬ 
tomy is often established for 8 to 12 weeks to allow for healing 
of the extensive anastomoses, and eventual closure of the pro- 
tective ileostomy renders the ileoanal pouch functional. 

Although excellent functional results can be achieved in 
patients with an ileoanal reservoir, the procedure may be associ¬ 
ated with signifkant complications. 26,27 Common problems 
include pouchitis, small bowel obstruction, anastomosis dehis¬ 
cence or stricture, fistula, and pelvic abscess. Most complica¬ 
tions are adequately managed, but ileoanal pouch failure can 
occur in up to 10% of patients. 26 Radiologic evaluation of the 
ileoanal reservoir is required to assess its function and exclude 
anastomotic leakage from the reservoir and other postoperative 
complications. 28 ' 31 

Postoperative imaging of the ileoanal pouch is not routinely 
performed but reserved for clinically suspected complications. 32 
Contrast ileography or pouchography can be performed ante- 
grade through the ileostomy stoma or preferably retrograde 
via a soft rectal catheter to visualize the ileoanal pouch and 
anastomosis. Water-soluble contrast media is used for early 
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Figure 48-10 Ileoanal-J pouch. A. Schematic representation showing side-to-side anastomosis of the adjacent ileal loop and direct 
anastomosis of the inferior apex of the reservoir to the dentate line. B. Normal pouchogram with characteristic vertical raphe ( arrows ) created 
by the anastomotic line. C. CT image of normal pouch (P) with surrounding ileal mesentery ( short arrow) and thin muscular anorectal wall ( long 
arrow). (From Lappas JC, Maglinte DD: Imaging of the postsurgical small bowel. Radiol Clin North Am 41:305-326, 2003.) 
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postoperative examinations or if there is an abnormal clinical 
examination of the pouch; otherwise, barium is used for routine 
evaluations. On contrast studies, the normal J pouch is depicted 
as an ovoid intestinal structure with distinctive vertical raphes 
that correspond to the line of anastomosis, whereas on CT, a 
thin surgically stapled pouch wall is demonstrated, with adja- 
cent normal fat (Fig. 48-10B and C). 28,29 

Pouchitis or mucosal inflammation of the ileoanal pouch 
occurs in almost 50% of patients undergoing the procedure 
and presents as a clinically evident syndrome of fever, abdomi- 
nal cramping, and diarrhea. Contrast pouchograms are non- 
specific but may demonstrate spasm and thickened ileal pouch 
folds. In patients with anastomotic dehiscence and pelvic 
sepsis, pouchograms may demonstrate abnormal Åndings, such 
as contrast extravasation, extraluminal gas, thickening and 
spiculation of pouch folds, and mass effect. On CT, patients 
with postoperative pelvic infections demonstrate abnormal 
pouch and rectal wall thickness in addition to inAammatory 
infiltration of the peripouch and perirectal fat. Abscesses typi- 
cally occur in the peripouch region between the ileal mesenteric 
fat and adjacent rectal muscularis (Fig. 48-11). In patients 
with infectious complications after ileoanal pouch surgery, 
the Åndings on ileography are often nonspeciAc, whereas CT 
more accurately delineates the inAammatory process and can 
also direct therapeutic intervention. 29,31 Later complications 
of intestinal obstruction manifest aAer closure of the ileostomy 
and commonly involve the closure site or distal small bowel. 
Adhesions, volvulus, and anastomotic stricture are oAen prob- 
lematic because of the extensive surgical resection and bowel 
manipulations. 25,26 

Small Bowel Transplantation 

Intestinal transplantation has come of age for the past 3 
decades and now offers hope of long-term survival in patients 
with life-threatening complications of intestinal failure and 
parenteral nutrition. Success rates have greatly improved, 
largely through advances in immunosuppression protocols, 


improved surgical technique, postoperative care, and accumu- 
lated experience. Approximately 2500 intestinal transplanta¬ 
tions have been performed worldwide at over 75 centers, and 
graA survival rates are reaching 80% at 1 year and 50% at 5 
years at experienced centers. 3 ^ More than 80% of all current 
survivors have stopped parenteral nutrition and resumed 
normal daily activities. 

Intestinal failure may result from surgical or anatomic 
loss of intestine (short bowel syndrome) or from a signiA- 
cant functional abnormality. Conditions treated by small 
bowel transplantation include volvulus, necrotizing entero- 
colitis, and intestinal atresia in children and vascular disor- 
ders, Crohns disease, and intestinal trauma in adults. Total 
parenteral nutrition (TPN), the primary treatment for most 
patients with intestinal failure, can also lead to life- 
threatening hepatic failure. These factors also inAuence the 
decision to transplant and the speciAc transplantation pro¬ 
cedure used. 34 

Three types of transplantation operations are performed. 34,35 
Isolated intestinal transplantation is performed in patients 
who maintain good hepatic function (Fig. 48-12). Combined 
intestinal and liver transplantation is done in those with 
TPN-related or inborn hepatic dysfunction. Multivisceral 
transplantations (intestine, liver, stomach, duodenum, and 
pancreas) comprise approximately 24% of adult transplanta¬ 
tion procedures and are reserved for patients with extensive 
GI tract abnormalities caused by vascular, absorptive, or 
motility disorders. In small bowel transplantation, a donor 
intestine is anastomosed to the recipient colon, with the 
creation of a diverting ileostomy; this can be closed a few 
months after transplantation following stabilization of the 
patient and the absence of graft rejection or infection. Current 
surgical practice usually excludes the colon from intestinal 
allograAs. 

Prior to intestinal transplantation, prospective candidates 
undergo a series of radiologic examinations to address a 
variety of clinical issues. 36,37 GI contrast examinations are 
used to assess the nature and extent of bowel abnormality 



Figure 48-11 Peripouch abscess. A. J pouch ileogram demonstrates an anastomotic breakdown ( thin arrow) with extravasation of water-soluble 
contrast media (thick arrow). Adjacent pelvic inflammation results in lumen narrowing and irregularity of the pouch (P). B. CT image defines a large 
multilocular abscess (A) that encircles the collapsed pouch and its fat density mesentery (arrow). Inflammation creates rectal wall thickening and 
stranding into the perirectal fat. (From Lappas JC, Maglinte DD: Imaging of the postsurgical small bowel. Radiol Clin North Am 41:305-326, 2003.) 
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Transplanted organ 


1. Transplanted bowel 

2. Donor portal vein to recipient superior mesenteric vein 

3. Donor superior mesenteric artery to recipient aorta 

4. Recipient colon to transplanted bowel 

5. Ileostomy 


Figure 48-12 Schematic representation of isolated small bowel 
transplantation ( donor intestine shaded). After critical donor¬ 
recipient arterial and venous anastomoses are established, the 
intestinal graft is anastomosed to the recipient colon with a 
temporary ileostomy. 


Figure 48-13 Small bowel transplant rejection. Unenhanced 
CT image in a 60-year-old woman with a history of small bowel 
transplantation. Small bowel loops within the right lower quadrant 
showing loss of bowel fold pattern and diffuse thickening ( arrow ). 
There is also mesenteric edema and a small amount of free fluid. The 
patient had a small bowel biopsy, and acute rejection was diagnosed. 


and, in patients with short bowel syndrome, to map the 
amount of remaining intestine. After transplantation, contrast 
studies can be used to evaluate anastomoses, obstruction, 
fistulas, gastric emptying, intestinal transit, and small bowel 
mucosal patterns. Postsurgical anatomy includes a native to 
donor jejunojejunal, duodenojejunal, or gastrogastric anas- 
tomosis and a donor to native ileocolic anastomosis with an 
end-ileostomy. Healthy allografts show normal bowel caliber 
and mucosal patterns, active peristalsis, and normal transit 
times. 

Abnormalities on early postoperative GI contrast studies 
include gastric atony and slow small bowel transit, with varying 
degrees of lumen dilation. Edematous thickening of graft 
mucosal folds may be present early after operation because of 
harvesting injury. Fold thickening seen later in the postopera¬ 
tive period raises the suspicion of infection, rejection, or isch- 
emia. Loss of the normal fold pattern, resulting in a tubular 
appearance of the intestinal graft, may be caused by acute and 
chronic rejection and infection with cytomegalovirus (Figs. 
48-13 and 48-14). However, radiologic studies are insensitive 


Figure 48-14 Small bowel transplant rejection. Patient who is 
status post-multivisceral transplantation presented with persistent 
nausea and vomiting. Image from an upper GI examination shows 
loss of mucosal folds in the proximal jejunum (short arrows). The 
pylorus shows luminal narrowing (long arrow), resulting in partial 
gastric outlet obstruction. 


for the detection of acute graft rejection or infection, which are 
diagnosed using frequent surveillance ileoscopy with mucosal 
biopsy and zoom video endoscopy. 35 

Indications for post-transplantation CT imaging are sus- 
pected abdominal infection, hemorrhage, hepatic abnormality, 
or post-transplantation lymphoproliferative disorder (PTLD). 
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On CT, uncomplicated small bowel grafts demonstrate non- 
dilated intestinal loops with normal wall thickness and patency 
of the critical vasculature. 8 Varying degrees of intra-abdominal 
fluid are common in the early postoperative period and consist 
of interloop ascites or loculated fluid collections, with or 
without infection. Abnormalities on CT may include intestinal 
dilation associated with ileus or obstruction and nonspecific 
bowel wall thickening caused by preservation injury, graft 
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CHAPTER OUTLINE 


Abnormalities of Small Bowel Development in Adults 

Meckel's Diverticulum 
Midgut Duplications 
Heterotopic Tissue 
Segmental Dilation 
Intestinal Malrotation 
Paraduodenal (Mesocolic) Hernias 

Endometriosis 
Intestinal Edema 
Enteroliths and Bezoars 


Abnormalities of Small Bowel 
Development in Adults 

MECKEL'S DIVERTICULUM 

The yolk sac provides nutrition to the fetus before the placenta 
develops. The yolk sac is connected to the midgut by the ompha- 
lomesenteric duet (vitellointestinal duet). This duet is obliter- 
ated during the seventh to eighth weeks of embryogenesis as the 
placenta assumes the nutritional feeding of the fetus. 1 Persis- 
tence of various portions of the omphalomesenteric duet leads 
to a variety of anomalies. Failure of the entire omphalomesen¬ 
teric duet to atrophy leads to an enteroumbilical fistula. Failure 
of one portion of the duet to atrophy may result in a fusiform 
area of dilation, termed an omphalomesenteric cyst. Persistence 
of the vitellointestinal duet as a fibrous cord can lead to volvulus 
or compressive obstruction. 

MeckeFs diverticulum results from persistence of the ompha¬ 
lomesenteric duet at its attachment to the ileum. It is the most 
common congenital abnormality of the gastrointestinal (GI) 
tract; the prevalence of MeckeFs diverticulum at autopsy is 1% 
to 4%. 2, However, most people with this congenital anomaly 
never develop symptoms. 

MeckeFs diverticulum arises from the antimesenteric border 
of the ileum, usually within 100 cm of the ileocecal valve. It may 
be connected to the umbilicus by a fibrous band or to other 
intestinal loops by congenital bands or adhesions. The diver¬ 
ticulum usually varies from 2 to 15 cm in length and is about 
2 cm in width. 1 MeckeFs diverticulum contains all layers of the 
intestinal wall. The diverticulum is lined by small bowel epithe- 
lium and often contains heterotopic gastric or pancreatic tissue 
or Brunners giands. 1 

Infants (<2 years) with MeckeFs diverticulum may present 
with GI bleeding caused by secretion of acid by ectopic gastric 


mueosa and subsequent uleeration. Adults may present with GI 
bleeding, obstruction, or perforation. 4 Diverticulitis results 
from uleeration and focal perforation of the diverticulum 
caused by ectopic gastric mueosa or an enterolith or foreign 
body impaction. 8 Obstruction results from a variety of mecha- 
nisms, including intussusception, volvulus around a persistent 
fibrous or adhesive band, and ileal narrowing related to uleer¬ 
ation. The diverticulum may become incarcerated in an ingui- 
nal, femoral, or umbilical hernia, also known as a Littré hernia. 9 
A variety of tumors may arise in MeckeFs diverticulum, includ¬ 
ing carcinoid tumors, adenocarcinomas, and benign or malig- 
nant mesenchymal tumors. 10 

Technetium pertechnetate scintigraphy can detect ectopic 
gastric mueosa in more than 85% of infants, children, and 
adults with MeckeFs diverticulum who have acute or chronic 
GI bleeding. 5,11 13 However, most adults are asymptomatic or 
develop symptoms related to obstruction. All imaging modali- 
ties (except enteroelysis) have poor sensitivity for the detection 
of MeckeFs diverticulum. In a small percentage of cases, plain 
abdominal radiographs may reveal radiopaque enteroliths in a 
Meckel diverticulum 1 15 or a dilated, gas-filled diverticulum in 
the right lower quadrant. MeckeFs diverticulum is rarely diag- 
nosed on small bowel follow-throughs, except in patients with 
excessive mesenteric fat related to obesity or Crohn’s disease. 16,17 
Computed tomography (CT) or ultrasound may demonstrate 
a cystic or tubular structure attached to bowel in the right lower 
quadrant. 

In adults without GI bleeding, enteroelysis is the best radio- 
logic test for MeckeFs diverticulum. A MeckeFs diverticulum is 
detected in 2% to 3% of all patients undergoing enteroelysis, 
approaching the incidence at autopsy. 18 2 A blind-ending 
tubular or cystic sac (Fig. 49-1) is usually seen to communicate 
with the antimesenteric border of the distal ileum. 21 One due 
to the presence of the diverticulum is a triradiate fold pattern 
at the junetion of the sac with the intestinal lumen. Folds in the 
diverticulum will be perpendicular to folds in the adjacent 
ileum. The surface of the diverticulum may be abnormal, con- 
taining a granular mueosa, focal uleeration, or focal polypoid 
mound of ectopic gastric mueosa or tumor. In other patients, 
an inverted Meckel diverticulum may appear as a polypoid 
intraluminal lesion (Fig. 49-2), which sometimes acts as lead 
point for a small bowel intussusception. 21 ' 24 

MIDGUT DUPLICATIONS 

Small bowel duplication is a congenital incomplete or com- 
plete doubling of a variably long segment of bowel. 2 The 
duplication may be served by an independent mesentery or 
by the same mesentery as the adj acent bowel. Midgut dupli¬ 
cation cysts contain all layers of the bowel wall, including a 
mueosa, submueosa, and inner circular muscle layer, with its 
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Figure 49-1 Meckel # s diverticulum. A spot image when the 
diverticulum was incompletely distended shows a triangular sac ( thick 
arrow) arising from the distal ileum. Smooth folds ( thin arrow) radiate 
to the origin of the diverticulum. Note how this Meckel's diverticulum 
appears to arise from the concave border of the bowel. This image 
demonstrates how the concave border of a small bowel loop is not 
always its true mesenteric border because Meckel's diverticulum 
arises from the antimesenteric border of the ileum. 


associated myenteric plexus. 1 Some duplications have a full 
longitudinal muscle layer, and others have no longitudinal 
muscle. 2 The mucosal lining of these cysts is usually intestinal. 
Duplication cysts may also contain gastric mucosa, pancreatic 
tissue, thyroid stroma, ciliated bronchial epithelium, lung, and 
cartilage. 1 

Most midgut duplications involve the ileum, particularly the 
region of the ileocecal valve, and the duodenum. These are 
usually elongated lesions attached to the muscular layer of the 
adjacent small bowel. If secretions accumulate, the duplication 
may become a cystic mass protruding into the small bowel 
mesentery. Multiple duplications are found in about 5% of 
patients. Approximately 20% of these duplications commu- 
nicate with the bowel lumen at the proximal or distal end of the 
cyst or at both ends. 27 

Ectopic gastric epithelium lining a duplication cyst may 
cause peptic ulceration, with subsequent GI bleeding or perfo- 
ration. 28 Obstruction may result from volvulus, intussuscep- 
tion, or compression of the adj acent bowel by the cyst. Rarely, 
duplication cysts are complicated by tumor. 

Duplication cysts may be manifested on barium studies by 
an extrinsic mass indenting and compressing the mesenteric 
border of the adj acent bowel/ Barium enters the cyst in only 
a small percentage of cases (Fig. 49-3). CT or ultrasound may 
show a cystic mass embedded in the small bowel wall. If 
there is concern about GI ulceration or bleeding, a 99m Tc- 
pertechnetate scan usually reveals heterotopic gastric mucosa in 
the cyst. 



Figure 49-2 Inverted Meckel's diverticulum. Enteroclysis shows a 
long, smooth-surfaced, polypoid intraluminal filling defect ( closed 
arrows ) in the distal ileum. Å tubular radiolucent filling defect ( open 
arrow) resembles a stalk. This inverted Meckel's diverticulum could 
be mistaken for a pedunculated ileal polyp, such as a lipoma or 
inflammatory fibroid polyp. (From Rubesin SE, Fierlinger H, DeGaeta L: 
Test your skilis. Inverted Meckel's diverticulum. Radioloay 176:636, 644, 
1990.) 


HETEROTOPIC TISSUE 

Ectopic gastric mucosa is present in a wide variety of locations 
in the GI tract, including the esophagus, duodenum, and mes¬ 
enteric small intestine, as well as in congenital abnormalities 
such as duplication cysts and MeckeEs diverticulum. Congenital 
ectopic mucosa contains an orderly arrangement of superficial 
foveolar epithelium and underlying fundic giands partially 
lined by parietal and chief cells. 3 Ectopic mucosa should be 
distinguished from the more common foveolar metaplasia 
found in the duodenal bulb in patients with peptic duodenitis. 32 
However, foveolar metaplasia in peptic duodenitis lacks orga- 
nized gastric pits and giands. 1 

Ectopic pancreas is most frequently encountered in the duo¬ 
denum (28%), stomach (26%), or jejunum (16%). 33 The ectopic 
tissue may arise in various levels of the bowel wall, including 
the mucosa, submucosa, and serosa. 31 Ectopic pancreatic tissue 
is composed of varying numbers of acini, duets, and islet cells. 
Ectopic pancreas has also been reported in jejunal and ileal 
diverticula and MeckeEs diverticulum, as well as in the gallblad- 
der, bile duets, umbilicus, and fallopian tubes. 
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Ectopic pancreas in the mesenteric small bowel is usually 
discovered incidentally as a nodule or mass of lobulated solid 
or cystic tissue abutting the bowel in patients operated on for 
other reasons. Although microscopic pancreatitis is not uncom- 
mon, clinical pancreatitis is very unusual. One case of ectopic 
pancreas in the jejunum has been reported in which the patient 
developed pancreatitis and pseudocyst formation. 3 In this 
patient, a cystic lesion abutted a jejunal loop, mimicking jejunal 
diverticulitis or a small perforated tumor (Fig. 49-4). 

SEGMENTAL DILATION 

The small intestine may have a focally dilated, aperistaltic 
segment, termed segmental dilation . 35,36 In most cases, the 


i 



Figure 49-3 Duodenal duplication. Barium filis a 10-cm cavitary 
lesion that parallels the inner border of the third and fourth portions 
of the duodenum. The adjacent duodenum has normal folds. It is 
difficult to distinguish this duplication from an exophytic cavitary 
mass, such as a gastrointestinal stromal tumor ( arrows). (Courtesy 
Hans Herlinger, MD.) 


isolated atonic loop is in the ileum, giving rise to the term Heal 
dysgenesis. The cause of this condition is uncertain, but it has 
been postulated that it results from congenital neuromuscular 
dysfunction. Ganglion cells are present. 2 In children, ileal dys¬ 
genesis is associated with Meckel’s diverticulum and omphalo- 
celes. 37,38 Ectopic mucosa (especially gastric mucosa) may be 
found in the dilated segment and may cause ulceration. 

Segmental dilation may be manifested on barium studies by 
a focally dilated spherical or tubular segment of ileum (Fig. 
49-5) in direct contiguity with the adjacent inflow and outflow 
loops of ileum. " 9 The aperistaltic segment functions as a barrier 
to intestinal flow, resulting in partial small bowel obstruction. 
Ulcerated mucosa may be present in some patients. This condi¬ 
tion can be distinguished from MeckeEs diverticulum by its 
direct continuity with adjacent ileal loops. Ileal dys genesis can 
also be distinguished from primary small bowel lymphoma 
with aneurysmal dilation by the normal mucosal surface of the 
dilated ileal loop. 

INTESTINAL MALROTATION 

Symptomatic patients with intestinal malrotation are usually 
infants and children with high-grade obstruction caused by 
midgut volvulus or Ladd’s bands. The embryologic, clinical, and 
radiographic aspects of intestinal malrotation in infants and 
children are described in detail in Chapters 113 and 116. Adults 
with intestinal malrotation are usually asymptomatic or have 
vague abdominal complaints. 40 ' 42 

The midgut is that portion of bowel related to the superior 
mesentery artery and vein axis; it is composed of the third and 
fourth portions of the duodenum, jejunum, ileum, cecum, 
appendix, ascending colon and transverse colon. Intestinal mal¬ 
rotation encompasses a number of variations based on the 
degree of rotation of the midgut in the umbilical cord and 
degree of rotation when and after it returns to the coelomic 
cavity. The variations include nonrotation, malrotation, hyper- 
rotation, and reversed rotation. 

During the eighth fetal week, the midgut loop rotates 90 
degrees counterclockwise while it is within the umbilical cord, 
so that the cecum lies on the left side of the fetus and the 



Figure 49-4 Ectopic pancreas in the jejunum complicated by pancreatitis and pseudocyst formation. A. Enteroclysis shows a tiny barium 
collection ( short arrow) in the jejunum. Small bowel folds in this region are mildly thickened and undulating ( long arrow) and are parallel to the 
longitudinal axis of the bowel rather than straight and perpendicular to the bowel, as seen in the normal adjacent jejunum. Mass effect (open 
arrows) is also seen at the edge of the lesion. B. CT scan shows a soft tissue mass ( long arrow) replacing the contrast-filled lumen of the bowel. 
A central cavity ( short arrow) contains air and soft tissue. At pathology, the soft tissue mass was ectopic pancreatic tissue with associated 
pancreatitis, and the cavity was a pseudocyst that communicated with the lumen. This lesion could easily be confused with jejunal diverticulitis 
or a cavitary mass, such as lymphoma. 
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Figure 49-5 Heal dysgenesis. Enteroclysis shows a large bilobed 
ileal segment ( arrows ). Normal entry and exit loops of pelvic ileum 
were seen on other views. 


jejunum on the right. 1 If the midgut returns to the abdomen 
without further rotation, it maintains this orientation. Although 
this variation represents a 90-degree rotation, it has been con- 
fusingly termed nonrotation because the small bowel is not 
rotating within the coelomic cavity. Nonrotation actually rep¬ 
resents small bowel rotation that stopped at 90 degrees of coun- 
terclockwise rotation within the umbilical cord. The third and 
fourth portions of the duodenum and duodenojejunal flexure 
are absent. Instead, the jejunum is in direct continuation with 
the second portion of the duodenum (Fig. 49-6). The jejunum 
and ileum lie in the right side of the abdomen, whereas the 
colon lies on the left side. The cecum is in the midline, with 
the terminal ileum entering the cecum from its right side. The 
appendix originates from a midline position, often low in the 
midline of the abdomen. 43 

During the lOth fetal week, the midgut normally rotates 
another 90 degrees counterclockwise within the umbilical cord, 
so that the cecum lies superiorly on the right and the jejunum 
inferiorly on the left. 4 " 

The jejunum is then the first midgut section to reenter the 
coelomic cavity, passing behind the superior mesenteric artery. 
During this part of rotation in the coelomic cavity, the jejunum 
comes to lie between the posteriorly located duodenum and 
anteriorly positioned colon. During the 1 lth week, the cecum 
rotates still another 90 degrees into the right lower quadrant, 
completing a 270-degree counterclockwise rotation. 

Intestinal malrotation occurs when the midgut fails to com- 
plete its 180-degree counterclockwise rotation after the initial 
90-degree rotation in the umbilical cord. The duodenojejunal 
junction is not fixed in its normal location to the left of the 
spine but instead lies inferiorly and to the right of the spine. 
The small bowel lies predominantly in the right or midabdo- 
men. Mesenteric bands from the liver and posterior abdominal 
wall cross the second portion of the duodenum and extend to 
the cecum (Ladd’s bands). 


j 



Figure 49-6 Intestinal nonrotation. This overhead radiograph from 
small bowel follow-through shows the duodenal bulb (d) in a normal 
location, with lack of the third and fourth portions of the duodenum 
and lack of a duodenojejunal junction to the left of the spine. The 
jejunum (j) is in the right upper quadrant, and most of the ileum is 
also in the right abdomen, with the distal ileum (i) Crossing to the left 
to join a midline cecum (C). The colon lies in the left abdomen. 


Intestinal hyperrotation occurs when the small intestine has 
rotated more than the usual 180 degrees, resulting in a long 
ascending colon, with the cecum located in the left upper quad¬ 
rant. In a reversed rotation, the bowel enters the abdomen with 
a clockwise rotation, so the transverse colon lies posterior to the 
duodenum in the right upper quadrant. 

Rather than being confused by the series of somewhat mis- 
named rotational terms, the radiologist can focus on the fol- 
lowing: (1) how much duodenum is present; (2) the location of 
the duodenal-jejunal junction; (3) the anterior-posterior rela- 
tionship of the jejunum and ileum to the transverse colon and 
duodenum; (4) the location of the cecum and the relationship 
of the appendix and ileocecal valve to the cecum; (5) the loca¬ 
tion and length of the ascending colon; and (6) the relationship 
of the superior mesenteric artery (SMA) to the superior mes¬ 
enteric vein (SMV). 

The location of the duodenojejunal junction should be 
ascertained in any adult with vomiting or abdominal pain. The 
normal duodenojejunal junction lies to the left of the spine, at 
about the level of the duodenal bulb. When the ligament of 
Treitz is in its normal position, the first loops of the jejunum 
may cross to the right of the spine as a normal variant—as long 
as the jejunum is not entering a posteriorly located right para- 
duodenal hernia. On the other hånd, the duodenojejunal junc¬ 
tion not infrequently has an abnormal location. An abnormally 
positioned duodenojejunal junction is important because it 
may cause twisting and obstruction of the proximal small 
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Figure 49-7 Intestinal malrotation. Axial CT through the tip of the 

liver shows that the superior mesenteric vein (long arrow) lies anterior 
and to the left of the superior mesenteric artery (short arrow). The 
jejunum (s) lies in the right upper quadrant. 


bowel, manifested by duodenal dilation and slow transit of 
contrast material on barium studies. However, the typical cork- 
screw sign of intestinal malrotation and midgut volvulus in 
infants (see Chapter 113) is rarely found in adults. Intestinal 
malrotation in adults is often recognized on CT, margentic reso- 
nance imaging (MRI), or ultrasound by an abnormal relation- 
ship between the SMA and SMV, so that the vein lies anterior 
and to the left of the artery (Fig. 49-7). 

PARADUODENAL (MESOCOLIC) HERNIAS 

Paraduodenal hernias are the most common internal abdomi- 
nal hernias, accounting for about 50% of all such hernias. 
Although abdominal hernias are discussed in detail in Chapter 
112, paraduodenal hernias are discussed here because these 
hernias relate to abnormal rotation and fixation of the colonic 
mesentery to the retroperitoneum. 45,46 

A left paraduodenal hernia represents a hernia of the proxi- 
mal jejunum into the mesentery of the descending colon. The 
opening of a left paraduodenal hernia is just lateral to the 
fourth portion of the duodenum at the fossa of Landzert, an 
anatomic fossa found at autopsy in 2% of patients. 47 This 
fossa is present when the inferior mesenteric vein and ascend- 
ing left colon artery are incompletely fixed to the retroperi¬ 
toneum. Loops of jejunum can herniate beneath the mesentery 
of the descending colon, potentially causing small bowel 
obstruction or ischemia. 

A left paraduodenal hernia may be manifested on barium 
studies by a variable number of jejunal loops clumped together 
in the left upper quadrant lateral to the fourth portion of the 
duodenum (Fig. 49-8). The inlet and outlet loops may be focally 
narrowed where they are compressed at the hernia orifice (see 
Fig. 49-8). The loops do not change position with time or palpa- 
tion because they are fixed within the hernia sac. Barium may 
be retained in these loops on delayed images because of obstruc¬ 
tion. Abdominal CT may reveal a cluster of small bowel loops 
lateral to the duodenum, between the adrenal giand and trans¬ 
verse or descending colon. 48 The proximal jejunum lies poste- 
rior to the inferior mesenteric vein (IMV) vessels and behind 
and lateral to the descending colon. 
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Figure 49-8 Left paraduodenal hernia. This coned-down image 
from overhead radiograph on enteroclysis performed via a Kantor 
tube (t) shows a cluster of jejunal loops (L) in the left upper quadrant. 
These loops are extrinsically compressed ( arrows ) at the entry site to 
the fossa of Lanzert. (Courtesy Hans Herlinger, MD.) 


A right paraduodenal hernia is a hernia of the jejunum into 
the mesentery of the ascending colon or right transverse meso- 
colon. 45 A right paraduodenal hernia occurs at the mesenteri- 
coparietal fossa (the fossa of Waldeyer), which is found in about 
1% of autopsies. 4 This fossa lies in the upper portion of the 
jejunal mesentery, behind the superior mesenteric artery and 
just inferior to the third portion of the duodenum. The orifice 
of the hernia is bounded superiorly by the superior mesenteric 
artery and vein (small bowel mesentery). Once the proximal 
jejunum enters the orifice, it herniates to the right beneath the 
mesenteries of the transverse and/or ascending colon. 

A right paraduodenal hernia may be manifested on barium 
studies by a variable number of jejunal loops clumped together 
in the right abdomen inferior to the third portion of the duo¬ 
denum (Fig. 49-9). The herniated loops may be dilated and may 
show delayed emptying of barium. The inlet and outlet loops 
are closely apposed and narrowed because of extrinsic compres- 
sion at the hernia orifice. CT or MRI may also reveal a focal 
cluster of jejunal loops in the right side of the abdomen inferior 
to the duodenum. 49 The branches of the superior mesenteric 
artery and vein are whirled posteriorly and to the right behind 
these vessels (Fig. 49-10), extending toward the right-sided 
jejunal loops. 

Endometriosis 

Endometrial tissue found outside the uterus is termed endome¬ 
triosis. Diagnosis requires demonstration of at least two of the 
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following: giands, stroma, and hemosiderin related to bleeding. 2 
This ectopic endometrial tissue primarily involves the perito- 
neal surfaces of the pelvis and pelvic organs, including the 
ovaries, fallopian tubes, and pouch of Douglas. Colonic involve- 
ment is fo und in 15% to 37% of women who undergo surgery 
for endometriosis. Ileal involvement is much less frequent, 



Figure 49-9 Right paraduodenal hernia. This low-power spot 
image from a small bowel follow-through shows a large cluster of 
jejunal loops (J) clumped together in the right upper quadrant. Note 
how there is compression of one loop (arrow) at the inlet to the fossa 
of Waldeyer. 



Figure 49-10 Right paraduodenal hernia. Axial CT through the tip 
of the liver shows collapsed bowel (S) in the right upper quadrant. A 
tributary (arrow) of the superior mesenteric vein is looping behind this 
vein (v). (From Herlinger H, Jones B, Jacobs JE: Miscellaneous 
abnormalities o f the small bowel. In Gore RM, Levine MS [eds]: 
Textbook of Gastrointestinal Radiology. Philadelphia, WB Saunders, 
2000, pp 865-883.) 


found in only 1% to 7% of surgical cases. 52,53 Ectopic endome¬ 
trial tissue usually has a serosal or subserosal location, but 
endometrial tissue may burrow into the muscularis propria, 
submucosa, or even mucosa. The endometrial tissue goes 
through the proliferative and secretory phases of the menstrual 
cycle, with sloughing and bleeding, leading to regeneration of 
endometrial tissue and fibrosis. 1 Bowel involvement is primarily 
characterized by extensive subserosal fibrosis and serosal puck- 
ering. Endometrial tissue burrowing into the muscularis propria 
may result in increased muscle thickness. Small bowel involve¬ 
ment results in crampy abdominal or pelvic pain or symptoms 
of intestinal obstruction. Cyclic pain associated with menses 
is found in a minority (14%-40%) of patients. 57,58 

Endometriosis may be manifested radiographically by find- 
ings similar to those found with intraperitoneal spread of 
malignant tumor or inflammatory diseases. Barium studies may 
reveal focal or multifocal areas of extrinsic mass effect on ileal 
loops associated with spiculation of the bowel contour and 
tethering of mucosal folds (Fig. 49-1 1). 59,60 Circumferential nar- 
rowing may be present, but mucosal folds are preserved. The 
radiographic or CT findings can mimic those of intraperitoneal 
metastases to the bowel (Fig. 49-12) or of a carcinoid tumor 
with intraperitoneal spread. Rarely, a solitary deposit of ileal 
endometriosis can mimic a primary carcinoid tumor or appen- 
dicitis, secondarily involving the adjacent ileum. 60 

Intestinal Edema 

The small bowel has a limited number of ways to react to 
various insults. Bowel wall edema is one component of 
this reaction to a wide variety of inflammatory or ischemic 



Figure 49-11 Ileal endometriosis. This spot image obtained during 
enteroclysis shows a focal, smooth, extrinsic mass impression (open 
arrows ) on the mesenteric border of a pelvic loop of ileum. At a 
second site, there is another focal extrinsic mass impression (arrow) 
and tethering of folds toward the mesenteric border. The ileal 
mucosa is preserved. The distal ileum (i) is collapsed. These 
endometriosis implants in the ileum are indistinguishable from 
intraperitoneal metastases to the small bowel. 
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Figure 49-12 Heal endometriosis. Axial CT through the pelvis 
shows ileal loops (long arrows ) pulled toward the mesentery with 
associated tethering of folds (small arrow). The submucosa has slightly 
low attenuation. 


conditions. This discussion focuses on bowel wall edema as the 
predominant component of this reaction. 

Edema of the small intestine occurs primarily in the 
lamina propria and submucosa. This process is characterized 
by dilation of mucosal and submucosal lymphatics and 
increased interstitial fluid. Isolated bowel wall edema is 
usually associated with diseases that cause hypoalbuminemia 
(with a serum albumen level <2 g/dL). 61,62 The two most 
common causes of small bowel edema are cirrhosis and the 
nephrotic syndrome. However, any intestinal disease associ¬ 
ated with hypoalbuminemia related to malabsorption can 
cause bowel wall edema. For example, patients with gluten¬ 
sensitive enteropathy and hypoalbuminemia can have diffuse 
fold enlargement because of small bowel edema. Any intes¬ 
tinal disease that causes intraluminal protein loss can also 
result in hypoalbuminemia, including the enteropathy associ¬ 
ated with congestive heart failure, constrictive pericarditis, 
and burns, Ménétrier’s disease, lymphangiectasia, and Crohns 
disease. 61,63 

Several factors account for small bowel edema in patients 
with cirrhosis. Oncotic pressure is low as a result of hypoalbu¬ 
minemia and hypovolemia. Small intestinal capillary pressure 
may also be elevated because of portal hypertension, congestive 
heart failure, and water and salt retention caused by decreased 
aldosterone catabolism and associated renal dysfunction. 61 ' 64 In 
cirrhotics, congestive changes in the jejunum are similar to 
those of portal hypertensive gastropathy in the stomach, with 
an increased size and number of capillaries and venules in the 
lamina propria and submucosa. 1,64 

Barium studies of the small bowel in patients with hypoal¬ 
buminemia may show smooth, straight, or slightly undulating, 
mildly thickened folds that are diffusely distributed throughout 
the small intestine (Fig. 49-13), although generally best visual- 
ized in the jejunum. 63 The luminal diameter of the jejunum is 
slightly increased. 62 CT can also show edema of the small bowel 



Figure 49-13 Small bowel edema in a patient with cirrhosis and 
hypoalbuminemia. This spot image from a small bowel follow- 
through shows diffusely thickened, smooth, straight folds (long 
arrows ) perpendicular to the longitudinal axis of the bowel. Barium 
trapped between the folds forms the so-called interspace spikes 
(short arrows). 


mesentery in 86% of patients. Omental and retroperitoneal 
edema is seen less frequently (56%). 65 

Enteroliths and Bezoars 

Bezoar derives from the Persian root - padzahr , meaning anti- 
dote. 66 A bezoar was a calculus found in the stomach or gall- 
bladder of wild goats that lived in northeastern Persia. Bezoars 
were believed to have a variety of medicinal properties, espe- 
cially as antidotes for poisoning. In humans, most bezoars are 
found in the stomach and are composed of indigestible organic 
substances such as hair (trichobezoars) or ffuit (phytobezoars). 
Any vegetable or fruit with high fiber content can result in 
bezoar formation. 

Bezoars and enteroliths are uncommon in the small intes¬ 
tine. 67 Bezoars form in areas of stasis such as the jejunal 
diverticula, MeckeFs diverticulum, and bypassed small bowel 
loops after surgery for Crohns disease. Bezoars also form 
proximally to strictures related to Crohns disease, tuberculosis, 
or other causes. Small intestinal bezoars are composed of 
hair, undigested food, or medications such as nonabsorbable 
antacids. In areas of the world in which persimmons are 
eaten, most phytobezoars are related to the ingestion of unripe 
persimmons. 68,69 

Small intestinal bezoars or enteroliths are intraluminal 
masses of mixed density and attenuation on CT (Fig. 49-14). 
These intraluminal masses may contain air, soft tissue, or 
calcium, 701 and peripheral or laminated calcification may be 
present (see Fig. 49-14). Small intestinal bezoars are typically 
found in the distal ileum—the narrowest portion of the small 
bowel—or just proximal to pathologic areas of nar ro wing, such 
as strictures, anastomoses, or tumors. Bezoars can be confused 
with intraluminal gallstones associated with gallstone ileus. 
However, no air is identified in the biliary tree in patients with 
bezoars. 






868 SECTION VI Small Bowel 



Figure 49-14 Enteroliths proximal to a stricture at the ileorectal anastomosis. A. Coned-down view from a plain abdominal radiograph 
shows three peripherally calcified ovoid structures (large arrows) near an anastomotic staple line (small arrow). B. Axial CT scan through the pelvis 
shows one of the enteroliths as a peripherally calcified structure (large arrow) containing central bubbles of air and soft tissue attenuation. Part of 
the staple line (small arrows ) is identified. 
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The tables in this chapter (Tables 50-1 to 50-18) concerning the 
differential diagnosis of small bowel diseases are not meant to 
be exhaustive. Instead, these tables present an approach for clas- 
sifying the most common causes of various radiographic 
abnormalities in the small bowel in relation to the size, location, 
distribution, and radiographic characteristics of these abnor¬ 
malities. A list of references is included for further reading. 140 


Small Bowel Folds 
and Mucosal Changes 

Small bowel villi are formed by a single-cell epithelial surface 
covering a lamina propria filled with fat, vessels, inflammatory 
cells, and a central lacteal. Fine nodularity of the mucosal 
surface (also termed micronodularity or a sandlike pattern) 
therefore reflects enlargement of villi, usually by an abnormality 
in the lamina propria, such as edema, inflammation, or infiltra¬ 
tion by amyloid or other substances. Small bowel folds are 
composed of mucosa and submucosa. Enlarged or effaced small 
bowel folds therefore reflect edema, hemorrhage, inflammation, 
or tumor in the lamina propria and submucosa. 

Tables 50-3 through 50-7 classify small intestinal diseases by 
their location in the small bowel and whether the folds are 
smoothly enlarged or are enlarged and nodular. Many diseases 
have abnormal villi and enlarged folds because the pathologic 
process involves the lamina propria and submucosa. Smooth 
fold thickening usually implies edema related to hypoalbumin- 
emia or to edema or hemorrhage related to vascular causes. 
Nodular fold thickening implies inflammation or infiltration by 
tumor, amyloid, or other substances. It is often difficult to dis- 
tinguish smooth fold enlargement from mildly nodular folds. 
The radiographic Åndings of diseases associated with edema or 
hemorrhage can therefore overlap with those of inflammatory 
and infiltrative diseases. 


Normal Small Bowel Parameters 


Parameter Jejunum lleum 

NORMAL PARAMETERS FOR ENTEROCLYSIS 

Folds per inch length 4-7 2-4 

Thickness of folds (mm) 1-2 1.0-1.5 

Diameter of lumen (cm) <4 <3 

Wall thickness (mm) 1.0-1.5 1.0-1.5 

NORMAL PARAMETERS FOR SMALL BOWEL 
FOLLOW-THROUGH 

Thickness of folds (mm) 2-3 1-2 

Diameter of lumen (cm) <3 <2 


Data from references 1 and 2. 
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Small Bowel Lumen Dilated, Normal Fold Thickness 


Parameter 


Cause 


Comments 


Diffuse small 
bowel dilation 


Focal small 
bowel dilation 


Mechanical obstruction, 
small bowel or colon 


Adynamic ileus 


Proximal obstruction 

Focal adynamic ileus 
Closed-loop 
obstruction 
Adhesions 
Internal hernia 


Air-fluid levels on abdominal radiographs. CT if high grade obstruction suspected, barium 
studies for partial or intermittent obstruction 

Common causes—adhesions, hernias, metastases, radiation enteropathy, colonic carcinoma 
with backup into dilated small bowel 
Air-fluid levels to distal small bowel and in colon 
Common causes—postoperative, medications, ischemia, vagotomy 
Less common causes—systemic sclerosis (dilated duodenum, hidebound small bowel), 
amyloidosis, peritonitis, electrolyte imbalances (hypokalemia, uremia), blunt trauma, diabetes, 
hypothyroidism 

Fluid levels in few small bowel loops in upper abdomen—primary adenocarcinoma, 
postoperative strictures, adhesions 
Pancreatitis, postoperative manipulation or leak, pelvic irradiation 
Group of air-fluid levels unchanging in position 
CT for diagnosis and evaluation of possible strangulation 

Focal region of dilated loops with air-fluid levels 


Data from references 1 to 5. 


5 q _3 Smooth, Straight, Thickened Folds 


Parameter Cause Comments 


Diffusely 

distributed 


Focal smooth 
fold thickening 


Edema 


Intramural hemorrhage 
Ischemia 
Anticoagulants 
Coagulopathies 

Superior mesenteric vein thrombosis 
Vasculitides 

Blunt trauma 


Radiation enteropathy 


Hypoalbuminemia—cirrhosis, nephrotic syndrome 
Protein-losing enteropathy 
Congestive heart failure 
Portal hypertension 

Segmental stack of coins appearance; interspace spikes; thumbprinting on 
mesenteric border 

Most patients return to normal within 2-3 wk 


Ischemic changes, hemorrhage, ulceration or necrosis with small vessel disease 
(lupus, Henoch-Schonlein purpura) 

CT—look for possible perforation (e.g., mesenteric haziness or fluid, thickened 
bowel wall, lack of bowel contrast enhancement, focal pneumatosis, free 
intraperitoneal gas) 

Thickened folds, narrow interfold spaces (interspace spikes); barium changes 
resemble picket fence 

Changes confined to radiation portal 


Data from references 1, 6 to 10, and 40. 


Micronodularity 


Cause 


Comments 


Whipple's disease 

Mycobacterium avium-intracellulare 
(MAI) complex enteritis 

Abetalipoproteinemia 

Histoplasmosis 

Lymphangiectasia 


Macroglobulinemia 

Radiation therapy 
Crohn's disease 


White males with arthralgias, cardiovascular and neurologic symptoms 

CT—low-attenuation mesenteric lymph node mass 

AIDS 

MAI-laden macrophages in lamina propria 
CT—shows necrosis in enlarged lymph nodes 

Adolescent with retinitis pigmentosa, acanthocytosis, spinocerebellar degeneration 

Retained fat globules in villous enterocytes 

H/stop/asma-laden macrophages in lamina propria 

Villi enlarged by dilated lacteals in primary form 

Edema in submucosa 

Mesenteric adenopathy causes secondary form 
Lymphoma—may occur 
IgM macroglobulin in lamina propria 
Associated with smooth, thickened, straight folds 
Distal, terminal ileum 

Aphthoid ulcers, mesenteric border ulcers; cobblestoning; strictures, fissures, fistulae 


*1- to 2-mm mucosal nodules. Micronodularity implies villous enlargement caused by an infiltrative process in lamina propria. This table lists 
diseases that often involve the mucosa and submucosa and also produce abnormal folds. 

Data from references 1 to 9 and 11 to 16. 
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5 Q _5 Irregular Fold Thickening, Diffuse 


Cause Comments 


Lymphangiectasia, primary 
Lymphangiectasia, secondary 


Amyloidosis, types AA and AL 


Mastocytosis 


Immunoproliferative small 
intestinal disease (IPSID) 


Mediterranean lymphoma 


AIDS 

Graft-versus-host disease 


Submucosal edema plus micronodularity 
Congenital hypoplasia of lymphatics 
Small bowel changes (as above) 

Obstruction of lymph drainage by retroperitoneal fibrosis, radiation, mesenteric lymphadenopathy 
(Whipple's, lymphoma) 

Fold thickening if deposits in vessels cause ischemia. 

Micronodularity in secondary amyloidosis—reflects amyloid deposits in lamina propria 
4- to 10-mm nodules in submucosa (AL) 

Histamine release-associated headaches, flushing, diarrhea; urticaria pigmentosa (50%), bone lesions (20%) 

Stomach, duodenum—ulcers 

Small bowel—multiple urticaria-like nodules 

Thickened folds often segmental 

Relates to multiple parasitic and/or bacterial infections 

Patient from Mediterranean region 

Extensive lymphoid hyperplasia 

Responds to treatment 

Young patient with progression of IPSID to monoclonal lymphomatous infiltrate 

Lymphoid nodules enlarged, nonuniform, confluent 

Lymph node masses 

Associated with a heavy-chain disease 

Large variety of infections cause diffuse thickened folds. 

Often with cytomegalovirus infection (see Table 50-8) 


Data from references 1 and 15 to 17. 


TAB LE 

50-6 


Irregular Fold Thickening, Proximal Small Bowel 


Cause 


Comments 


T-cell lymphoma complicating celiac disease 


Ulcerative jejunoileitis 


Tropical sprue 

Zollinger-Ellison syndrome 

Strongyloidiasis 
AlDS-related infections 
Gastrojejunostomy 
Jejunosotomy tube 

Data from references 1, 2, 5, and 18. 


Diarrhea recurs despite gluten-free diet 
Nodularfold thickening in long segments 
May have annular lesions 
Complicates celiac disease 

Before inflammatory infiltrate changes to monoclonal lymphoma 
Radiographically indistinguishable from T-cell lymphoma 
History of sojourn in tropics 

Unlike celiac disease, folds are thickened, no separation of jejunal folds 
Gastric and duodenal ulcers 
Increased intraluminal fluid 

Effaced folds, tubular bowel contour with severe disease 

Mycobacterium avium-intracellulare (MAI) complex, isosporiasis, cryptosporidiosis 
Thick folds in efferent loop just distal to gastrojejunal anastomosis 
Reaction to tube feeds 
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5 Q_ 7 Irregular Fold Thickening, Distal lleum 


Parameter Cause Comments 


Minimal luminal 
narrowing 


Moderate to marked 
luminal narrowing 


Crohn's disease, early 

Yersinia enterocolitis 

Salmonellosis, campylobacteriosis 
Mantie cell lymphoma 

Crohn's disease 


Tuberculosis 


Behpet's disease 

AlDS-related infections 
Cecal carcinoma, lymphoma 


Coarse villous pattern, aphthoid ulcers 

Uncommon pattern if no associated colonic disease 

Not an unusual pattern in neoterminal ileum 

Early—thickened, nodular folds, ulcers 

5-8 wk—lymphoid hyperplasia 

8-12 wk—normal terminal ileum 

Similarto Yersinia but more ulceration 

Part of systemic disease 

Multiple nodules, mesenteric masses 

Prognosis poor 

Narrowing may change in diameter if caused by spasm, edema, or inflammation 
rather than fibrosis 

Mild—mesenteric border ulceration and antimesenteric sacculation 
Moderate—transmural extension with luminal narrowing and ulceronodular 
pattern 

Severe—strictures, fissures, fistulae 
CT best to determine presence of mesenteric abscesses 
Patient from endemic area or immunodeficient 
More pronounced in cecum, right colon 

Ulcers, transverse folds, patulous ileocecal valve, retracted cecum 
May be indistinguishable from Crohn's disease 
Associated with uveitis, genital ulcers, arthritis 
Penetrating ulcers, especially in colon 
Cytomegalovirus, actinomycosis 

Cecal mass associated with retrograde extension of tumor via lymphatics into 
terminal ileum 
Thickened nodular folds 


Data from references 1 and 19 to 24. 


Tubular Bowel with Luminal Narrowing 


Cause 


Comments 


50-10 Solitary Polyp 


Cause 


Comments 


Graft-versus-host 
disease 


Chronic ischemic 
changes 

Burnt-out Crohn's 
disease 

Strongyloidiasis 


Often complicated by cytomegalovirus 
infection 

Diffuse small bowel involvement 
"Toothpaste" appearance is function of rapid 
transit 

Prolonged adherence of barium 
Radiation or amyloidosis 
Hypoperistaltic or aperistaltic loops 
Distal ileum 

Active disease may be present nearby 
Jejunum 

Severe disease, but reversible 


Data from references 1, 7, 10, 16, 17, 24, and 25. 


50-9 Tubular Bowel without Luminal Narrowing 


Cause Comments 


Primary 
lymphoma 
Celiac disease, 
long-standing 


Segmental infiltrate effaces fold pattern 
5-15 cm in length 

Near-absence of folds in proximal jejunum 
Associated with a mosaic pattern 


Carcinoid, early 


Lipoma 


Adenoma 

Brunner giand polyp 
Hemangioma 

Gastrointestinal 
stromal tumor 
Neurofibroma 
Gangliocytic 
paraganglioma 
Inverted Meckel's 
diverticulum 

Inflammatory fibroid 
polyp 


80% of carcinoid tumors in distal ileum 
Polyp in ileum—exclude carcinoid 
30% multiple 

Early form of tumor (0.5-2.0 cm) before 
invasion and desmoplastic effect 
Elongated lesions with pseudopedicle 
May ulcerate, change in shape 
CT—fat attenuation 
85% of adenomas in duodenum 
10% of adenomas in jejunum 
First or second portions of duodenum 
Sessile polyp or carpet lesion 
May contain phleboliths 
Sessile polyp ortarget lesion 
Cavitary mass when large 
Association with neurofibromatosis 
Near papilla of Vater 

Elongated intraluminal "polyp" in distal 
ileum 

Associated with intussusception 
Usually in ileum 

Elongated polyp composed of granulation 
tissue, with eosinophils 


Data from references 1 and 26 to 28. 


Data from references 1 to 3, 5, and 18. 
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50-11 Multiple Polyps and Polyposis Syndromes 


Parameter 

Cause 

Comments 

Multiple 

Hematogenous 

Most commonly metastatic melanoma 

polyps 

metastases 

Submucosal mass 

Polyposis 

Kaposi's sarcoma 

Carcinoid tumor 
Disseminated lymphoma 
Mantie cell lymphoma 
Peutz-Jeghers syndrome 

Known AIDS 

Plaque, submucosal mass, ortarget lesion 

Multiple in 30% (see Table 50-10) 

Multiple submucosal masses ortarget lesions 

Lymphomatous polyposis 

Autosomal dominant, but 40% of patients are spontaneous mutants 

synd ro mes 

Cowden's disease 

Sessile or pedunculated polyp with lobulated or villous surface 

Jejunum 

Young patients with bleeding or pain; pigmented lesions on mouth, lips, palms 

Autosomal dominant 


Polyps of varying histologies but hamartomatous polyps more often in colon than in small bowel 
Facial papillomas 

Associated thyroid disease (66%) and breast carcinoma (33%-50%) 


Cronkhite-Canada 

Nonhereditary; mean age of 60 yr 

syndrome 

Diarrhea, ectodermal changes, protein loss 

Inflammatory polyps more frequent in stomach and in colon than in duodenum or small bowel 

Familial adenomatous 

Autosomal dominant; 10%-30% of patients are spontaneous mutants 

polyposis syndrome 

Mutations in various portions of APC gene produce various clinical syndromes (e.g., Gardner's, 


Turcot's) 


Small bowel adenomas primarily in duodenum 

12% develop periampullary carcinomas 

Desmoid tumors in root of small bowel mesentery 

Neurofibromatosis 

Known clinical diagnosis 


Data from reference 1. 


50-12 Multiple Target Lesions 


Cause 


Comments 


50-13 Annular Lesion with Shelflike Margins 


Cause 


Comments 


Melanoma 

metastases 


Other hematogenous 
metastases 
Lymphoma, 
disseminated 
Kaposi's sarcoma 


Hematogenous spread 
Submucosal lesions, often on 
antimesenteric border 
Large ulcer with spoke wheel radiating 
folds 

Breast and lung cancer 

Involves stomach more frequently than 
small bowel 

Involves stomach and duodenum more 
frequently than small bowel 
Plaquelike lesion orthickened folds more 
common morphologic forms 
Homosexuals with AIDS 


Data from references 1 and 13. 


Small bowel 
obstruction by 
adhesive band 


Adenocarcinoma, 

primary 


Metastases 


Primary small 
bowel 
lymphoma 

Carcinoid 


Anastomotic 
stricture 
NS AID stricture 


Transition zone with sharply demarcated 
band compressing against distended 
proximal and collapsed distal small bowel 
Shelflike or beaklike narrowing 
Adjacent folds are normal; no mucosal 
nodularity 
Proximal jejunum 
Short lesion with shouldering 
Central ulceration; folds destroyed or 
nodular 

Obstruction not severe, unless late 
diagnosis 

Colon cancer most frequent primary tumor 
Mid to distal small bowel 
Desmoplasia with angulation causing 
obstruction 

Folds relatively preserved but may be 
tethered 

Long lesion without obstruction 
Nodular folds and effaced mucosa 
Center bulges aneurysmally 
Multiple in up to 25% of patients 
Misleading en face appearance of saddle 
lesion (polypoid lesion spreading 
circumferentially) 

Clinical history; staple line 

Multiple, ringlike thickened webs causing 
low-grade obstruction 


Data from references 1, 18, and 29 to 35. 
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50-14 Annular Lesion with Tapered Edges 


Cause Comments 


TAB LE 

50-17 


Causes 


Mass Effect with Tethering of Mucosal Folds 


Comments 


Adhesion 

Crohn's 

disease 


Radiation 

enteropathy 


Ischemia 


Beaklike tapering with smooth folds 
Stricture caused by primary disease or skip 
lesion 

Associated cobblestoning or mesenteric border 
ulcers 

Strictures within area of severe damage or at 
entry site into radiation field 
Bowel loops often angulated; folds tethered 
because of serositis or fibrosis 
Usually low-grade obstruction 
May be related to trauma 


Data from references 1, 10, 23, and 24. 


5 q_ 15 Exoenteric Cavitary Lesions 


Parameter Comments 


COMMON CAUSES 

Primary non-Hodgkin's 
lymphoma 


Metastatic melanoma 

Malignant gastrointestinal 
stromal tumor 


Transmural ulceration with 
perforation into mesentery or 
cavitation of tumor that has 
invaded mesentery 
Large, deeply ulcerated 
metastases 

Cavity caused by central necrosis 
in tumor that subsequently 
communicates with bowel 
lumen or by ischemic necrosis 
of epithelium overlying tumor, 
with secondary ulceration 


UNCOMMON CAUSES 

Adenocarcinoma Deeply ulcerated tumor 

perfo rates 

Jejunal diverticulitis with 
abscess cavity 

Ectopic pancreas with 
pancreatitis and pseudocyst 
formation 

Hematogenous metastasis from 
pulmonary carcinoma 

Crohn's disease Fistula or perforation forms 

abscess cavity 

Other findings of Crohn's disease 


Data from references 1, 13, 18, 37, and 38. 


50-16 Separation of Bowel Loops without Tethering 


Cause Comments 


Prominent fat 
within small 
bowel mesentery 
Ascites 

Mesenteric masses 


Crohn's disease 


Most common of cause of separated loops 
More pronounced in ileum 
Loops retain normal pliability and mobility 
Small bowel loops centrally located 
CT for cause 

Lymphoma of mesenteric nodal origin — 
enlarges and displaces bowel; may 
surround it without obstruction 
(sandwich sign); later infiltrates intestinal 
wall causing obstruction 
Desmoid tumor related to familial 
adenomatous polyposis syndrome 
CT distinguishes bunching of fat caused 
by mesenteric inflammation and scarring 
(fibrofatty proliferation) from abscess 


Data from references 1 and 18. 


Intraperitoneal 

metastases 


Carcinoid tumor, 
early 

Carcinoid tumor, 
advanced 


Interloop or omental 
abscess 
Retractile 
mesenteritis 

Endometriosis 


Pancreatitis 

Root of mesentery 
nodal metastasis 


Cecal or appendiceal 
process involving 
terminal ileum 
Crohn's disease 


Right lower quadrant, pelvis 
Multiple hemispheric masses on 

mesenteric border of distal ileum with 
crowded, tethered folds 
Hemispheric sessile polyp, with adjacent 
desmoplastic crowding of folds 
Multiple in 30% 

Intense desmoplastic effect on adjacent 
bowel loops 

Mesenteric metastases grow largerthan 
primary tumor 

CT—central mesenteric mass (calcified in 
50%), mesenteric stranding 
Associated with ascites, small bowel 
ischemia 

Extrinsic mass with mildly edematous 
folds radiating toward abscess 
Intestinal loops separated and pulled 
toward mesentery 

CT shows soft tissue mesenteric masses 
Sharply demarcated plaques invade 
serosa causing pleating of underlying 
mucosa 

Pelvic and terminal ileum; more often 
involves rectosigmoid colon 
Desmoplastic changes in left upper 
quadrant: jejunum and splenic flexure 
At or left of duodenojejunal junction— 
left-sided colon cancer, transitional cell 
carcinoma of biadder 
Nearsecond portion of duodenum— 
right-sided colon cancer 
Cecal lymphoma, carcinoma 
Appendicitis 
Appendiceal tumors 
Abscess, inflammatory process in 
mesentery 

Other findings of Crohn's disease 


Data from references 1 and 38. 


Site 


Site Predilection of Diseases 


Disease 


Proximal 

jejunum 


Distal ileum 


Antimesenteric 

border 

Mesenteric 

border 


Adenocarcinoma 
Jejunal diverticulosis 
Infections: giardiasis, Whipple's disease, 
cryptosporidiosis, isosporiasis 
Celiac disease 

Zollinger-Ellison-related pathology 
Polyps in Peutz-Jeghers syndrome 
Crohn's disease 
Carcinoid tumors 

lleitis caused by Yersinia, Campylobacter, 
cytomegalovirus, Behget's disease 
Intraperitoneal metastases 
Secondary involvement by inflammatory or 
neoplastic disease of cecum or appendix 
Radiation enteropathy 

Tuberculosis (right-sided colonic predominance) 

Meckel's diverticulum 

Hematogenous metastases 

Sacculation in Crohn's disease 

Linear ulcers in Crohn's disease 

Peritoneally seeded metastases 

Jejunal diverticula 

Thumbprinting caused by intramural bleeding 
Mesenteric hematoma 
Intestinal duplication 

Cavitation in primary intestinal lymphoma 


Data from references 1 to 5, 9 to 11, 13, 18, 21 to 24, 30, 39, and 40. 
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The overall volume of barium enemas has decreased con- 
siderably in modern medical practice because of greater use 
of other diagnostic tests such as colonoscopy, computed 
tomography (CT) and, most recently, CT colonography. Nev- 
ertheless, the barium enema remains a valuable technique 
for evaluating patients with a variety of colorectal diseases. 
The double-contrast barium enema, in particular, has been 
shown to be a viable alternative to colonoscopy for colorectal 
cancer screening 1 and for detecting polyps and cancers in 
the proximal colon in patients with incomplete colonoscopy. 2 
Both single- and double-contrast barium enemas also have 
the ability to demonstrate a variety of intramural and extrinsic 
abnormalities involving the colon that are more difficult to 
recognize at colonoscopy. In such cases, the full extent of 
disease may then be assessed by cross-sectional imaging studies 
such as CT. 

Depending on the clinical indications for the barium enema 
and the patient’s overall condition, single- or double-contrast 
techniques may be used to evaluate the colon. We believe that 
a double-contrast barium enema is generally the preferred 
examination because of its greater diagnostic capabilities, so it 
has received more emphasis in this chapter. 

Single- Versus 
Double-Contrast Technique 

Double-contrast technique is generally thought to be superior 
to single-contrast technique for detecting small polypoid 
lesions or flat carpet lesions (villous tumors) in the colon and 
for visualizing the early inflammatory changes of inflammatory 


bowel disease (Crohns disease and ulcerative colitis)." 4 This 
advantage of double-contrast technique is related to its ability 
to visualize the mucosal surface en face on double-contrast 
images. There are also specific signs such as the mucosal spicu- 
lation of endometriosis or metastatic disease that are better 
demonstrated on double-contrast studies (see Chapter 3). 5,6 
Finally, double-contrast technique enables evaluation of the 
rectum, which is not accessible to manual palpation on single- 
contrast studies. 7 

In contrast, single-contrast technique entails filling of each 
colonic loop with a continuous column of barium, enabling 
visualization of contour abnormalities such as polyps or ulcers 
in profile and circumferential areas of narrowing such as 
annular carcinomas. Polyps and polypoid masses can also 
be visualized en face by thinning the barium column with 
graded compression to delineate these lesions as filling defects 
within the barium pool. Despite the limitations of single- 
contrast technique in detecting polyps, it is the preferred 
examination for patients with suspected fistulas, obstruction, 
or intussusception, in whom careful control of the barium 
column is required. Single-contrast technique is also useful 
for showing ischemic colitis associated with thumbprinting 
that can be effaced by gaseous distention of the colon on 
double-contrast studies. Finally, single-contrast technique is 
used for patients who are too old or too debilitated to perform 
the various maneuvers required for a double-contrast study 
or in patients with poor sphincter tone who may be unable 
to retain rectally administered air, even with inflation of a 
rectal balloon. 

Double-Contrast Barium Enema 

PREPARATION OF THE PATIENT 

A variety of regimens may be used for cleansing the colon, but 
most include the following basic components : 

• A clear liquid diet for 24 hours 

• One or preferably two sets of laxatives on the afternoon 
and evening before the examination (e.g., one 16-ounce 
bottle of magnesium sulfate at 4 PM and four Dulcolax 
[bisacodyl] tablets at 10 pm) 

• A suppository (e.g., a Dulcolax suppository) on the 
morning of the examination 

If followed properly, this basic preparation is usually effec- 
tive in cleansing the colon, but noncompliance can be a problem. 
When patients arrive in the department, they should be asked 
whether they have taken the preparation and whether it has 
been effective in producing clear, watery bowel movements. If 
there is any doubt about the adequacy of the preparation, 
a preliminary abdominal radiograph should be obtained. If 
this radiograph shows defmite fecal residue in the colon, the 
examination should be postponed for 24 hours while the patient 
repeats the preparation. 
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Cleansing enemas may improve the cleanliness of the colon 
but are not generally recommended because residual fluid in 
the colon may dilute administered barium and limit mucosal 
coating, compromising the examination. For similar reasons, 
oral lavage regimens with solutions used to prepare patients for 
colonoscopy, such as GoLYTELY (polyethylene glycol electro- 
lyte solution), should be avoided. 10 

MATERIALS AND EQUIPMENT 

The choice of barium suspension is critical. A medium barium 
suspension of approximately 100% w/v is generally preferred 
for double-contrast barium enemas. Barium of this viscosity 
optimally coats the mucosa for a relatively prolonged period 
without precipitating or causing other artifacts. A Miller air 
enema tip is ideal for instilling barium and air into the colon. 11 
The retention balloon attached to the enema tip is inflated 
only if the patient is unable to retain the barium or air because 
of inadequate anal sphincter tone (see later, “Insertion of 
Enema Tip”). 

In modern radiology departments, barium enema exami- 
nations are almost always performed on digital fluoroscopic 
equipment. For double-contrast studies, the radiologist relies 
on fluoroscopy to position the patient for a series of digital 
spot images, followed by a routine sequence of overhead 
radiographs (see next section, “Routine Examination”). 12 
Careful evaluation of the frozen image on the fluoroscopic 
monitor after each digital exposure enables the radiologist 
to better delineate subtle colonic abnormalities and differ- 
entiate spurious Åndings from true lesions at the time of 
fluoroscopy. The study is later reviewed at a computer 
workstation that allows routine postprocessing of the images 
for optimal interpretation. 13 Subtle mucosal abnormalities 
and differences in density (e.g., as in patients with pneuma- 
tosis coli) may be apparent only after adjustment of the 
images. 14 

Administration of Glucagon 

A standard dose of 1 mg of glucagon should be administered 
intravenously to improve the quality of the examination and 
decrease patient discomfort by producing a relaxant effect on 
the colon and eliminating or minimizing colonic spasm. 15,16 
The glucagon should be injected slowly to avoid nausea and 
vomiting, a frequent but transient side effect. Glucagon can 
be given to almost all patients, but this agent is contraindi- 
cated in patients with pheochromocytomas or poorly con- 
trolled, insulin-dependent diabetes. 

Insertion of Enema Tip 

Before inserting the lubricated enema tip, a brief digital 
rectal examination should be performed to assess anal 
sphincter tone and recognize anatomic variations that could 
interfere with insertion of the tip. In patients with an 
enlarged prostate, for example, the enema tip should be 
directed more posteriorly than usual to facilitate passage into 
the rectum. In patients with large external hemorrhoids or 
anal fissures, a topical anesthetic may be applied to the anus 
and enema tip to minimize discomfort during insertion. 
Patients who experience unusual discomfort when the tip is 
inserted should be reassured that the rectum quickly accom- 
modates to the tip, so any discomfort they experience will 
be transient. 


Routine Examination 

A routine series of fluoroscopic spot images for double-contrast 
barium enemas is presented in Table 51-1, and selected views 
are illustrated in Figure 51-1. When the fluoroscopic portion 
of the study has been completed, a standard sequence of over¬ 
head radiographs is also obtained (see Fig. 51-1 and Table 
51-1). The overhead radiographs include horizontal beam 
views—leff and right lateral decubitus radiographs and a prone 
cross-table lateral radiograph—that are especially useful for 
differentiating retained stool from true polypoid lesions in the 
colon (Fig. 51-2). 

Barium is usually administered into the colon under fluoro¬ 
scopic guidance with the patient in a prone or left lateral posi¬ 
tion to facilitate passage of barium into the dependent sigmoid 
and descending colon. It is important to be certain that barium 
has passed around the splenic flexure into the transverse colon 
before draining barium and insufflating air because it can be 
difficult to propel the barium into the ascending colon and 
cecum if not enough barium has been administered. This 
problem is more likely to occur in patients with a long, redun¬ 
dant, barium-filled sigmoid colon extending into the leff upper 
quadrant that is inadvertently mistaken for the splenic flexure 
(see later, “Filling of Entire Colon”). 

As soon as enough air has been insufflated to distend the 
colon, double-contrast spot images should be obtained, starting 
with the sigmoid colon and continuing proximally in a system¬ 
atic fashion. Early imaging of the sigmoid colon is particularly 
important because this portion of the colon may be obscured 
by opacified small bowel if barium refluxes via an incompetent 
ileocecal valve into pelvic loops of ileum. After all the loops in 
the sigmoid colon have been visualized with appropriate spot 
images, additional images of looping segments of the descend¬ 
ing, transverse, and ascending colon should also be obtained. 
The patient should be rotated as needed under fluoroscopic 
guidance to visualize individual loops of colon in double con- 
trast and avoid overlap with other loops, which could obscure 
polypoid or even annular lesions. With careful technique and 
attention to detail, even small subtle polyps can be detected. 

As the patient turns, it is useful to watch the flow of barium 
across the mucosal surface because flow technique can be 
extremely helpful for delineating flat protruded lesions, shallow 
ulcerated lesions, and other subtle abnormalities in the colon. 
If a particular loop of colon is filled with barium because of its 
dependent location when the patient is in a supine position, she 


Routine Double-Contrast Barium Enema 


Position 


Views 


SPOT RADIOGRAPHS 

Prone 

Left posterior oblique 
Left lateral 
Supine 
Upright 

Supine, supine obliques 


Rectum 
Sigmoid colon 
Rectum 

Rectum and cecum 
Hepatic and splenic flexures 
All remaining colonic segments 


OVERHEAD RADIOGRAPHS 

Vertical beam 
Angled (prone) 

Horizontal beam 


Posteroanterior 

Rectosigmoid 

Left and right lateral decubitus 
views 

Prone cross-table lateral view 
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or he should be turned into a prone position to visualize the 
same loop in double contrast by placing it in a nondependent 
location. Routine upright positioning of the patient is also 
important for obtaining optimal double-contrast views of the 
hepatic and splenic flexures. In patients with inguinal hernias, 
upright views may also be helpful for showing one or more 
loops of sigmoid colon or distal ileum within the hernias. 

When the table is returned to a recumbent position, barium 
in the hepatic flexure falis by gravity into the ascending colon 
and cecum, so spot images of the cecum can be obtained. If too 
much barium is present in the cecum to visualize this structure 
adequately in double contrast, the patient should be slowly 


rotated into a steep right posterior oblique or right lateral posi¬ 
tion, causing barium to flow from the cecum along the right 
lateral wall of the ascending colon toward the hepatic flexure 
and, simultaneously, air to rise into the cecum. The patient can 
then be returned to a supine position for adequate double- 
contrast views of the cecum. 

Because the enema tip itself may obscure lesions in the distal 
rectum, the tip should be removed before obtaining spot images 
of this structure. The patient is usually placed in a left lateral 
position and asked to bear down to drain barium from 
the rectum before insufflating additional air to redistend the 
rectum. After the tip has been removed, spot images of the 



Figure 51-1 Selected radiographs from normal examinations. A. Spot radiograph of the sigmoid colon in the left posterior oblique position. 
B. Upright spot radiograph of the splenic flexure in the right posterior oblique position. C. Spot radiograph of the cecum and terminal ileum in 
the supine position. D. Overhead radiograph in the prone position. 


Continued 
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Figure 51-1, cont # d E. Prone, cross-table lateral overhead radiograph of the rectum. F. Coned-down view of prone angled radiograph of the 
rectosigmoid colon. (B and D from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 



Figure 51-2 Importance of the decubitus view with imperfect bowel preparation. A. Oblique view shows considerable fecal residue in the 
right colon. B. Left lateral decubitus overhead radiograph shows fecal debris layering out in the barium, enabling a clear view of most of the 
right colon. 


rectum are routinely obtained with the patient in left lateral, 
prone, and supine positions, respectively, to complete the fluo- 
roscopic examination. 

If barium accumulates in the rectum during the procedure, 
some patients may experience discomfort as they resist the 
natural urge to expel this barium from the rectum. Such 


discomfort can be avoided by checking the rectum periodically 
at fluoroscopy and, if necessary, dropping the enema bag to the 
floor and having the patient gently bear down to eliminate 
excess barium from the rectum. 

The digital spot images should be carefully reviewed at 
the control station adjoining the fluoroscopy room while the 
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overhead radiographs are being taken. Any questionable abnor- 
malities should prompt further evaluation of the colon under 
fluoroscopic guidance after the overheads have been obtained 
to eliminate uncertainty and permit a more definitive radiologic 
diagnosis. When the examination has been completed, the 
patient should be granted immediate access to a conveniently 
located bathroom to evacuate administered barium and air 
from the colon. 

Normal Appearances 

The mucosal surface of the colon usually has a smooth, feature - 
less appearance (Fig. 51-3A). In some patients, a fine network, 


also known as innominate grooves or lines, may be seen on the 
mucosa (Fig. 51-3B). 1 These grooves can be visualized en face 
with double-contrast technique or in profile in the barium- 
filled colon when it is partially collapsed (Fig. 51-3C). 18 Occa- 
sionally, double-contrast views may reveal innominate pits 
rather than grooves (Fig. 51-3D). 19 This normal finding should 
not be mistaken for superficial ulceration. In other patients, 
transverse striations are observed as a transient phenomenon 
caused by contraction of the muscularis mucosae (Fig. 51-3E). 
Still other patients have tiny (1- to 3-mm) nodules in the colon 
caused by prominent lymphoid follicles, which are observed 
most often in children but can also be seen as a normal finding 




Figure 51-3 Normal mucosal 
surface. A. The smooth, featureless 
surface of the colon usually seen 
on double-contrast studies. 

B. Innominate grooves on the 
surface of the colon. C. Single- 
contrast view shows the profile 
appearance of the innominate lines. 
D. Surface pattern in a normal adult 
showing pinpoint barium collections 
(innominate pits) both en face and 
in profile. These tiny pits should not 
be mistaken for ulcers. E. Transient 
striations in the transverse colon 
caused by contraction of the 
muscularis mucosae. There are also 
punctate barium collections 
representing tiny diverticula (arrow). 
(B from Laufer I: Double Contrast 
Gastrointestinal Radiology with 
Endoscopic Correlation. 
Philadelphia, WB Saunders, 1979; 

C and D from Laufer I, Levine 
MS [eds]: Double Contrast 
Gastrointestinal Radiology, 2nd ed. 
Philadelphia, WB Saunders, 1992.) 
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Figure 51-4 Lymphoid follicular pattern. A. Tiny rounded filling defects in the transverse colon constitute the normal lymphoid follicular 
pattern. B. Prominent lymphoid follicular pattern in another patient with a small polypoid colonic carcinoma ( arrow ). C. Normal lymphoid follicles 
in the terminal ileum. 


in adults (Fig. 51-4A). 20,21 Enlarged lymphoid follicles may be 
associated with a variety of conditions, including Crohn’s 
disease, lymphoma, and immune deficiency States. 22 Unusually 
prominent lymphoid follicles have also been reported in patients 
with colonic carcinoma (Fig. 51-4B), 23 so this observation 
should prompt a careful search for underlying malignant 
tumors in the colon. Enlarged lymphoid follicles may also be 
seen as a normal finding in the terminal ileum in young people 
(Fig. 51-4C) and in patients with conditions such as Yersinia 
enteritis and lymphoma. 

Single-Contrast Barium Enema 

Single-contrast barium enemas entail filling the entire colon 
with a solid column of barium of relatively low viscosity. Patient 
preparation, administration of glucagon, and insertion of the 
enema tip are the same as for double-contrast barium enemas 
(see earlier). Barium is usually introduced with the patient in 
a leff lateral position. For patients with decreased or absent 
anal sphincter tone, the retention balloon on the enema tip 
should be inflated to facilitate retention of barium (see later, 
“Incontinence”). 

After the rectum has been evaluated, and as the remaining 
colon is filled with barium, the patient should be turned from 
the left lateral position into supine and supine oblique posi¬ 
tions, and digital spot images of each colonic loop and flexure 
should be obtained. The patient should be rotated into different 
degrees of obliquity as needed to avoid or minimize overlapping 
bowel. The examination is not completed until the entire colon, 
including the cecum, has been visualized. 

A critical component of the single-contrast enema is graded 
manual compression of the colon under fluoroscopic guidance 
to thin out the administered barium and visualized protruded 
lesions (e.g., polyps and polypoid carcinomas) en face as filling 
defects in the barium pool. Manual compression may be applied 


with a leaded glove, balsam paddle, or the compression cone on 
the fluoroscopy tower. The ability to demonstrate polyps (espe- 
cially small polyps) with graded compression requires some 
skili because these lesions can be missed if the colon is under- 
compressed or overcompressed at fluoroscopy. With practice 
and experience, even subtle protruded lesions can be visualized. 
Nevertheless, the hepatic and splenic flexures and rectum are 
often difficult to evaluate because of overlying bony structures 
(the rib cage and pelvic bones) that preclude manual palpation 
of these areas. 

The single-contrast barium enema relies primarily on fluo¬ 
roscopic evaluation of the colon (with appropriate spot images) 
to demonstrate abnormalities in the colon, so overhead radio- 
graphs are not routinely obtained. However, postevacuation 
radiographs may be helpful for showing protruded lesions on 
mucosal relief views of the collapsed colon. Postevacuation 
radiographs are also useful for assessing colonic emptying in 
patients with possible colonic motility disorders. 

Technical Problems 

POOR PREPARATION 

Poor colonic preparation is a major limiting factor with barium 
enemas because of difficulty detecting polypoid lesions in the 
presence of retained stool. Poor preparation can also simulate 
pathologic conditions such as inflammatory bowel disease (Fig. 
51-5). Similarly, retained fecal debris can mimic the appearance 
of polypoid tumors. Nevertheless, fecal debris can be differenti- 
ated from true polypoid lesions on double-contrast studies 
when retained stool fails into the barium pool on horizontal 
beam radiographs because of the effect of gravity. In general, 
fecal debris will be seen on the dependent surface, whereas true 
polypoid lesions on the nondependent surface will be etched in 
white (Fig. 51-6; see Chapter 2). 
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Figure 51-5 Poor preparation 
simulating inflammatory bowel 
disease. A. Initial study suggests 
that the mucosa is abnormal 
throughout the colon. B. Another 
examination with adequate 
colonic preparation shows that 
the mucosal surface is normal. 





Figure 51-6 Detection of a 
polyp despite fecal debris. 

A. There is considerable fecal 
debris in the left side of the 
colon. Nevertheless, a polyp can 
be recognized as a lesion that is 
etched in white (arrow). B. After 
the fecal material has been 
cleared away, a repeat spot 
radiograph shows the 
pedunculated polyp (arrow) 
more clearly. 


DIVERTICULOSIS 

The presence of marked sigmoid diverticulosis poses a serious 
diagnostic dilemma for detecting polypoid lesions on double- 
contrast barium enemas because of frequent difficulty detecting 
protruded lesions in the presence of numerous diverticula. 
When filled with air, these diverticula may simulate polyps on 
the nondependent surface. In such cases, the sigmoid colon may 
be reexamined by single-contrast technique (also known as a 
sigmoid flush) to better visualize protruded lesions (Fig. 51-7). 24 
Alternatively, sigmoidoscopy may be performed to exclude neo- 
plastic lesions in the sigmoid colon more confidently. 

INCONTINENCE 

Incontinence is another factor that may preclude performing a 
complete or technically adequate single- or double-contrast 
barium enema examination. When patients are incontinent 


because of decreased or absent anal sphincter tone, the reten¬ 
tion balloon on the enema tip may be inflated with air to 
prevent loss of barium from the rectum. Although inflation of 
the balloon often salvages the study in incontinent individuals, 
it places the patient at risk for rectal perforation. The best way 
to minimize that risk is to follow basic guidelines for inflating 
the balloon. 

Most importantly, the retention balloon should be inflated 
only in patients in whom a diagnostic barium enema otherwise 
would not be possible because of inadequate anal sphincter 
tone. Before the balloon is inflated, a careful history should be 
obtained for any risk factors for rectal perforation (including 
rectal neoplasms, severe proctitis, pelvic irradiation, and rectal 
surgery) because these are contraindications for inflating the 
balloon. If no such risk factors are present, barium should be 
administered into the rectum under fluoroscopic guidance 
before inflating the balloon. If the rectum distends normally, 
the retention balloon should be inflated with no more than 
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Figure 51-7 Diverticulosis with sigmoid flush. A. The diverticula are obvious on the double-contrast study, but a polypoid cancer cannot be 
identified. B. After refilling the colon with single-contrast barium, a polypoid cancer ( arrow ) is seen. (From Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 


100 mL of air by the radiologist (not the technologist) under 
fluoroscopic guidance to be certain that the balloon does not 
encounter resistance and is not overinflated. The balloon should 
be retracted distally against the anal verge to produce a tight 
seal, which prevents leakage of barium or air from the rectum 
during the examination. 

FILLING OF ENTIRE COLON 

Unless there is an obstructing lesion, the colon should be filled 
in its entirety from the rectum to the cecum. The fluoroscopist 
can be certain the cecum has filled when there is reflux of 
barium into the terminal ileum or appendix. Even in the absence 
of reflux into these structures, one can be confident of cecal 
filling when the ileocecal valve is identified. It is occasionally 
difficult to fill the right side of the colon on double-contrast 
barium enemas in patients with an unusually tortuous or 
redundant colon or in patients with a mobile, anteriorly rotated 
cecum caused by embryologic absence of fixation of the ascend- 
ing colon in the right paracolic gutter. In such cases, an incom- 
pletely filled ascending colon should not be mistaken for the 
cecum, and the patient should be rotated additional times, as 
needed, until the cecum is definitively visualized. Rarely, it may 
be necessary to convert a double-contrast barium enema to a 
single-contrast study to obtain adequate filling of the ascending 
colon and cecum in patients with glucagon-resistant spasm. 25 

Complications 

Some patients experience abdominal discomfort or gas pains 
during and after barium enema examinations. 26 This discom¬ 
fort can be minimized by using carbon dioxide instead of air to 
distend the colon/ The most serious complication is colonic 
perforation. 28 Although extremely uncommon, the usual site of 
perforation is the rectum; most cases result from inflation of a 
rectal balloon in a diseased rectum (see earlier, “Incontinence”). 
When rectal injury occurs, barium may be seen dissecting into 
the wall of the rectum (Fig. 51-8A) or extravasating into the 
pelvis or retroperitoneum. Much less frequently, there is 


perforation of the intraperitoneal portion of the colon, almost 
always at the site of diseased bowel, with barium entering the 
peritoneal cavity (Fig. 51-8B). In patients with diverticulosis, 
administered air may extravasate from the diverticula during 
the double-contrast barium enema, resulting in the develop- 
ment of retroperitoneal or intraperitoneal air, or even pneumo- 
mediastinum (Fig. 51-8C). 

A barium enema examination should not be performed 
immediately after endoscopic biopsy of normal or inflamed 
rectal mucosa with a large biopsy forceps because such patients 
are at risk for rectal perforation. 2 If a deep rectal biopsy speci- 
men has been obtained, the barium enema should therefore be 
postponed for at least 5 days. In contrast, more superficial biop- 
sies performed with a small forceps through flexible endoscopes 
need not necessitate such lengthy delays. 

Allergic complications are rare, but have been reported. 31 
Such patients may have reactions to the barium itself or to 
various additives, latex rectal catheters, or even glucagon. Latex 
enema tips have been replaced by silicone tips because the latex 
was thought to be the source of rare but severe allergic 
reactions. 32 

Transient bacteremia has been documented after barium 
enemas, 33 but no clinical problems have been reported. In 
patients with high-risk cardiac lesions such as prosthetic heart 
valves, it may be prudent to use antibiotic prophylaxis, as rec- 
ommended by the American Heart Association. 34 This prophy¬ 
laxis consists of 3 g of amoxicillin by mouth 1 hour before the 
study and 1.5 g by mouth 6 hours after the study. 

In patients with severe ulcerative colitis, air and contrast 
medium rarely may enter the perirectal veins, and gas may even 
be seen in the portal vein. 35 This complication can occur as a 
fatal event. 

Variations in Technique 

SUSPECTED PERFORATION 

When colonic perforation is suspected, the study should 
be performed with a water-soluble contrast agent such as 
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Figure 51-8 Complications of barium enema. 

A. Rectal tear complicating barium enema with 
intravasation of barium into the wall of the 
rectum. B. Perforation of the intraperitoneal 
portion of the sigmoid colon in a patient with 
radiation colitis. Extravasated barium outlines the 
peritoneal cavity. C. Retroperitoneal air and 
pneumomediastinum are seen as a complication 
of a double-contrast barium enema in another 
patient with sigmoid diverticulosis (not shown on 
this view). (From Berk JE, Fluubrich WS, Kalser 
MH, et al [eds]: Bockus Gastroenterology, 4th ed, 
vol 1. Philadelphia, WB Saunders, 1985.) 


diatrizoate meglumine and diatrizoate sodium (Gastroview). If 
extravasation is not demonstrated, it may be prudent to repeat 
the examination with barium for better definition and detail. 
In patients with cystic fibrosis, a water-soluble enema can be 
administered for diagnostic or therapeutic purposes. 3 In such 
patients, the hyperosmolar agent draws fluid into the bowel that 
can liquefy viscous stool, sometimes with therapeutic results. 

PERORAL PNEUMOCOLON 

A peroral pneumocolon is sometimes performed in patients 
for whom the primary diagnostic interest is in the terminal 
ileum and cecum. 3 For this procedure, the patient undergoes 
preparation of the colon as for a barium enema. After orally 
administered barium has reached the right side of the colon, 
1 mg of glucagon is administered intravenously and air is insuf- 
flated via a rectal catheter into the colon and refluxed into the 


terminal ileum. This maneuver often provides excellent double- 
contrast views of the cecum and terminal ileum for better 
visualization of aphthoid ulcers and other abnormalities in 
these areas (Fig. 51-9). 

COLOSTOMY ENEMA 

Single- or double-contrast studies of satisfactory quality can 
be performed through a colostomy (Fig. 51-10). 38 This is 
particularly important for patients being followed after resec- 
tion of a previous rectal carcinoma because of the increased 
risk of developing metachronous colon cancers at a later 
point in time. Barium may be administered through the 
colostomy stoma via a Foley catheter connected to an enema 
bag. 

Contrast enemas after other types of colon surgery are dis- 
cussed in Chapter 63. 
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Figure 51-9 Peroral pneumocolon. Excellent double-contrast 
visualization of the right colon and distal small bowel is obtained. 
(From Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal 
Radiology, 2nd ed. Philadelphia, WB Saunders, 1992.) 



Figure 51-10 Double-contrast colostomy enema. Satisfactory 
visualization of the residual colon is obtained after a colostomy. (From 
Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 
2nd ed. Philadelphia, WB Saunders, 1992.) 
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Pelvic floor disorders are an underdiagnosed source of mor- 
bidity and significantly diminish the quality of life. Most 
patients are women. 1 In any clinic that deals with pelvic floor 
disorders, about 80% of patients will be women between the 
ages of 35 and 50 years. Pelvic floor disorders are seen less 
frequently in men. 

The demand for pelvic floor imaging is increasing. There are 
several factors that account for this, such as more patients 
seeking assistance, more physicians interested in this area, and 
more experience in the therapeutic options. Almost 24% of U.S. 
women complain of at least one pelvic disorder. The number 
of patients seeking assistance also increases with age, parity, and 
obesity. 1,3 As the population ages, the need for pelvic floor 
imaging is expected to increase. 4 

The presenting symptoms of patients with pelvic floor dis¬ 
orders are variable. They can have anal incontinence, urinary 
incontinence and constipation. There may be prolapse of the 
rectum or vagina with a cystocele associated with any of these. 

Anal incontinence ranges from constant soiling as a result of 
slow leakage, to the total inability to hold on to any stool in the 
rectosigmoid area. This latter group copes by emptying their 
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bowel at the faintest desire to defecate. They are therefore con- 
stantly emptying their bowel to avoid accidents. Overall, about 
9% of women have fecal incontinence and 3% experience pelvic 
floor prolapse. 2 These signs and symptoms appear to be unre- 
lated to the mode of delivery. 5! However, parous women are 
not immune to functional pelvic floor disorders either. 912 

The presenting symptoms of constipation are also variable. 
This may be described as difficulty in initiating defecation, 
incomplete defecation, and considerable straining with defeca¬ 
tion. Some patients may also complain that the stool is of inad- 
equate size, weight, or water content. Patients who have difficulty 
in evacuation may use digital or positional maneuvers to assist 
in emptying the rectum. If this is not volunteered by the patient, 
it is useful to ask when taking a history prior to the examination 
because this information could be used to enhance the study. 

Seemingly unrelated symptoms, such as bloating and ab- 
dominal pain, may also be related to pelvic floor disorders. 13 
Other apparently unrelated symptoms include dyspareunia, 
painful defecation, perineal pain, and rectal bleeding. Solitary 
rectal ulcer syndrome is often suspected when there is rectal 
bleeding. 1416 

Preoperative identification of abnormalities causing pelvic 
floor disorder symptoms is important so that the appropriate 
surgery can be performed. This is especially true because one 
study has shown that there is a lifetime risk of 11% of at least 
one surgical procedure for pelvic organ prolapse and urinary 
incontinence and that the repeat surgery for recurrence is 29%. 18 

There is often a multispecialty involvement in the manage¬ 
ment of pelvic floor disorders. Radiologists, colorectal surgeons, 
gynecologists, and urologists may be involved. This chapter will 
only deal with the radiologic aspects. 

Normal Anatomy 

The pelvic floor is made up of the levator ani, urinary and anal 
sphincter mechanisms, and fascial supports of the pelvic viscera. 
The pelvic viscera include the rectum, vagina, biadder, and 
urethra (Fig. 52-1). An understanding of the structure and 
levels of pelvic floor support is important for the evaluation of 
pelvic floor dysfunction because this forms the basis of recon- 
structive surgery. 19 

There is an interaction between the colon and rectum in 
normal defecation. High-amplitude propagating waves that 
move fecal contents into the rectum stimulate the urge to def¬ 
ecate. As a result, the distention that this produces relaxes the 
internal sphincter through the anorectal inhibitory reflex in 
preparation for defecation. Defecation is then initiated by 
abdominal straining and voluntary pelvic floor relaxation 
whenever desired. Once the anal canal is open, the rectum is 
squeezed by abdominal contraction. About one third of the left 
colon and rectum is emptied in normal physiologic defecation. 
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Figure 52-1 Schematic depiction of normal pelvic anatomy. A. Axial schematic drawing shows the anatomic structures that provide pelvic 
floor support. A, Arcus tendineus fascia pelvis (white line). B, pubic bone; P, puborectalis; R, rectum; U, urethra; V, vagina. B. Sagittal schematic 
of the pelvis demonstrates various sites of prolapse, including the biadder neck and urethra (1), biadder base (2), cervicovaginal vault (3), 
cul-de-sac (4), and rectum (5). B, biadder; R, rectum; U, uterus. C. Drawing of the sagittal midline view of the female pelvis shows bony landmarks 
and the puborectal muscle, also called the levator sling. The pubococcygeal, H, and M lines and levator plate are delineated in blue. 

(A and B from Pannu HK, Kaufman HS, Cundiff GW, et al: Dynamic MR imaging of pelvic organ prolapse: Spectrum of abnormalities. 
RadioGraphics 20:1567-1582, 2000; C from Fielding JR: Practical MR imaging o f pelvic floor weakness. RadioGraphics 22:295-304, 2002.) 


This is secondary to continued mass colonic contractions and 
likely additional proximal rectal contractions. 20 

Pelvic floor anatomy is complex, and dynamic cystocolpo- 
proctography (DCP) does not show the anatomic details that 
pelvic magnetic resonance imaging (MRI) provides. This con- 
sideration, predictions of a hypothetical increase in cancer inci- 
dence, and deaths in patients exposed to radiation and questions 
relating to the clinical significance of DCP Åndings have made 
pelvic floor MRI an important preoperative tool. 

Several studies have compared CP and dynamic pelvic 
floor MRI. ' 23 A recent evidence-based comparison has shown 
that DCP is the functional imaging study for anorectal dys¬ 
function and pelvic floor prolapse evaluation. 24 This is because, 
in most existing MR units, the patient is imaged supine rather 
than upright, a deficiency negated by open architecture MR 
magnets. 25 This is an embarrassing examination and is made 
less acceptable when the patient is asked to defecate in an 
artificial environment and in an unnatural (supine) position 
where the patient is usually asymptomatic. Evacuation is pivotal 


for the functional evaluation of the pelvic floor. Additional 
important factors are economics and practicality in everyday 
practice. In most institutions, the additional expense incurred 
with MRI compared with DCP and relative lack of accessible 
time on an MRI unit that is subject to heavy demand by 
other clinical specialties are important considerations. The 
logistics of performing a tailored examination (drainage of 
an undrained biadder and emptying of rectoceles) are impor¬ 
tant practical considerations when evaluating for the full extent 
of pelvic organ prolapse. 

The use of an open MRI system with patients defecating 
makes it functional. With an open architecture magnet, however, 
one must contend with images of a lower signal-to-noise ratio 
and soft tissue resolution. 26 To make it a single noninvasive 
functional study to look at specific organ prolapses, specialized 
coils are needed to improve soft tissue resolution and visualize 
the pelvic supporting structures and fascial condensations 
directly. Specialized coils make dynamic pelvic MRI more intru- 
sive. Dynamic pelvic floor MRI is an evolving technology, and 
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Figure 52-2 Normal rectum. 

A. The normal rectum at rest. The 
anal canal is closed and there is a 
normal puborectalis angle. B. The 
rectum at defecation showing the 
anal canal totally open. A small 
rectocele is also present. This is 
normal during defecation as long 
as it totally empties at the end. 

R, rectocele; SB, small bowel; 

V, vagina with contrast. 



its precise role in functional imaging of the pelvic floor still 
remains to be determined. It is likely that pelvic MRI with 
increased soft tissue resolution with endoluminal coils will 
complement the use of DCP when it is necessary to see struc- 
tural details of the pelvic supportive tissues and endopelvic 
fascia for surgical management. A static, high-definition MRI 
scan gives added information about muscle and/or ligamentous 
tears that may alter management, information than can only 
be inferred with DCR 

Defecation is initiated by descent of the pelvic floor. This can 
be seen on proctography as the anorectal junction descending 
from the resting position. As descent continues, the anal canal 
opens in the final moments. All this happens within seconds. 
Rapid emptying occurs when the anal canal is completely open. 
With the cessation of straining, tone returns to the anal sphinc- 
ter and levator ani and the canal closes. The anorectal angle 
becomes more acute and the pelvic floor and anorectal junction 
return to their normal elevated resting position (postdefecation 
reflex; Fig. 52-2). 

The pelvic floor is unlike other skeletal muscles. As a result 
of continuous firing of motor units, even during rest, the pelvic 
floor has constant tone. This tone is only interrupted during 
defecation or urination. Therefore, a dynamic functional exam- 
ination of the pelvic floor, especially to show the degree of 
prolapse, has to include defecation. 28 

Assessment of Pelvic Floor 

PREPROCEDURE PREPARATION 

As with any procedure, it is extremely important to obtain a 
history of the patient’s symptoms. Specific questions may have 
to be asked, such as the use of any maneuvers that may assist 
the patient. This is not always volunteered because the patient 
may be too embarrassed to disclose them. 29 Also, this is very 
intrusive, so the examination must be thoroughly explained 
prior to anything being done. This ensures that the patient 
understands the instructions given during the procedure. 


Getting the patient to practice some of the maneuvers, such as 
squeezing the buttocks while sitting on the side of a stretcher 
prior to instillation of any contrast, is also useful. The patient 
should have maximum privacy and be comfortable as possible 
in the examination room. One way to achieve this is to use a 
remote control fluoroscopy unit, turning the lights down low 
and ensuring that the patient is the only person in the examina¬ 
tion room. 20 In our unit, we also have blinds so that the patient 
cannot see the radiologist operating the remote fluoroscopy 
unit. Generally, if the patient is comfortable with the environ- 
ment, the greater the likelihood of an accurate assessment of 
defecation. 

IMAGING TECHNIQUE 

Imaging of defecation was described as early as the 1950s. 30 It 
was not until the 1980s that Mahieu and colleagues described a 
technique that interested more radiologists. 31,32 This technique 
has since been further modified with the addition of opacifica- 
tion of the small bowel, urinary biadder, and vagina. 33 40 The 
opacification of these structures makes recognition of cysto- 
celes, enteroceles, and sigmoidoceles easier. Preparation of the 
bowel with laxatives or enemas is not necessary, although some 
authors believe that a limited bowel preparation will be more 
comfortable for the patient and also provide a more standard- 
ized examination. 41 The order of opacification is to give oral 
contrast first to opacify the small bowel. Usually, about 400 mL 
of contrast used for small bowel studies is sufficient. This is 
given about 45 to 60 minutes before the dynamic part of the 
examination. Some authors suggest waiting for up to 3 hours. 33 
How long you have to wait depends on how long it takes for the 
small bowel contrast being used to opacify the pelvic loops of 
the small bowel. 

Opacification of the urinary biadder is next, with water- 
soluble contrast normally used for cystography. About 150 to 
200 mL of contrast is enough to make the biadder recognizable. 
Care must be taken not to overdistend or it could mask entero¬ 
celes. Overdistention is also uncomfortable for the patient. 
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The vagina is then opacified. This can be done with barium 
paste, high-density barium, or a thick solution of 50% contra- 
ceptive gel and 50% of water-soluble contrast with the highest 
concentration of iodide. 42 The vaginal contrast is introduced 
with a biadder irrigation syringe connected to a soft catheter. A 
pediatric enema catheter works well. The catheter is inserted 
deep into the vagina and the contrast introduced as the syringe 
is slowly withdrawn. Care must be taken to ensure that there is 
sufficient contrast opacifying the whole vagina. In the past, a 
contrast-soaked tampon was used. However, it was noted that 
the tampon acted as a strut and did not allow any enteroceles, 
rectoceles, or sigmoidoceles to become apparent. 

Finally, the rectum has to be opacified. It helps to have con¬ 
trast material that has the consistency of stool or at least close 
to it. If it is too liquid, even normal patients will find it difficult 
to hold in the rectum. Currently, there are no commercially 
made preparations available. The options are to use a thick 
esophageal paste such as Esobar (Bracco Diagnostics Inc., 
Monroe Township, New Jersey) or the thick paste, as suggested 
by Mahieu and associates. 30,32 Three 50-mL syringes (150 mL 
total) of Esobar introduced into the rectum are usually enough 
to perform the procedure. When the syringes are filled, care 
should be taken to eliminate air bubbles because trapped air 
under pressure can cause discomfort to the patient (Fig. 52-3). 
The syringes are easier to fill if the paste is first warmed by 
holding the contrast tube under hot water. If the Mahieu prepa- 
ration is used, it is useful to opacify the rectal wall first with 
contrast used for barium enemas. The doughy paste, if prepared 
as suggested, provides bulk but does not opacify the wall. There - 
fore, intussusceptions could be missed. The other disadvantage 
is that because of the consistency, it is difficult to introduce into 
the rectum. An orthopedic glue gun that is geared makes this 
thicker paste easier to introduce. To coat the rectal wall and fill 
the rectum with the Mahieu paste, attach a 50-cm length of 
0.5-inch tube filled with high-density liquid barium to the glue 
gun, with a wide-bore enema tip at the end, so that both con¬ 
trast agents can be introduced in one maneuver. The rectum is 
filled until the patient reports a sensation of fullness and a 
desire to defecate. 


Finally, if you wish to measure the anal canal or determine 
the location of the anus, the surface around the anus should be 
opacified. This can be done with petroleum jelly opacified with 
barium. Petroleum jelly, 50 g, with 50 g of barium works well. 
This is smeared around the anus and along the natal cleft. 

When the patient is ready for the study after all the contrast 
has been introduced, the patient is asked to sit on the defecogra- 
phy commode. The commode design should allow filming in 
lateral and frontal projections. A sturdy commode also dispels 
any fears that the patient may have about sitting on it. There are 
commercially available commodes but you can build one to 
your own design. A commode designed by Bernier and col- 
leagues has a ruler in the midline so that direct measurements of 
the midline structures can be done if necessary. 40 ' 45 If a remote 
control fluoroscopy unit is used, the commode can be attached 
to the table top (Fig. 52-4). Positional changes of the commode 
can then be easily made by moving the tabletop. A remote 
control fluoroscopy unit is certainly preferable for this study. 

The x-ray beam is aimed at the region of the reproductive 
organs. Therefore, keeping the radiation dose as low as possible 
is paramount. To keep the dose low, several investigators use 
only videofluoroscopy. Although the dose is low, the resolution 
is not adequate to record subtle radiographic changes. There¬ 
fore, it is recommended that videofluoroscopy be performed 
during the entire examination, with spot films being taken at 
key events. The key spot images are lateral views of the rectum 
at rest, lift (squeeze), cough, strain, defecation, and postdefeca- 
tion. Other ways of reducing radiation dose include digital 
serial acquisition with one image/s for 30 seconds or using 
digital equipment with a low-dose program. Major reductions 
in radiation dose can also be achieved by slow pulsed fluoros¬ 
copy. Additional beam filtration can reduce radiation without 
impairing image quality. 44 

The images at rest are taken without any conscious contrac- 
tion of the pelvic muscles (Fig. 52-5A). On lifting (squeezing), 
there is maximal contraction of the pelvic floor musculature. 
This results in elevation of the entire pelvic floor (see Fig. 
52-5B). 46 The muscles responsible for elevation of the pelvic 
floor are the puborectalis and levator ani. The anorectal angle 




Figure 52-3 Supplies used during the examination 

A. Syringe with a pediatric enema tip for the vaginal 
contrast, Esobar for the rectum, petroleum jelly with 
Vaseline as an anal marker, and lubricant. B. Other 
supplies that may also be used include a caulking gun 
to introduce contrast, contraceptive jelly with contrast 
for vaginal opacification, and commercially prepared 
rectal contrast. C. If the barium is not used for vaginal 
contrast, contraceptive jelly mixed with water-soluble 
contrast with the highest iodine content is used with a 
biadder irrigation syringe and pediatric enema tip. 
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Figure 52-4 Defecography commode. A. The commode for the procedure is attached to a 
remote fluoroscopy table so that the patient can be positioned using the tabletop movement. 
These steps make it easier for the patient to get to the seat. B. The dish in the commode has a 
radiopaque ruler (in centimeters) so that direct measurements can be made from the images. The 
dish is also covered with a plastic bag so that after each patient, all that needs to be done is to 
replace the bag. R, ruler. 




Figure 52-5 Normal examination. A. Normal, at rest. The vagina (V) has a close relationship to the anterior wall of the rectum (R). The small 
bowel (SB) has been opacified. B. Normal with lift (squeeze). The anorectal junction is above the level of the ischial tuberosities and there is 
good contraction of the puborectalis (PR). C. Normal, with coughing. There is Virtual no movement of the anorectal junction (ARJ). The biadder 
(B) and vagina (V) have been opacified. D. Normal, with straining (S). Again, the ARJ maintains a normal position and there is no incontinence. 
E. Normal beginning of defecation. The anal canal is open and there is good emptying. At the end, the rectum is almost totally empty, with 
some stray contrast remaining. 
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becomes acute with maximum elevation. The squeeze image 
demonstrates pelvic floor strength, and impaired movement 
may reflect puborectalis atrophy. 4 The anal canal simultane- 
ously lengthens. These changes can be measured and are indica- 
tors of the continence mechanism. When asked to cough, the 
patient should produce a powerful cough in the rest position. 
This action simultaneously increases intra-abdominal pressure 
and contraction of the anal and pelvic floor muscles. In normal 
individuals, there is minimal or no descent of the pelvic floor 
and total continence (see Fig. 52-5C). When asked to strain, the 
patient should strain downward maximally, without evacuating 
(see Fig. 52-5D). This maneuver stresses the continence mecha¬ 
nism and provides a measure of pelvic floor descent. The anal 
canal shortens during straining in most women (mean change, 
2 mm) . 46 Almost all patients demonstrate some perineal descent, 
but this is the least reliable portion of the examination because 
some patients paradoxically contract the pelvic floor muscles, 
perhaps for fear of incontinence. Straining is supposed to dem¬ 
onstrate the competence of the external anal sphincter. 

Finally, spot films are obtained during defecation and post- 
defecation straining (see Fig. 52-5E). These films give a mea- 
surement of pelvic floor descent and an estimate of the 
completeness of emptying. Morphologic abnormalities such as 
intussusception and rectoceles are often visualized at this time, 
and the changes contributing to difficulty in defecation can be 
analyzed. Rectoceles are outpouchings of the rectum beyond 
the expected contour of the rectal wall (Fig. 52-6). They are 
often normal and are more common in women. 46 If a rectocele 



does not empty completely during defecation, it may produce 
a feeling of incomplete evacuation of the rectum. 

Measurements 

Measurements taken from spot films include the anorectal 
angle, anal canal length, level of the anorectal junction, and 
descent and elevation of the anorectal junction (see Fig. 52-10). 

ANORECTAL ANGLE 

The anorectal angle (Fig. 52-7) is measured between the axis of 
the anal canal and the tangent to the posterior wall of the 
rectum. It can be difficult to measure because the posterior wall 
of the rectum is often not clearly delineated, and the angle 
becomes highly subjective. 47 Caution should therefore be exer- 
cised when assessing its significance. At rest, this angle is usually 
no greater than 120 degrees in control subjects. However, the 
angle has a normal range of 70 to 134 degrees, with a mean of 
about 95 degrees. 46 When the patient squeezes or lifts the but- 
tocks, the anorectal angle decreases to a mean of 19 degrees in 
women (range, 6 to 26 degrees) and a mean of 28 degrees in 
men (range, 12 to 45 degrees). 44 This angle increases during 
straining and defecation. The mean anorectal angle during 
straining in normal young women is 103 degrees, with a range 
of 75 to 108 degrees. In men, the mean angle is slightly lower, 
98 degrees, with a range of 67 to 123 degrees. 46 

ANAL CANAL LENGTH 

The anal canal length is easily measured. It is the distance tra¬ 
versed by the parallel horders of the anal canal before they form 
the diverging walls of the distal rectum. At rest, the mean length 



Anorectal 

junction 

Figure 52-7 Schematic showing the anorectal angle. The lines AB 
and CD subtend the posterior anorectal angle. The position of AB is 
easily determined; CD can be much more difficult to draw. The 
thicker line shows the position of the anorectal junction. Below it are 
the two parallel lines that form the anal canal. The thinner lines point 
to the puborectalis impression. 
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of the anal canal is 16 mm in women (range, 6 to 26 mm) and 
22 mm in men (range, 10 to 38 mm). During lifting (squeez- 
ing), the anal canal lengthens to a mean of 19 mm in women 
(range, 9 to 26 mm) and 28 mm in men (range, 12 to 45 mm). 
During straining, the canal shortens slightly and has a mean 
length of 14 mm in young women (range, 6 to 20 mm) and 
17 mm in young men (range, 9 to 27 mm). 46 

LEVEL OF ANORECTAL JUNCTION 

The anorectal junction is the uppermost point of the anal canal. 
Its position is measured from an easily visualized fixed point, 
the ischial tuberosity. A positive value indicates a position above 
the ischial tuberosity, whereas a negative value indicates a posi¬ 
tion below it. In normal young men at rest, the mean level of 
the anorectal junction is 16 mm and increases to 28 mm during 
lifting (squeezing). It drops to -4 mm during defecation. In 
young women, the mean values for the same maneuvers are 
4 mm at rest, 14 mm during lifting (squeezing), and 16 mm 
during defecation, 45 measurements significantly different from 
those of normal young men. 

Although these measurements can be made, in routine prac- 
tice it is not done because of the poor reproducibility, especially 
the anorectal angle and descent of the anorectal junction. 48 
Occasionally, unusual or unexplained Åndings are seen on 
lateral views, and anteroposterior or oblique views are needed 
for further clarification. Some patients have a history of using 
a variety of maneuvers to facilitate evacuation. These patients 
should be encouraged to use these maneuvers during the exami- 
nation, and the mechanisms aiding evacuation should be iden- 
tified. When patients have a large anterior rectocele that remains 
full even after the rectum has completely emptied, they may 
complain of incomplete emptying. These patients typically 
empty the rectocele back into the rectum by digital perineal or 
vaginal pressure. In patients with a history of obstructed defeca¬ 
tion, it is sometimes helpful to perform the examination first 
with liquid barium, which makes expulsion easier. If this 
approach is successful, the examination should be repeated in 
the usual way with one of the thick barium pastes. 

Pathology 

ENTEROCELE AND SIGMOIDOCELE 

Enterocele refers to herniation of the small bowel into the pos- 
terior peritoneal cul-de-sac in the rectovaginal Space or into the 
vagina itself. In some patients, both locations become filled with 
small bowel. Diagnosis depends on opacification of the pelvic 
small bowel and vagina (Fig. 52-8). The incidence of enterocele 
has markedly increased as a result of the widespread perfor- 
mance of hysterectomy and cystourethropexy because both 
these procedures open up the posterior cul-de-sac. At hysterec¬ 
tomy, the uterosacral ligament complex or adjacent fascia is 
usually compromised. This leads to enterocele formation and 
vaginal vault prolapse because damage occurs at the level of the 
vaginal apex. In one study, 38 defecography showed an enterocele 
in 64% of patients who had undergone hysterectomy and 27% 
of those who had undergone cystopexy. Currently, hysterectomy 
is not considered a risk factor for future prolapse unless the 
hysterectomy was performed for prolapse. 19 Patients with pro¬ 
lapse already have an underlying collagen tissue abnormality 
that predisposes them to further future prolapse. Urethropexy 



Figure 52-8 Small enterocele (E). The small bowel has just begun 
to enter the gap between the vagina (V) and rectum (R). The vagina 
and biadder (B) have also been opacified. 


performed for incontinence predisposes to enterocele forma¬ 
tion by lifting the anterior vaginal wall forward and opening up 
the cul-de-sac. However, urethropexy has generally been 
replaced with the urethral sling procedure, which does not 
increase the frequency of enterocele formation. 18 

Unlike rectoceles, which are generally largest during evacu¬ 
ation, enteroceles (Fig. 52-9) usually become evident only at the 
end of evacuation because of the Space occupied by the dis- 
tended rectum. Repeated straining after evacuation may be 
essential for the recognition of enteroceles. In one study, 49 
almost half (43%) of the enteroceles were seen only on post- 
evacuation radiographs obtained with the patient straining 
maximally, thus emphasizing the importance of this maneuver. 
Evacuation should be as complete as possible because the 
unemptied rectum or rectocele may prevent descent of an 
enterocele. Obtaining a post-toilet radiograph (or postcatheter- 
ization radiograph in patients with urinary retention) to carry 
out further rectal evacuation offers the best opportunity to 
detect an enterocele. Intravaginal enteroceles, unlike those that 
extend into the recto vaginal Space, often compete with a cysto- 
cele; if the cystocele is not sufficiently drained, the presence of 
a coexistent enterocele may be overlooked or minimized. It 
should be noted, however, that enteroceles may be overdiag- 
nosed because of the lack of a clear imaging definition of the 
abnormality because the cul-de-sac can extend down the pos¬ 
terior vaginal wall by 5 cm. 

The symptom typically associated with an enterocele is a 
sensation of pelvic pressure or dragging, especially when stand- 
ing or bearing down. Symptoms of vaginal prolapse, pelvic full- 
ness, and lower abdominal pain have been shown to disappear 
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Figure 52-9 Large enterocele. A large enterocele develops if the 
patient has to strain because of difficulty in evacuation. This can then 
compress the rectum (R) and prevent further emptying. The biadder 
(B) has also been opacified. The opacified vagina can barely be seen. 


SB 


V 



Figure 52-10 Sigmoidocele and rectocele. This image shows a 
sigmoidocele (S) and rectocele (R). The vagina (V) has been slightly 
displaced by the rectocele, which has both air and contrast. The 
biadder (B) and small bowel (SB) have been opacified. The faintly 
seen anal canal has been marked (A; arrow). 


after enterocele repair. 50 Enteroceles have long been held respon- 
sible for causing pressure on the rectum and obstructing rectal 
evacuation (the so-called defecation block). 51 One study, 
however, has shown that enteroceles do not impair rectal emp¬ 
tying. 52 Our observation is that it is the distended rectum, not 
the obstruction of the rectum by the enterocele, that prevents 
enterocele descent. Not uncommonly, an enterocele accompa- 
nies a rectoanal intussusception or rectal prolapse. 

Surgical repair of an enterocele requires obliteration of the 
herniated, bowel-containing cul-de-sac, resuspension of the 
unsupported vaginal axis, and repair of other associated defects. 
Large enteroceles usually require a transabdominal approach so 
that a concomitant abdominal sacrocolpopexy procedure or 
similar vaginal suspension procedure can be performed. Defe- 
cography is important in this respect because the radiographic 
detection of a large, previously undiagnosed enterocele may 
change the surgical approach from a transvaginal to transab¬ 
dominal route of entry. In many patients referred for defecog- 
raphy, this is the most crucial piece of information needed by 
the pelvic floor surgeon before surgery. 18 

A sigmoidocele is a redundancy of the sigmoid colon that 
extends caudally into the cul-de-sac. 52 They are less common 
than enteroceles and are fo und on approximately 5% of proc- 
tograms. 49,53,54 This condition will be underdiagnosed at proc- 
tography if the sigmoid is not opacified, but a sigmoidocele is 
suspected on the basis of widening of the rectovaginal septum 
and air seen within fecal residue. Lax presacral fixation of the 
rectosigmoid can be seen in some patients. As with other organ 
prolapses, there is no standard definition for sigmoidocele. 54 
Fenner has defined a sigmoidocele as a sigmoid colon extending 
more than 4.5 cm below the pubococcygeal line. According to 
our definition, 22 such a finding would constitute a moderate - 
sized sigmoid herniation. Sigmoidoceles are usually not detected 


at physical examination, even when large, 22 and are often associ¬ 
ated with constipation. 5 The redundant sigmoid colon may 
compress the rectum and obstruct defecation. Stasis of solid 
debris in the redundant sigmoid may give rise to further dis- 
comfort and straining. A large rectocele may be combined 
with a sigmoidocele, which is known as a rectosigmoidocele 
(Fig. 52-10). 

Sigmoid resection or sigmoidopexy has been shown to 
provide striking relief of associated constipation. Marked 
detachment of the sigmoid colon from the sacral hollow is sug¬ 
gestive of the need for concomitant sigmoidopexy. Because 
bowel surgery is often performed by a colorectal surgeon rather 
than a pelvic floor reconstructive surgeon, preoperative recog- 
nition of a sigmoidocele coexisting with other defects is impor¬ 
tant so that sigmoid resection or sigmoidopexy, obliteration of 
the cul-de-sac, and repair of associated pelvic floor defects can 
be accomplished at one surgical setting. 

The term peritoneocele has been applied to herniation into 
the cul-de-sac 5: defined a peritoneocele as an extension of the 
rectouterine excavation below the upper third of the vagina. In 
the series by Bremmer et al., approximately 50% of perito- 
neoceles were found to contain bowel. In our experience, 
however, peritoneoceles usually contain small bowel. This prob- 
ably reflects our routine use of the post-toilet strain sequence 
following emptying of any filled organ (biadder or rectum). This 
is readily demonstrated with dynamic MRI. 22 A peritoneocele 
should be suspected at defecography if there is unexplained wid¬ 
ening of the rectovaginal space (Fig. 52-11); we have found this 
on 9% of defecography images. 49 Recognition of a peritoneocele 
is important because it predisposes to enterocele formation and 
suggests the need for surgical closure of the cul-de-sac if recon¬ 
structive surgery of the pelvic floor is undertaken. 18 

As shown by vaginal markers, the vagina may separate from 
the anterior wall of the rectum during defecation (see Fig. 
52-11), often causing the patient to feel pressure in the perineum. 
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Figure 52-11 Peritoneocele. A peritoneocele is suspected when 
there is a widening gap (double arrow) between the vagina (V) and 
rectum. The small bowel (SB) and sigmoid (S) have also been 
opacified. 


When this separation is identified, the examination should be 
repeated at a later date, after the small bowel or peritoneum has 
been opacified, as described earlier. 33,45 If the gap between the 
vagina and rectum is caused by an enterocele, the opacified 
small bowel is seen descending (herniating) into a deep pouch 
of Douglas (Fig. 52-12). If rectal prolapse is also present, the 
small bowel may invaginate into the anterior rectal wall and 
prolapse with the rectum through the anal canal. A sigmoido- 
cele can produce a similar appearance, so the proximal sigmoid 
colon must be opacified to allow differentiation. Occasionally, 
an enterocele and sigmoidocele are present in the same patient 
(Fig. 52-13). 

ANTERIOR MUCOSAL WALL PROLAPSE 
AND RECTOCELE 

In anterior wall prolapse, the anterior rectal wall prolapses 
toward the external anal orifice during the final stages of evacu- 
ation. This prolapse is a frequent finding in women and may be 
responsible for isolating an anterior rectocele. As noted, recto- 
celes are outpouchings of the rectal wall. They are usually ante¬ 
rior, reflecting a relative weakness of the rectovaginal septum. 
Rectoceles are often accompanied by an intussusception, which 
may obstruct defecation by occluding the anal canal and neck 
of the rectocele. 31 The anterior wall prolapse may precede an 
intussusception. Rectoceles are common in women who have 
had children. It is present in 78% to 99% of women who have 
given birth. 56,57 

A rectocele depth of less than 2 cm is usually considered 
clinically insignificant. 43 A rectocele may be considered large if 



Figure 52-12 Enterocele. An enterocele (e) is seen in the gap 
between the vagina (V) and rectum. There is also a rectocele (r) 
present. This has been obstructed from further emptying by an 
intussusception (curved arrow). 


the depth is more than 3.5 cm, as measured from the anterior 
margin. s Retained contrast material greater than 10% at the 
end of defecation is indicative of barium trapping. If the patient 
then believes that she has not emptied her rectum or uses 
vaginal or perineal pressure to empty the rectocele, the rectocele 
is abnormal. In other words, the size does not matter but symp- 
tomatic relief is relied on to make the diagnosis. 

RECTAL INTUSSUSCEPTION 

Rectal intussusception is a concentric invagination of the entire 
rectal wall that progresses toward the anal canal. 59 It is thought 
to cause rectal prolapse. The intussusception usually begins 
about 6 to 8 cm above the anal canal as an invagination of one 
of the valves of Houston. 60 The infolding of the intussusception 
is anterior in 62% of patients, annular in 32%, and posterior in 
only 6%. Minor degrees of infolding of less than 3 mm repre¬ 
sent mucosal prolapse and are probably not signifkant. However, 
inferior extension of the intussusception into the anal canal is 
abnormal. When an intussusception plugs the anal canal, the 
patient may develop symptoms of obstructed defecation 61 and 
solitary rectal ulcer. 14 The patient sometimes learns to relieve 
the obstruction by pushing the intussusception plug back with 
a finger placed in the anal canal. Internal prolapse, as seen with 
an intussusception plug, is revealed only by evacuation proc- 
tography. Occasionally, it is demonstrated during the end of 
defecation, sometimes only with straining. Spot films depicting 
postdefecation straining are therefore important (Fig. 52-14A). 
Complete or external prolapses are clinically obvious (see 
Fig. 52-14B). 
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Figure 52-13 Simultaneous sigmoidocele and enterocele. A. Simultaneous presence of a sigmoidocele (S) and enterocele (E). The vagina (V) and 
biadder (B) have been opacified as well. B. Another patient with a sigmoidocele, enterocele, and cystocele (C). The biadder and vagina are opacified. 



Figure 52-14 Enterocele, rectocele, prolapsed and intussusception. A. Postdefecation, there is an enterocele (E), obstructed rectocele (R), 
and some external prolapse. The vagina (V) has been opacified. B. In another patient, there is an intussusception (open arrow), external prolapse 
(straight solid arrow), and obstructed rectocele (curved arrow). This is the result of continued constant straining. The biadder (B) has been opacified. 


Solitary Rectal Ulcer Syndrome 

This is almost always associated with rectoanal or extra-anal 
intussusceptions. There is an increase in sphincter thickness on 
endosonography. 62 The clinical findings are chronic straining, 
with biood and mucus. Endoscopy shows erythema or ulcer- 
ation at endoscopy. The term solitary ulcer syndrome is mislead- 
ing because erythema, a single erosion, or more than one ulcer 
may be present. 15 With a double-contrast barium enema, thick- 
ening of the valves of Houston (rectal folds) is seen in most 
patients. 16 However, the best indicators for surgical correction 
is a clinical or proctographic finding of rectal prolapse and the 
presence of a solitary rectal ulcer in association with rectal 
intussusception. 5 

POSTERIOR-LATERAL RECTAL POUCHES 

Posterior-lateral rectal pouches are herniations of rectal mucosa 
through the pelvic floor. They are often suspected on lateral 


views but are confirmed on anteroposterior views during strain¬ 
ing. These pouches are usually found in patients who have 
difficulty with rectal evacuation, which requires excessive strain¬ 
ing. Patients who demonstrate excessive straining may have 
paradoxic contraction of the puborectalis sling or a nonrelaxing 
anal sphincter. 

PELVIC FLOOR DYSSYNERGY (ANISMUS) 

Pelvic floor dyssynergy, or anismus, is not a clear-cut diagnosis. 
Historically, pelvic floor dyssynergy has been diagnosed in those 
with a history of prolonged straining during defecation if there 
is inappropriate puborectal contraction and the patient is 
unable to expel a balloon filled with 50 mL of water. It was 
initially assumed that this would be shown during defecography 
as a persistent indentation posteriorly, just above the anorectal 
junction, but this finding has been poorly predictive of the 
diagnosis. 64 In the study by Halligan and associates, 64 prolonged 
and/or incomplete evacuation of contrast material was shown 
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to be a much more sensitive and specifk finding; it was present 
in 83% of patients and none of the control subjects. The com- 
bination of prolonged and incomplete evacuation had a positive 
predictive value of 90% compared with a physiologic diagnosis 
of anismus. The cause of this syndrome (also known as para- 
doxic puborectalis contraction, incompletely relaxing puborec¬ 
talis, and spastic pelvic floor syndrome) is unknown, although 
a convincing association with sexual abuse is suggestive of a 
psychological origin. Controversy surrounds its diagnosis. It 
cannot be demonstrated in many constipated patients and may 
be fo und in asymptomatic subjects; it has also been described 
as a laboratory artifact. 64 However, there seems to be a generally 
strong association with symptoms. Most convincingly, the 
success of biofeedback treatments in these patients supports the 
value of making this diagnosis 1 and thus the importance of 
categorizing posterior compartment defects into functional and 
anatomic abnormalities. Slow colon transit may be improved as 
a secondary effect to the treatment of poor rectal emptying or 
by affecting cerebral gut innervation. 65 

In patients with paradoxic contraction of the puborectalis, 
defecography shows an increased or unchanged anorectal angle 
during straining and defecation (Fig. 52-15). The puborectalis 
impression is usually prominent because of persistent contrac¬ 
tion and increases when the anorectal angle is decreased. This 
syndrome is relatively common in patients with normal colonic 
transit and chronic constipation. Bartolo and co-workers found 
this syndrome in 11 of 49 patients who were examined by proc- 
tography. 66 As noted, it has also been called anismus and spastic 
floor syndrome. 67 

In some patients, the puborectalis relaxes during defecation, 
but the internal or external anal sphincter muscle, or both, 
fails to open. Sphincters that fail to relax normally may be 
associated with anal fissures, spinal cord tumors, and painful 
hemorrhoids. 

DESCENDING PERINEUM SYNDROME 

Patients with the descending perineum syndrome also have dif- 
ficulty defecating. This syndrome occurs when there is balloon- 
ing of the perineum below the plane of the ischial tuberosities 
during straining. Perineal descent is usually less than that of the 
pelvic floor and can be measured with a perineometer. 68 
However, proctography is a more reliable method of assessing 
pelvic floor descent. 69 This syndrome may be seen in other 


disorders involving obstructed defecation and may subse- 
quently lead to injury of the pudendal nerve. 

In younger patients, the pelvic floor is higher at rest and 
descends more at evacuation, whereas in older patients there is 
more descent at rest and less change at evacuation. 70 A low 
pelvic floor at rest is usually suggestive of muscle weakness and 
stretching of the elastic tissue in the fascial support. 56 In peri¬ 
neal descent syndrome, the anorectal junction is more than 
3 cm below its normal resting position, as measured at the level 
of the ischial tuberosities. These measurements only apply if the 
study is done with defecation being observed in the normal 
physiologic position (i.e., sitting on a commode). When done 
with the patient in the left lateral decubitus position, the posi¬ 
tion of the pelvic floor is significantly higher. Therefore, this 
affects comparisons with other imaging techniques of the pelvic 
floor, such as MRI. 

ANTERIOR MUCOSAL PROLAPSE 

These patients present with bleeding, pain, and tenesmus. Pro¬ 
gression to complications such as prolapse is uncommon. 7 
The characteristics of anterior mucosal prolapse at defecogra¬ 
phy is variable. A common finding is inversion of the anterior 
rectal wall over the anal canal with rectoceles. 73 Extension of 
the anterior wall into upper rectum without widening of the 
canal is suggestive of anterior mucosal prolapse (Fig. 52-16). 
One study has shown that anterior rectocele and perineal 
descent are present in 70% of women with anterior mucosal 
prolapse. 74 These fmdings are representative of total pelvic floor 
descent. 

UTERINE AND VAGINAL VAULT PROLAPSE 

In uterine prolapse, the uterus and cervix descend in the vagina 
and sometimes beyond the introitus. The cervix is the most 
distal point of the prolapse. Prolapse of the vaginal vault involves 
prolapse of the apex of the vagina through or beyond the introi¬ 
tus after a previous total hysterectomy. 75 Vaginal vault prolapse 
is almost always associated with prolapse of other pelvic organs; 
the most common is an enterocele. These associations usually 
reflect a loss of support because of damage to the uterosacral- 
cardinal complex. If the vagina is adequately opacified, the loca¬ 
tion of the cervix and/or vaginal apex can be determined on the 
strain images after evacuation by defecography. 


Figure 52-15 Pelvic floor 

dyssynergy. A. This patient has 
pelvic floor dyssynergy or a 
nonrelaxing puborectalis (PR). 

The muscle can be seen to be 
prominent at rest. The vagina (V) 
and biadder (B) have been 
opacified. B. In pelvic floor 
dyssynergy, the puborectalis (PR) 
fails to relax sufficiently, as seen 
in this patient. With continued 
straining, a posterior rectocele (R) 
may appear. E, possible early 
enterocele. 
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Figure 52-16 Mucosal prolapse ( arrows ). V, vagina. 


CYSTOCELE 

A cystocele is diagnosed when the biadder base descends below 
the pubococcygeal line. It is the result of defects in the pubo- 
cervical fascia, which attaches laterally to the arcus tendineus 
and posteriorly to the cervix. The symptoms from a cystocele 
are minimal until it reaches the introitus. The most common 
symptoms are feelings of heaviness or “something bulging” 
Voiding dysfunction may occur with large cystoceles. 

Cystoceles are larger after rectal emptying and therefore 
optimally assessed by measuring the depth of the anterior 
vaginal wall at the end of defecation. If the vagina is well opaci- 
fied, cystoceles can still be seen, without biadder opacification, 
by the downward displacement of the vagina. However, if the 
urinary biadder is too full, it may prevent the detection of a 
coexistent enterocele. Hypermobility of the biadder neck is 
diagnosed when the urethrovesical junction descends more 
than 1 cm from rest to strain, as measured on the postdefeca- 
tion images (Fig. 52-17). 

CONSTIPATION AND INCONTINENCE 

Continuous straining stretches the pudendal nerve by causing 
ballooning of the pelvic floor. This stretching has been shown 
to increase motor latency of the pudendal nerve. 76 Continued 
straining can ultimately lead to permanent pudendal nerve 
damage and incontinence. 

Normal control subjects have an anorectal junction level 
above the ischial tuberosity and an excursion of about 3 cm 
during straining and defecation. Constipated patients have 
a low anorectal junction level and good lift, but little or no 
movement during straining and defecation. Patients with fecal 



Figure 52-17 Hypermobility of the biadder neck. C, cervix; 
R, rectocele; U, urethra; V, vagina. 


incontinence have a low anorectal junction level (not unlike 
constipated patients), small lift, and large excursion during 
straining and defecation. Given that the constipated and incon- 
tinent patients both have low anorectal junction levels, it seems 
reasonable to speculate that these low levels are caused by 
constant straining and that constipated patients will eventually 
become incontinent as a result of a pudendal neuropathy. 
Because lift in the constipated group is still satisfactory, it may 
be possible to prevent incontinence in this group with a peri- 
neal support device, such as the Lesaffer seat (Defecom, Aalst, 
Belgium). The Lesaffer perineal support device 7 is designed 
to prevent excessive descent of the perineum, permit normal 
relaxation and expulsion, and prevent or minimize nerve 
damage. 

Evacuation proctography for incontinence is of value only 
in patients with rectal prolapse, anal sphincter trauma, or neu- 
rogenic (idiopathic) incontinence. In rectal prolapse, patients 
are partially incontinent because the intussusception dilates the 
internal sphincter. When detected by proctography, rectopexy 
or a postanal repair can be performed. 8 In neurogenic or idio¬ 
pathic incontinence, if the anorectal angle is widened, a post¬ 
anal repair can correct this angle and restore continence. 7 In 
sphincteric trauma, proctography is useful for assessing the 
extent of damage to the pelvic musculature and monitoring 
healing. 

Comparison with Other Methods 
of Examining the Pelvic Floor 

Although incompetence of the internal and external sphincters 
or atrophy of the external anal sphincter can be predicted with 
rest, and strain images obtained at defecography, 80 this study 
cannot demonstrate the structural sphincter defects that are 
shown with anal endosonography 81 and does not have the 
multiplanar imaging capabilities or soft tissue resolution 
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available with endoanal MRI. 82,83 Several studies have compared 
defecography and dynamic MRI. The conclusion by the 
investigators appears to be conflicting, and there is no consen- 
sus about which technique is superior for the evaluation of 
pelvic floor disorders. Dynamic MRI has considerable advan- 
tages. 26,84 MRI pro vides a cine loop of pelvic organ and pelvic 
floor descent. The multiplanar representation has the potential 
to yield much more anatomic information about the pelvic 
floor musculature and support structures. It has the advantage 
of no ionizing radiation. The mean effective dose for defecog¬ 
raphy has been estimated to be 3.2 ± 2.7 mSv. 85 The risk with 
this dose is unknown, but the Health Physics Society 86 has stated 
that the risk for developing radiation-induced cancer with doses 
in this range are too small to measure or are nonexistent. Also, 
in the age group referred for defecography, radiation should not 
be a consideration. 

Dynamic MRI also has major disadvantages. In most MRI 
units, the patients are imaged in the supine rather than upright 
position (this does not apply when imaged in a vertical open 
magnet). 25 In the horizontal magnet, the patient is therefore 
asked to defecate while lying supine, an unnatural position. A 
position in which patients are usually asymptomatic, and in an 
artificial environment, makes an embarrassing examination less 
acceptable. Evacuation of the rectum is pivotal in this study; if 
an open vertical magnet is not available, fluoroscopic defecog¬ 
raphy is preferable. 

Additional factors that have to be considered are economics, 
practicality in everyday practice, and the advantages of one 
modality over another. In most institutions, the additional cost 
of MRI versus conventional defecography and the relative lack 
of time on the MR unit as a result of other clinical demands are 
major disadvantages. 

Normal Variations 

The abnormal fmdings in evacuation proctography, as noted, 
are much easier to characterize than normal Åndings. This dif- 
ficulty in defining normal characteristics is because there are 
limited data on normal subjects in different age groups 8 and 
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Summary 

In conclusion, evacuation proctography can often provide a 
unique funetional perspective of disorders of defecation, par- 
ticularly those relating to constipation and obstructed defeca¬ 
tion. Some of the problems depicted by this examination are 
amenable to surgery, and others can use nonsurgical options 
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and abnormal appearances, it is important to recognize the 
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management decisions. 
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Computed tomography colonography (CTC) is a low-dose, 
cross-sectional imaging examination optimized for the detec¬ 
tion of colorectal polyps and masses. As a result of advanced 
computer 3D postprocessing, a popular misperception is one of 
an imaging analogue to optical colonoscopy in which a 3D 
model is used to view the mucosal surface of the interior of the 
colon. However, CTC is fundamentally a different examination, 
using 2D images and 3D datasets in the interpretation of 
mucosa, deeper structures, and even processes beyond the 
colon. Since its introduction in 1994, CTC has matured into a 
clinically effective modality. Central to this transition are tech- 
nologic advances in computer hardware and software that have 
allowed the easy acquisition and manipulation of large volu- 
metric CT data sets. Performance in low polyp prevalent screen¬ 
ing populations has now been validated in a number of 
prospective clinical trials, 1-5 with a general consensus that CTC 
performs substantially better than double-contrast barium 
enema 6 and is equivalent to optical colonoscopy for clinically 
relevant polyps and masses. 

This chapter will provide a comprehensive overview of 
this modality. The technical components that comprise the 
examination, including bowel preparation, colonic distention, 
and image acquisition, as well as alternative CTC approaches 
such as noncathartic or laxative-free (previously mislabeled as 


“prepless”) protocols, will be discussed. Interpretation will be 
covered in detail, including common strategies currently in use. 
The mechanics of interpretation will be highlighted, with cover¬ 
age of the more common and important pitfalls that can affect 
the accuracy of this process. The indications and uses for CTC 
will be examined, outlining the optimal screening target and the 
polyp-carcinoma sequence that forms the underlying rationale 
of the selective polypectomy strategies for CTC-based screen¬ 
ing. In addition to screening, diagnostic applications for CTC 
and the evaluation of colorectal cancer (CRC) staging will be 
covered. Finally, pertinent issues central to CTC will be exam¬ 
ined, including radiation dose, complications, and extracolonic 
(incidental) findings. 

Technical Components 

CT colonography is a multicomponent examination that is 
undertaken over several days. The major technical components 
include bowel preparation, colonic distention, and image acqui¬ 
sition. A programmatic or team approach is favored because it 
allows each portion of the procedure to be optimized for repro- 
ducible, high-quality examinations. Thus, a nurse program 
coordinator can answer patient questions on bowel preparation 
in the days prior to the scan to minimize preparation failure, 
and the technologist can optimize the bowel distention while 
the patient is on the scanner table. The radiologist can interpret 
the examination and forward the results for further coordina- 
tion of care to be undertaken by the program nurse. Such divi¬ 
sion of labor allows the radiologist to concentrate totally on 
interpretation. Without a team approach, the technical compo¬ 
nents are often addressed in a less complete fashion. A break¬ 
down in any study component ultimately limits the potential 
impact of the overall examination. 

The traditional approach to CT colonography involves a 
fully cleansed and tagged colon. Alternate methods have been 
investigated, including laxative-free techniques, but large mul¬ 
ticenter validation studies remain to be done. Once the colon 
has been prepared, it is distended with gas (carbon dioxide or 
room air) and finally imaged with a low-dose, thin collimated 
technique in a minimum of two patient positions. The follow- 
ing sections outline the principles and major strategies in use 
for the technical components of the examination. In addition, 
common problems that may arise will be addressed. The pro- 
tocol at the University of Wisconsin (UW) is highlighted as one 
specific solution. 

BOWEL PREPARATION 

The objective of this first portion of the examination is to 
prepare the colorectum for optimal imaging. Traditionally, this 
involves oral administration of a cathartic agent to purge the 
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colon of fecal matter that could mimic or obscure a colonic 
polyp. Tagging agents are also administered orally to admix 
with any remaining stool and colonic fluid. Contrast agents 
increase the attenuation of stool and fluid to allow easy differ¬ 
entiation of soft tissue polyps from stool and detection of 
polyps submerged in fluid (Fig. 53-1). Bowel preparation is 
typically undertaken 1 to 2 days prior to the scheduled exami- 
nation. The specific agents and protocol used in bowel prepara¬ 
tion often vary among different institutions. 

Cathartic agents have traditionally been classified as dry or 
wet preparations. Both types are in use with CTC. Dry prepara- 
tions result in only minimal residual colonic fluid and include 
low-volume osmotic cathartics, such as magnesium citrate; wet 
preparations often result in larger amounts of residual fluid, 
occupying up to 50% of the lumen in various segments. Wet 
preparations include polyethylene glycol (PEG) and formula- 
tions based on PEG. Early on, there was an emphasis placed on 
using dry cathartic preparations with CTC to minimize obscur- 
ing polyps by residual fluid. At this time, tagging agents were 
not typically used, and any unopacified fluid would obscure a 
submerged polyp. Although the polyp should theoretically be 
seen when the patient was imaged in a complementary position 
(i.e., supine vs. prone), it could be missed when detected only 
on one view, and the examination became considerably more 
tedious and difficult to interpret because of the difficulty in 
determining which portion of the colon mucosa had been inter- 
rogated and what remained to be seen. With the addition of 
colonic tagging, such considerations regarding the amount of 
residual fluid have become less important because the polyp can 


be seen as a soft tissue structure in the high-density colonic fluid 
(see Fig. 53-1). On the other hånd, some reports have suggested 
that dry formulations remain advantageous over wet prepara¬ 
tions because they may promote the phenomenon of polyp 
contrast coating. 8 There is increasing recognition that polyp 
coating is an important aid in polyp detection, particularly 
those of a flat morphology (see later, “Interpretation”). 

The major cathartic agents currently in use include magne¬ 
sium citrate and PEG. Magnesium citrate is an osmotic cathar¬ 
tic agent. It is one of the dry cathartics in which relatively small 
amounts are ingested and work by means of an osmotic effect. 
Because of its hypertonicity, fluid is pulled across the colonic 
mucosa into the colonic lumen. The fluid then serves as an 
effluent that lavages out the colon. Because of this mechanism 
of action, it mandates that the patient be well hydrated before 
catharsis; otherwise, the cleansing action is less than optimal. 
Furthermore, it is important to maintain hydration throughout 
the preparation period to maintain effective cathartic action 
and decrease the possibility of dehydration. Holte and associ- 
ates have shown that osmotic cathartics can cause significant 
volume loss over the preparation period, during which a median 
weight loss of 1 kg was seen, despite fluid intake of 4 L in a 
series of healthy volunteers. 9 Typically, a multidose magnesium 
citrate regimen is undertaken with CTC (e.g., two doses sepa¬ 
rated by a predetermined time interval) to allow optimal cleans¬ 
ing. 10 Single-dose regimens have shown less effectiveness and 
more poor preparation outcomes. 11 Magnesium citrate has long 
been used for barium enema examinations, 12,13 and there is 
considerable experience with its use in this regard. It is well 


Figure 53-1 Advantages of 
fluid and stool tagging. 

A. Supine 2D CTC image with 
fluid tagging allows easy 
visualization of a submerged 
polyp ( arrowhead ), which was a 
tubular adenoma at colonoscopy 
(inset). B. Without fluid tagging 
in another patient, the grey 
appearance of the fluid 
( arrowheads ) in the cecum would 
obscure submerged polyps. 

C. Supine 3D CTC image shows a 
possible sessile polyp, which is 
easily confirmed as stool (2D 
inset) because of tagging, which 
increases the internal attenuation 
values to create a white 
appearance ( arrowhead). 

D. Without stool tagging, stool 

( arrowhead) mimics a polyp with 
a grey appearance, requiring 
demonstration of movement. 

Note the dependent location 
between the supine and prone 
series. 
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tolerated, with a favorable safety profile. 1214 It can be used in 
almost all patients aside from those with severe renal dysfunc- 
tion and those with tenuous fluid balance control. 

PEG is a wet-based preparation. In addition to standard 
PEG, several related formulations are in use with CTC, includ- 
ing Miralax and HalfLytely. PEG is a balanced solution with 
various electrolytes and a high molecular weight, nonabsorb- 
able polymer that prevents secretion or absorption. Large 
volumes (4 L) are ingested to create the effluent. PEG is consid- 
ered the safest of cathartics and can be used even in debilitated, 
fluid-tenuous patients because negligible fluid and electrolyte 
shifts occur across the colonic mucosa. When completed, this 
preparation leads to excellent catharsis in most patients. The 
major drawback has been compliance with the preparation 
because of decreased palatability. One study showed that up to 
38% of patients failed to complete the entire preparation. 15 As 
noted, because of its wet preparation nature, there is often a fair 
amount of residual colonic fluid. 

Sodium phosphate is an osmotic cathartic agent that was 
used widely in the past but is no longer favored. It is mentioned 
for historical reasons and to highlight its potential dangers. 
Until 2008, it was one of the major cathartic agents in use for 
CTC and Optical colonoscopy because of its excellent cleansing 
abilities and high compliance rate. Patients were more likely to 
complete the regimen, which required ingestion of a small- 
volume solution or ingestion of multiple pilis. However, sodium 
phosphate had a narrow therapeutic range, with a higher inci- 
dence of complications. In 2004, a rare but generally irreversible 
form of renal failure was identified with sodium phosphate use 
mediated by a precipitation of calcium phosphate in the renal 
tubules (so-called phosphate nephropathy). 16 After recognition 
of this potential complication, a black box warning was issued 
by the U.S. Food and Drug Administration in 2008, and this 
agent now requires a prescription. For CTC, sodium phosphate 
and formulations that contain sodium phosphate are typically 
no longer used. 

Tagging agents include barium formulations and iodine- 
based solutions. For barium, there are two common densities 
used, a dilute 2% w/v preparation (CT barium) or a much 
denser 40% w/v preparation. The primary action of barium is 
to tag particulate stool internally. It admixes with the stool to 
increase the attenuation substantially from 40 to 60 HU to well 
over 200 HU, allowing for easy identification from soft tissue 
(see Fig. 53-1). Barium can also tag fluid but tends to do so 
inhomogeneously, with a gradient effect related to gravity, in 
which the more dependent portions of the fluid are more 
densely tagged. Iodine-based agents are ionic (e.g., diatrizoate) 
or nonionic (e.g., iohexol, iopamidol). The primary action is to 
tag residual colonic fluid (see Fig. 53-1). It can also tag stool but 
often does less well than barium-based agents in this regard. 
There is considerable variation in tagging approaches. Some 
CTC protocols use a single tagging agent (barium or iodine 
alone), and others use a two-agent approach (both barium and 
iodine) to take advantage of the benefits of each. 

The UW protocol is one of several that have demonstrated 
excellent results for bowel preparation on a consistent basis, 
with nondiagnostic rates related to bowel preparation with CTC 
much less than 1%. 17 The specific protocol is outlined in Table 
53-1. It is predicated on the principles of complete colonic 
catharsis and tagging of residual stool and fluid. The cathartic 
choice has been magnesium citrate because of its palatability in 
comparison to PEG. A double-dose regimen is required to 


University of Wisconsin Bowel Preparation 

Time* 

Agent 

Amount 

Comment 

8 AM 

Clear liquid 

Maintain 

Beginning 


diet 

hydrated 

with 



State.* 

breakfast 

1 1 AM 

Bisacodyl 

2 tablets orally* 

Stool 


(Dulcolax) 


softener 

3-5 PM 

Magnesium 

300 ml_ 

Cathartic § 


citrate 

(one bottle) 


After 3 hours, 

Magnesium 

300 ml_ 

Cathartic 

administer 

citrate 

(one bottle) 



2% w/v Barium 

250 ml_ 

Tagging 


sulfate 

(one bottle) 


After 3 hours, 

Diatrizoate 

60 mL 

Tagging 

administer 





9-11 PM Preparation is complete for the examination the 

following morning. 

*Prior to 8 AM, the patient is NPO after midnight. 

*lt is important to maintain hydration to optimize the cathartic action. 
Recommend hydration prior to cathartics and at least 4-6 cups of 
liquid with each of the osmotic cathartic 
*Does not require the patient to be near a bathroom. Catharsis 
begins with administration of magnesium citrate. 

§ lf polyethylene glycol is substituted, the first dose should be given 
around noon (16 8-oz cups, one every 10 minutes, for a total of 4 L). 


cleanse the colon adequately. 10 As opposed to some protocols, 
the cathartic is given prior to tagging (as opposed to the reverse 
situation) to purge the bulk of the stool and increase the effec- 
tiveness and efficiency of tagging; a wider window for optimal 
tagging exists for a given amount of tagging agent. With the 
reverse situation, larger amounts of tagging agents are needed 
to tag the bulk colonic contents. 

A dual tagging approach is preferred (as opposed to a single 
agent) to take advantage of the benefits of each agent—barium 
for stool and iodine for fluid. The dilute formulation of barium 
(2% w/v) is used in the UW protocol. The 2% version tags the 
residual stool particles well and is not too dense with CTC. As 
opposed to the denser 40% preparation, this formulation has 
not obscured visualization of colonic mucosa or clogged colo- 
noscopic ports; this is important because most patients with 
CTC-detected polyps undergo same-day colonoscopy to take 
advantage of the prepped status. Regarding the second tagging 
agent, the ionic nature of diatrizoate is preferred over a non¬ 
ionic solution, despite its less palatable taste. In addition to 
tagging residual fluid, the increased osmolarity of the solution 
works like a mild second cathartic, resulting in a final cleansing 
of the colon. This action is particularly important when a dry 
cathartic agent is used in the protocol. From the barium enema 
era, it was noted that use of magnesium citrate promotes exces¬ 
sive barium coating. 18 In the case of CTC, without the final 
cleansing action of diatrizoate, this can lead a right-sided stud- 
ding or even a thick film of tagged stool (Fig. 53-2). This pitfall 
often precludes the use of 3D CTC for polyp detection in this 
situation (see later), which can lead to decreased sensitivity for 
lesion detection. It is thought that the substitution of nonionic 
iodine solutions could lead to a similar situation, in which the 
final hypertonic cleansing does not occur. 

Finally, and perhaps most importantly, the combination of 
the three agents in this protocol (magnesium citrate, 2% barium, 
and diatrizoate) appears to promote a polyp-coating phenom- 
enon (Fig. 53-3). The tag appears to adhere to the mucosa 
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overlying the polyp (CTC equivalent of a polyp etched in white 
at barium enema) while it is washed away from the normal 
colonic mucosa. 8 It is postulated that there is an interaction 
between a negatively charged mucin film elaborated by polyps 
and the positively charged barium tag. The diatrizoate washes 
the tag away from normal mucosa but not from the polyp 
surface. This phenomenon has been very helpful in detecting 
polyps, particularly those of a flat nature, which are only 


minimally raised from the colonic surface. Whether this phe¬ 
nomenon is reliably seen with wet-based or iodine-only prepa- 
rations is unknown. 

COLONIC DISTENTION 

The objective of this portion of the examination is to distend 
the colorectum optimally to allow the easy detection of 


Figure 53-2 Importance of 
diatrizoate. A. Supine 2D CTC 
image shows right-sided 
studding of tagged stool in a 
patient who did not take all the 
diatrizoate. Note the impact on 
3D (inset), where it would be 
difficult to assess for polyps. 

B. Without diatrizoate (in a 
second patient), this can even 
lead to a diffusely tagged 
coating of the mucosa. 



Figure 53-3 Polyp-coating 
phenomenon. A. 3D CTC image 
shows a sessile polyp. Note the 
thin barium coat ( arrowhead) 
overlying the polyp (inset) whereas 
it has washed away from the 
colonic wall ( arrow ). B. A 10-mm 
tubular adenoma confirmed at 
colonoscopy. C. 3D CTC image 
shows a flat polyp ( arrowheads ), 
which is etched in white (arrow) 
on the 2D inset, increasing 
conspicuity. D. Flat hyperplastic 
polyp seen at colonoscopy. 
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intraluminal projections and true wall thickening, but also to 
balance the degree of distention with acceptable patient dis- 
comfort. With optimal distention, the colonic walls are well 
separated; the walls are thin and almost imperceptible. Thus, 
polyps are well delineated as they project into the colonic 
lumen. The high contrast between the gas-filled lumen and soft 
tissue nature of the polyp allows for even many small diminu¬ 
tive polyps to be seen. It is important to realize that the colon 
does not have to be completely distended on a given series to 
be diagnostic in nature. It can be partially underdistended on a 
single series. However, the corresponding series often shows 
excellent distention in the same area because of the comple- 
mentary shifting of gas to nondependent regions, allowing for 
an interpretable examination (Fig. 53-4). When needed, a decu- 
bitus series can be helpful. 

There are two gaseous agents available for colonic distention. 
Of these, carbon dioxide is favored over room air because it is 
actively absorbed across the colonic mucosa and eventually 
expelled by the respiratory system. Reduced instillation pres¬ 
sures essentially preclude perforation and promote patient 
comfort. 1 Because the colon rapidly decompresses, the 
patient feels relief very quickly after the instillation ceases. In 


contrast, room air is composed chiefly of nitrogen, an inert gas 
in which there is no active reabsorption. Because of this, manual 
instillation pressures can be very high, with the possibility for 
perforation. In addition, patients can feel uncomfortable and 
bloated for several hours after colonic distention with room air 
until it is passed through the gastrointestinal (GI) tract. 

The major strategies for colonic distention include manual 
room air insufflation and automated carbon dioxide insuffla- 
tion. Room air insufflation was initially the primary method for 
distention with CTC. There was considerable prior experience 
with barium enema, and the equipment was inexpensive and 
readily accessible. This was undertaken with manual bulb insuf¬ 
flation after the insertion of an enema tip. The air was intro- 
duced by staff or by patient self-insufflation. However, there are 
several major problems with this CTC strategy that led to less 
than optimal examinations. Most importantly, unlike with 
barium enema, there was no real time assessment of the degree 
of colonic distention. With barium enema, distention adequacy 
could be determined at fluoroscopy. With CTC, no real-time 
visualization is possible; adequacy was surmised by a set number 
of puffs relative to patient body habitus or by patient feedback 
to distention discomfort. Therefore, colonic distention was 




Figure 53-4 Complementary shifting 
of gas. A. Supine CTC scout shows 
apparent good colonic distention. 

B. However, 2D CTC image shows a 
collapsed, fluid-filled sigmoid segment 
( arrowhead ). C. Adequate evaluation of 
this area can be accomplished because 
of shifting of gas and fluid on the prone 
series, resulting in good distention 
( arrowhead ). 
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variable, dependent on the administering staff and the patients 
individual perception of or tolerance to distention. Also, this 
was a very labor-intensive method that required individual 
coaching for each case. In addition to the difficulties of distend- 
ing the colon, there was the possibility of perforation because 
fairly high wall pressures could be generated with this “blind” 
administration. Most institutions have since moved to auto¬ 
mated carbon dioxide (C0 2 ) insufflation because of difficulties 
with room air insufflation and several recognized advantages 
with the use of C0 2 . However, because of the inert nature of 
room air, in which there is no active resorption, room air can 
be used to distend segments that are resistant to C0 2 . 

C0 2 -based distention involves the use of an automated 
insufflator. Because C0 2 is actively resorbed, it requires con- 
tinuous low-pressure instillation, which can only be undertaken 
with automated delivery. After insertion of a small-caliber, 
flexible-tip catheter, C0 2 is instilled at low pressures, regulated 
by the machine. During the filling phase, intracolonic pressures 
(as measured by the insufflator) generally range from 11 to 
19 mm Hg. The pressures may transiently increase to 35 to 
40 mm Hg with positional change or if colonic spasm occurs, 
but will quickly decrease as the spasm resolves. At some point, 
the pressures settie in a range of 20 to 28 mm Hg (with volume 
measurements typically at 3.5 to 4.0 L) and an equilibrium State 
is achieved—the C0 2 inflow balances the ongoing losses 
(resorption by colonic mucosa, as well as potential loss aro und 
the catheter and/or reflux into small bowel). At this point, the 
colon is typically optimally distended. The benefits of this equi¬ 
librium State are that it can be maintained as long as the C0 2 
remains infusing, and it is easily identified by viewing pressure 
and volume measurements on the machine console. Thus, dis¬ 
tention is much more reproducible and less labor-intensive with 
this approach. In addition, because of the low-pressure delivery, 
in which maximum pressures rarely exceed 50 mm Hg for a few 
moments, complications are almost nonexistent (see later). 

The use of spasmolytics is controversial. Glucagon, a poly- 
peptide pancreatic hormone with smooth muscle relaxant 
effects, has shown mixed results, without defmite improvement 
in distention or improved patient comfort. 22,2 " In addition, it has 
been reported to increase the incidence of small bowel reflux. It 
is typically not used with CTC in the vast majority of U.S. insti¬ 
tutions. However, in Europe and Canada, Buscopan (hyoscine 
butylbromide) is widely used. This anticholinergic agent acts on 
the postganglionic parasympathetic smooth muscle receptors to 
cause colonic relaxation. Several studies have shown increased 
distention and patient comfort, however, without a significant 
increase in polyp detection. 2 24 Contraindications include a 
history of glaucoma. It is not available in the United States. 

The UW distention protocol is outlined in Table 53-2. Patient 
discomfort is minimized by setting the instillation pressure at 
17 to 18 mm Hg for the average-sized individual, which is 
adjusted upward as needed. The key for optimal distention is to 
attain and maintain an equilibrium State prior to imaging. As 
noted, this is determined by assessing pressure and volume 
measurements recorded by the insufflator (21 to 29 mm Hg and 
4 L, respectively). One key point to optimizing distention is 
related to volume. Although equilibrium pressures can be seen 
with volume measurements at 2 L, it has been preferable to wait 
until 3.5 to 4 L has been reached (Fig. 53-5). In our experience, 
persons are often imaged too quickly before full distention 
because of high-volume concerns and the possibility of perfora¬ 
tion. It is important to understand that the volume recorded by 


TAB LE 

53-2 

University of Wisconsin Distention Protocol 

Volume 

Pressure 


(L) 

(mm Hg) 

Patient Positioning and Comments 

0.0 

0.0 

Insert rectal catheter with patient in LLD 
and inflate balloon. 

0.0-2.0 

10-19 

Fill with patient in LLD. 

2.1-4.0 

10-19* 

Roil RLD and continue filling. 

4.0+ 

20-30 

At equilibrium, turn supine to scout and 
scan. 

4.0+ t 

20-30 

Roil prone and do quality check of supine 
series. 

4.0+* 

20-30 

Wait until equilibrium is reestablished; 
then scout and scan prone series. 

4.0+* 

20-30 

Quality check of prone series and 
determine need for decubitus series 

6.0-8.0* 

20-30 

Typical volume and pressure at end of 


examination 

*May rise to 20 to 30 mm Hg suggesting equilibrium but continue to 
fill until volume reaches 3.5 to 4 L. If pressures rise to 30 to 40 mm 
Hg, transient spasm is likely. 

f Continuous infusion throughout required to maintain equilibrium. 
Volume should continue to rise. 

*May see volumes exceeding 10 L if patient has loss around catheter 
or incompetent ileocecal valve. 

LLD, left lateral decubitus ; RLD, right lateral decubitus. 

the machine does not represent the amount in the persons 
colon because there is continuing ongoing loss (see earlier). 
Equilibrium is reached when the infusion is matched by the 
loss; thus, the low-pressure instillation could be extended indef- 
initely. As such, it is important to wait until the volume mea¬ 
surements reach about 4 L, even if equilibrium pressures (20 to 
25 mm Hg) are attained earlier to allow full distention. Typical 
recorded volume measurements at the conclusion of the exami¬ 
nation range from 5 to 6 L although it is not uncommon to have 
numbers in the range of 10 to 12 L. The CTC technologist is an 
important person in this part of the examination; real-time 
quality assurance checks are carried out by this trained indi¬ 
vidual to determine whether additional imaging is required 
(e.g., a decubitus series). 

Some common distention difficulties include machine- and 
patient-related factors. Active problem solving, however, can 
often salvage an otherwise suboptimal examination. One 
common situation is frozen or unchanging pressure and volume 
measurements, in which it does not appear that carbon dioxide 
is infusing. The cause is an obstruction at some level, usually in 
the tubing. In addition to factors such as lying on the tubing, a 
common cause is a column of fluid in the tubing, which can 
block the C0 2 infusion because of the low-pressure nature of 
instillation. The patient will often report that the bowel prepa- 
ration was started late. Once the tubing is cleared of fluid, the 
infusion will restart. Other situations, in which C0 2 infuses but 
does not optimally distend the colon, may be related to almost 
empty tanks or to the patient s underlying colon and decreased 
distensibility from conditions such as diverticular myochosis or 
frank stricture. 

IMAGE ACQUISITION 

Once the colon is optimally distended, the patient is scanned. 
At a minimum, two series are obtained, with the patient in 
supine and prone positions. Each series is undertaken in end- 
expiration to minimize the extrinsic compression of the lungs 
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Figure 53-5 Distention at 4 L 

versus 2 L. A. Scout CTC at 4 L 
shows excellent colonic distention. 
B. Scout CTC at 2 L in the same 
patient at repeat routine screen 
5 years later shows less distention. 
Although both examinations at 
4 L (C) and 2 L (D) are diagnostic, 
note how the decreased 
distention (D) leads to 
prominence of the haustral folds 
and deeper troughs between 
them, which may contribute to 
decreased polyp detection. 


on the transverse colon. The datasets should be immediately 
evaluated to ensure that there is adequate distention and that 
no colonic segment is collapsed on both views. If this occurs, 
an additional series (typically with the patient in a right lateral 
decubitus position) can be undertaken. 

CTC represents a low-dose, thinly collimated, and typically 
noncontrast examination. The optimal parameters represent a 
balance between maintaining polyp visualization while mini- 
mizing dose. Thus, although submillimeter collimation is pos- 
sible, overlapping 1.0- to 1.25-mm slice thicknesses are adequate, 
given that the examination positivity size threshold is set at 
6 mm for CTC. Overall, the required parameters for the exami¬ 
nation are not stringent, and high-quality CTC results can be 
obtained with basic multidetector CT (MDCT) scanners. As 
opposed to examinations such as cardiac CT, in which high 
temporal and spatial resolution are needed (to image small- 
caliber cardiac vessels on a beating heart), the high-contrast 
nature of soft tissue polyps projecting into a gas-filled lumen 
and the static nature of the colon allow the use of standard 
16-slice MDCT scanners. The scanning parameters of the UW 
protocol are given in Table 53-3. Dose exposures are approxi- 
mately 3 to 5 mSv for the examination. 


table University of Wisconsin Computed 

53-3 Tomography Colonography Scan Parameters 


Parameter* GE LS VCT 64 


Detector configuration 64 x 0.625 

Rotation time (sec) 0.5 

Pitch 0.984 

Speed (mm/rot) 39.36 

Slice thickness (mm) 1.25 

Interval (mm) 0.75 

kV 120 

Smart mA/auto mA range 30-120 

Noise index 50 


*Specific parameters represent a snapshot in time. 


ALTERNATIVE PROTOCOLS 

In addition to the standard cathartic-tagging regimen, consid- 
erable interest has centered on alternative protocols that mini- 
mize or eliminate the cathartic portion of the bowel preparation. 
The cathartic requirement for CRC screening modalities has 
long been recognized as a major barrier in colorectal cancer 
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screening compliance. 25 Noncathartic or laxative-free CTC 
holds the possibility of substantially increasing screening rates 
by appealing to those who currently refuse screening because of 
purging requirements. Whether polyp sensitivity can be main- 
tained in this situation is an area of ongoing research. 

The typical approach of this modified CTC protocol is to use 
a low-fiber diet followed by the ingestion of tagging agents. 
Often, the protocols are multiday regimens, so the popular 
monikers of “prepless” or “minimal prep” CTC are a misnomer. 
There is a bowel preparation regimen but the cathartic aspect 
has been removed. The colon is distended in a fashion similar 
to that for standard CTC. Often, postprocessing in the form of 
electronic cleansing or digital subtraction of the tagged feces is 
used. Single-center feasibility studies have shown excellent 
results in high-polyp prevalence cohorts. 2 Recently, a multi¬ 
center prospective trial in a low-prevalence screening cohort 
reported per patient sensitivities of 91% for adenomas at the 
10-mm threshold, with decreased sensitivities of 59% at the 
6-mm threshold. 30 This study highlights the current tradeoff 
with noncathartic protocols. Although perhaps more appealing 
to patients, there is a real decrease in sensitivity for polyp detec- 
tion by laxative-free CTC versus the standard cathartic and 
tagging protocol, particularly for smaller subcentimeter polyps. 
In addition, these studies are more difficult to read, requiring 
expertise in distinguishing a postprocessing digital subtraction 
artifact from subtle polyps at 3D or relying on primary 2D 
approaches alone. 

Interpretation 

Once the technical aspects of the CTC examination are com- 
plete, the datasets can be networked to a workstation to allow 
2D and 3D review. The main objective of interpretation is to 
identify soft tissue polyps and exclude pseudopolyps, typically 
related to retained feces or thickened folds. There is general 
consensus that an unavoidable learning curve exists for CTC. 31,32 
CTC interpretation requires the traditional cross-sectional skilis 
from CT as well as additional CTC-specific skilis for accurate 
interpretation. Two major strategies were initially proposed, 
defined in terms of detection: (1) a primary 2D approach with 
3D problem solving; and (2) a primary 3D approach with 2D 
confirmation. Most recently, a combined approach has been 
favored. All detection strategies ultimately use a common char- 
acterization pathway, and the process of interpretation (regard- 
less of specific detection approach) can be broken down into 
two major tasks, as described here. 

There are two general tasks of interpretation with CTC. The 
first is one of detection, in which focal intracolonic structures 
that potentially represent a polyp are identified (with 2D or 3D 
review). Once a list of possible polyps is established, the second 
task is characterizing each of these possible polyps—the soft 
tissue polyps are confirmed and the pseudopolyps are excluded. 
It is this step in interpretation in which the true skili in inter¬ 
pretation resides (i.e., achieving high specificity is more chal- 
lenging than high sensitivity). If this cannot be done well, too 
many patients are sent on to colonoscopy for false-positive CTC 
examination results from pseudopolyps. Young and colleagues 
have shown that nonradiologists can detect potential polyps 
with similar sensitivities to radiologists at the 8-mm threshold 
but at the expense of specificity (78% vs. 92.2%, respectively). 
This suggests that nonradiologists do not have critical cross- 
sectional characterization skilis. 


The property of polyp coating from tagging agents is an 
important phenomenon that has nowbeen recognized. 8 It posi- 
tively affects detection and characterization, perhaps most 
importantly for flat polyps. As noted earlier (see “Bowel Prepa¬ 
ration”), tagging agents adhere to true polyps while are washed 
away from the normal mucosa. This serves to draw attention 
to possible polyps, particularly on the 2D view, and helps 
increase confidence that a polyp is real (by demonstrating this 
property). One pitfall is not to mistake poorly tagged stool or 
adherent plaques of tagged stool as coated polyps (see later, 
“Characterization”). 

DETECTION 

Regarding detection, there had been a heated debate in the lit- 
erature about the optimal method, a primary 2D approach or 
primary 3D approach."" A primary 2D approach consists of 
interrogating a stack 2D dataset, typically in the transverse 
plane (Video 53-1). The mechanics are similar to viewing a 
standard CT, in which the reader scrolls interactively through a 
stack of images in polyp window settings (2000 W, OL). The 
colon is traced from rectum to cecum with the intent of detect- 
ing focal soft tissue projections into the colonic lumen. The 
difficulty of this approach is distinguishing between a focal 
polyp and colonic haustral fold. On a single image, a colonic 
fold can present as a focal polyp; it requires scrolling through 
to ascertain its elongated nature (Fig. 53-6). Once experienced, 
the reader can be very effective at quickly detecting polyps by 
this approach. However, it requires sustained concentration, 
which can be somewhat tedious. The 2D search pattern is analo- 
gous to detecting pulmonary nodules on a chest CT and distin¬ 
guishing them from pulmonary vessels. 

Additional videos for this topic are available online. 

A primary 3D approach uses postprocessing of the 2D 
dataset into a 3D perspective. The reading mechanics are com- 
pletely different and involves traveling through a tubular 3D 
environment, typically on a preprogrammed course (see Video 
53-1). When needed, the reader can then break off this fly- 
through to interact freely in this 3D environment and visualize 
an area of concern from any angle. The 3D approach holds the 
advantage that differentiating potential focal polyps from 
colonic folds is easily done from this perspective (see Fig. 53-6). 
The mental translation into a 3D structure that is needed for 
a primary 2D approach has been undertaken by a computer. 
Whereas from a 2D perspective, a haustral fold can appear 
polyp-like until assessed in detail, such is not the case at 3D 
where they are instantly recognizable as different entities. A 
disadvantage of this approach is that 3D relies on surface mor- 
phologic cues only as compared to the 2D approach, which 
uses morphologic and attenuation cues simultaneously. Thus, 
any retained stool, despite its tagged status, would appear as a 
polyp at 3D and require evaluation of the 2D source data for 
confirmation. Also, areas of colonic collapse or segments with 
residual fluid are not well evaluated with a 3D approach, and 
the reader may not be aware of their existence on that series. 
Typically, however, 3D evaluation is possible on the comple- 
mentary series as fluid moves away and gas distends these areas 
on the second series. 

The standard 3D viewing option is an endoluminal perspec¬ 
tive. Traditionally, a fly-through consists of passage from the 
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rectum to the cecum and then from the cecum to the rectum 
to allow both sides of the colonic folds to be visualized. Often, 
the held of view is widened at 120 degrees. In addition to the 
standard endoluminal view, there are alternate advanced 3D 
displays in use, including the filet view, unfolded cube, and band 
view (Fig. 53-7). These increase visualization (behind folds) and 


thus speed of interpretation, but at the cost of increased spatial 
distortion. 

Despite the prior controversy regarding detection ap¬ 
proaches, there is now general consensus that a combination 
of 2D and 3D is required for optimal polyp detection. In 
practice, it has become obvious that the approaches are 



Figure 53-6 Polyp versus 
haustral fold at 2D. A. 2D CTC 

image shows the difficulty of 
distinguishing a polyp 
(arrowhead ) from a haustral fold 
(arrow) on a single image, where 
they are similar in appearance. 

B. This is not a perceptive 
concern at 3D, where the haustral 
morphology (arrow) is clearly 
different from a polyp 
(arrowhead ). The red line 
corresponds to the level and 
orientation of the 2D image. 



Figure 53-7 Advanced 3D 
displays. The filet (A), unfolded 
cube (B), and band view 
(C) allow examination of both 
sides of the colonic folds 
simultaneously to detect a polyp 
(arrowhead ), but at the cost of 
spatial distortion. (A and B from 
Pickhardt PJ, Kim DH: CT 
Colonography: Principles and 
Practice of Virtual Colonoscopy. 
Philadelphia, Elsevier, 2010; 

C courtesy Seong Ho Park, MD.) 
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complementary; polyps or masses that are difficult to visualize 
by one perspective are easily seen by the other. For the 2D 
approach, there are some polyps that project off the colonic 
mucosa or off the end of the fold at an angle relative to the 
axial plane that are difficult to detect because the reader 
perceives the polyp as a fold or an extension of the fold 
(Video 53-2). In addition, polyp shape at 2D can cause dif- 
ficulties in detection (Video 53-3). Both situations are not 
problem areas at 3D. For 3D, polyps submerged in the polyp 
pool can be missed (Video 53-4). In addition, underdistended 
areas can make the determination of lesions difficult because 
the walls become irregular as a result of their partially col- 
lapsed State. Focal areas of collapse related to an annular 
cancer with the 3D approach can be misinterpreted and missed 
if not evaluated with a 2D approach (Fig. 53-8). By combin- 
ing 2D and 3D detection, the complementary nature of the 
approaches allows a polyp to be seen when not evident by 
one perspective. In addition, the added redundancy of inter- 
acting with the imaging dataset multiple times during a com- 
bined approach further decreases the possibility of missing 
polyps. 

^T] Additional videos for this topic are availahle online. 


CHARACTERIZATION 

Characterization of suspected polyps is the second and perhaps 
most important step in interpretation. Each detected polyp can- 
didate must be evaluated to determine if it actually represents 
a polyp and exclude pseudopolyps related to retained stool or 
thickened folds. A true soft tissue polyp must fulfill two criteria 
(Fig. 53-9; see Video 53-1). First, it must be homogenous soft 
tissue in attenuation when viewed in polyp window settings 
(2000 W, OL). There should be a uniform grey appearance 
similar in density to the adjacent musculature on all series as 
opposed to untagged stool, in which internal heterogeneity 
exists. At times, feces can demonstrate internal homogeneity, 
particularly small, subcentimeter-sized pieces. However, these 
pseudopolyps can often be ascertained as they are often mobile 
in the colorectum (see later, second criterion). Tagged stool is 
easily determined by its markedly increased attenuation (see 
Fig. 53-1). 

The second criterion relates to a fixed location between the 
various series. The polyp candidate must be attached to the 
colonic mucosa at a single point and cannot move. In contrast, 
stool will fali to a dependent location between the series. Thus, 
a true soft tissue polyp must be homogenous in attenuation and 


Figure 53-8 Collapse at 3D. 

A. 3D CTC map shows two 
innocuous areas of collapse. The 
3D endoluminal view ( inset ) of 
the inferior collapsed area is 
unremarkable. One segment 

( arrow) is simple collapse but 
the second ( arrowhead ) is not. 

B. The 2D CTC image depicts 
the annular cancer ( arrowhead ), 
which would be easily 
ascertained during 2D detection 
review. 



Figure 53-9 Polyp 
confirmation. A, B. Supine and 
prone 2D CTC images show that 
this cecal polyp candidate 
( arrowhead ) meets the criteria for 
a true soft tissue polyp. Note the 
homogenous grey appearance on 
both views and the fixed location, 
where it does not fail to a 
dependent location on either 
position. There is a thin etching of 
contrast overlying the polyp (the 
polyp coating), which is common 
with the UW bowel preparation. 
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fixed in location on all series. When these criteria are used, the 
concordance at optical colonoscopy is well over 90%. 34 35 These 
determinations are made by evaluating the 2D source images 
and only minimally by the 3D postprocessed dataset (3D tools 
such as translucency rendering can help in attenuation deter¬ 
mination). The ability to confirm suspected polyps accurately 
requires a strong cross-sectional skili set and grounding in CT 
principles. There are several pitfalls that can cause misinterpre¬ 
tation, including beam hardening, apparent movement of 
polyp, and underlying colonic movement. In addition, incom- 
pletely tagged stool can at times mimic a coated polyp. 

Beam hardening is an important phenomenon that can affect 
characterization (Fig. 53-10). Because of the low doses used with 
CTC, beam hardening can cause apparent heterogeneity of soft 
tissue polyps or even a fatty appearance if adjacent to high- 
density structures such as tagged fluid pools or bone. Flat polyps 
are particularly affected by this phenomenon given their lack of 
soft tissue bulk, in which they have such an appearance because 
of streak from the overlying contrast coat. It is important to 
recognize this phenomenon to prevent mischaracterization of 
a polyp for stool related to its altered internal appearance. 

Differentiating apparent movement of a true polyp from a 
moving pseudopolyp related to untagged stool is key. One 


well-recognized pitfall is related to pedunculated polyps with 
an elongated polyp stalk (Fig. 53-11). If this is not recognized, 
the polyp head can be mistaken for a sessile polyp candidate. 
Because it moves with changes in patient position, this true 
polyp can be mistaken for moving stool. At times, the 3D 
approach can be helpful to identify the stalk. 

Additionally, the colon can shift, move, and twist in position, 
particularly those segments on a mesentery (cecal apex, trans¬ 
verse, sigmoid). It requires solid localization skilis with a 2D 
approach to confirm that the polyp candidates seen on both 
views represents the same colonic location because of the shift- 
ing underlying colon (Fig. 53-12). The reader must use the few 
internal landmarks, such as a stray diverticulum, characteristic 
bend, or haustral fold, to trace the colon in this area to confirm 
that the candidate is at the same location between the various 
series. When possible, the ileocecal value is an excellent land¬ 
mark to use for polyp candidates in the right colon. One impor¬ 
tant underrecognized pitfall is the ability of the cecum and 
ascending colon to rotate on its long axis. 36,37 There is often a 
counterclockwise rotation between the supine and prone posi¬ 
tion, despite the retroperitoneal location of the ascending colon 
and portions of the cecum. This can cause apparent movement 
of the polyp candidate (Video 53-5). 



Figure 53-10 Beam hardening. 

A. 2D CTC in soft tissue Windows 
suggests that a submerged 
pedunculated lesion ( arrowhead ) 
may be a lipoma. This is an 
artifactual appearance related to 
beam hardening from the 
contrast fluid pool. B. The true 
soft tissue nature of the polyp 
( arrowhead ) is seen on the 
decubitus view, where the 
contrasted fluid moves away. 

C. Supine 2D CTC image in 
another patient with a flat polyp 
( arrowhead ), where beam 
hardening from the contrast coat 
and fluid pool on the prone 
image (D, arrowhead), which 
creates an artifactual fatty 
appearance of this proven soft 
tissue polyp. 
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H Figure 53-11 Pedunculated polyp simulating 

movement. A. 2D CTC image shows a focal soft 
tissue structure ( arrowhead ) in the sigmoid colon. 
B. It may be mistaken for stool, given apparent 
movement to the dependent wall on the prone 
series ( arrowhead ). C. 3D CTC image is helpful for 
identifying the stalk ( arrow ) of a pedunculated 
polyp to avoid this pitfall. 


Additional videos for this topic are available online. 

Finally, although the coating phenomenon is very important 
in improving polyp detection and characterization, it is impor¬ 
tant to recognize that incompletely tagged stool can mimic a 
coated polyp (Fig. 53-13). With close inspection, there are slight 
differences where the interface between the polyp and barium 
coat is sharper and better defined than for stool. The easiest way 
to distinguish stool is mobility—the tagged stool will move 
between the supine and prone positions. In these cases, when 
there is a question between a coated polyp and incompletely 
tagged stool, the fecal debris tends to be large and not adherent. 

POLYP DIFFERENTIAL 

At interpretation, the practical differential is between a true soft 
tissue polyp and pseudopolyp (related to stool or a thickened 
fold). 38 It is not necessary to determine the histology of the 
polyp (which cannot be determined with CTC or Optical colo- 
noscopy) because management is driven by polyp size. 39 
However, it is important to be aware of the possibilities and 
future cancer risk for each histologic subtype once it is known 


at pathologic evaluation. Polyps typically arise from the mucosal 
surface. The major histologic subtypes include adenomatous 
polyps, hyperplastic polyps, and mucosal polyps (in order of 
decreasing frequency). Adenomatous polyps account for 
approximately 50% of all polyps, hyperplastic a third, and 
mucosal 10%. 4 ° Although benign, a tiny fraction of adenoma¬ 
tous (and recent evidence also indicates hyperplastic polyps) 
can progress to cancer over many years. 

Deeper lesions from the submucosa, intramural layer, or 
extrinsic to the colon can present as polyps indistinguishable 
from mucosal originating lesions. These include lipomas, car- 
cinoid, lymphangiomas, and GI stromal tumors. However, as 
with principles at barium enema, the lesions can be suggested 
when they demonstrate obtuse sloping margins, suggesting a 
deeper origin. 

As noted, histologic diagnosis cannot typically be under- 
taken by imaging. Mucosa-based polyps (adenomas, hyperplas¬ 
tic polyps, mucosal polyps) and deeper colonic lesions present 
as nondescript focal lesions of soft tissue attenuation. However, 
image-specific diagnoses can be made in a few rare circum- 
stances without pathologic evaluation, such as a lipoma. 
Lipomas arise from the submucosal layer but often appear as 
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Figure 53-12 Movement of underlying 
colon. A. 3D CTC map shows an elongated, 
tortuous sigmoid with a polyp candidate (red 
dot ) in the mid-sigmoid. B, inset. Supine 2D 
CTC image shows a 7-mm polyp ( arrowhead ) 
arising from the nondependent wall. C. Note 
the changed appearance of the sigmoid with 
polyp ( arrowhead ) on the prone series 
because of underlying movement on its 
mesentery. Without appropriate cross- 
sectional skiils, it may be difficult to confirm 
that this lesion is fixed in location and 
represents a soft tissue polyp. 



Figure 53-13 Coated polyp versus tagged stool pitfall. A. 2D CTC prone image shows a nondependent structure consistent with a polyp 
with a thick overlying barium coat. Colonoscopy (inset) confirmed a large villous adenoma containing a well-differentiated adenocarcinoma. 

B. Note the similar appearance of incompletely tagged stool. Movement (supine on left side of image, prone on right side) confirms that this 
is stool. 
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sessile or even pedunculated lesions of presumed mucosal 
origin. An image-specific diagnosis can be made when a fatty 
internal density is seen (Fig. 53-14). In other circumstances, a 
diagnosis can be highly suspectedin entities such as endome- 
triosis, dependent on clinical and imaging factors (Fig. 53-15). 
This diagnosis can be suggested when a nonspecific soft tissue, 
broad-based lesion with smooth obtuse margins is seen in a 
younger female. The overlying folds are often not disrupted. 
These lesions represent serosal implants that have extended into 
intramural and submucosal layers. Colonoscopy is often helpful 
to exclude a mucosal lesion that appears submucosal on CT. 

REPORTING 

Reporting is a central element in interpretation. C-RADS (CT 
colonography reporting and data system) is a structured report¬ 
ing construct in use since 2005. Colonic and extracolonic Ånd¬ 
ings are classified separately by C and E categories (Table 53-4). 
This allows for standardization of approach and management, 41 
which then allows for comparison between institutions clini- 
cally and in research. 

On the colonic side, C-RADS standardizes polyp sizing, loca¬ 
tion, and reporting of morphology. For measurement, the 
longest axis of the polyp is used. For pedunculated lesions, the 


longest axis of the polyp head is measured (with exclusion of 
the stalk). Standardization of sizing is particularly important 
because polyp management is dependent largely on size. Loca¬ 
tion is divided into the six colonic segments of cecum— 
ascending, transverse, descending, sigmoid, and rectum. Polyp 
morphology includes sessile (dome-shaped, with a broad base 
of attachment), pedunculated (polyp head with a stalk of vari¬ 
able length attaching to the colonic mucosa), and flat (plaque- 
like appearance with a height <3 mm from the colonic surface). 
Masses are 3 cm or larger. 

On the extracolonic side, each Ånding is classified by clinical 
significance and the need for further evaluation. By definition, 
El and E2 examinations will not require additional work-up, 
whereas E3 and E4 can lead to further imaging. The final E 
category is determined by the most advanced lesion if there are 
multiple Åndings. The extracolonic issue is covered in addi¬ 
tional detail later in this chapter. 

Computer-Aided Detection/Diagnosis 

CAD (computer-aided detection or diagnosis) software devices 
use mathematic algorithms to identify specific patterns in 
radiologic images. Because the primary objective with CTC 
involves a repetitive defined task operating within a large 
dataset, there is considerable interest in using CAD to improve 




Figure 53-14 Submucosal lipoma. A. 3D CTC 

image shows a broad-based lesion with obtuse, 
sloping borders. B. Translucency rendering (3D 
attenuation tool) shows a green signature 
suggestive of fat. C. 2D CTC image confirms the 
diagnosis of a lipoma ( arrowhead). 
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Figure 53-15 Endometrioma. 

A. 3D CTC image shows an 
apparent submucosal or deeper 
lesion with obtuse borders. B. 2D 
CTC image shows a nonspecific 
soft tissue lesion ( arrowhead ) 
but in the appropriate clinical 
situation and history, a diagnosis 
of endometrioma can be made. 


TABLE _ _ _ „ 

53-4 C-RADS 


Parameter 

Description 

Recommendation 

Colonic 

CO 

Inadequate study 
or awaiting 
comparisons 


Cl 

Normal colon (no 
polyp >6 mm) 

Routine screen (5 yr) 

C2 

Isolated small polyp 

Imaging surveillance 


(one or two 6- to 

up to 3 yr versus 


9-mm polyps) 

immediate 

colonoscopic removal 

C3 

Polyp, possibly 
advanced adenoma 
(>10 mm or > three 
6-9 mm polyps) 

Colonoscopic removal 

C4 

Colonic mass, likely 
malignant 

Surgical consult 

Extracolonic 

El 

Normal examination 
or anatomic variant 

— 

E2 

Clinically unimportant 
finding (e.g., 
hepatic or renal 
cyst) 

No work-up indicated 

E3 

Likely unimportant; 

Work-up may be 


incompletely 

characterized 

indicated 

E4 

Potentially important 

Work-up indicated; 


finding (e.g., solid 

communication to 


mass or aneurysm) 

referring physician 


C-RADS, CT colonography reporting and data system. 


interpretation. CAD is potentially helpful by reducing percep- 
tive errors (errors in which polyps are not perceived initially 
but can be identified in retrospect) related to fatigue and 
inattentiveness on the part of the radiologist. Ultimately, 
however, the radiologist must have a strong interpretative 
skili set to determine which CAD prompts represent true 
polyps; otherwise, the use of CAD simply increases sensitivity 
at the expense of specificity, without a true improvement in 
accuracy. 


Although the specific algorithms are unique to each CAD 
system, all systems have some common steps. First, the dataset 
is postprocessed to facilitate CAD application and may include 
elements such as edge enhancement and sharpening of inter- 
faces. The area of interest (i.e., the colorectum) is segmented 
out and a set of specific features are calculated for each voxel. 
Examples of possible features include shape, size, and curvature. 
The number and specific features used are different with differ- 
ent CAD systems. These features are then entered into a classi- 
fier, which may be a neural network, kernel machine, or decision 
tree to calculate a numeric value representing the likelihood 
that the prompt represents a polyp. If the CAD system is 
intended to be a detection device (CADe), there is a binary 
reporting of positive or negative according to whether a certain 
threshold is met; CAD systems intended for diagnosis (CADx) 
presents likelihood information. 

The impact of the use of CAD software is difficult to assess. 
Stand-alone device performance can be excellent, with sensitivi- 
ties of 90% for large (>10 mm) polyp and variable lower sensi- 
tivities, ranging from 61% to 92% at the 6-mm level, with 
false-positive marks of 2 to 14 per patient. 42 ' 4 However, ulti¬ 
mately, it is the interaction between the CAD device and radi¬ 
ologist that determines overall performance. There is conflicting 
evidence whether CAD improves interpretation. Petrick and 
associates have shown that although sensitivities increased by 
15% at the 6-mm threshold versus unassisted reads, it was 
at the expense of specificity, which decreased by 14%. 46 Thus, 
there was no actual improvement but simply a shift in the set 
point of what was called positive. In contrast, Dachman and 
co-workers reported true improvement with a small but statisti- 
cally significant increase in the segment level area under the 
receiver operating curve (AUC; p = 0.015). 47 

CTC Trial Results 

CTC performance has been well established by a number of 
trials in high-polyp prevalence groups and low-prevalence 
screening cohorts. The high-polyp prevalence population 
studies represented initial proof of concept studies. Typically 
performed as single-institution series, these studies showed 
that CTC could detect polyps with high sensitivities, albeit in 
the least difficult situation, in which a large percentage of 
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examinations were positive. 48 ' 52 One notable study from this 
group was a prospective trial from Boston University published 
in the New England Journal of Medicine in 1999. Fenlon and 
colleagues 50 enrolled 100 high-risk individuals to undergo both 
CTC and colonoscopy evaluation. Despite using now older 
technology and protocols (including no fecal tagging, room air 
distention, and 5-mm image collimation reconstructed at 2-mm 
intervals), CTC demonstrated a 91% sensitivity (20 of 22 
polyps) at the 10-mm threshold, which decreased to 82% (33 
of 40) for 6- to 9-mm polyps. All cancers in the series (3 of 3) 
were seen with CTC. 

The positive results seen in these small, single-institution 
series then paved the way for large multicenter trials in low 
polyp prevalence or screening cohorts. These studies assessed 
whether CTC performance could be maintained in the more 
challenging and pertinent clinical situation in which most of 
the examinations would be negative. Here there were discrepant 
results, leading to controversy regarding the true capabilities of 
this modality. First, Pickhardt and associates reported the results 
from the multicenter Department of Defense (DoD) CTC trial 
in 2003. 2 In a large cohort (N = 1233 screening individuals, 
three institutions), the per-patient sensitivity for adenomatous 
polyps was 94% at the 10-mm threshold, decreasing to 89% at 
the 6-mm threshold. In comparison, optical colonoscopy sen¬ 
sitivity was 88% at the 10-mm level and 92% at the 6-mm level. 
The lower than traditionally reported sensitivity levels for colo¬ 
noscopy were likely related to trial design, in which an enhanced 
polyp validation system of segmental unblinding was used. In 
contrast to using colonoscopy in isolation as the gold standard, 
in which colonoscopy misses would be unaccounted, segmental 
unblinding created an enhanced reference standard in which 
the CTC results were revealed segmentally at colonoscopy. 
Thus, if no polyp was initially seen at colonoscopy but noted 
with CTC, the colonoscopist reexamined the segment for the 
missed polyp. Such a standard led to more accurate sensitivity 
and specificity measures for both modalities, correcting the 
situation in which a false-negative colonoscopy result would be 
inaccurately counted as a CTC false-positive. 

Following the DoD results, however, two smaller multicenter 
trials demonstrated much poorer results. 53 54 Rockey and 
co-workers (N = 614) 54 and Cotton and colleagues (N = 615) 53 
reported poor sensitivities, ranging from 55% to 59% for large 
polyps (>10 mm) and decreasing to even lower levels for sub- 
centimeter polyps. At the time, this led to great debate about 
the adequacy of CTC performance. However, with the results 
of the subsequent larger validation trials published several years 
later, it is now evident that the Rockey and Cotton trials were 
flawed, accounting for the poorer trial results. In addition to 
using older CTC technology, one major criticism concerned the 
lack of reader training. For example, the Cotton trial required 
no prior reader experience or training for the CTC readers. It 
is now evident that there is a learning curve for CTC interpreta¬ 
tion that requires acquisition of CTC-specific skiils in addition 
to existing CT cross-sectional skilis. Liedenbaum and associates 
demonstrated such a learning curve in which substantial 
improvement among novice readers was seen through a study 
set of 200 CTC cases. 31 Sensitivity increased from an initial value 
of 76% at the 6-mm threshold for the first set of 50 CTC cases 
to 91% sensitivity for the fourth set of 50 cases. Furthermore, 
studies suggested that training and experience may not be 
enough, and that competency testing may ultimately be 
required. 55 


During this evaluation period of CTC performance, it is 
important to be aware that CTC was a dynamic technology 
with continuing changes in the underlying CTC software, hard¬ 
ware, and examination protocol. Technical components were 
refined, leading to more optimally prepared and tagged bowel, 
improved and consistent colonic distention, and increased 
spatial resolution with decreased artifact. 7,10,56 ' 65 The CTC pro¬ 
tocol evolved, such as standardizing the use of both supine and 
prone imaging for the typical examination, with additional 
decubitus series for problem solving. 59,66,67 Underlying improve- 
ments in computer hardware allowed easy manipulation of 
even larger volumetric datasets. The current CTC examination, 
as noted earlier, now reflects the tremendous advancements 
over the years. 

In 2008, the results of the ACRIN 6664 protocol or National 
CT colonography trial were published, answering the contro¬ 
versy about the discrepant initial screening results. This land¬ 
mark trial validated the prior excellent results seen by Pickhardt 
and co-workers/ It was a large multicenter trial (N = 2531 
participants, 15 institutions) performed in a low-prevalence 
or screening cohort. It used State of the art techniques and 
required a high level of experience and competence testing by 
the readers. In this trial, a per-patient sensitivity of 90% and 
specificity of 86% was seen for large polyps (>10 mm). The 
performance decreased to a sensitivity of 78% at the 6-mm 
threshold. In addition to the ACRIN trial, other series in Europe 
corroborated a high level of CTC performance. The Italian 
IMPACT trial (N = N = 937, 12 institutions) 3 showed a 90.8% 
sensitivity (84.5% specificity) at the 10-mm threshold, and the 
Munich Colorectal cancer screening trial 4 also showed similar 
results (92% sensitivity, 98% specificity). The United Kingdom 
SIGGAR trial demonstrated equivalent detection rates for 
cancers and large polyps between CTC and colonoscopy screen¬ 
ing programs. 5 

Outside of trial data, actual results from large-scale clinical 
practices suggested that CTC-based screening could be 
effective. 68 ' 71 A large Wisconsin series by Kim and colleagues 
reported results from parallel operating CTC (N = 3120) and 
colonoscopy (N = 3163) colorectal cancer screening programs, 
in which each drew from the same regional population. 70 The 
CTC program reported advanced neoplastic yields equivalent 
to the colonoscopy program (n— 123 CTC; n - 121 colonos¬ 
copy) but with a fourfold decrease in the number of polypec- 
tomies (561 vs. 2434) and subsequent marked decrease in the 
number of complications (0 vs. 7 perforations). In addition, 
outcomes data from the negative CTC screening cohort (N = 
1050) from this program have also been reported. Patients with 
a negative screen who were followed over a 5-year interval 
showed a very low interval cancer rate of 0.2 cancers/1000 years 
of patient follow-up, suggesting that setting examination posi- 
tivity at a 6-mm threshold and routine screen interval at 5 years 
is a safe practice. 72 

Indications and Use 

There are three broad categories of use for CTC: (1) screening 
for colorectal cancer; (2) focused evaluation for various 
diagnostic reasons, including incomplete colonoscopy; and 
(3) simultaneous colonic evaluation and distant staging of ini¬ 
tially diagnosed CRC or surveillance of known CRC. Many of 
the indications previously undertaken by barium enema have 
been now supplanted by CTC at many institutions. 


53 Computed Tomography Colonography 921 


SCREENING FOR COLORECTAL CANCER 

Screening for CRC is perhaps the most important indication 
for CTC, for which its use could have a major public health 
impact. CRC currently is the second leading cause of cancer in 
the United States; there are approximately 143,000 new cases/ 
year, leading to almost 52,000 deaths annually. 73 It is estimated 
that of the 80 million U.S. adults eligible for screening, only 
slightly over 50% participate with any of the traditional options, 
including Optical colonoscopy, fecal occult biood test (FOBT)- 
fecal immunochemical test (FIT), flexible sigmoidoscopy, and 
double-contrast barium enema (DCBE). 74,75 In addition, there 
are concerns regarding population screening capacity for 
options such as optical colonoscopy. 76 This is further accentu- 
ated by the growing awareness that specialized GI capacity is 
uneven and is dependent on geographic region, which is par- 
ticularly limited in rural areas. 4 Thus, CTC has the potential 
to increase screening adherence substantially by appealing 
to currently noncompliant persons 7,78 and by increasing the 
screening capacity, particularly in rural underserved areas 
(where examinations can be conducted at the local hospital and 
networked to central areas of expertise for interpretation). 79 

Screening is particularly effective in decreasing CRC mortal- 
ity because of several favorable factors in its biology: (1) CRC 
has a stepwise progression, from a benign precursor lesion to 
cancer; (2) the benign precursor can be identified and removed; 
and (3) the benign precursor has an extended latent period 
(10-15 years) prior to transformation to cancer, leading to a 
wide window for intervention. As opposed to other cancers, 
such as breast cancer, in which the intent is to detect early cancer 
to affect future mortality, CRC screening represents true 
primary prevention, in which the removal of a benign lesion 
precludes the future development of a cancer. 

The benign precursor lesion for CRC arises from a subset of 
colonic polyps from adenomatous and hyperplastic lineages. 
Transformation from benign adenomas represent the major 
pathway, accounting for an estimated 85% of sporadic cancers, 
and hyperplastic or serrated polyps may account for the remain- 
ing 15% of cancers. 80 82 It has only recently become apparent 
that hyperplastic polyps hold the possibility of malignant trans¬ 
formation; previously, they were considered to be completely 
innocuous lesions. Adenomatous polyps typically undergo 
genetic changes in several key genes, including ABC , k-ras, and 
p53, whereas serrated or hyperplastic polyps undergo a newly 
discovered pathway mediated by a mutation in the B-raf onco- 
gene, followed by epigenetic changes to this cell signaling 
pathway and microsatellite instability. It is important to realize 
that only a tiny minority of adenomatous and hyperplastic 
polyps ultimately go through the entire pathway to cancer; the 
vast majority regress or remain benign adenomas or hyperplas¬ 
tic polyps. Thus, although up to 40% of adults older than 50 
years may harbor adenomas, 83 ' 85 and approximately 10% to 
30% harbor hyperplastic polyps, 86,8 only a relatively small frac- 
tion ends up with cancer. Risk factors suggesting that an 
adenoma or hyperplastic polyp may progress include larger size 
(>1 cm) or high-grade dysplasia. 8 For adenomas, a villous 
architecture also increases risk for progression. 89 

Because of these Åndings, the screening strategy with CTC 
is based on a selective polypectomy approach; this differs sub¬ 
stantially from the universal polypectomy approach with 
optical colonoscopy, in which all soft tissue polyps regardless 
of size are removed. In contrast, CTC follows a strategy in 


which the higher risk polyps, identified by large size, are initially 
removed and the polyps at low risk for transformation are 
followed. Of the low-risk gro up, those that increase in size at 
follow-up are then removed, whereas the stable and regressing 
polyps are not. This allows CTC to maximize the yield of 
advanced lesions, most likely to transform to a future cancer 
but avoid numerous polypectomies, which hold no benefit but 
increase the risk of complications, such as perforation. As 
noted, results from large screening programs suggest that such 
a strategy is effective and safe. 70,72 

Screening by CTC is appropriate for average-risk individuals 
(>50 years old), which represents the largest screening cohort. 
CTC-based screening is also appropriate for individuals of this 
age group who have a somewhat elevated risk because of a 
positive family history. Family history can be defined as a 
history of cancer in one first-degree relative or two second- 
degree relatives. 91 Although somewhat controversial, CTC can 
also be used in the FOBT-positive population. Lesion detection 
and negative predictive value are high, but questions have 
been raised about cost-effectiveness because of higher underly- 
ing polyp and cancer prevalence in this group. 3,92,93 Finally, 
CTC can be substituted when screening colonoscopy is con- 
traindicated in a patient because of comorbidities and sedation 
issues or if the patient is anticoagulated. Particularly in the 
setting of warfarin use, CTC is an excellent alternative for 
screening because the anticoagulation therapy does not have 
to be interrupted for the procedure. For the small percentage 
of positive patients who require removal of a large polyp, the 
anticoagulation can be reversed at a future date for the thera- 
peutic polypectomy. In contrast, screening by CTC is not 
indicated for individuals at high risk for colorectal carcinoma 
and polyps for whom the pretest probability for a positive 
examination is substantially high. These include those with a 
polyposis syndrome (e.g., familial adenomatous polyposis, 
hereditary nonpolyposis colorectal cancer syndrome) and 
inflammatory bowel disease. Patients with these underlying 
diagnoses are better evaluated by colonoscopy. 

DIAGNOSTIC INDICATIONS 

CTC can also be used for the evaluation of various diagnostic 
situations. It represents a less invasive alternative to colonos¬ 
copy for the work-up of clinical scenarios such as altered bowel 
habits, iron deficiency anemia, and nonspecific weight loss, in 
which one of the concerns is cancer. In terms of cancer detec¬ 
tion, a large meta-analysis (49 studies; compiled cohort N = 
11,151) demonstrated that CTC had a high sensitivity of 
96.1%. 94 Unlike colonoscopy, there is less concern that detection 
ability with CTC decreases for right-sided cancers. Several 
population-based studies have indicated decreased detection 
or protective effects of colonoscopy for proximal colorectal 

95-97 

cancers. 

In addition to symptomatology, CTC is often used to com- 
plete colonic evaluation in the situation of an incomplete colo¬ 
noscopy. 93,98 Whereas same-day barium enema following 
incomplete colonoscopy may have been diffkult because of 
incomplete colonic coating caused by air block, this is not a 
concern with CTC. Typically, same-day CTC examinations of 
good diagnostic quality can be performed. The bowel prepara- 
tion is often supplemented by tagging agents prior to scanning. 
A typical protocol involves administering 30 mL of diatrizoate 
after the patient recovers from sedation to minimize aspiration 
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risk. Scanning occurs 2 hours after contrast administration, 
allowing for complete colonic fluid tagging in most patients. 

STAGING AND SURVEILLANCE 

CTC offers a unique opportunity for the initial staging of 
colorectal cancer and for surveillance following surgical resec- 
tion. Because of its cross-sectional nature, CTC can assess the 
colon and extracolonic structures. In both situations, the stan¬ 
dard protocol is typically altered; the prone series is undertaken 
first at low dose, without intravenous (IV) contrast. This is fol- 
lowed by the supine series, in which a standard CT dose and IV 
contrast are used to allow optimal extracolonic evaluation for 
involved regional lymph nodes and distant metastases. 

In staging, CTC excels in the localization of the primary 
cancer, particularly in tortuous elongated colons, in which such 
localization is difficult for colonoscopy, and for the detection of 
synchronous polyps and cancers. 100 ' 102 Although several studies 
have reported decent discriminatory ability in tumor wall 
staging, 100,102,103 there is general consensus that this evaluation is 
better undertaken by magnetic resonance imaging or transrec- 
tal ultrasound (in the specific case of rectal cancer), in which 
both modalities can resolve the layers of the bowel wall. In addi¬ 
tion to colonic evaluation, CTC can evaluate regional lymph 
node and distant metastases. With minor image parameter 
changes, CTC is essentially a contrast CT examination, which 
currently is the modality of choice for this portion of the staging 
evaluation. 104 

Surveillance after colorectal cancer treatment is an emerging 
application for CTC. 105,106 Similar to colonoscopy, CTC allows 
for intraluminal evaluation for anastomotic recurrences as well 
as for metachronous polyps and cancers, similar to colonos¬ 
copy. Unlike colonoscopy, however, CTC is not limited to the 
colorectum, where its cross-sectional nature allows for extralu- 
minal evaluation, including local pericolonic recurrences, 
regional adenopathy, and distant metastases. Kim and associates 
reported a large Asian, single-institution experience in this 
area. 106 CTC detected 6 metachronous cancers, including 1 
anastomotic recurrence in 548 patients undergoing routine sur¬ 
veillance without clinical suspicion or increasing carcinoembry- 
onic antigen (CEA) levels following prior colorectal cancer 
resection and treatment. The per-patient sensitivity was 81.8% 
for advanced adenomas (18 of 22) and 100% for cancer. CTC 
was also able to detect an extracolonic recurrence in an addi¬ 
tional 11 patients, which could not be seen at colonoscopy. 

Pertinent Issues 

COMPLICATIONS 

CTC has a wide safety profile; complications are extremely rare. 
The lack of complications is a major advantage of CTC over 
colonoscopy. CTC is a minimally invasive technique that 
requires the insertion of a soft-tipped, small-caliber catheter a 
few centimeters into the rectum to insufflate the colon. In con¬ 
trast, colonoscopy requires the manipulation of a fiberoptic 
scope across the entire length of the colon. Because of the 
torque and traction to accomplish placement, sedation and 
pain control are both needed at colonoscopy. In contrast, no 
sedation or pain control is needed with CTC, and thus the 
possible adverse effects from these medications are avoided. 
The avoidance of sedation can preclude a substantial number 


of complications. Such incidents have been report as occurring 
in 0.5% of cases at colonoscopy. 11 

Most complications with CTC occur with the bowel prepara- 
tion. Dehydration and fluid shifts are possible, which are 
decreased with the use of PEG. However, even these complica¬ 
tions are not common and are typically minor in severity. A 
large survey of several U.S. and international institutions has 
reported that significant complications from bowel preparation 
are extremely rare, at 0.0009% (2 of 21,923). 108 

There was initial concern that the use of C0 2 could cause 
interference with the body’s acid-base balance or create difficul- 
ties for patients with chronic obstructive pulmonary disease 
because of the respiratory excretion pathway. However, this has 
not been found to be a problem in clinical practice. 108 Addition- 
ally, as part of a Scandinavian CRC screening trial (NORCCAP), 
C0 2 insufflation at screening Optical colonoscopy was investi- 
gated in a small subset of the screening cohort. The end-tidal 
C0 2 was not elevated despite the respiratory excretion and no 
adverse events reported. 

Unlike colonoscopy, perforation is not a significant concern. 
The perforation rate is almost nonexistent with CTC, particu¬ 
larly with the low-pressure nature of automated C0 2 instilla- 
tion. Perforation rates with CTC are typically more than an 
order of magnitude less than colonoscopy, 0.009% versus 0.1% 
for colonoscopy. 108,110 Two series have reported higher perfora¬ 
tion rates of 0.03% to 0.06% with CTC. 111 However, these 
rates are likely not representative in screening average-risk 
persons using automated C0 2 insufflation. These series repre¬ 
sented high-risk patients with a potentially distal obstructing 
process (e.g., distal cancers, diverticular disease, inguinal hernia 
with trapped sigmoid colon) and were conducted with manual, 
staff-controlied room air insufflation, which can generate very 
high intraluminal pressures. 

It is important to be aware of an imaging finding that can 
mimic or raise the specter of perforation. Incidental colonic 
pneumatosis can be infrequently seen following C0 2 adminis¬ 
tration. The calculated incidence has been reported to be 0.1% 
of screening patients. 113 As opposed to a true perforation, the 
patient is typically asymptomatic, without complaint. Although 
a subset of these patients may undergo some additional moni- 
toring postprocedure, no supportive measures or intervention 
are required. On 2D review, scattered lucent foci can be seen 
paralleling the colonic wall (Fig. 53-16). The cause of this phe- 
nomenon is not completely certain but may be related to the 
increased mucosal permeability of C0 2 and appears to occur 
with increased frequency with the use of C0 2 as opposed to 
room air. It is postulated that this phenomenon occurs with 
colonoscopy but would not be seen, because asymptomatic 
postprocedure patients are typically not imaged with CT. 

RADIATION 

Radiation exposure with CTC is low, typically less than 50% 
of that received with standard CT. Previously, the dose was 
equivalent to a barium enema examination (5-8 mSv) but has 
decreased over time. 114 The average dose is slightly less than 1 
year of backgro und radiation or less than 3 mSv. 115 Such reduc- 
tions are possible because of the high contrast between the 
gas-filled lumen and soft tissue mucosa of the bowel wall. With 
the newer iterative reconstruction techniques and other 
methods of dose reduction, doses are rapidly decreasing from 
this low level. Despite this low-dose nature, radiation exposure 
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Figure 53-16 Incidental pneumatosis. 2D CTC image shows 
colonic pneumatosis ( arrowhead ) in this screening patient. The 
patient was asymptomatic and remained without complaint with 
monitoring. No intervention or supportive care needed. 


has been raised as an item of concern for CTC, particularly 
because of its potential application to large portions of the 
population. 116,117 This has been fueled by risk prediction models 
for general CT based on the linear no-threshold theory, which 
claims a tiny yet finite risk for future cancer induction. 118 There 
is a strong consensus by health radiation physicists that such 
estimates of quantitative risk should not be done for dose expo- 
sures less than 50 mSv because of the range of possible health 
outcomes, including no or even potentially beneficial health 
effects at these dose levels. 119 

It is important to realize that the concerns are theoretical in 
nature, proposed by one risk model. When looked at directly, 
in populations with similar dose exposures, there has been no 
empiric evidence for increased numbers of cancers in these 
groups. Large studies (up to 174,000 persons) over many years 
(5 decades in one study) have been conducted in nuclear indus- 
try workers, airline pilots, and atomic bomb survivors. 120122 
Cancer-related deaths are decreased in nuclear industry person- 
nel compared with the general population. In the atomic bomb 
survivor data, in which 43% of the entire cohort (N = 86,572) 
received a dose less than 5 mSv, there was no increased inci- 
dence of cancer. 1 Ironically, it is this dataset from which the 
linear no-threshold model was developed from the backward 
extrapolation of the high-dose exposure cohort. 

There are additional factors that mitigate risk, even if they 
are only theoretically true. For example, only the lung bases are 
included in the imaged held (most theoretically induced cancers 
are thoracic in origin), and the patient’s typical age of 50 years 
or older further decreases the risk of a future cancer. Further- 
more, several studies have modeled the benefit-risk ratio of 
CTC-based screening versus induced cancers (using the contro- 
versial linear risk model). In this worst case theoretical scenario, 
the benefit highly outweighs the risk. Berrington de Gonzålez 


and co-workers predicted that 24 to 35 colorectal cancers would 
be prevented for every theoretically induced cancer. 124 

EXTRACOLONIC FINDINGS 

The cross-sectional nature of CTC allows for diagnoses outside 
the colon, despite the lack of IV contrast and low-dose nature 
of this examination. Because of the potential widespread use of 
CTC with colorectal screening, this issue has been one of major 
interest for optimizing the approach to incidental lesions to 
minimize the cost and complications. 125,126 There has been 
increasing recognition that the incidental risks and costs of any 
imaging examination should be factored into consideration in 
addition to the primary reason for the examination. 1 

As with incidental findings in general, there are positive and 
negative aspects for extracolonic findings. On the one hånd, 
there are many findings that are incompletely evaluated and 
turn out to be benign after work-up. These incur cost and the 
potential for complications related to the additional evaluation. 
On the other hånd, a few important unsuspected diagnoses will 
be made that have substantial impact for the patient. Structured 
reporting vehicles such as C-RADS and quality metrics help 
maximize the benefits of extracolonic findings and minimize 
the disadvantages of this issue. 

Although an extensive literature exists specific to extraco¬ 
lonic findings (ECFs) with CTC, there remains debate on the 
overall benefit-cost balance, which in part is because of hetero- 
geneous results among studies. It is important that population 
demographics be carefully considered when applying observed 
ECF rates. The studies reporting very high rates of additional 
needed work-up typically reflect a study population very dispa¬ 
rate from the average-risk screening U.S. population. 127 ' 130 
When considering low polyp prevalence or screening cohorts 
that would mirror the U.S. screening population, ECF rates fali 
into a consistent range. The overall ECF rates are typically 60% 
to 70% of the population. 131 " 133 However, it is important to 
recognize that most of these findings do not require additional 
work-up. For example, when detected, the diagnosis of a renal 
calculus is made with CTC, and no additional diagnostic 
work-up is necessary. When ECF rates for findings with poten¬ 
tial for additional evaluation are examined, such as the E3-E4 
rates in C-RADS, the rates typically range from 7% to 14%. 131 " 135 
Also, when actual work-up rates are measured, the rates consis- 
tently decrease to less than 10%, from 5.5% to 8%. 30,131 " 135 In 
these studies, this has translated into an additional cost of $24 
to $34 per examination. 131 " 133,135 Reasons why recommended 
work-ups are not undertaken may be that the extracolonic 
finding is a known finding that has already been evaluated, or 
because of comorbidities, work-up is not thought to be indi- 
cated for the patient. 

These costs in regard to the ECF issue are balanced by the 
detection of clinically significant conditions. Approximately 2% 
to 3% of the screening cohort will have a clinically important 
diagnosis made. Two of the more important conditions include 
extracolonic cancers and abdominal aortic aneurysms (AAAs; 
Fig. 53-17). One large series of over 10,000 screening patients 
demonstrated an extracolonic cancer prevalence of 0.35% 136 ; 
AAA prevalence was reported as 0.5%. 135 Hassan and colleagues 
proposed that when extracolonic cancers and AAAs are consid¬ 
ered, CTC screening strategies are more clinically effective and 
cost effective colonoscopic screening because of its coincident 
ability to detect these ECFs. 1 " 7 
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Figure 53-17 Unsuspected 
extracolonic finding. A. 2D CTC 

image shows an incidental aortic 
aneurysm during colorectal cancer 
screening. The patient was 
asymptomatic and unaware. 

B. The aneurysm was followed 
and repaired 5 years later as it 
began to grow. 



Summary 

CTC has matured into a clinically effective modality for the eval- 
uation of colorectal polyps and masses. It has been validated by 
several prospective multicenter trials. CTC is a multicomponent 
examination requiring optimization of bowel preparation, 
colonic distention, and imaging acquisition parameters to 
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Colonoscopy remains the first and, in most cases, the sole inves- 
tigation for detection and prevention of colorectal cancer. 
However, in up to 26% of examinations, the ileocecal valve 
cannot be reached by the endoscopist because of stenotic lesions 
or elongated colonic segments. 1 Although computed tomog- 
raphy colonography (CTC; see Chapter 53) has received great 
appreciation in the last decade as an alternative colonic cancer 
screening examination, with a high accuracy for detection of 
polypoid lesions 1 cm or larger, radiation exposure remains a 
concern, especially for young patients with colonic pathology 
who require regular follow-up. In this context, the introduction 
of magnetic resonance colonography (MRC) holds great 
promise. The technique is based on the acquisition of MR data¬ 
sets of the abdomen, with a distinet focus on the large bowel. 
Because of the noninvasive character and lack of procedural 
pain and discomfort, patient acceptance is improved compared 
with colonoscopy. The datasets can be displayed in a multipla¬ 
nar reformation (MPR) mode on a postprocessing workstation, 
which enables the analysis of the colonic wall from any desired 
angle. In addition, virtual endoscopic views can be generated, 
so lesions may be more accurately defined. 4 Concurrently with 
the colonic wall evaluation on MRC images, all abdominal 
organs within the displayed held of view can be also assessed. 5 

Prerequisites and 
Examination Guidelines 

General contraindications to MR imaging (MRI), including the 
presence of a pacemaker or metallic, non-MRI-compatible 
implants, have to be considered prior to MRC referral. In 
addition, patients with hip prostheses are not considered 
ideal candidates for MRC because significant artifacts predomi- 
nantly obscure the anorectal region, downgrading image quality 
significantly. 

A clean colon is required, especially when the clinical ques- 
tion to be answered is in regard to polyp detection. The cleans- 
ing method is usually the same, implemented locally for 
conventional colonoscopy or CTC. 

Because most bowel loops are collapsed in their physiologic 
State, sufficient distention of the bowel is needed to optimize 
the examination. This allows for reliable differentiation between 


the bowel lumen and bowel wall. Most centers use water or 
barium solutions administered per rectum. 6 ' 8 The use of gaseous 
media has also been proposed, including room air or C0 2 . 9 
Prior to rectal filling, spasmolytic agents (e.g., 20 to 40 mg of 
scopolamine or 1 mg of glueagon) should be administered 
intravenously. The effeet of these agents is threefold: 

1. A better degree of bowel distention can be achieved. 

2. Bowel spasm is minimized and thereby patient s accep¬ 
tance is enhanced. 

3. Absence of artifacts because bowel motion is reduced. 

Patients are positioned in a prone or supine position on the 

scanner table. If liquid contrast agents are used for luminal 
distention, 2000 to 2500 mL is administered via a rectal tube, 
using hydrostatic pressure. The filling procedure should be 
stopped whenever patients express considerable discomfort. 
Alternatively, dedicated sequences can be acquired to monitor 
the filling process, such as nonslice select sequences providing 
an update image every 2 to 3 seconds. 10 A combination of two 
large flex surface coils should be used for signal reception to 
ensure coverage of the entire large bowel. However, use of the 
body coil may be sufficient, especially for obese patients. 

For data acquisition, the use of a 1.5-T scanner equipped 
with strong gradient systems is preferable. Data collection is 
mainly performed under breath-hold conditions. Thus, acquisi¬ 
tion times of the single sequence should not exceed 20 to 25 
seconds. Cardinal sequences used in MRC are the same as the 
ones used in MRI of the small bowel (MR enterography or 
enteroelysis; see Chapter 40). 11 The acquisition of 2D and/or 3D 
fast imaging with steady-State precession (FISP) sequences has 
proven to be quite useful. 12 " Image properties are characterized 
by a mixture of Tl-weighted and T2-weighted contrast, leading 
to a homogenous bright signal of the colonic lumen filled with 
water and providing good contrast with the colonic wall, which 
has low signal intensity. Furthermore, 3D Tl-weighted MRI 
scans should be acquired before and at 70 to 80 seconds after 
intravenous (IV) administration of gadolinium. Data collection 
is done in coronal and axial planes for all sequences described. 
Proposed MRC protoeol sequence parameters are listed in 
Table 54-1. 

Data Analysis 

Whenever a colorectal lesion is found, the analysis has to be 
repeated using the corresponding, native, Tl-weighted dataset. 
The signal intensities of the lesions should be recorded to cal- 
culate the percentage of contrast enhancement. This procedure 
helps distinguish between residual stool and true colorectal 
polyps or cancers reliably. Although true colorectal lesions 
always enhance (Figs. 54-1 and 54-2), residual stool shows the 
same signal properties on native and contrast-enhanced 
Tl-weighted images. However, scar tissue, (e.g., after appendec- 
tomy) may also show a significant percentage of contrast 
enhancement, thereby mimicking a polyp (Fig. 54-3). In a 
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table Proposed Magnetic Resonance Colonography 

54-1 Sequence Characteristics 


Parameter 

TI w VIBE 

TI w FLASH 

True FIS 

2D or 3D 

3D 

2D 

3D 

Acquisition plane 

Coronal 

Axial 

Coronal 

Acquisition time (s) 

21 

5x19* 

22 

TR (ms) 

3.1 

158 

3.8 

TE (ms) 

1.1 

1.8 

1.9 

FLIP angle (degrees) 

12 

70 

80 

Slice thickness (mm) 

1.8 

5.0 

2.0 

No of slices 

120 

70 

96 


*Five acquisition blocks of 19 seconds each. 
TE, echo time; TR, repetition time. 


second step, the FISP sequences should be analyzed. These 
sequences have been found to be very accurate for the detection 
of inflammatory bowel lesions. 12 

In contrast to colonoscopy, virtual colonoscopy studies are 
not limited to endoscopic viewing. In addition, all abdominal 
organs within the held of view are displayed. This is especially 
useful in cases of a colorectal carcinoma because the liver and 
adrenal giands can be evaluated at the same time. Hepatic 
lesions can be easily detected and characterized because of the 
availability of dynamic, contrast-enhanced Tl-weighted images. 
Furthermore, relevant lesions in other organs, including the 
presence of enlarged lymph nodes, may be identified, which 
helps in accurate colorectal cancer staging. 



Figure 54-1 MRC sequences. Comprehensive examination protocol of MR colonography should include Tl-weighted images (A), true FISP 
images (B), and virtual endoscopic reconstructions (C). 



Figure 54-2 Colorectal polyp. This colorectal polyp seen in the sigmoid colon (arrow) 
demonstrated considerable contrast uptake. Analysis of native (A) and postcontrast 
Tl-weighted scans (B) is mandatory. Furthermore, lesions can be displayed in an axial 
reconstructed plane (C) and on a virtual endoscopic rendering (D). 
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Figure 54-3 Appendectomy scar artifact. Scar tissue following appendectomy ( arrow ) may mimic a colonic polyp (C) because of strong 
contrast uptake comparing the pre- (A) and postcontrast (B) Tl-weighted scans. 


Indications 

MRC has proven to be a suitable tool in patients with incom- 
plete colonoscopy. There are several underlying reasons for 
incomplete colonoscopy, such as strictures, elongated bowel 
segments, and insufficient patient acceptance. MRC provides 
significantly higher completion rates—bowel elongation has no 
influence on the visualization of colonic segments, and only 
high-grade stenosis might prohibit the passage of water, which 
is necessary for the distention of prestenotic segments (Fig. 
54-4). In a study investigating 37 patients with MRC after 
incomplete conventional colonoscopy (CC), only 4% of the 
bowel segments were not assessable by means of MRC, whereas 
CC had failed to reach almost 50% of the potentially visible 
colonic segments. 14 In addition, MRC revealed lesions in the 
prestenotic segments, which had not been depicted by CC, 
including two carcinomas and five polyps. 

Furthermore, MRC has shown to be suitable for the diagno- 
sis and assessment of colonic inflammatory bowel disease (IBD) 
(Fig. 54-5). 1517 In a study of 23 patients with suspected IBD of 
the large bowel with MRC, 15 bowel wall inflammation was 
quantified according to four imaging characteristics—bowel 
wall contrast enhancement, bowel wall thickness, presence of 
regional lymph nodes, and loss of haustral folds. Consequently, 
an inflammation score was calculated, which was compared 
with endoscopic results and clinical data. Over 90% of the 
colonic segments with IBD changes were correctly identified. 
For severe inflammation, sensitivity approached 100%. There - 
fore, MRC may be used for monitoring IBD activity. Further¬ 
more, extramural changes, including abscesses, phlegmon, or 
fistula formation can be easily depicted, which may not indi- 
cated by colonoscopy. 18 MRC has an especially high reported 
accuracy for the diagnosis of disease activity and severity in the 
proximal colon. 19 

Despite promising results in the assessment of prestenotic 
bowel segments and IBD, there are no reliable data yet on MR 
colonography supporting colorectal cancer screening applica- 
tions. Most colorectal cancers develop over a period of several 
years from adenomatous polyps. This makes colorectal cancer 
to a large extent preventable because detection and subsequent 


\ 


Figure 54-4 Adenocarcinoma of the colon. Severe stenosis caused 
by colonic adenocarcinoma (arrow) does not permit evaluation of 
prestenotic bowel segments when using colonoscopy. Such a display 
is much less difficult with MRC. 

removal of polyps eliminate the risk of malignant degeneration. 
MRC actually provides all important properties of a screening 
tool. It is not associated with ionizing radiation exposure, and 
no other side effects are known. However, all experimental 
studies and data analysis of MRC have been performed so far 
in preselected patient cohorts. Further studies with larger 
screening cohorts are needed. 

Contrast-enhanced MRC has been reported to have a very 
high accuracy (84%-100%) in detecting colorectal involvement 
in women presenting with deep pelvic endometriosis, playing 
an important role in preoperative mapping. 



54 Magnetic Resonance Colonography 931 



Figure 54-5 Crohn # s disease 
with MRC. This patient with 
Crohn's disease showed 
increased contrast enhancement 
of the transverse colon ( arrows ) 
on the Tl-weighted image (A) 
and bowel wall thickening on the 
true FISP image (B). 


Accuracy and Clinical Experience 

The accuracy of MRC for the detection of colorectal masses and 
IBD has been assessed in a number of studies. The largest study 
to date included 100 patients evaluated with MRC 10 ; conven- 
tional colonoscopy was performed following the MRC exami- 
nation on the same day and served as the standard of reference. 
MR data acquisition included pre- and postgadolinium Tl- 
weighted images, which were compared with endoscopic and 
histologic results. Colonoscopy revealed a total of 107 colorectal 
masses. MRC was able to identify all masses larger than 10 mm 
and 84.2% of polyps between 6 and 9 mm in diameter. Overall 
specificity of MRC amounted to 96.0%, and only a very small 
number of false-positive results were found. MRC showed a 
high accuracy for the detection of adenomas and carcinomas 
larger than 6 mm. These results were confirmed by a study that 
included patients at high risk. 5 Over 100 subjects with suspected 
colorectal disease underwent MRI, with colonoscopy serving as 
the standard of reference. None of the lesions smaller than 
5 mm was identified by MRC, probably because of lower spatial 
resolution. However, the sensitivity for the detection of lesions 
between 5 and 10 mm amounted to 89%. Also, all colorectal 
masses larger than 10 mm, including nine carcinomas, were 
correctly diagnosed with MRC. 

Diagnostic accuracy and image quality appear to be related 
to the type of MR sequences used. Thus, the application of fast 
imaging with true FISP or contrast-enhanced, Tl-weighted 
images have been found to result in different image quality and 
accuracy. 12 Lauenstein et al, 12 in a study comparing MRC and 
colonoscopy, used true FISP and postcontrast Tl-weighted fast 
low-angle shot (FLASH) images. Tl-weighted imaging pro- 
vided all-over sensitivity values of almost 80% for the detection 
of colorectal pathologies. Furthermore, there were no false¬ 
positive results because residual stool could be easily distin- 
guished from colorectal masses because of the lack of contrast 
enhancement. True FISP sequences, however, had a lower sen¬ 
sitivity, approximately 70%. False-positive results were identi¬ 
fied in 14% of the examinations, most probably related to the 


difficulty of distinguishing between residual stool and colorec¬ 
tal masses. Interestingly, image quality of FISP turned out to be 
significantly better than that of Tl-weighted imaging; because 
of lower motion sensitivity, fewer artifacts caused by respiratory 
or patient motion were noticed (Fig. 54-6). These results indi- 
cate that the main diagnostic evaluation, at present, should be 
based on the Tl-weighted data, although true FISP sequences 
may provide useful information, especially in uncooperative 
patients. 

One major criticism still relates to the very limited accu¬ 
racy of MRC to detect colorectal polyps smaller than 5 mm. 
The clinical significance of these lesions remains controversial, 
because most of them are not prone to malignant degenera¬ 
tion. 21 Small polyps will probably become detectable by 
MRC in the future. Technical improvements, such as parallel 
acquisition techniques (PATs), have certainly helped increase 
spatial resolution. 22 However, flat adenomas are likely to 
remain elusive. 

A qualitative assessment of diffusion weighted imaging 
(DWI)-obtained images (highest b value of 1000 s/mm 2 ) was 
carried out for the detection of clinically significant colorectal 
polyps (>6 mm) in 26 patients who underwent colonoscopy. 
On a per-lesion basis, a sensitivity of 80% and a positive pre- 
dictive value (PPV) of 73% have been reported. As such, 
DWI cannot be recommended in a clinical setting when CC is 
to be performed in patients with positive Åndings on DWI. 23 
DWI-MRC, however, has been reported to be a reliable tool 
for detecting colonic inflammation in ulcerative colitis, even 
without bowel preparation. 24 

Patient Acceptance 

Bowel cleansing has been a mandatory prerequisite for MRC 
because fecal material may mimic the appearance of colonic 
masses. However, bowel preparation is considered unpleasant 
by most patients and may lead to symptoms ranging from 
feeling unwell to an inability to sleep. 25,26 Patient’s acceptance 
for MRC could be significantly increased if bowel preparation 
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Figure 54-6 Motion artifacts on MRC. True 
FISP images (A) are less prone to motion artifacts 
than Tl-weighted gradient echo images (B) and 
may therefore provide helpful information, 
especially for patients who are not able to hold 
their breath. 



Figure 54-7 Fecal material 
visibility with tagging. A. Note 
that on the true FISP image 
the fecal material presents with 
moderate signal intensity ( arrows ). 
B. Fecal material ( arrows ) may 
be rendered almost invisible on 
Tl-weighted images by means of 
fecal tagging. 



could be eliminated. Different strategies have been proposed 
and tested to accomplish this. One successful approach is fecal 
tagging, which leads to a modification of signal characteristics 
of fecal material. For this, specific oral contrast compounds 
have to be ingested over 48 hours prior to the MR examination. 
The signal properties of stool are thereby adapted to the signal 
characteristics of the rectal enema. Thus, fecal material becomes 
almost invisible (Fig. 54-7). 

Barium sulfate solutions have been used for fecal tagging. 
Administered orally, with 200 mL given with each of four main 
meals prior to the MR examination, barium decreases the signal 
intensity of fecal material on Tl-weighted gradient recalled 


echo (GRE) images. 8 26 Thus, feces are rendered almost indis- 
tinguishable from the water enema administered (Fig. 54-8). 
Fecal tagging with barium has been successfully tested in vol- 
unteer and patient studies. 8,28 However, ingestion of barium was 
considered as unpleasant as bowel cleansing. 

Patient experiences of MRC and conventional colonoscopy 
have been compared in small cohorts of those having under- 
gone both examinations, and it has been found that the experi- 
ence is rather complex and strongly influenced by the clinical 
indications. IBD patients have reported more physical discom- 
fort during conventional colonoscopy but were more satisfied 
with received feedback. 29 
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Figure 54-8 Large polyp 
on MRC. This large polyp (arrow) 
is depicted in two consecutive 
turbo FLASH coronal views. 
Homogeneous suppression of the 
intraluminal signal can be 
achieved through optimization of 
the inversion time, whereas the 
absence of motion-related 
artifacts can be explained in the 
sequential data acquisition of the 
turbo FLASH sequence. 
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Colonic diverticula are acquired herniations of the mucosa and 
of portions 1 of the submucosa through the muscularis propria. 
Diverticular disease of the colon represents a continuum from 
an initial, prediverticular phase of marked muscular thickening 
of the colon wall (myochosis) to frank outpouchings (diverticu¬ 
losis) and finally to diverticular perforation (diverticulitis). 
Disease progression from the initial phase to the advanced 
phases does not necessarily occur. 1 In this chapter, we discuss 
the natural history of this disease and focus on radiologic diag¬ 
nosis and intervention. 

Diverticulosis 

EPIDEMIOLOGY 

Diverticular disease is the most common colonic disease in 
the Western world. Interestingly, this disease was a pathologic 
curiosity before the 20th century. Its modern development is 
attributable to the introduction of the roller milling process 
in 1880, which removes most of the fiber from flour. This 
process results in a low-residue diet producing low-volume, 
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tenacious stools that require a high degree of propulsive effort 
for expulsion. 2,3 

In Western countries, colonic diverticula occur in 5% of the 
population by 40 years of age, in 33% to 50% of the population 
after 50 years of age, and in more than 50% of the population 
after 80 years of age. 2 3 Among patients of routine risk, diver¬ 
ticulosis is fo und in 71% of patients on colonoscopy age 80 
years or older. 4 These findings contrast sharply to the prevalence 
rate of less than 0.2% in underdeveloped areas of Asia and 
Africa. 5 In individuals from low-prevalence areas who migrate 
to Western communities, the frequency of diverticula increases 
within 10 years. 1,6 

The sigmoid colon is involved in up to 95% of patients. 
Japan is an interesting exception to other developed countries 
in that patients with right-sided diverticulosis predominate 
at younger ages, subsequently becoming more bilateral over 
time. 8 Of all patients who harbor diverticula, and 20% of 
those whose diverticula are clinically recognized, 4% to 5% 
will develop some complication, 1% to 2% will require hos- 
pitalization, and 0.5% will need surgical intervention, radio¬ 
logic intervention, or both. 4,5 In 2011, diverticulosis and 
diverticulitis were listed as the principal discharge diagnosis 
in 329,165 cases, accumulating over $11 billion in hospital 
charges in the United States. In-hospital deaths were listed as 
1,858 cases (0.56%). 9,10 

CAUSATIVE FACTORS 

The two fundamental factors contributing to the development 
of sigmoid diverticula are a pressure gradient between the 
lumen and serosa and areas of relative weakness in the bowel 
wall. The first factor can hest be appreciated by considering the 
tendency of the colon to function not as a tube but as small 
compartments created by the haustra (segmentation). The 
sigmoid is the narrowest portion of the colon and generates the 
highest intrasegmental pressures, an example of the law of 
Laplace. In addition, stool is most dehydrated in the sigmoid 
colon, further increasing segmentation and motor activity. 6,10 

The colon wall is weakest where the intramural vasa recta 
penetrate to the submucosal layers. These points are on either 
side of the taenia mesocolica and on the mesenteric side of the 
taenia libera and taenia omentalis (Fig. 55-1). 2,3 Diverticula do 
not usually occur on the haustral row between the taenia omen¬ 
talis and taenia libera. 2,3 

PATHOPHYSIOLOGY 

Most colonic diverticula are false diverticula, or pseudodiver- 
ticula, because they contain mucosa and submucosa but not the 
muscularis propria (Fig. 55-2). They are usually 0.5 to 1.0 cm 
in size and penetrate the clefts between bundles of circular 
muscle fibers at points where nutrient arteries pass through the 
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Figure 55-1 Site of origin of colonic diverticula. A. Diverticula 
develop on either side of the mesenteric taenia and on the 
mesenteric side of the antimesenteric taenia, taenia omentalis (TO), 
and taenia libera (TL). These are the sites ( arrows ) at which the vasa 
recta perforate the muscularis propria and penetrate the submucosa 
(inset). B. The antimesenteric TO-TL haustral row does not give rise to 
diverticula. TM, mesenteric taenia. (A from Dietzen CD, Pemberton 
JH: Diverticulitis. In Yamada T [ed]: Textbook of Gastroenterology. 
Philadelphia, JB Lippincott, 1991, pp 1734-1748; B from Meyers MA, 
Volberg F, Katzen B, et al: Flaustral anatomy and pathology: A new 
look: II. Roentqen interpretation of patholoqic alterations. Radioloqy 
108:505-512, 1973.) 


submucosa. The proximity of the diverticula to the arteries is 
considered key in the development of hemorrhage. 2,3,11 

In the uninflamed State, diverticula are elastic and compress- 
ible but have a tendency to empty poorly and, as a result, to hil 
with inspissated stool. This tendency may account for the 
increased number of lymphoid follicles found in the lining 
mucosa. 2,3 Most patients with sigmoid diverticula have myocho- 
sis, a disorder in which there is thickening of the circular muscle 
layer, shortening of the taeniae, and narrowing of the lumen. 
The circular muscle is often corrugated, and its appearance has 
been likened to that of a concertina. 

Diverticula of the rectum are rare, likely because the taeniae 
become fused anteriorly and posteriorly at this level, forming a 
completely encircling, supporting coat. Rectal diverticula are 
true diverticula and are usually lateral. 1214 


CLINICAL FINDINGS 

In most patients, diverticulosis is an incidental Ånding. Patients 
may complain of symptoms of irritable bowel syndrome, such 
as chronic or intermittent postprandial lower abdominal pain, 
which is relieved by defecation. 

RADIOLOGIC FINDINGS 

Radiographic Studies 

More than 50% of patients with significant diverticular disease 
demonstrate a distinctive bubbly appearance of the sigmoid 
colon on routine abdominal radiographs. When pelvic phlebo- 
liths are present, there is a statistical correlation between their 
number and size and the degree of diverticular disease. It is 
postulated that both these common disorders are caused by 
the long-term effects of a low-fiber diet and straining while 
defecating. 15,16 

Barium Studies 

Diverticulosis is detected more often by double-contrast studies 
than by single-contrast studies because of the greater colonic 
distention and improved visualization of intramural diverticula 
(Fig. 55-3). When viewed en face, these immature diverticula 
may simulate aphthae. Their true nature is established when 
they are viewed in profile, when they are conical or triangular 
and 1 to 2 mm high. 17 ' 20 

The mature diverticulum has several characteristic appear- 
ances (Fig. 55-4) that depend on the angle with which it is 
viewed and degree of barium filling. In profile, the diverticulum 
appears as a flasklike protrusion measuring several millimeters 
to several centimeters in length, joined to the wall by a fairly 
long, large neck. En face, it may appear as a ring shadow or a 
well-marginated barium collection or may resemble a bowler 
hat (Fig. 55-5). The size and form of diverticula vary from one 
moment to the next, depending on the degree of colonic disten¬ 
tion. The alignment of diverticula along the taeniae is usually 
apparent. 20 " 25 

Diagnostic difficulties may arise if the diverticulum inverts 
into the lumen, and a number of diverticular polypectomies 
have been described in the endoscopic literature. Also, if feces 
obstruct the diverticulum, the diverticular orifice may bulge 
into the lumen, resulting in a ring shadow or filling defect. In 
profile, only the neck of the diverticulum may be visible. If the 
obstruction is incomplete, a fine linear strand of barium may 
penetrate the diverticulum, simulating a spur. Because this 
strand of barium appears outside the lumen, its presence usually 
allows the correct diagnosis to be made. For this reason, careful 
attention to the appearance of polyps and diverticula from film 
to film is necessary. 20 " 26 

A diverticulum with a large neck may resemble a sessile 
polyp, one with a narrow neck may resemble a peduncu- 
lated polyp, and an obstructed diverticulum may resemble 
a polyp or adherent fecal material. In addition, both polyps 
and diverticula can produce the so-called bowler hat sign. 
If the bowler hat points toward the center of the long axis 
of the colon, it represents a polyp. If it points away from 
the center of the long axis of the bowel, it represents a 
diverticulum. If the bowler hat is located in the midline of 
the bowel, or is directly parallel to the long axis of the 
bowel, it cannot be confidently classified as representing a 
polyp or diverticulum. 20 ' 25 
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Figure 55-2 Diverticula: pathologic findings. A. Diverticula ( black arrow) arise adjacent to the taenia coli, where there is weakness in the 
bowel wall from penetration of the vasa rectae. The appendices epiploicae ( blue arrows ) lie adjacent to these diverticula. It is not surprising that 
epiploic appendagitis and diverticulitis can have similar clinical features. B. Histologic image shows that diverticula consist of herniated mucosal 
and submucosal layers and lack the muscularis propria. C. Colonoscopic view of multiple diverticula in the sigmoid colon. The orifice of the 
diverticula is evident (arrows). D. Gross specimen of colon. Diverticula readily fill with stool but empty it poorly. 



Figure 55-3 Colonic diverticulosis: double-contrast barium 
enema features. Mu ltiple barium-filled outpouchinas are identified 
alonq the lateral asoect of the proximal descendinq colon. 



Figure 55-4 Variable appearance of diverticula on double- 
contrast barium enema. Th$ ?pp$?r?ng$ gf divgitiggl;? depengl? gn 

the anole from which thev are viewed and how much barium or air 

thev contain. (From Fartram Cl, Kumar P; Clinical Radiology in 
Gastroenterology. Oxford, England, Blackwell Scientific, 1981, p 130.) 
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Figure 55-5 Distinguishing features 
of polyps and diverticula. A. Polyps. 

B. Diverticula. (From Bartrum Cl, Kumar P ; 
Clinical Radiology in Gastroenterology. Oxford, 
England, Blackwell Scientific, 1981, p 131.) 




Figure 55-6 Colonic myochosis. A. The thickened circular muscle 
(arrow) and shortened taeniae lead to the appearance of a concertina. 
B. Longitudinal section of the same sigmoid colon segment shows 
narrowing of the lumen and prominent haustra ( arrows ), which are 
staggered. (From Weissman A, Clot M, Brellet J: Double Contrast 
Examination of the Colon. Berlin, Springer-Verlag, 1985, p 150.) 


Caliber and haustral abnormalities (Fig. 55-6) usually 
accompany and often antedate the appearance of diverticula, 
particularly in the sigmoid colon. Haustral clefts are usually 
symmetric and face one another in the sigmoid; however, in 
diverticular or prediverticular disease, they indent alternately 
from one border to another, creating a staggered effect. The 
circular muscle is hypertonic and thickened, and the taeniae 
contract. Diverticula originate at the top of the haustra. With 
progressive disease, the circular muscle continues to undergo 
hypertrophy and a concertina or zigzag appearance develops. 
This appearance is caused by the alternated, highly compact, 
deep, and uniform haustra that separate and segment the haus¬ 
tral cul-de-sacs. 17 ' 25 



Figure 55-7 Diverticulosis: CT findings. CT scan at the level of the 
siamoid colon shows multiple air- and contrast-filled diverticula 

(arrows). 


Computed Tomography 

Computed tomography (CT; Fig. 55-7) reveals mural thicken- 
ing of the colon (>4 mm) in myochosis and in most cases of 
diverticulosis. The diverticula appear as outpouchings that 
contain air, stool, and/or contrast agent. 

Diverticulitis 

EPIDEMIOLOGY 

Diverticulitis is the most common complication of diver¬ 
ticulosis. Traditionally, this has been estimated to occur in 
10% to 25% of patients with diverticulosis. 27,28 The true 
incidence is likely less, with one study of Veterans Admin¬ 
istration patients establishing an incidence doser to 4%. 29 
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Simple, or uncomplicated diverticulitis, will occur in 75% 
of initial presentations. Complicated diverticulitis, defined as 
the presence of an abscess, fistula, obstruction, or perfora- 
tion, is seen in the remaining 25%. 30 

PATHOPHYSIOLOGY 

The stagnation of nonsterile, inspissated fecal material within 
the diverticulum can cause inflammatory erosion of the mucosal 
lining in early, subclinical stages of diverticulitis. Subsequently, 
the wall of the diverticulum is eroded. This perforation is the 
essential feature of diverticulitis (Fig. 55-8A). 2,3 

This sequence of events can involve an intramural diverticu¬ 
lum, leading to the formation of an intramural abscess. Usually, 
it occurs extramurally within the pericolic fat, leading to fibrin- 
ous exudate, abscess formation, local adhesions, or peritonitis. 
During surgery and pathologic examination, many juxtacolic 
abscesses are small and difficult to find in the mass of indurated 
fat and fibrous tissue. It is important to emphasize that the 
inflammation begins at the apex of the diverticulum and may 
spread rapidly into the soft pericolic and mesocolic fat. The 
inflammatory changes in diverticulitis are therefore mainly 
pericolic, adjacent but outside the bowel wall. 2,3 

The colonic mucosa is not affected in diverticulitis, except in 
the region of the erosion. Most inflammatory complications of 
clinical significance are secondary to the rupture of a diverticu¬ 
lum, and they occur in a pericolic location in almost all cases. 
Consequently, these pathologic changes may be better described 
as peridiverticulitis or pericolitis. True diverticulitis, with 
inflammation limited to the diverticular lining, was present in 
10% of pathologic specimens, and muscular hypertrophy, with 
distortion alone and without inflammation, accounted for the 
remaining 25% of cases. 2,3 

The consequences of diverticular rupture depend on the host 
response and virulence of the bacterial contamination. 21 Most 
patients develop sealed-off abscesses or contained sinus tracts 
and fistulas. Free perforations are uncommon but can lead to 


localized pelvic or generalized peritonitis. Fistulas involve adja- 
cent structures, such as the small bowel, urinary biadder, vagina, 
and anterior abdominal wall. Occasionally, several adj acent 
diverticula communicate with each other along the outer aspect 
of the deep muscular layers, forming an intramural fistulous 
tract. In other cases, fistulas extend deeply into the fatty tissue 
at the site of the attachment of the sigmoid mesocolon. 2,3 

CLINICAL FINDINGS 

The classic clinical features of sigmoid diverticulitis are leff 
lower quadrant pain, tenderness, fever, and leukocytosis. 
Because of this clinical constellation, sigmoid diverticulitis has 
been termed left-sided appendicitis. Diverticulitis occurring in 
other colonic locations is more difficult to diagnose clinically. 
In one review, the following clinical features were noted: pain 
in the leff iliac fossa in 85% of patients; palpable mass, tender¬ 
ness, and muscle guarding in 48%; fever in 30%; vomiting in 
less than 50%; and partial obstruction in 20%. Mild bleeding 
occurred in 25% of patients, and about 33% of patients had a 
history of recurrent episodes of similar attacks. Surgical evalu- 
ation of this group of 258 patients showed a 20% incidence of 
pericolic abscess, 8% incidence of fistulas, and 18% incidence 
of peritonitis. The initial clinical diagnosis was sigmoid carci- 
noma in 32% of patients, but carcinoma was found in only 2% 
of patients. The occurrence of malignancy was entirely coinci- 
dental, but it highlights the clinical difficulties of diagnosing 
and evaluating patients with suspected acute diverticulitis. 
These difficulties are further documented by large surgical 
series of patients with a clinical diagnosis of acute diverticulitis, 
in whom 25% to 33% of the resected surgical specimens showed 
no active inflammation, abscess, or fistulas. 1 ' 3 ’ 26 ' 28,31 

Severe diverticulitis can occur in certain groups of patients 
and produce only minimal or unremarkable clinical symptoms, 
such as debilitated older patients, patients who have renal 
failure, are undergoing dialysis, or have had renal transplanta¬ 
tion, and patients receiving corticosteroids. Disease in these 


Figure 55-8 Diverticulitis. A. Pathologic specimen 
showing perforation of a diverticulum into the 
pericolonic fat, a finding diagnostic of diverticulitis. 

B. Double-contrast barium enema shows mass effect 
on the medial aspect of the junction of the descending 
colon and sigmoid ( arrows ). There is distortion of the 
lumen, but the extent of extracolonic disease cannot 
be assessed. 
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patients may progress to free perforation, and the diagnosis is 
often made only when free intra-abdominal air is detected on 
abdominal films. 2,3,30 

Patients younger than 40 years have historically been reported 
to have more severe forms of diverticulitis, ultimately requiring 
surgery. 32 Some reports have suggested that younger patients 
follow the same course as older patients, and the decision for 
surgery should be made similarly. 33,34 

The clinical management of patients with acute diverticulitis 
depends on the severity, type, and extent of the pericolic 
inflammatory changes. Mild forms of disease are managed 
medically with antibiotic therapy. A large recent Swedish study, 
however, concluded that mild acute uncomplicated diverticu¬ 
litis may be successfully treated with anti-inflammatory agents, 
with no additional benefit from antibiotics. 35 In more severe 
forms, surgical resection may be indicated, either at the time 
of the diagnosis or after a cooling-off interval of antibiotic 
therapy and percutaneous abscess drainage. One study dem- 
onstrated emergent surgical intervention in 12% of patients 
admitted for diverticulitis. 36 This has decreased over time, partly 
because of increased use of image-guided percutaneous drain- 
ages. 37,38 Emergent surgery is reserved for Hinchey 3 or 4 acute 
diverticulitis. 

Close clinical and radiologic evaluation are crucial for the 
triage of patients to conservative, radiologic, or surgical man¬ 
agement. The radiologic investigation of these patients has two 
objectives—to confirm the clinical suspicion of diverticulitis 
(and rule out other colonic or pelvic disease) and evaluate and 
stage the severity of the inflammatory disease. Sigmoidoscopy 
is usually contraindicated and serves no useful purpose except 
in patients who have more chronic forms of disease and present 
with bleeding, or in patients in whom polyps or sigmoid carci- 
noma is suspected. 

RADIOLOGIC FINDINGS 

Radiographic Studies 

Abdominal radiographs taken with the patient supine and 
upright are usually diagnostic only in the most severe forms of 
diverticulitis, in which the patient presents with free intraperi- 
toneal air or sealed-off perforations and pelvic extraluminal air. 
The detection of an ill-defined, left-sided pelvic mass, localized 
ileus, and fluid in the pelvis suggests the diagnosis in the appro- 
priate clinical setting. In most patients with acute diverticulitis, 
however, abdominal plain films are unremarkable and do not 
contribute to the diagnosis. 

Contrast Enema Examination 

Contrast enema (CE) examination had traditionally been the 
primary method of examining patients with suspected diver¬ 
ticulitis, but now has been replaced by CT as the initial diag¬ 
nostic test. It superbly depicts diverticula, colonic mucosa and 
lumen, spasm, muscle hypertrophy, and sacculations. These 
findings, however, are indicative of diverticular disease but not 
diagnostic of acute diverticulitis. Because this procedure pri- 
marily evaluates the colonic lumen and mucosal surface, the 
pericolic inflammatory process present in most patients with 
diverticulitis can only be inferred (Fig. 55-8B). 1719 

A specific diagnosis of perforated diverticulitis can be made 
only when there is extravasation of contrast material from a 
diverticulum into a walled-off abscess, sinus tract, or fistula or 
free extravasation of contrast material into the peritoneal cavity. 


These extraluminal collections of contrast medium vary in size, 
are usually located adj acent to the colon, compress and displace 
the colonic wall, and are detected in less than 50% of cases of 
diverticular perforation. Narrowing of the sigmoid lumen, 
extrinsic compression, and spasm are present in more than 80% 
of patients, but these findings are less specific. Similarly, an 
altered mucosal pattern is present in 68% of patients but is not 
a reliable indicator of acute inflammation. Lack of mobility 
with fixation of the sigmoid colon and narrowing, pointing, and 
distortion of individual diverticula are indirect signs consistent 
with acute or chronic diverticulitis. 1 9 

A contour defect that is smooth, well defined, and associated 
with adj acent sigmoid diverticula represents an intramural 
inflammatory mass. The contents of the intramural mass, 
whether pus, organized abscess, or merely mural fibrosis, are 
more difficult to characterize. Tracts filled with contrast mate¬ 
rial passing from ruptured diverticula into the pericolic tissues 
are common (Fig. 55-9). They may be single or multiple, end 
blindly (sinuses), or connect with an adj acent hollow viscus or 
abdominal wall (fistulas). The most common fistulas are colo- 
vesical and coloenteric. Colocutaneous fistulas are less frequent 
and are clinically associated with subcutaneous abscess, emphy- 
sema, or fasciitis. Fistulas to the vagina, ureter, appendix, hip, 
perineum, and soft tissues of the thigh have also been reported. 
With CE, the fistulous tract between the colon and urinary 
biadder is visualized in only 20% of patients who have colovesi- 
cal fistulas. 17 ' 19 

Longitudinal intramural fistulous tracts represent ruptured 
diverticula that communicate with each other. Although this 
sign has also been reported in carcinoma of the colon and 
Crohns disease, longitudinal intramural fistulous tracts most 
often are caused by diverticulitis unless there is a previous 
history or radiographic evidence of Crohns disease in the 
remainder of the colon or terminal ileum. 



Figure 55-9 Diverticulitis with pericolonic abscess: barium enema 
features. Sp ot imaae from a barium enema shows fillina of an 
abscess (A) and a sinus tract (arrows) alona the inferior aspect of the 

siamoid colo n. 
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Ultrasonography 

Although multidetector CT (MDCT) is the primary cross- 
sectional imaging study for patients with suspected diverticuli¬ 
tis, ultrasonography (US) may be the first study ordered for 
nondescript abdominal pain and for pregnant patients sus¬ 
pected of having diverticulitis. The advantages of ultrasound 
are the lack of ionizing radiation and relative lower cost. Ultra¬ 
sound is practically and technically more difficult in obese and 
severely ill patients, and is operator-dependent. US should be 
performed with a graded compression technique. One meta- 
analysis has demonstrated no significant difference in the accu- 
racy of graded compression US and CT in diagnosing 
diverticulitis, with CT more likely to find alternative causes of 
abdominal pain. 39 Additionally, CT has been found to be more 
sensitive in the evaluation of complicated diverticular disease, 
better demonstrating abscess and free air. 

The segmental concentric thickening of the gut wall com- 
monly found in patients with diverticular disease manifests as 
a hypoechoic segment that reflects the predominant thickening 
of the muscular layer (Fig. 55-10). Sonographic findings of 



Figure 55-10 Diverticulitis: sonographic featu res. There is mural 
thickening of the siamoid colon associated with a aas-containina 

intramural abscess ( arrow ) that casts an acoustic shadow. 


diverticulitis include segmental wall thickening more than 
4 mm, echogenic adj acent pericolic fat that is noncompressible, 
and inflamed diverticula. Local pain on compression is also a 
typical finding. Inflamed diverticula are brightly echogenic 
reflectors with acoustic shadowing or a ring-down artifact in or 
beyond the thickened gut wall. There may be adjacent fluid. 
Intramural sinus tracts appear as high-amplitude linear echoes 
that often have a ring-down artifact within the colon wall. A 
fecalith will be echogenic, with posterior acoustic shadowing. 
Abscesses appear as loculated, thick-walled fluid collections that 
may contain gas. 41 ' 44 

Magnetic Resonance Imaging 

Mural thickening of the colon (Fig. 55-11) and diverticular 
abscesses are well visualized on magnetic resonance imaging 
(MRI), particularly on gadolinium-enhanced, fat-suppressed, 
Tl-weighted spoiled gradient-echo images and T2-weighted, 
single-shot echo-train spin-echo images. Inflammatory change 
within the adj acent fat can be seen on non-fat-suppressed and 
fat-suppressed images. Sinus tracts, fistulas, and the walls of 
abscesses enhance and are well depicted in a background of 
suppressed fat on gadolinium-enhanced, fat-suppressed, spoiled 
gradient-echo images. 45 

The major advantage of MRI is the lack of ionizing radiation. 
The disadvantages of MRI are longer scan times, greater sus- 
ceptibility to motion artifact from the adj acent bowel, and rela¬ 
tive higher cost. Given the efficiency and effectiveness of CT in 
the assessment of diverticulitis and its complications, MRI has 
little role in the primary evaluation of routine patients with 
known or suspected diverticulitis. MRI could be considered in 
special situations, such as pregnant patients, because of the lack 
of ionizing radiation. 

Computed Tomography 

MDCT has dramatically improved the diagnosis and manage¬ 
ment of patients with diverticulitis. MDCT is ideally suited for 
evaluating the intramural component of the inflammatory 
process and its intraperitoneal or retroperitoneal extension. CT 
is particularly useful in the evaluation of patients with sepsis 
who present with leff lower quadrant pain, fever, leukocytosis, 
and a tender, palpable pelvic mass. CT has a reported accuracy, 
specificity, and sensitivity of up to 99%. 32,46 Current guidelines 
recommend a CT with intravenous (IV) contrast as the initial 
test for patients with suspected diverticulitis. 4 Oral contrast is 


Figure 55-11 Diverticulitis: 

MRI features. A. Coronal 
T2-weighted MRI scan of the 
descending colon demonstrates 
mural thickening, increased signal 
from the colonic mucosa, and 
abnormal signal in the pericolic 
fat (arrow). B. Axial T2-weighted 
image without fat suppression 
demonstrates abnormal T2 signal 
within the pericolic fat and mural 
thickening. A small amount of 
free fluid is also present. 
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not practically necessary, but may help in the evaluation of 
fistulas and with bowel distention. 

CT Åndings in acute diverticulitis are listed in Table 55-1. 
On non-contrast-enhanced scans, the offending diverticulum 
can often be identified. It is hyperdense and is the nidus of the 
surrounding inflammation (Fig. 55-12). Diverticula are identi¬ 
fied on CT at the site of the perforation or at a site adj acent to 
it in more than 80% of cases of acute diverticulitis. They appear 
as small outpouchings filled with air, barium, and/or fecal mate- 
rial projecting through the colonic wall. Symmetric thickening 
of the colonic wall in excess of 4 mm is seen in about 70% of 
cases. The thickened wall has a homogeneous density, and its 
diameter usually measures less than 1 cm in the distended 
colon. When there is significant muscular hypertrophy, the wall 
of the colon can be up to 2 or 3 cm thick. In diverticulitis, sig¬ 
nificant hypertrophy of muscle primarily occurs in the sigmoid 


table Multidetector Computed Tomography 
55-1 Findings in Diverticulitis 


Finding No. of Cases (%) 

Mural thickening of the colon 96 

Fat stranding 95 

Adjacent diverticula 91 

Fascial thickening 50 

Visualization of inflamed diverticulum 43 

Pericolic gas bubbles 30 

Arrowhead sign 16 

Abscess 4 

Phelgmon 4 

Intramural gas 2 

Sinus tracts 2 


Modified from Kircher MF, Rhea JT, Kihiczak D, et al: Frequency, 
sensitivity and specificity of individual signs of diverticulitis on 
thin-section helical CT with colonic contrast material: Experience 
with 312 cases. AJR 178:1313-1318, 2002. 


segment, which can mimic carcinoma of the colon. Accurate 
assessment of colon wall thickness is possible only with proper 
lumen distention. 26,48 

The hallmark of acute diverticulitis on CT is the presence of 
inflammatory changes in the pericolic fat. This sign is seen in 
98% of patients. The degree of inflammatory reaction varies, 
depending on the size of perforation, bacterial contamination, 
and host response. In mild cases, there is only a slight increase 
in the attenuation of fat adjacent to the involved colon, with 
engorgement of the vasa recta (Fig. 55-13). Fine linear strands, 
small fluid collections, and several bubbles of extraluminal air 
may be present (Fig. 55-14). In more severe cases, pericolic 
heterogeneous soft tissue densities representing phlegmons 
(Fig. 55-15) and/or intramural or extraintestinal loculated fluid 
collections representing abscess can occur. In sigmoid diverticu¬ 
litis, fluid in the combined interfascial plane in the pelvis is a 
common finding. 26 48 

On CT, abscesses appear filled with fluid and may contain 
bubbles of air or air-fluid levels (Fig. 55-16). These collections 
can form at a distance from the involved segment of colon. They 
may form at the flank, groin, thigh, psoas muscle, subphrenic 
space, or liver. Most abscesses are contained within the sigmoid 
mesocolon or are sealed off by the sigmoid colon and adjacent 
small bowel loops. 26,48 

A sealed-off perforation with the resulting juxtacolic inflam¬ 
matory reaction causes thickening of the sigmoid mesocolon or 
the adjacent parietal peritoneum. Although this is not a specific 
finding, it is often seen in diverticulitis and helps in identifying 
the site and focal nature of the inflammatory process. Small, 
1- to 2-cm intramural fluid collections representing intramural 
abscesses can be detected. Intramural or pericolic fistulas can 
be recognized as linear, fluid-filled tracts within or parallel to 
the thickened colonic wall. Blind sinus tracts and fistulas mani¬ 
fest as linear or tubular branching structures in the pericolic 
tissues. They can communicate with adjacent organs or termi- 
nate in an abscess cavity. 



Figure 55-12 Diverticulitis: MDCT findings on non-contrast-enhanced scans. Sagittal (A) and axial (B) images show the hyperdense 
offending diverticulum ( curved arrow) at the center of the pericolonic inflammation. Note the thickening of the anterior ( small straight arrow) and 
lateroconal ( large straight arrow ) interfascial planes. C. Coronal reformatted image in a different patient demonstrates a hyperdense diverticulum 
with surrounding inflammatory change (arrow). 
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Figure 55-13 MDCT of diverticulitis: early changes. A. Axial CT scan of the sigmoid colon demonstrates mural thickening with haziness of 
the sigmoid mesocolon ( arrows) associated with engorged vasa recta. B. Axial postcontrast CT scan shows mural thickening and pericolic 
inflammatory change in the transverse colon, with hyperdense diverticulum (arrow). 



Figure 55-14 MDCT of diverticulitis: intramural abscess. Axial 
CT of the sigmoid colon shows mural thickening, pericolonic 
inflammatory changes, and fascial thickening with the presence of an 
intramural abscess (arrow). 


Figure 55-15 MDCT of diverticulitis: pericolonic phlegmon. 

Coronal reformatted image shows intense inflammatory change in the 
sigmoid mesocolon (arrows), without drainable fluid. 



Figure 55-16 MDCT of 
diverticulitis: abscess. A. Axial 
image in one patient 
demonstrates a large abscess 
with an air-fluid level (A) 
identified in the pelvis. 

B. Coronal image in a different 
patient demonstrates similar 
findings. 
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SURGICAL AND COMPUTED 
TOMOGRAPHY STAGING 

Diverticulitis can be staged surgically (Fig. 55-17) and by CT. 
Familiarity with the following staging system (modified Hinchey 
classification) helps in directing therapy and assessing progno- 
sis (Table 55-2): 

• Stage 0 diverticulitis is the most common form, in which 
the inflammation is contained within the serosa. This 
mural inflammation usually responds well to antibiotics. 
On CT, it appears primarily as mural thickening, with little 
inflammatory change in the surrounding fat. 49 

• Stage la diverticulitis denotes confmed pericolic inflam¬ 
mation or phlegmon. CT Åndings demonstrate phleg- 
monous changes only. These patients do well with 
antibiotic therapy and seldom progress to stage II or III 
disease. 49,50 

• Stage Ib diverticulitis denotes diverticulitis with a confmed 
pericolic abscess. 49 Abscesses smaller than 3 cm can be 
treated with antibiotics alone. Percutaneous CT guided 
drainage is usually performed in patients with amenable 
abscesses larger than 4 cm. 50,51 

• Stage II diverticulitis signifies that the pericolic abscess has 
broken through the sigmoid mesocolon and has become 
walled off by the small bowel, greater omentum, fallopian 
tubes, or other pelvic structures. This stage is associated 
with abscesses 4 to 15 cm in diameter that are well suited 
to percutaneous drainage (Fig. 55-18). 51-53 Percutaneous 
drainage is used as a bridge from the acute setting to sub- 
sequent elective colon resection. In select patients with 
comorbidities, however, the need for surgery can be estab- 
lished after successful percutaneous drainage. 28,49,54,55 

• Stage III diverticulitis signifies pelvic abscess that has 
spread beyond the confines of the pelvis to involve other 
portions of the peritoneal cavity. CT Åndings demon¬ 
strate changes of diverticulitis with free air and/or free 


TAB LE 

55-2 

Staging and Classification of Diverticulitis 


Modified Hinchey 


Stage 

Classification* 

CT Staging + 

0 

Mild clinical diverticulitis 

Diverticula, with 
or without wall 
thickening 

la 

or 

Colonic wall thickening 
with pericolic soft 
tissue changes 

Ib 

Pericolic-mesocolic abscess 

la changes with 
pericolic-mesocolic 
abscess 

II 

Pelvic, distant intra- 

la changes with distant 


abdominal, retroperitoneal 
abscess 

abscess 

III 

Generalized purulent 

Free air with localized or 


peritonitis 

generalized ascites 

IV 

Generalized feculent 
peritonitis 

Same findings as III 


*Adapted from Wasvary H, Turfah F, Kadro O, Beauregard W: Same 
hospitalization resection for acute diverticulitis. Am Surg 65:632- 
635, 1999. 

f Adapted from Kaiser AM, Jiang JK, Lake JP, et al: The management 
of complicated diverticulitis and the role of computed tomography. 
Am J Gastroenterol 100:910-917, 2005. 


Auid. 50 This represents a generalized purulent peritonitis. 
Fortunately, this form of diverticulitis is relatively infre- 
quent because the body’s defenses usually contain the 
perforation. 49 Traditionally, this is treated with emergent 
sigmoid resection in a one- or two-stage procedure. In 
select patients, the use of laparoscopic peritoneal lavage 
for patients with stable Hinchey stage 3 can be used 
as a deAnitive treatment or as a bridge to subsequent 
colonic resection. 

• Stage IV diverticulitis is deAned as fecal spread into the 
peritoneal cavity. A wide-mouthed perforation is usually 
present. The CT appearance may be similar to that of stage 
III with free air and/or free Auid, but these patients have 
acute peritonitis with life-threatening sepsis, so they 
usually undergo immediate exploratory laparotomy. 49 

Together with the clinical evaluation, CT is used not only to 
conArm the clinical suspicion but also as a reliable guide to 
patient management. Patients with mild diverticulitis (pericolic 
inAammation, small abscess [<3 cm]) are treated conservatively 
with antibiotic therapy and bowel rest. Patients with larger 
abscesses (>4 cm) are percutaneously drained. Emergency 
surgery is reserved for cases of free perforation with peritoni¬ 
tis. 28 Elective colonic resection after an episode of complicated 
diverticulitis or multiple episodes of diverticulitis should be 
decided on an individual basis. 28 

DIFFERENTIATION OF DIVERTICULITIS 
FROM CARCINOMA 

Diverticulitis can mimic colon cancer clinically on barium 
enema examination, US, MRI, and MDCT. On CE studies, 
the detection of partial colonic obstruction with sigmoid 



Figure 55-17 Surgical staging of diverticular abscesses. Stage I, 
A small (<3 cm) pericolic abscess is contained within the sigmoid 
mesocolon. Stage II, A pelvic abscess has broken out of the sigmoid 
mesocolon but is contained by the pelvic organs. Stage III, The large 
pelvic abscess has spread into the rest of the peritoneal cavity. Stage 
IV, Large diverticular perforation occurs with fecal contamination of 
the peritoneal cavity. (From Flinchley EJ, Schaal PGH, Richards GK: 
Treatment of perforated diverticular disease of the colon. Adv Surg 
12:85-109, 1978.) 
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Figure 55-18 MDCT of 
diverticulitis: abscess drainage. 

A. There is a multilocular abscess 
(A) identified in the left side of 
the pelvis. B. The dominant 
loculation has been drained with 
a percutaneous catheter ( arrow) 
introduced via a transgluteal 
approach. 



narrowing, a gradual zone of transition, preservation of the 
mucosal folds, and associated diverticula indicate diverticulitis 
(Fig. 55-19). Abrupt transition at the site of obstruction, a rigid, 
narrowed lumen, destruction of mucosa, and a so-called apple 
core configuration suggest carcinoma of the colon. CE is valu- 
able in differentiating diverticulitis from carcinoma of the 
sigmoid colon in most cases. The presence of sigmoid diver¬ 
ticula, however, is not helpful in the differential diagnosis 
because 28% of sigmoid cancers involve coincidental divertic¬ 
ula. When the retrograde flow of contrast medium is impeded 
and the obstructed sigmoid lumen cannot be well visualized, 
the differentiation of an inflammatory lesion from a malignant 
lesion cannot be made. 

CT features that suggest diverticulitis include identification 
of the offending hyperdense diverticulum, inflammation of the 
adjacent fat with engorgement of the vasa recta, fluid at the root 
of the mesentery (in the combined interfascial plane), fluid and 
inflammatory changes out of proportion to the mural thicken- 
ing, abscess formation, extraluminal fluid, and gas. CT features 
favoring carcinoma include prominent adj acent lymph nodes; 
symmetric or asymmetric mural thickening with shouldered, 
nontapered margins; and presence of a luminal mass. There is 
considerable overlap of CT Åndings. If there is a long segment 
of colonic thickening with pericolonic inflammatory change 
and no pericolic lymph nodes, diverticulitis is the most likely 
diagnosis. When pericolic lymph nodes are seen adjacent to a 
segment of colonic thickening, colon cancer is the most likely 
diagnosis. 58 ' 60 

In approximately 10% of patients, diverticulitis cannot be 
differentiated from colon carcinoma on the basis of CT scans. 
Most patients with diverticulitis exhibit only mild circumfer- 
ential wall thickening, in the range of 4 to 5 mm. Excessive 
thickening of the colonic wall, concentrically or focally, sug¬ 
gests colonic neoplasm. Although most colon cancers are more 
than 2 cm thick, neoplastic lesions less than 1 cm in diameter 
may be seen. These facts account for a significant overlap in 
colonic wall thickness in diverticulitis and carcinoma, particu- 
larly with lesions that are between 1 and 3 cm in thickness. 
An abrupt zone of transition with overhanging edges and a 
narrow, rigid lumen indicates carcinoma; a tethered or saw- 
toothed luminal configuration suggests diverticular disease. 
Associated inflammatory mesenteric changes favor diverticu¬ 
litis, whereas regional lymphadenopathy favors carcinoma of 
the colon. 58 ’ 60 ’ 61 


CT perfusion may help in the differentiation between colon 
cancer and diverticulitis. One small study showed that biood 
volume, biood flow, and mean transit time and sensitivities of 
80%, 80%, and 85%, respectfully, could help discriminate 
between the two. Permeability showed a specificity of 90%. 60 
The incorporation of CT perfusion into routine clinical prac- 
tice, however, remains a challenge. 

The differential diagnosis of cancer versus diverticulitis is 
extremely difficult in patients presenting with perforated colon 
carcinoma associated with pericolic inflammation or abscess. 
An abruptly altered lumen caliber with an asymmetric and 
lobulated soft tissue mass is diagnostic of perforated sigmoid 
carcinoma. 

After a CT diagnosis of sigmoid diverticulitis, current guide¬ 
lines recommend follow-up CE or endoscopic visualization. 28 
This may not be necessary in all cases, particularly acute 
uncomplicated diverticulitis. 62 ' 64 Lymph nodes, abscess, obstruc¬ 
tion, wall thickness more than 6 mm, or other complicating 
factors of diverticulitis may represent more refined CT criteria 
requiring near-term (usually 6 weeks) follow-up with CE or 
colonoscopy. 63 

CHRONIC DIVERTICULITIS 

Chronic diverticulitis, a variant of acute diverticulitis with 
longer duration of symptoms, is characterized by more obstruc- 
tive symptoms. CE enema findings demonstrate long segment 
narrowing with spiculated contour and tapered margins, occa- 
sionally with an associated obstruction. CT demonstrates find¬ 
ings similar to those of acute diverticulitis (Fig. 55-20). 65 One 
study of CT colonographies demonstrated that the most impor- 
tant discriminator was the presence of diverticula, with the 
affected segment favoring chronic diverticulitis. This study also 
reinforced the findings favoring diverticulitis versus carcinoma 
and vice versa (see earlier). 66 

DIFFERENTIAL DIAGNOSIS 

Other conditions such as nonspecific or infectious colitis, isch- 
emic colitis, and Crohns disease are part of the differential 
diagnosis of diverticulitis. A long segment of colonic involve- 
ment, lack of diverticula, absence of a focal inflammatory peri¬ 
colic process, or pericolic air collection helps in the CT 
differential diagnosis. Foreign bodies that escape CT detection 
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Figure 55-19 Colon cancer versus diverticulitis: imaging considerations. A. Barium enema examination demonstrates an indeterminate 
stricture in the sigmoid colon. Multiple diverticula are present but there is an abrupt, overhanging edge ( arrows ) along the proximal margin of 
this lesion. This patient had diverticulitis and carcinoma of the sigmoid colon. B. Focal, symmetric mural thickening of the sigmoid colon is 
present. There are inflammatory changes in the fat of the sigmoid mesocolon. Several diverticula are evident just distal to the region of 
thickening. This patient had diverticulitis. C. There is a mass identified within the lumen of the sigmoid colon, with only minimal haziness of the 
adjacent fat. This patient had carcinoma of the sigmoid colon. D. Line drawings showing features that suggest diverticulitis (inflammation, 
pericolic edema, fluid in the root of the mesentery-combined interfascial plane, extraluminal fluid and air) versus carcinoma (eccentric thickening, 
luminal mass). E. Axial CT demonstrates an intraluminal mass with diverticula seen along the margins of the mass, but not in the segment with 
the mass. There are equivocal surrounding inflammatory changes. This patient had carcinoma of the sigmoid colon. (D from Chintapaili KN, 
Chopra S, Ghiatas AA, et al: Diverticulitis versus colon cancer: Differentiation with helical CT findings. Radiology 210:429-435, 1999.) 
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and perforate the colon can mimic the CT Åndings of acute 
diverticulitis. 

Epiploic Appendagitis 

Primary epiploic appendagitis, a relatively common condition 
resulting from an acute inflammation of appendices epiploicae 
often associated with torsion and infarction, can be confused as 
diverticulitis. This is frequently seen in patients younger than 
those with diverticulitis. CT will show the characteristic appear- 
ance of a small, ro und, or oval fat-containing mass with associ¬ 
ated inflammatory reaction adjacent to the colon (Fig. 55-21). 
Frequently, a central dot representing a thrombosed vessel is 
seen. 67 The lack of adj acent colonic wall thickening can differ- 
entiate this from acute diverticulitis. 68 Complications of diver¬ 
ticulitis including abscess, extraluminal gas, and inflamed 
diverticula are not seen with primary epiploic appendagitis. The 



Figure 55-20 Chronic diverticulitis. Axial CT image shows 
pericolonic inflammatory changes, with extensive long segment wall 
thickening. 


process is self-containing, with clinical resolution within a few 
days. Follow-up CT examination may show total resolution or 
shrinkage, with eventual calcification of the inflamed and 
infarcted epiploic appendage. 

Cecal Diverticulitis 

Cecal diverticulitis or right-sided colonic diverticulitis is a rela¬ 
tively rare pathologic entity in which patients present with 
protean clinical manifestations that are often clinically misdi- 
agnosed as appendicitis. Cecal diverticula are classified as true 
(congenital) or false (acquired). The congenital variety is usually 
larger and solitary and is characterized by the presence of a 
well-developed muscle coat. Most cecal diverticula are acquired 
and are similar to diverticula present in the remainder of the 
colon. They are usually multiple, involve the cecum and ascend- 
ing colon, are formed by herniated mucosa and serosa, and lack 
a muscular coat. Traditionally, barium examination represented 
the primary means of preoperative diagnosis, but CT is now the 
mainstay in the evaluation of cecal diverticulitis and its differ- 
ential diagnosis, including appendicitis and carcinoma. The 
characteristic findings of the barium enema examination 
include a filling defect with an irregular contour, cecal spasm, 
fixation and spiculation of the cecal wall, visualization of diver¬ 
ticula, and a normal appearance of the appendix. 69 

The CT findings consist of focal pericolic inflammatory 
changes, slight thickening of the wall of the colon, demonstra¬ 
tion of diverticula and, occasionally, an intramural or pericolic 
fluid collection representing an abscess (Fig. 55-22). When a 
normal appendix is seen and the focal pericecal inflammatory 
process is above the cecal caput, a reliable CT diagnosis can be 
made. If the appendix is not seen, findings similar to those of 
appendicitis or perforated cecal carcinoma make the CT diag¬ 
nosis uncertain. Recent experience indicates that the diagnosis 
of right-sided colonic diverticulitis can be suggested or estab- 
lished by MDCT. 70 


Figure 55-21 Epiploic 
appendagitis: MDCT features. 

A, B. These two different 
patients have a fat-density mass 
( arrow) surrounded by increased 
attenuation adjacent to the 
sigmoid colon. This fatty mass is 
the epiploic appendage that has 
undergone torsion, ischemia, 
and/or inflammation. 
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Figure 55-22 Right-sided diverticulitis: imaging considerations. A. Coronal reformatted image shows the hyperdense offending diverticulum 
( arrows ) associated with considerable inflammatory change in the adjacent fat. B. Axial scan of different patient shows contrast filling a normal 
appendix (curved arrow) and the offending diverticulum (straight arrow). C. Postcontrast coronal reformatted CT image demonstrates focal 
pericolic inflammatory changes, with wall thickening and suggestion of the inflamed diverticulum (arrow). D. Note the contrast-filled posterior to 
the cecum on the axial image (arrow). 



Figure 55-23 Fistulas from diverticulitis. A. Fistulogram showing injection of a skin wound and direct communication to the sigmoid colon. 
B. A fistula (arrow) from the sigmoid colon to the ileum is identified on this barium enema examination. 


COMPLICATIONS 

Perforation of one or several diverticula produces a localized 
inflammatory reaction and may lead to the development of a 
sinus tract, intramural tract, or variable-sized intramural or 
pericolic abscess. Other more unusual complications can some- 
times occur. 


Fistulas and Sinus Tracts 

Fistulas (Fig. 55-23), which are Communications between two 
epithelium-lined surfaces—bowel to another hollow organ, or 
bowel to skin—can develop and be difficult to detect. Fistulas 
have been reported in up to 20% of surgical cases of diverticu¬ 
litis. Diverticulum-related fistulas are usually to the biadder, 






948 SECTION VII Colon 


but fistulization to the vagina (usually in patients who are status 
posthysterectomy), uterus, adnexae, small and large bowel, and 
others is also encountered. 72 

CT is extremely useful in the evaluation of patients with 
suspected colovesical fistulas. CT has a high sensitivity and 
provides useful information about the surrounding anatomic 
structures. 73 It should be used as the first imaging modality in 
patients suspected of having a colovesical fistula. 

In patients presenting with pneumaturia, the pericolic 
inflammatory mass involving the biadder wall and the presence 
of intraluminal vesical air confirms the diagnosis. Sigmoid- 
vesical fistulas rarely occur in the acute setting during the initial 
attack of diverticulitis and the development of the pelvic abscess. 
Colovesical fistulas are mostly seen as late sequelae after one or 
several episodes of diverticulitis, when the acute inflammatory 
reaction has already subsided. Thickening of the biadder wall, 
thickening of the bowel wall adjacent to the biadder, gas in the 
biadder, insinuating mass, and direct adherence of the colon to 
the biadder are all findings that may indicate a fistula. A dis- 
cretely opacified fistula and oral contrast medium within the 
biadder are more direct signs (Fig. 55-24). 73,74 

Free Intraperitoneal Perforation 

As noted, severe forms of diverticulitis, and particularly free 
perforations, occur rarely and are seen mainly in debilitated 


older individuals and patients on corticosteroid therapy. Free 
diverticular perforation results in extravasation of air and fluid 
into the pelvis and peritoneal cavity with the development of 
peritonitis. On CT (Fig. 55-25), bubbles of air are seen floating 
in the pelvic fluid close to the sigmoid colon, as well as free in 
the greater peritoneal cavity. Occasionally, a sigmoid diverticu- 
lum can perforate into the leaves of the mesosigmoid, and air 
can dissect into the retroperitoneum of the leff pelvis and left 
upper abdomen. This presentation, when associated with 
bubbles of air adjacent to the sigmoid colon, is diagnostic of 
perforated diverticulitis. 

Bowel Obstruction 

Diverticulitis is the third most common cause of a large bowel 
obstruction, seen in approximately 10% of cases, behind 
colorectal cancer and volvulus. 3 This can be seen in the acute 
and chronic setting. The colon can become obstructed because 
of luminal narrowing caused by inflammation or compression 
by an abscess (Fig. 55-26). Multiple attacks can lead to progres¬ 
sive fibrosis and stricture of the colonic wall. Obstruction gen¬ 
erally is self-limited and responds to conservative therapy. If 
persistent, obstruction of the colon can be treated by a variety 
of endoscopic and surgical techniques. 

Diverticulitis is a rare cause of small bowel obstruction. 
The small bowel loops become trapped in the perisigmoid 



Figure 55-24 Colovesical fistula caused by diverticulitis. A, B. Indirect evidence of a fistula with inflammatory changes of the sigmoid colon 
and adjacent eccentric biadder wall thickening (arrow). 7 C, D. Direct evidence of a colovesical fistula with an air-filled tract between the sigmoid 
colon and biadder (arrow), with gas seen in the biadder. 
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Figure 55-25 Free 
intraperitoneal perforation. 

A. Lateral scout image 
demonstrates free intraperitoneal 
gas (arrow). B. Axial image of the 
pelvis demonstrates the gas- 
containing region of perforation 
( arrows). C. Several bubbles of 
gas are evident anterior to the 
liver (arrows). D. Noncontrast 
CT in a different patient 
demonstrates free air adjacent to 
the liver (arrows). E. Diverticulitis 
is noted, with extensive 
diverticulosis in the sigmoid 
colon. 


inflammatory process, and the associated mesenteric changes 
can be detected by MDCT (Fig. 55-27). 76 

Pylephlebitis and Liver Abscess 

The acute infection, originating from a left- or right-sided 
diverticulitis, can spread into the liver via mesenteric venous 
drainage and portal vein. The septic thrombosis that develops, 
called pylephlebitis or septic thrombosis of the portal vein, 
represents a serious complication seen in severely ill patients 
with septic manifestations and no localizing signs. CT can 
reveal air or thrombus in the draining mesenteric veins and 


thrombus in the mesenteric and portal veins (Fig. 55-28). 
Sometimes, during the initial presentation or on follow-up 
examination, a pyogenic liver abscess may develop (Fig. 55-29). 
The primary colonic inflammatory process can be detected 
by CT as an intramural inflammatory mass or pericolic 
abscess. This complication carries an overall mortality of 
32%. Patients should be diagnosed early and be closely moni¬ 
tored and adequately treated with a combination of antibiotic 
therapy, percutaneous abscess drainage, and surgical interven¬ 
tion, when necessary. Anticoagulant therapy may also be 
used. 77 ’ 78 
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Figure 55-26 Large bowel obstruction caused by diverticulitis. A. Scout image demonstrates large and small bowel distention. B, C. CT 
scan demonstrates transition point ( arrows ) with pericolonic inflammatory change, fascial thickening, and luminal narrowing. 



Figure 55-27 Small bowel obstruction caused by diverticulitis abscess. A. Scout image demonstrates small bowel obstruction. B. An air-fluid 
level is identified within the abscess (A). Note the dilated, fluid-filled, small bowel loops (double arrow). 



Figure 55-28 Sigmoid diverticulitis with pylephlebitis. A. Axial postcontrast portal venous phase image demonstrates a filling defect in the 
portal vein (arrow). B. Mild sigmoid diverticulitis with pericolic inflammatory change. 
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Figure 55-29 Sigmoid 
diverticulitis leading to the 
formation of a liver abscess. 

A. There is a gas-containing 
abscess ( arrows ) in the sigmoid 
mesocolon. B. A multiloculated 
abscess is identified in the left 
lobe of the liver (arrows). 


Diverticular Hemorrhage 

Diverticular disease is the most common cause of lower gastro- 
intestinal bleeding in the United States, accounting for 17% to 
40% of cases. " In one study, diverticular disease accounted for 
42% of patients hospitalized for lower GI bleeding. It usually 
is difficult to confirm the exact cause of bleeding, however. 
Although diverticula predominate in the sigmoid and descend- 
ing colon, angiographic confirmation of diverticular bleeding 
has been documented throughout the colon, with one study 
noting a 60% incidence in the right colon. 81 One study of 180 
patients in Asia demonstrated that right-sided disease was more 
likely to present with massive hemorrhage and require surgery, 
whereas left-sided disease was more likely to present with diver¬ 
ticulitis. 82 The use of nonsteroidal anti-inflammatory drugs 
(NSAIDs) or aspirin, hypertension, and/or anticoagulation are 
risk factors. " 

PATHOPHYSIOLOGY 

The source is typically a single diverticulum, which in 80% of 
cases is not inflamed. There is minute rupture of one of the vasa 
recta asymmetrically placed in the wall adjacent to the lumen 
of the diverticulum (Figs. 55-30 and 55-31). Eccentric intimal 
thickening, duplication of the internal elastic lamina, and thin- 
ning of the media are changes that are all found with the 
involved artery. An eccentric focus of media thickening, intra- 
mural thickening and duplication, and fragmentation of the 
internal elastic lamina in the wall of the involved artery at the 
point of its disruption are seen. Some traumatic factor within 
the lumen of the diverticulum induces this eccentric intimal 
thickening, which eventually weakens and ruptures the vasa 
recta. The wider domed necks of right-sided colonic diverticula 
may expose these vessels to injury over a greater length, explain- 
ing the strikingly high incidence of right-sided hemorrhage. 84 

CLINICAL FINDINGS 

Most patients with massive diverticular hemorrhage are older 
adults, with severe coexistent cardiovascular and pulmonary 
disease, and they present with a sudden onset of mild abdomi- 
nal cramps and the urge to defecate. Soon after, a large volume 
of bright red biood, clots, or both, or dark red, maroon or, 
least commonly, black stool is passed rectally. Bleeding ceases 





Figure 55-30 Diverticulum formation and vascular relationships. 

A. The vas rectum penetrates the colon wall from the serosa to the 
submucosa through an obliquely oriented connective tissue septum in 
the circular muscle (CM). This penetration occurs near the mesenteric 
side of the taenia (T). B. The diverticulum develops through and 
widens this connective tissue cleft. The mucosal protrusion begins to 
elevate the artery. C. As the diverticulum extends transmurally, the 
vas rectum is placed over its dorne, penetrating to the submucosa on 
the antimesenteric border of its neck and orifice. (From Meyers MA, 
Volberg F, Katzen B, et al: Angioarchitecture of colonic diverticula: 
Significance in bleeding diverticulosis. Radiology 108:249-261, 1973.) 


spontaneously in approximately 75% of patients, but the bleed¬ 
ing may be continuous or intermittent. 8 " The rebleeding rate 
in patients without definitive therapy was 9% at 1, 10% at 2, 
19% at 3, and 25% at 4 years. 80 The differential diagnosis, 
radiology, and treatment of diverticular hemorrhage are dis- 
cussed elsewhere in this text (see Chapter 125). 
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Injurious 



Initial damage Eccentric Concentric Eccentric rupture 
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Figure 55-31 Pathogenesis of colonic diverticular hemorrhage. 

Progressive eccentric changes weaken the wall of the vas rectum, 
which eventually ruptures into the lumen of the diverticulum. (From 
Meyers MA, Alonso DR, Gray GF, et al: Pathogenesis of bleeding 
colonic diverticulosis. Gastroenterology 71:577-583, 1976.) 

Giant Sigmoid Diverticulum 

CAUSATIVE FACTORS 

A giant sigmoid diverticulum is a rare complication of diver- 
ticulitis. It is believed to result from subserosal perforation and 
inflammation of a diverticulum, with subsequent air trapping 
and eventual formation of a large cyst, which is caused by ele- 
vated intraluminal pressure of the colon working in tandem 
with a ball valve mechanism. In time, inflammatory and granu¬ 
lation tissue replaces the mucosal lining of the cyst wall. The 
trapped air in the cyst increases during defecation and is vented 
irregularly. 8688 

PATHOPHYSIOLOGY AND CLINICAL FINDINGS 

Most patients are elderly and have a history of chronic vague 
abdominal discomfort or acute symptoms suggesting diverticu- 
litis. A palpable mass is detected in 71% of cases, and anatomic 
communication between the cyst and the lumen is present 
in 82%. The cysts range in size between 6 and 27 cm, with a 
mean diameter of 13 cm. The cyst may be hyperresonant on 
percussion. 86 ' 89 



Figure 55-32 Giant sigmoid colon diverticulum. A giant sigmoid 
colon diverticulum (GSD) is demonstrated in two different patients on 
a barium enema study. 


RADIOLOGIC FINDINGS 

The barium enema (Fig. 55-31) and plain radiograph Åndings 
in giant sigmoid diverticulum are striking. Plain radiographs 
demonstrate a large gas-filled structure in the lower to middle 
pelvis that can have an air-fluid level. The gas collections may 
change in size on interval studies. 86 89 

Barium enters these collections on contrast agent studies in 
two thirds of patients, and diverticula are seen elsewhere in the 
colon in 82% of patients. The differential diagnosis of these 
large collections includes volvulus, giant MeckeFs or other small 
bowel diverticulum, tubo-ovarian abscess, cystitis, emphysema- 
tous cholecystitis, infected pancreatic pseudocyst, and vesicoen- 
teric fistula. 86 ' 89 On CT, a giant sigmoid diverticulum appears as 
a gas- or contrast-filled structure communicating with the 
colon (Fig 55-32). 

THERAPY 

Giant colonic diverticula have been reported to perforate, cause 
volvulus and infarction and small bowel obstruction, and may 
contain carcinoma. The accepted therapy for giant colonic 
diverticula is surgical excision. 86 ' 89 
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The vermiform appendix is the smallest and functionally most 
irrelevant segment of the gastrointestinal (GI) tract, yet diseases 
of the appendix are among the most common surgical emer- 
gencies in the western world. 15 The appendix arises from the 
posteromedial aspect of the cecum at the junction of the three 
taeniae coli. Although the appendix has the same mural layers 
as those of the remainder of the gut, it is distinguished by 
extremely rich lymphoid tissue in the mucosa and submucosa. 
This forms an entire layer of germinal follicles and lymphoid 
pulp in the young. 6 With age, this lymphoid tissue underlying 
the mucosal epithelium and giands undergoes progressive 
atrophy. The distal portion of the appendix sometimes under¬ 
goes fibrous obliteration in older adults. 6 

Embryology 

The vermiform appendix and cecum are intestinal derivations 
of the midgut. During the sixth week of gestational life, the 
cecum begins to develop as a small bulge in the midgut at the 
level of the ileocolic junction. This diverticular structure con- 
tinues to enlarge and assumes a conical shape, with its apex 
corresponding to the primitive appendix. 7 9 The initial cecal 
and appendiceal structures have been referred to as the “bud 
of the cecum.” 10 The midgut undergoes physiologic umbilical 


herniation at approximately gestational week 6 and subse- 
quently begins to relocate into the embryonal body cavity at 
approximately gestational week 10. This process is accompanied 
by counterclockwise rotation of the midgut, which results in 
positioning of the cecal complex in the right lower quadrant 
(Fig. 56-1). As the colon grows, it moves caudad toward the 
right iliac fossa, a process known as descensus. 10 Because of 
differential growth rates during this time, the development of 
the primitive appendix is slower than that of the rest of the 
cecum. This differential growth was theorized by Broman to 
be caused by a mucosal fold in the distal cecum that prevents 
accumulation of meconium. Broman hypothesized that 
colonic growth is stimulated by intraluminal meconium accu¬ 
mulation. Because this mucosal fold prevents complete filling 
of the distal cecum and appendix with meconium, growth is 
retarded in these segments. The appendix subsequently length- 
ens rapidly but fails to grow in thickness, soon assuming the 
configuration of a vermiform process. 

By birth, the appendix has lengthened and shows a more 
abrupt transition zone at the junction with the cecum. At this 
time, the appendix is still attached to the cecal apex. The fully 
developed adult appendix is uniformly narrow and arises from 
the left posterior wall of the cecum, rather than the cecal apex, 
2.5 to 3.5 cm below the ileocecal valve. The process of migration 
of the root of the appendix from the cecal tip toward the left, 
on the same side as the ileocecal valve, is probably related to the 
upright posture of the child. The right and ventral walls of the 
cecum grow and distend at the expense of the left and posterior 
walls. The fixation at the ileocecal junction and weight of the 
column of feces in the ascending colon explain this additional 
asymmetric development. 

In adults, the root of the appendix can be located anywhere 
along the medial-posterior wall of the cecum, between the ileo¬ 
cecal valve and the cecal tip. In addition, there is great variation 
in the position of the appendix in relation to the cecum and 
ascending colon. 12,13 More than 60% of appendices are retroce- 
cal or retrocolic, with the remainder in a more inferior pelvic 
location. A fully developed appendix varies in size and thick¬ 
ness, with an average length of 8 to 10 cm (range, 4-25 cm; Fig. 
56-2). The location of the appendix in the peritoneal cavity 
depends on its length and relationship to the cecum and the 
extreme variations in the mobility and location of the ascending 
colon and cecum (Fig. 56-3). 14 

Examples of arrest in later phases of development of the 
appendix are common and can be recognized during barium 
enema examinations. An arrest in the fetal phase of develop¬ 
ment is unusual (Fig. 56-4). A conic configuration of the lower 
cecal segment signifies total absence or hypoplasia of the appen¬ 
dix. Agenesis of the appendix is rare; the reported incidence is 
about 1 in 100,000 individuals. 15 

The ileocolic artery, a branch of the superior mesenteric 
artery, supplies the appendix, cecum, and ileum via five 
branches: (1) several ileal rami; (2) anterior cecal artery; 
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Figure 56-1 Embryology of the appendix. A. Growth of the 
inferior tip of the cecum lags during early intrauterine development. 
B. Th is produces the infantile appendix. C. Continued differential 
growth of the lateral cecal wall leads to the posteromedial position 
of the appendix in older children and adults. (From McVay CB: 
Anson & McVay Surgical Anatomy, 6th ed. Philadelphia, 

WB Saunders, 1984.) 


(3) posterior cecal artery; (4) colic ramus; and (5) appendicular 
artery, which runs through the mesenteriolum to supply the 
vermiform appendix. Because there are no arterial arcades in 
the mesenteriolum, the appendicular artery is a terminal artery, 
predisposing the appendix to ischemia when there is vascular 
insult. 10 The appendicular artery origin is variable, with the 
following frequencies: iliac ramus (35%), ileocolic artery (28%), 
anterior cecal artery (20%), posterior cecal artery (12%), ileoce- 
cal artery (3%), and ascending colon ramus (2%). 16 The veins 
accompany the arteries. 

Lymphatic tissue begins to develop in the appendix during 
the 14th and 15th weeks of gestation. " Initial accumulations of 
lymphatic cells occur directly below the epithelium, but some 
lymphocytes eventually penetrate the epithelial layer of the 
appendix. Lymphatic drainage of the appendix is via ileocolic 
lymph nodes located along the superior mesenteric artery and 
via celiac nodes into the cisterna chyli. 

Unlike the cecal wall, which is composed of a diagonal rhom- 
boid mesh of collagen fibers and allows it to accommodate 
luminal expansion, the appendiceal wall is composed of hori- 
zontal collagen fibers that tolerate only minimal increases in 
luminal diameter. Although the appendix secretes 2 to 3 mL of 
mucus daily, its average luminal capacity is only approximately 
1 mL. 10 This, in conjunction with the appendixs solitary biood 
supply, explains its propensity to become ischemic rapidly and 
perforate after luminal obstruction. 



Figure 56-2 Normal appendix: barium enema findings. A long 
pelvic appendix is present, arising from the medial wall of the cecum 
(c) below the ileocecal valve (open arrow). The appendix is uniformly 
narrow and completely filled with barium to the distal tip ( solid 
arrows). This finding rules out appendicitis. 

Acute Appendicitis 

EPIDEMIOLOGY 

Appendicitis was first described and reported by Reginald H. 
Fitz at the 1886 meeting of the Association of American Physi- 
cians. 18 Appendicitis is the most frequent cause of acute abdom- 
inal pain requiring surgical intervention in the western world 
and is the most common abdominal operation performed 
annually in the United States on an emergency basis. 19,20 

Appendicitis is rare in infants but becomes increasingly 
common in childhood. The highest incidence of appendicitis is 
in individuals aged 10 to 19 years (15.3/10,000 population/ 
year). 21 Across all age groups, the annual rate is approximately 
9.4/10,000. 1 The lifetime cumulative incidence is approxi¬ 
mately 9%. 22 There is a slight male predominance, with a ratio 
of 1.3:1. Mortality and morbidity rates for removal of a normal 
appendix are 0.14% and 4.6%, respectively, but increase to 
0.24% and 6.1% for acute appendicitis and to 1.7% and 19% 
for perforated appendicitis, respectively. 23 These mortality rates 
are far better than the 50% mortality seen in the preantibiotic 
era. 1 ' 5 

Appendiceal perforation occurs in 16% to 39% of patients 
with a median reported incidence of 20%. 24 Risk factors for 
perforation include very young or old age, Asian or Hispanic 
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Figure 56-3 Variations in position of the appendix. A. Incidence 
of various positions of the appendix. B. Normal variations in the 
position and peritoneal fixation of the appendix: (a) intraperitoneal, 
pointing over the brim of the pelvis; (b) intraperitoneal, ascending 
retrocecal; (c) extraperitoneal, ascending retrocecal, with a 
paracecal fossa present; (d) extraperitoneal, ascending retrocecal; 

(e) extraperitoneal, ascending retrocecal, lying anterior to the right 
kidney (K) deep to the liver, associated with an undescended 
subhepatic cecum. (The terminal ileum is also extraperitoneal and 
enters the cecum from behind.) (A from Meyers MA: Dynamic 
Radiology of the Abdomen. New York, Springer-Verlag, 1988, p 403; 
B from Meyers MA, Oliphant M: Ascending retrocecal appendicitis. 
Radiology 110:295-299, 1974.) 


ethnicity, and lower socioeconomic status. 22 Although some 
early studies found a linear correlation between perforation 
rates and diagnostic accuracy, more recent studies have cast 
doubt on any relationship. 28 30 A study of 1486 appendectomy 
cases found an overall perforation rate of 19%, with higher rates 
in the very young and older adults. 28 Vorhes noted that patients 
older than 55 years underwent laparotomy on average 2 days 
later than those younger than 55 years. 34 A large retrospective 
study of children (<18 years) showed that the rate of appendi- 
ceal perforation was markedly higher for children younger than 
5 years old (71.9% vs. 21.7% for children > 5 years) and that 
the risk for perforation was inversely proportional to the 
patient’s age. 33 

Acute appendicitis is the most common nonobstetric surgi- 
cal emergency in pregnant patients, occurring in approximately 



Figure 56-4 Fetal appendix. Barium enema examination in a 
21-year-old woman shows arrest in the development of the appendix 
(A). The cecum (C) has a triangular, funnel-shaped inferior segment 
( arrows ), with gradual transition into an incompletely developed 
appendix. 


1 in 766 pregnancies. 35 Complications include premature labor 
and fetal and maternal death, especially when perforation 
occurs. 36 The fetal loss rate for nonruptured appendicitis is 
approximately 2%, compared with more than 30% in patients 
with ruptured appendicitis. 3 

CAUSES 

Acute appendicitis occurs after luminal obstruction. Causes of 
obstruction include fecalith, lymphoid hyperplasia, primary 
tumor (e.g., carcinoid, adenocarcinoma, lymphoma, Kaposi’s 
sarcoma) or metastasis, parasitic infection, foreign body, stric- 
ture, Crohn’s disease, and adhesion (Fig. 56-5). Prolonged 
retention of barium is no longer considered a risk factor for 
acute appendicitis. 38 ' 41 

Of the possible causes of luminal obstruction, fecaliths are 
the most common, occurring in 11% to 52% of patients with 
acute appendicitis. 42,43 Fecalith formation results from inspissa- 
tion of fecal material and inorganic salts within the appendiceal 
lumen. As they enlarge, these concretions can obstruct the 
appendix. Low-fiber diets contribute to low-residue stool, 
which has a propensity to become impacted in the appendiceal 
lumen. True appendiceal calculi (hard, noncrushable calcified 
stones) are less common than fecaliths but, when present, they 
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Figure 56-5 Pathophysiologic pathways in untreated appendicitis. (From Puylaert JBCM: Ultrasound of Appendicitis. Berlin, Springer-Verlag, 
1990, p 5.) 


have a higher association with appendiceal perforation and 
periappendiceal abscess formation. 43 

Hygiene improvements of the modern world have greatly 
reduced the exposure of infants and children to enteric organ- 
isms. Consequently, when infections do occur, they can elicit 
an exaggerated lymphoid hyperplasia that may block the appen- 
dix or devitalize the appendiceal mucosa, allowing bacterial 
invasion. 38 ' 41 

PATHOPHYSIOLOGY 

Continued secretion of mucus into the appendix after luminal 
obstruction results in distention and concurrent elevation of 
luminal pressures. When the luminal pressure exceeds the capil- 
lary perfusion pressure, lymphatic and venous drainage are 
impaired and arterial compromise and tissue ischemia result. 
Breakdown of the epithelial mucosal barrier occurs, and luminal 
bacteria multiply and invade the appendiceal wall, causing 
transmural inflammation and gangrenous appendicitis (Fig. 
56-6). Continued tissue ischemia can result in appendiceal 
infarction and perforation. Perforation can cause a localized or 
generalized peritonitis as inflammation extends through the 
serosa to the parietal peritoneum and adjacent organs (cecum, 
terminal ileum, pelvic viscera). Although periappendiceal 
abscess or phlegmon is usually walled off by the adj acent greater 
omentum or small bowel, some cases will spread through the 
peritoneum to the paracolic gutters and subphrenic spaces, 
sigmoid colon, biadder, ovaries, or vagina. Infected thrombus 
may form in the portal vein, causing pylephlebitis, although this 
is unusual with modern antibiotics. 1-5,44 

CLINICAL AND RADIOLOGIC ASSESSMENT 

Clinical assessment remains an essential and critical part of the 
initial evaluation of patients with suspected acute appendicitis. 
The physicians goal is to confirm or exclude the diagnosis of 
acute appendicitis expeditiously while minimizing diagnostic 
delays, negative appendectomy (i.e., surgery for suspected 
appendicitis yields a normal appendix) and appendiceal perfo¬ 
ration rates, and hospital costs. More recently, reducing or 


eliminating ionizing radiation dose to the patient has become 
a major consideration driving the diagnostic approach, particu- 
larly in children and pregnant women. 45 " 4 However, despite 
continued advances in clinical medicine, the diagnosis of acute 
appendicitis can sometimes remain elusive. 48 " 51 

Although diagnostic accuracy rates for appendicitis in the 
United States had improved from 86% to 92% in male patients 
and from 74% to 83% in female patients between 1970 and 
1984, 14,20 one study suggested that imaging has helped improve 
accuracy. Perforation and false-negative appendectomy rates 
have stabilized in recent decades. 27 Cases of “missed appen¬ 
dicitis” typically reflect the frequent diagnostic difficulty of 
differentiating appendicitis from other causes of abdominal 
pain. 52,53 

Historically, negative appendectomy rates of as high as 15% 
to 23% had been acceptable, with rates as high as 45% in 
patients with an atypical presentation or in women of child- 
bearing age. 54 Negative laparotomy rates of 10% to 15% have 
now been considered acceptable, although that number con- 
tinues to trend downward as imaging improves. Negative 
laparotomy rates remain higher in women of childbearing 
age. 2 Diagnostic accuracy can be improved with inpatient 
observation, subsequently leading to a decreased negative 
appendectomy rate without a concurrent increase in appen¬ 
diceal perforation rates. 56 

A large retrospective study found that risk factors for nega¬ 
tive appendectomy included very young or advanced age, female 
gender, and presence of comorbid illness. In that study, the 
highest rate of negative appendectomy was in women older 
than 70 years. 57 Negative appendectomy (compared with posi¬ 
tive appendectomy) was associated with a significantly longer 
length of stay (5.8 vs. 3.6 days), case-fatality rate (1.5% vs. 
0.2%), and infectious complication rate (2.6% vs. 1.8%). 58 

Radiologic imaging has become an important adjunct to 
clinical evaluation. Accurate identification of an inflamed or 
normal appendix can greatly facilitate appropriate treatment. 
Imaging can also identify alternate diagnoses in patients with 
clinically suspected acute appendicitis. 45,54,55,59 " 61 

Despite advances in radiologic imaging, controversy still 
exists in the literature about whether the increased availability 
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Figure 56-6 Pathology of appendicitis. A. The lumen filis with 
purulent exudate (hematoxylin-eosin, x150). B. Necrosis of the 
muscularis propria (solid arrows) and inflammation of the 
periappendiceal fat (open arrows ) are seen (hematoxylin-eosin, x80). 
C. Transmural and periappendiceal inflammation and fibrosis are 
present with focal destruction ( arrows ) of the appendiceal wall 
(hematoxylin-eosin, x6). 


of imaging and laparoscopy has decreased misdiagnoses and 
negative laparotomy rates. For example, Flum and associates 
performed a retrospective study of 63,707 appendectomy 
patients from 1987 to 1998. 5 They found that, contrary to 
expectation, the use of computed tomography (CT), ultraso- 
nography (US), and laparoscopy did not change the negative 
appendectomy or appendiceal perforation rates. 


In contrast, many subsequent reports have described reduc- 
tions in the negative appendectomy rate associated with 
increased use of imaging. Jones and co-workers found a decrease 
in the negative appendectomy rate (from 17%-2%) coinciding 
with increased CT use from 2000 to 2002. 62 The rate of appen¬ 
diceal perforation also decreased (from 25%-9%) during the 
same interval. Rao and colleagues found reductions in the 
negative appendectomy rate (from 20%-7%) and perforation 
rate (from 22%-14%) with increased use of CT. 63 At Duke Uni- 
versity, a 10-year retrospective study published in 2010 found 
that an increase in preoperative CT use from 18.5% to 93.2% 
resulted in a reduction of the negative appendectomy rate 
among 18- to 45-year-old women from 42.9% to 7.1%. 64 A 
study by Bendeck and associates showed a lower negative 
appendectomy rate for women who underwent preoperative 
CT or US imaging compared with women without preoperative 
imaging (7% vs. 28%, respectively). 62 

In a large study of almost 20,000 patients, Drake and 
co-workers found a negative appendectomy rate of 4.5% in 
patients who underwent imaging versus 15.4% in patients 
with only clinical assessment. Despite imaging, the negative 
appendectomy remained higher for women compared with 
men (6.9% vs. 3%). 66 

FINDINGS 

Clinical Findings 

Most patients with acute appendicitis present with abdominal 
pain, although the classic presentation sequence of poorly local- 
ized periumbilical pain followed by nausea and vomiting and 
later migration of the pain to the right lower quadrant occurs 
in only half to two thirds of all patients. 67 The location of 
abdominal pain varies and depends on both the position of the 
inflamed appendix and stage of appendiceal inflammation. 
With initial distention and increased intraluminal pressure in 
the obstructed appendix, patients typically perceive visceral epi- 
gastric or periumbilical pain. During this time, the disease is 
usually confined to the appendix. When the inflamed serosa of 
the progressively inflamed appendix comes into contact with 
the parietal peritoneum, somatic pain is perceived, with the 
classic description of pain that shifts to the right lower quad¬ 
rant. 68 In patients with a retrocecal appendix, the pain may be 
referred to the right flank, costovertebral angle or, in males, the 
right testis. Patients with a pelvic or retroileal appendix may 
experience pain in the pelvis, rectum, adnexa or, less commonly, 
left lower quadrant. 67 Nausea, vomiting, and anorexia are vari¬ 
ably present, occurring in more than 50% of all cases. 31,69 

Signs and symptoms vary with the inflammatory stage of the 
appendicitis. Abdominal tenderness is the most common physi- 
cal finding, occurring in more than 95% of patients. 67 Although 
the classic teaching is that patients with appendicitis present 
with localized tenderness at or near McBurney’s point (posi¬ 
tioned 1.5 cm superior and medial to the anterior superior iliac 
spine and parallel to a plane drawn from the anterior superior 
iliac spine to the umbilicus), the point of tenderness will vary, 
depending on the position of the inflamed appendix. In one 
series of 275 double-contrast barium enemas, the appendiceal 
location was within 5 cm of McBurney’s point in only 35% of 
patients and was farther than 10 cm in 15% of cases. 70 Usually, 
the appendix is located inferior and medial to McBurney’s 
point. 70 1 Patients may also present with Rovsing’s sign (pain 
referred to the area of maximal tenderness during palpation or 
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percussion of the left lower quadrant), positive psoas sign (right 
lower quadrant pain with extension of the right hip), or obtura- 
tor sign (right lower quadrant pain with flexion and internal 
rotation of the right hip). Voluntary muscle guarding in the 
right lower quadrant is common and typically precedes local- 
ized rebound tenderness. Bowel sounds vary but are usually 
diminished or absent with advanced appendiceal inflammation 
or perforation. 67 

Most patients with acute appendicitis (70%-90%) present 
with a white biood cell (WBC) count greater than 10,000/mL 
and neutrophilia more than 75%. 2 4 Serial WBC counts may 
be helpful in the diagnosis because it has been shown that 
patients tend to have an increased WBC count 4 to 8 hours after 
admission unless the appendix is perforated, in which case the 
WBC count typically decreases. 75 Because a minority of patients 
with acute appendicitis have a normal WBC count, a normal 
value is not sufficient to exclude the diagnosis. 76 

Urinalysis is positive in 19% to 40% of patients with appen¬ 
dicitis; abnormalities include bacteriuria, mild pyuria, and 
hematuria. 7 78 Abnormal urinalysis results are more commonly 
observed in women with appendicitis than in men. 

Elevation of the C-reactive protein (CRP) level more than 
0.8 mg/dL has sensitivities of 46% to 75% and specificities of 
56% to 82% in acute appendicitis, and elevation is more 
common when symptoms are present for more than 12 
hours. 75,78 81 The diagnostic sensitivity for acute appendicitis is 
improved to 97% to 100% when an elevated CRP level, elevated 
WBC count, and neutrophilia more than 75% are all present. 81 

Imaging Findings 

Plain Radiographs. The most specific plain film sign is the 
presence of an appendicolith (Fig. 56-7). However, appendico- 
liths are only fo und by radiographs in 10% of patients with 
acute appendicitis. When present on radiographs, the reported 
incidence of perforation is almost 50%. Appendicoliths are 
usually 0.5 to 2 cm in diameter and have a round or oval con- 
figuration and laminated rim. The calcified rim assists in dif- 
ferentiating them from bone islands, ureteral stones, and 
phleboliths. They may be obscured by the bone structures of 
the pelvis or may be ectopically located in the right upper 
abdomen in cases of retrocolic appendicitis. Appendicoliths are 
usually solitary, but two or three adjacent small calcifications 
are not unusual. Appendicoliths may be detected in asymptom- 
atic individuals and, without associated clinical findings, are not 
indicative of appendicitis. 82 8 

Air in the appendix, particularly in the retrocecal location, 
is a normal finding. Extraluminal bubbles of air associated with 
an ill-defmed soft tissue mass indicate an abscess (Fig. 56-8). 
Sometimes, the inflammatory process in the right lower quad¬ 
rant induces a severe localized ileus, with dilation and air-fluid 
levels in the ileal loops and cecum. When severe, this process 
can mimic the appearance of a mechanical distal small bowel 
obstruction (Fig. 56-9). Dilation of the transverse colon in asso¬ 
ciation with a gasless cecum and ascending colon may result 
from ileus of the transverse colon and spasm of the ascending 
colon. Free air in the peritoneal cavity is rare because the 
base of the appendix is usually occluded when perforation 
occurs. 86 ' 89 

Other findings such as partial loss of the right psoas shadow 
and a lumbar scoliosis concave to the right are common, albeit 
nonspecific. 82-85 Appendicitis may also cause a distal small bowel 
obstruction, particularly when perforated. 



Figure 56-7 Appendicoliths. Two appendicoliths ( arrows ) are 
present in the right upper quadrant. The patient had a long retrocolic 
subhepatic appendix with acute appendicitis. 


Plain film radiography is typically inadequate for the diag¬ 
nosis of appendicitis. Ahn and colleagues retrospectively 
reviewed the records of 871 adult patients with nontraumatic 
acute abdominal pain and found that plain radiographs were 
normal in 23%, nonspecific in 68%, and abnormal in only 10%. 
The diagnostic sensitivity for appendicitis, pyelonephritis, pan- 
creatitis, and diverticulitis was 0% in the study. 

Barium Enema. Before the 1980s, the barium enema was the 
primary radiologic test used in the diagnosis of appendicitis. 
This examination can be performed quickly and safely with the 
single-column technique. Because appendicitis results from 
luminal obstruction, complete filling of a normal appendix 
effectively excludes the diagnosis (Fig. 56-10A). Nonfilling or 
incomplete filling of the appendix in the presence of mass effect 
(on the caput cecum and adj acent distal ileum indicates inflam¬ 
mation Fig. 56-11; Fig. 56-1 OB). Studies have reported diagnos¬ 
tic accuracy as high as 91.5%. 82,83,88,91 ' 97 

A barium enema study may also detect other pathologies of 
the small and large bowel that can mimic the clinical presenta - 
tion of acute appendicitis. These include neoplasm, Crohn’s 
disease, ileal diver ticulitis, and cecal diverticulitis. 82,83,88,91 ' 97 

Barium enema is not without major drawbacks. Nonfilling 
of the appendix can be seen in 15% to 20% of normal patients, 
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Figure 56-8 Appendiceal abscess: plain radiographic findings. 

This abscess manifests as a bubbly collection of extraluminal gas in 
the right lower quadrant. 


and it may be difficult to differentiate a partially filled from 
a completely filled appendix. Also, a barium enema study 
provides only inferential information about extracolonic 
disease and cannot evaluate the nature of appendiceal phleg- 
mons and abscesses. The appendix can also intussuscept (Fig. 
56-12) into the cecum, producing a cecal defect unrelated to 
appendicitis. 96,98 - 100 

Computed Tomography. Helical CT imaging has proven to be 
a highly effective and accurate means of diagnosing acute 
appendicitis, with reported sensitivities of 90% to 100%, speci- 
ficities of 91% to 99%, accuracies of 94% to 98%, positive 
predictive values of 92% to 98%, and negative predictive values 
of 95% to 100%. 101 ' 106 In addition to visualization of the appen¬ 
dix, CT can detect complications of appendiceal perforation, 
such as abscess or phlegmon (Fig. 56-13). Critically, CT can help 
diagnose many alternate conditions that might mimic the clini- 
cal presentation of acute appendicitis. 10 

The goal of CT investigation in patients with right lower 
quadrant pain is to identify the normal or abnormal appendix. 
Thin-section (slice thickness <5 mm) imaging is now standard, 
providing superior sensitivity compared with older tech- 
niques. 108,109 With the advent of multidetector scanners such as 



Figure 56-9 Acute appendicitis causing partial small bowel 
obstruction. Upright radiograph shows dilation and air-fluid levels 
in multiple lower abdominal small bowel loops (b). The patient 
presented with fever and leukocytosis, and gangrenous appendicitis 
was found at surgery. 



Figure 56-10 Principles of barium enema diagnosis of acute 
appendicitis. A. Only complete filling of the appendix to its bulbous 
tip excludes appendicitis. B. Ileocecal deformity ( arrows ) caused by 
appendiceal abscess or phlegmon. (From Bartram Cl, Kumar P: 
Clinical Radioloqy in Gastroenteroloqy. Oxford, Blackwell Scientific, 
1981, p 219.) 
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Figure 56-11 Acute appendicitis: barium enema findings. A. Extravasation of barium in a patient with sealed-off, perforative appendicitis 
(solid arrows). The cecum and terminal ileum ( open arrow) are unremarkable. B. Appendiceal abscess shows compression of the cecal caput, 
obstruction of the base of the appendix (solid arrow), and a spiculated lateral contour ( open arrow) of the terminal ileum. C, cecum; /, ileum. 



Figure 56-12 Partial appendiceal intussusception. The appendix is 
incompletely filled ( solid arrow) and partially intussuscepting into the 
cecal caput (open arrow). 



Figure 56-13 Perforated acute appendicitis with abscess. This 
coronal image from an enhanced CT scan shows extensive riaht lower 
auadrant inflammation and a fluid-filled abscess (arrows). Note the 

thickened, inflamed cecum (arrowheads). 
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16- and 64-slice multidetector CT (MDCT), high-quality mul¬ 
tiplanar reformatted (MPR) images are now possible. Adding 
coronal reconstructions, for example, can improve appendix 
visualization and diagnostic confidence. 110,111 

Radiologists are able to identify a normal appendix in most 
patients with abdominal pain who undergo abdominal CT 
(67%-100%), with a trend toward better visualization with 
thinner section imaging. 109,1 12114 Appendix identification is 
more difficult in patients with a paucity of retroperitoneal 
fat, in patients with ascites, and in women compared with 
men. 112 ' 114 With CT, the diameter of a normal appendix ranges 
from 3 to 10 mm. 112 ' 114 In one study, the normal appendix had 
a diameter more than 6 mm in 42% of cases. 113 Therefore, an 
appendiceal diameter more than 6 mm is not alone sufficient 
for the diagnosis of acute appendicitis. 

CT Åndings of appendicitis may include appendiceal dis- 
tention, wall thickening, appendicolith, periappendiceal fat 
stranding, periappendiceal fluid, and abscess (Figs. 56-14 to 
56-16). 20,109,115,116 In early or mild cases, the appendix commonly 
appears as a fluid-filled, minimally distended tubular structure 
measuring 5 to 6 mm in diameter. 20 At this stage, the periap¬ 
pendiceal fat may have a normal appearance (Fig. 56-17). 



Figure 56-14 Acute appendicitis on enhanced CT. The distended 
appendix (arrow) is seen in cross section and demonstrates abnormal 
mural thickening and enhancement. In addition, an intraluminal 
appendicolith ( arrowhead ) is present. 


Over time, the appendix continues to distend, often measur¬ 
ing 7 to 15 mm in diameter. The appendiceal wall thickens 
circumferentially and enhances after intravenous (IV) contrast 
administration. The mural enhancement may be homogeneous 
or may exhibit a so-called target sign (Fig. 56-18). Periappen¬ 
diceal inflammation, seen as stranding in the adj acent fat, is 
present in most patients. 21 Lack of IV contrast material limits 
visualization of mural thickening and mural enhancement in 
mild cases of appendicitis. As a result, noncontrast CT may 
result in a higher rate of false-negative interpretations. 104116118 
Many investigators consider periappendiceal inflammation a 
necessary imaging Ånding when diagnosing acute appendicitis 
with unenhanced CT imaging, 101 ’ 102 ’ 104 ’ 105 ’ 117 

Inflammation of the appendix may also cause secondary 
reactive thickening of adj acent structures, including the wall of 
the terminal ileum or cecal caput. The cecal arrowhead sign 
refers to a triangular or arrowhead configuration of oral con¬ 
trast material funneling into a focally thickened cecum, point- 
ing toward the appendiceal orifice (Fig. 56-19). The cecal bar 
sign refers to linear inflammatory soft tissue at the base of the 
appendix that separates the contrast-filled cecum from the 
appendix. 119,120 With perforated appendicitis, extraluminal air, 



Figure 56-15 Acute appendicitis on enhanced CT. T his coronal 
multiplanar reconstruction imaae shows the distended appendix 

(arrows) with multiple obstructina appendicoliths (arrowhead) at the 

appendiceal orifice. Note the mural wall thickening and enhancement, 
as well as the periappendiceal soft tissue stranding and fluid. On 
pathologic examination the appendix was shown to be perforated. 
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Figure 56-16 Acute appendicitis on CT. Although the appendix 
itself is not distinctly identified, there are three appendicoliths ( arrows ) 
present in association with right lower quadrant inflammation and 
pericecal thickening. This constellation of findings is diagnostic of 
acute appendicitis. 
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Figure 56-17 Acute appendicitis. The abnormal appendix ( arrows ) 
is seen in cross section on this enhanced CT scan. Although there is 
minimal distention of the appendiceal lumen, there is evidence for 
abnormal mural thickening and enhancement. Note the absence of 
periappendiceal inflammatory change. 

marked ileocecal wall thickening, localized lymphadenopathy, 
pericecal phlegmon or abscess, peritonitis, and/or small bowel 
obstruction may be present (Fig. 56-20). 121124 

Appendicitis may also be confined to the distal appendix, a 
condition referred to as distal or tip appendicitis (Fig. 56-21). 
Distal appendicitis (in which at least 3 cm of the proximal 
appendix is normal) may affect as many as 8% of patients with 
appendicitis who undergo CT. 125 

Computed Tomography Protocols. Conventional CT pro- 
tocols for evaluating patients with suspected appendicitis 



Figure 56-18 Acute appendicitis. The abnormal appendix ( arrows ) 
is seen in cross section on this enhanced CT study, which 
demonstrates a mural stratification pattern of enhancement with 
alternating high- and low-density rings caused by serosal and mucosal 
enhancement and submucosal edema. 



Figure 56-19 Acute appendicitis on enhanced CT. The appendix 
(arrowheads) is distended. with enhancement of the thickened 
appendiceal wall and periappendiceal soft tissue stranding. Note the 

funnelinq of enteric contrast in the thickened cecum toward the 

appendiceal orifice. the so-called arrowhead sian ( arrow ). 












56 Diseases of the Appendix 965 



Figure 56-20 Small bowel obstruction from acute appendicitis. A. There are multiple dilated small bowel loops in the pelvis to the level of 
the abnormally distended, thick-walled, and enhancing appendix ( arrows ). B. A more superior CT scan shows a calcified appendicolith 
( arrowhead) near the appendiceal orifice. 



Figure 56-21 Distal or tip appendicitis. A. The proximal appendix ( arrows ) is normal in 3 pp$?r?ng$ pn thi? $nh?ng$d CT segn. B. Th$ efet?! 
asoect of the appendix demonstrates abnormal mural thickeninq and enhancement (arrows): periappendiceal soft tissue stranding is also present 

(■ arrowheads ). 


incorporate abdominal and pelvic imaging after administra¬ 
tion of oral and IV contrast material. Many studies have 
focused on alternate CT protocols in an attempt to reduce 
radiation dose to the patient, eliminate the patient risks asso- 
ciated with contrast administration, and enable earlier scan¬ 
ning rather than waiting for bowel transit of oral contrast 
material. Investigated strategies include scanning without IV 
or oral contrast, using rectal contrast, targeted imaging of 
the right lower quadrant, and reduced radiation dose scan¬ 
ning techniques. 4 ’ 105 ’ 118 ’ 126 - 132 

CT protocols may not include oral or IV contrast. A major 
advantage of this approach is the ability to scan symptomatic 
patients immediately without having to wait for oral contrast 
material ingestion and transit to the cecum. Eliminating IV 
contrast means avoiding risks of adverse reaction and nephro- 
toxicity. Noncontrast scans also have lower costs. 

Without oral contrast, disadvantages include potential mis¬ 
interpretation of another structure (e.g., a loop of bowel) as 
the appendix, or misinterpretation of an abnormal appendix 
or abscess as a bowel loop. 117,133 Relative to a contrast-filled 
appendix, finding the normal appendix without oral contrast 
is more difficult. Finally, identification of bowel thickening 
and luminal narrowing, two hallmarks of GI disease on CT, 
is often very limited without contrast material filling the bowel 
lumen. 134 


Without IV contrast, disadvantages include limited assess- 
ment of wall thickening, inability to assess enhancement, limited 
differentiation of the appendix from biood vessels, reduced sen- 
sitivity for perforation or complication, and a lesser ability to 
make an alternate diagnosis. 20,1 18,133,135 Identification of wall 
thickening and enhancement is often critical in patients in 
whom fat stranding is not detected, either because there is a 
paucity of retroperitoneal fat or because appendicitis is early or 
mild. 104,118 One study found that 15% to 22% of patients with 
proven appendicitis had no detectable periappendiceal inflam¬ 
mation on CT. 118 

Administration of rectal contrast material permits rapid 
filling of the cecum, with appendix identification in a large 
majority of cases. In a study by Rao and associates, use of a 
focused right lower quadrant technique with rectal contrast 
material enabled detection of the normal appendix in 94% of 
patients without appendicitis and visualization of part or all of 
the abnormal appendix in 96% of patients with acute appendi¬ 
citis. In their study, 73% of the normal appendices filled with 
air or rectal contrast. Disadvantages of the rectal contrast 
technique include the potential for inereased patient discom- 
fort, 1 " 1 inability to instill rectal contrast material in patients with 
contraindications to its use, and risk of causing a hydraulic 
pressure effeet and rupturing the appendix. 136 This technique 
may also fail if there is leakage of contrast material onto the CT 
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table or if there is inadequate opacification of the cecum. Wise 
and co-workers reported that colonic contrast material was not 
successfully advanced into the cecum in 18% of 100 patients 
who underwent focused appendiceal CT, usually because of 
abundant stool in the right colon. 1 " 1 One study reported that 
rectal contrast use resulted in a reduced length of patient stay 
in the emergency room without significant impact on patient 
satisfaction or comfort. 137 

The goal of focused scanning is to reduce the portion of 
the abdomen and pelvis that is scanned, thereby reducing 
overall radiation dose to the patient. Although early studies 
showed that focused techniques may have comparable diag- 
nostic accuracy, 105 later investigations found an overall reduc- 
tion in diagnostic performance. By using a focused technique, 
the appendix may not be visualized or may only be partially 
visualized. In addition, evidence of an alternate diagnosis may 
be excluded from the held of view. Brassart and colleagues 
compared scanning of the whole abdomen and pelvis with 
focused scanning below the iliac crests in the same set of 152 
adult patients by generating two sets of images from the raw 
data. 138 They found that the focused technique resulted in 
exclusion of the appendix from view in 5% of patients and a 
reduced likelihood of giving a correct diagnosis (from 78%- 
68%). Common alternative diagnoses include acute gyneco- 
logic disorders, inflammatory bowel disease, small bowel 
obstruction, infectious disorders of the GI tract, and urinary 
tract conditions. 45,107 

As of 2013, the consensus position of the American College 
of Radiology (ACR) expert panel is that IV contrast is preferred 
but not mandatory when using CT to evaluate for suspected 
appendicitis in adult patients. The use of oral or rectal contrast 
is left to institutional preference. For atypical presentations in 
patients older than 14 years, the use of IV contrast is relatively 
more valuable. In this group, ultrasound evaluation may be of 
similar value to noncontrast CT. In pregnant patients and chil- 
dren younger than 14 years, ultrasound is considered first-line 
imaging. When CT is used, IV contrast is preferred, whereas 
oral and rectal agents are again left to institutional preference. 
Magnetic resonance imaging (MRI) evaluation is gaining popu- 
larity as the technology evolves, particularly in pregnant patients 
or those in whom US is inconclusive. 45 

Ultrasonography. Puylaert’s introduction of the graded com- 
pression ultrasound technique in the 1980s has substantially 
improved sonographic identification of the appendix. 139 US is 
widely available, noninvasive, relatively inexpensive, and poses 
no ionizing radiation risk to the patient. This latter feature is a 
major consideration in the most radiation-sensitive individuals, 
children and pregnant women. 128 

Important limitations of US are reduced sensitivity in obese 
patients, inability to image beyond bowel gas, technical difficul- 
ties in patients with severe pain, and dependence on operator 
skili. Poor penetration in the obese population limits wide- 
spread use of this technique in North America and parts of 
Europe. Although some authors have reported that the normal 
appendix is visible in 64% to 72% of patients, others have noted 
a visualization rate of only 0% to 4% in adult patients, regard- 
less of technique. 140,141 

The reported diagnostic accuracy of ultrasound varies, 
depending on the patient population studied. A meta-analysis 
comparing CT and US in a broad age range found an overall 
ultrasound sensitivity of 78% and specificity of 83%. 142 A large 


study of children aged 3 to 18 years found sensitivity and speci¬ 
ficity of 73% and 97%, respectively. 143 

Adherence to optimal scanning techniques is critical. Sagit- 
tal, transverse, and oblique imaging should be performed in the 
abdomen and pelvis, with the addition of a transvaginal exami- 
nation in women in whom the diagnosis is not clear following 
the transabdominal approach. A high-frequency linear or cur- 
vilinear transducer may be used, depending on the patient’s 
body habitus. A high-frequency transducer typically offers the 
best image resolution, but a curvilinear probe may be better 
suited for imaging patients with a poorly compressible right 
lower quadrant bowel, large patients with their cecum and 
appendix located deep within the pelvis, patients with poorly 
defined right lower quadrant anatomy, and patients with a ret- 
rocecal or perforated appendix. 

The technique of graded compression should be used to 
displace or compress gas-filled bowel loops in the held of view. 
This maneuver aids identification of the maximal point of ten- 
derness while helping differentiate abnormal, noncompressible 
bowel loops or the inflamed appendix from those normally 
compressible structures. Also, the maintenance of slow and 
gentie pressure facilitates completion of the examination in 
uncomfortable and apprehensive patients. 

Color Doppler evaluation may add valuable information by 
demonstrating hyperemia in the inflamed appendix or bowel 
wall. 140 This can aid diagnosis in patients with equivocal gray- 
scale results. 

Sonographically, the abnormal appendix appears as a blind- 
ending, noncompressible, tubular structure larger than 6 mm 
in diameter with a laminated wall (Figs. 56-22 to 56-24). Pro¬ 
gressive ischemia and infarction of the appendiceal wall lead to 
focal or diffuse loss of definition of the wall layers. 144 Hyperemia 
may be demonstrated on color Doppler evaluation, but 
decreased or absent flow may be seen in cases of gangrenous 



Figure 56-22 Sonogram of an inflamed appendix containing an 
appendicolith. Longitudinal image shows a thick-walled, fluid-filled 
appendix (A). The layers of the appendiceal wall are not well defined. 
An appendicolith (large arrow) is identified as an echogenic focus with 
acoustic shadowing (small arrows). 
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Figure 56-23 Correlation of sonography 
and CT findings in acute appendicitis. A. CT 

scan shows the abnormally distended and 
thick-walled appendix ( arrows ) with 
periappendiceal inflammation. Note the 
reactive inflammatory thickening of the 
terminal ileum ( arrowhead) and the cecum. 

B. Longitudinal transvaginal sonogram shows 
a thick-walled, distended appendix (arrows). 

C. Transverse transvaginal sonogram shows 
the thick-walled and abnormally distended 
appendix (arrows). The appendiceal diameter 
was 13 mm. 



Figure 56-24 Ultrasound of appendicitis with periappendiceal 
fluid. A. Longitudinal imaging with graded compression in a 
7 year-old giri demonstrates a dilated appendix with a diameter of 
9 mm (cursors). Wall stratification is maintained, and periappendiceal 
fluid (F) is visualized. 


appendicitis/ With perforation, localized disruption of the 
appendiceal wall may be seen, and extraluminal pockets of gas 
may be present. Appendicoliths appear as rounded echogenic 
foci with clean distal acoustic shadowing, and their presence is 
highly associated with appendicitis. 

In addition to the appendiceal findings present in acute 
appendicitis, recognition of characteristic periappendiceal find¬ 
ings can aid in its diagnosis and differentiation from other 
conditions. Inflammation of the periappendiceal fat appears as 
an echogenic region that may cause mass effect and separate the 


inflamed bowel segment(s) from surrounding structures. 20 
Periappendiceal phlegmon appears as hypoechoic, poorly mar- 
ginated regions within the fat adjacent to the appendix, and 
abscesses can be recognized as focal collections of fluid that may 
or may not contain gas. Reactive inflammatory thickening of 
the cecal or terminal ileal wall may also be present in patients 
with appendicitis. 

Despite performance of optimized US examinations, US 
sensitivity for diagnosing perforated appendicitis is lower than 
that for nonperforated appendicitis. Overall, the noncompress- 
ible appendix is visible in only 38% to 55% of patients with 
perforated appendicitis. 145,146 

As of 2013, ACR Appropriateness Criteria guidelines recom- 
mend ultrasound as the first-choice imaging technique in preg- 
nant women and children younger than 14 years with suspected 
appendicitis. 45 

Magnetic Resonance Imaging. Recent advances in MRI tech- 
nology have led to an increased role in the setting of suspected 
appendicitis. Superior soft tissue contrast resolution, multipla¬ 
nar imaging capability, and ability to scan without contrast 
administration make MRI an attractive choice. Unlike CT, MRI 
does not involve the use of ionizing radiation. 14 Drawbacks to 
the use of MRI include relatively long imaging times, higher 
cost, higher dependence on technique for good results, and 
reduced availability relative to CT. 57 

Successful MRI protocols limit motion artifact and empha- 
size soft tissue contrast in the region of the appendix. Published 
protocols typically include single-shot fast spin-echo (SSFSE) 
sequences with T2 weighting in axial, coronal, and sagittal 
planes, at least one plane with SSFSE T2 with fat suppression, 
and one or more planes of Tl-weighted imaging. 148 Multiple 
studies have reported the highest appendix visualization rate 
with T2-weighted images. 47,149,150 Others have shown improved 
sensitivity for acute appendicitis by including a diffusion- 
weighted sequence. 151,152 
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With MRI, the normal appendiceal walls are isointense to 
muscle on TI- and T2-weighted images. Luminal contents such 
as air are typically TI and T2 hypointense. 149,153 In pregnant 
patients, the appendix tends to migrate superiorly in the 
abdomen over time, often extending superior to the iliac crest 
by the third trimester. 154,155 

MRI Åndings of acute appendicitis include a dilated appen¬ 
dix (>7 mm) filled with T2 hyperintense fluid, wall thickness 
more than 2 mm, and T2 hyperintense inflammation or fluid 
in the periappendiceal fat (Fig. 56-25). 46,151,156,157 The thickened 
appendiceal wall may also be hyperintense on T2-weighted 
imaging. MRI is indeterminate if the appendix measures 6 to 
7 mm in diameter and contains T2 hyperintense fluid without 
evidence of wall thickening or a periappendiceal fluid signal. 46,153 

Although reduction or elimination of ionizing radiation is 
always desirable, the use of MRI for suspected appendicitis has 
grown most rapidly in patients for whom radiation concerns 
are most pronounced, notably pregnant women and pediatric 
patients. 45 US remains the initial imaging test of choice in these 
patients, 45 but the use of MRI has been growing in popularity, 
particularly when ultrasound examinations are inconclusive. 1 lS 
At one institution, integrating MRI into the workup for sus¬ 
pected appendicitis in pregnant women resulted in a 47% 
reduction in the negative laparotomy rate (from 55%-29%). 159 
Some early studies comparing the two modalities have found 
better overall diagnostic performance with MRI, suggesting that 
MRI use may continue trending upward. 160-162 

The clinical diagnosis of acute appendicitis can be more 
challenging in pregnant patients because of anatomic consider- 
ations, presence of leukocytosis in otherwise normal patients, 
and wide range of alternate pathologies. 45, 59,163 Early studies 164 
reported right upper quadrant pain to be the typical presenta- 
tion of acute appendicitis during pregnancy, with the appendix 
migrating superiorly as the uterus enlarges. 165 However, more 
recent investigations have found that right lower quadrant pain 
remains the most common presenting symptom, even in this 
patient population. 166 

Despite early reports, most recent studies have found poor 
sensitivity for ultrasound in the diagnosis of acute appendicitis 
during pregnancy. 167 In a large study by Pedrosa and colleagues, 


the normal appendix was only visualized in 2 of 126 pregnant 
patients without appendicitis (<2%). In patients with appendi¬ 
citis, sensitivity was only 36% (5 of 14). 157 In another smaller 
study, US could not identify the appendix in 92% of pregnant 
patients. 36 

Theoretical risks to the fetus of MRI during pregnancy 
include heat deposition, acoustic damage, and gadolinium tox- 
icity. When MRI heat deposition was studied in a pig model, 
results showed no significant change in amniotic fluid tempera¬ 
ture. 16 During an MRI examination, rapid current switching 
within the gradient coils creates substantial acoustic noise. In 
clinical use, maximum noise tends to be generated during echo- 
planar imaging (e.g., diffusion sequences) because of the high- 
gradient amplitudes and rapid switching required. 169 Despite 
the theoretical concerns, studies following children exposed to 
echoplanar MRI in utero did not demonstrate a significant 
increase in postnatal disease or disability. MRI vendors 
have begun introducing scanners with reduced acoustic noise. 172 
This may help alleviate safety concerns while improving patient 
comfort and, as a result, motion degradation. 3175 Despite the 
theoretical risks of MRI to the fetus, no studies have shown 
deleterious long-term effects. MRI has long been used in the 
obstetric population to evaluate fetal anomalies, without known 
adverse effects. 176 ' 178 

Gadolinium toxicity has garnered attention as our under- 
standing of nephrogenic systemic fibrosis continues to evolve. 
In the pregnant female, IV gadolinium-based contrast crosses 
the placenta and is filtered by the fetal kidneys. Subsequently, 
the gadolinium agent is excreted into the amniotic fluid, where 
some of it remains in contact with the fetus for a prolonged 
period. Because there is more time inside the body, there is 
more time for the chelated agent to break down and release 
the free gadolinium, which has been implicated in toxicity 
events. 179 " 182 

Based on this physiology, the U.S. Food and Drug Adminis¬ 
tration has classified gadolinium-based contrast agents as cat- 
egory C agents. The 2013 ACR guidance document on safe MR 
practices stated that “The risk to the fetus of gadolinium-based 
MR contrast agent administration remains unknown and may 
be harmful.” 183 



Figure 56-25 MRI scans of acute appendicitis during pregnancy. A. Axial T2-weighted HASTE imaging shows a dilated, fluid-filled appendix 
(arrow) surrounded by low signal fat stranding. There are multiple low signal fecaliths within the appendiceal lumen ( arrowheads). B. A coronal 
HASTE image shows the dilated appendix and fecalith (arrow). C. In a second patient, sagittal T2-weighted HASTE imaging shows the appendix, 
with marked, low-signal wall thickening (arrow). 




56 Diseases of the Appendix 969 


IV gadolinium is not routinely used when using MRI to 
evaluate for suspected appendicitis. 148 Fortunately, recent 
studies have demonstrated a similar level of diagnostic accuracy 
using contrast-enhanced CT and noncontrast MRI to detect 
acute appendicitis in the pregnant population. 1 184 A meta- 
analysis by Blumenfeld and associates noted sensitivity, specific- 
ity, and positive and negative predictive values of MRI for 
diagnosing appendicitis during pregnancy as 95.0%, 99.9%, 
90.4%, and 99.5%, respectively, when scans of diagnostic quality 
were reviewed. 185 

DIFFERENTIAL DIAGNOSIS 

The presence of inflammatory change adjacent to the cecum is 
typical of acute appendicitis but is not specific for the diagnosis. 
The differential diagnosis includes cecal or ileal diverticulitis, 
Crohns disease, mesenteric adenitis, epiploic appendagitis, 
inflamed MeckeFs diverticulum, infectious or ischemic ileitis, 
typhlitis, perforated cecal carcinoma, and pelvic inflammatory 
disease. 

Identification of the normal appendix can facilitate an 
appropriate alternate diagnosis. The distinction can be critical 
because, unlike appendicitis, many of the other conditions are 
treated conservatively. 

Mesenteric Adenitis 

Mesenteric adenitis is the second most common cause of right 
lower quadrant pain after acute appendicitis, accounting for 2% 
to 14% of discharge diagnoses in patients suspected of having 
appendicitis. 186189 

Primary mesenteric adenitis is diagnosed by CT or US when 
there are more than three right-sided mesenteric lymph nodes 
5 mm or larger without an identifiable acute inflammatory 
process or with mild (<5-mm) terminal ileal wall thickening. 
Mesenteric nodes should not be considered responsible for the 
patient’s symptoms unless a primary intestinal inflammatory 
lesion is excluded. Underlying infectious terminal ileitis is 
thought to be responsible for most cases of primary mesenteric 
adenitis. 186 ’ 187 ’ 189 

In secondary mesenteric adenitis, the enlarged mesenteric 
lymph nodes are related to an identifiable underlying condition. 
Possible causes include acute appendicitis, infectious enteritis 
or enterocolitis, diverticulitis, Crohns disease (Fig. 56-26), 
celiac disease, and neoplasm. 189 

Infectious Enterocolitis 

Infectious enterocolitis, especially bacterial ileocecitis caused 
by Yersinia spp., Campylobacter, or Salmonella, can present 
with symptoms similar to those of acute appendicitis. Imaging 
studies reveal terminal ileal and cecal wall thickening in 
association with moderate right lower quadrant mesenteric 
adenopathy. 190 

Crohn's Disease 

Crohns disease is characterized by transmural granulomatous 
infiltration of the bowel that results in wall thickening second¬ 
ary to edema, fibrosis, inflammation, and lymphangiectasis. 
CT is useful in the identification of inflamed segments of 
bowel in this disease; the terminal ileum and right colon are 
most commonly affected (Fig. 56-27). The most frequent CT 
finding in Crohn s disease is homogeneously enhancing thick- 
ened bowel, although a mural stratification pattern may be 



Figure 56-26 Mesenteric adenitis in a patient with Crohn's 
disease. Enhanced CT scan shows multiple, enlarged, right lower 
quadrant nodes ( arrows ) in this patient with Crohn's disease. The 
appendix was identified ( arrowheads ) and was normal. 


present. The average degree of mural thickening has been noted 
to range from 11 to 30 mm. 191195 The distribution of bowel 
involvement is commonly segmental, with interposed loops 
of normal bowel. 

CT is also useful for identifying the many potential compli- 
cations of this disorder. These include the formation of bowel 
strictures, mesenteric pathology (e.g., fibrofatty proliferation, 
inflammation, abscesses, and adenopathy), fistula and sinus 
tract formation (Fig. 56-28), superimposed neoplasm, renal and 
gallbladder calculi, hepatic and biliary disease (including hepa¬ 
titis and pericholangitis), and sacroiliitis. 

Epiploic Appendagitis 

Primary epiploic appendagitis is the result of ischemia, torsion, 
or infarction of an epiploic appendage. This self-limiting condi¬ 
tion results in focal abdominal pain that can simulate appendi¬ 
citis when it occurs in the right lower quadrant. It is estimated 
to be the cause in approximately 1% of patients suspected of 
having appendicitis. 196 On CT, the inflamed appendage is iden¬ 
tified as a round or ovoid fat density structure surrounded by 
a thickened, high-attenuation rim of thickened visceral perito- 
neum (Fig. 56-29). A central high-attenuation focus represent- 
ing a thrombosed vessel or hemorrhage may also be present. 
Thickening of the adj acent colonic wall is commonly present, 
along with inflammatory changes in the adj acent fat. 

Omental Infarction 

An omental infarction is a benign, self-limiting condition 
caused by torsion or infarction of the greater omentum. Males 
are affected twice as often as females, and the infarction is 
usually right-sided. 197 On CT, an omental infarction appears 
as an inflammatory mass containing variable amounts of fat 
and fluid (Fig. 56-30). Inflammatory change and small 
amounts of peritoneal fluid are commonly seen surrounding 
the omental infarction. The size of the infarct is typically 
larger than that of an inflamed epiploic appendage; it is 
more heterogeneous in appearance and lacks a surrounding 
hyperattenuating rim. Sonographically, an omental infarction 
appears as a hyperechoic, noncompressible, ovoid mass adher- 
ent to the peritoneum. 
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Figure 56-27 Crohn's disease. A. This enhanced CT scan shows circumferential mural thickening of the terminal ileum ( arrows ). B. A more 
cephalad image shows associated fibrofatty proliferation (F) of the mesentery. 



Figure 56-28 Crohn's disease with enteroenteric fistulas. This 
enhanced CT scan shows circumferential thickening of ileal loops with 
multiple linear soft tissue tracts extending between the loops 
representing interloop (enteroenteric) fistulas ( arrowheads ). Fibrofatty 
proliferation is also present in the mesentery. 


Right-Sided and Ileal Diverticulitis 

Right-sided diverticulitis is caused by inflammation of a colonic 
diverticulum in the cecum or ascending colon. Unlike sigmoid 
diverticula, right-sided diverticula are usually true diverticula 
that contain all layers of the colonic wall. Identification of an 
intramural abscess or cecal diverticulum in association with an 
inflammatory process located cephalad to a normal-appearing 
cecal caput and periappendiceal region should suggest the diag- 
nosis. The characteristic findings on US and CT examination 
are identification of the inflamed diverticulum in association 
with focal, asymmetric, colonic wall thickening and inflamma¬ 
tion of the pericolonic fat (Fig. 56-31). 



Figure 56-29 Right-sided epiploic appendagitis. On enhanced CT, 
the inflamed epiploic appendage ( arrows ) is identified as a 
homogeneous oval structure surrounded by a thickened, high- 
attenuation rim of visceral peritoneum contiguous with the ascending 
colon. 


Ileal diverticulitis presents as a focal inflammatory mass or 
thickening of the terminal ileum with a variable mesenteric 
inflammatory reaction surrounding an inflamed ileal diverticu¬ 
lum. Acquired ileal diverticula have been reported in 1% to 2% 
of small bowel series using spot compression radiography. 198 

Meckel's Diverticulum 

MeckeFs diverticulum is a true diverticulum arising from the 
distal ileum. It is the most common congenital anomaly of the 
small bowel, affecting approximately 2% of the population. 61 

On imaging, an inflamed Meckel’s diverticulum appears as 
a variable-sized, blind-ending structure contiguous with the 
distal ileum (Fig. 56-32). Generally, the diverticulum itself 
cannot be identified but the diagnosis can be considered when 
inflammatory changes are seen adjacent to the distal ileum. 
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Neutropenic Colitis (Typhlitis) 

This type of colitis occurs in profoundly neutropenic patients 
(especially patients with acute leukemia who are receiving che- 
motherapy) and results in necrotizing injury to the involved 
bowel. The inflammatory process may involve the cecum, 
ascending colon, ileum, or appendix. CT Åndings are nonspe- 
cific and include concentric homogeneous or heterogeneous 
thickening of the bowel wall, with associated intramural edema 
and necrosis, pericolic fluid, thickening of the pericolic fascia, 
and pneumatosis intestinalis (Fig. 56-33). 199 Prompt diagnosis 



Figure 56-30 Right-sided omental infarct. A heterogeneous 
inflammatory mass ( arrows ) composed of fat and soft tissue elements 
is identified in the right lower quadrant; this represents an omental 
infarct. The omental infarct is causing displacement of pelvic small 
bowel loops toward the left abdomen. 


is essential to prevent transmural necrosis and subsequent 
perforation. 

Ischemia 

Ischemia of the distal small bowel or the right colon may cause 
localized right lower quadrant pain. Most cases will be caused 
by a superior mesenteric artery thrombus or embolus or by low 
perfusion pressure. 61 

On enhanced CT examination, the affected bowel will ini¬ 
tially demonstrate circumferential bowel wall thickening (Fig. 
56-34). A mural stratification pattern is often seen after IV 
contrast administration. With bowel infarction, pneumatosis 
intestinalis may develop, and the bowel wall may demonstrate 
lack of enhancement with IV contrast administration. 

Cecal Carcinoma 

Cecal carcinoma usually presents as asymmetric nodular mural 
thickening (typically >1 cm) or a soft tissue attenuation mass 
(Fig. 56-35). Obstruction of the appendiceal orifice by the mass 
may lead to the development of appendicitis and appendiceal 
perforation. 200 ’ 201 

Crohn's Disease 

Crohns disease may involve any part of the GI tract. Involve - 
ment of the appendix results in a granulomatous appendicitis 
that is usually managed conservatively. Pathologic studies have 
shown appendiceal involvement in 20% to 36% of patients with 
Crohns disease (Fig. 56-36). 202 Histopathologically, the inflam¬ 
matory appendiceal changes in Crohns disease are similar to 
changes in other intestinal segments involved by this entity— 
transmural inflammation with wall thickening, epithelioid 
granulomas, lymphoid aggregates, and mucosal ulcerations. 20 " 



Figure 56-31 Right-sided diverticulitis. A. This enhanced CT scan shows the inflamed diverticulum (arrow) in the proximal ascending colon 
with surrounding inflammatory changes and associated reactive lateral colonic wall thickening. B. This slightly more caudal image shows the 
normal appendix (curved arrow) medial to the inflamed right colon. 
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Figure 56-32 Inflamed Meckel's diverticulum. There is a thick- 
walled, blind-ending tubular structure adjacent to the terminal ileum 
( arrows ) that represents the inflamed Meckel's diverticulum. 
Inflammatory changes are also identified in the surrounding 
mesenteric fat. 



Figure 56-33 Neutropenic colitis (typhlitis) in a patient with 
acute myelogenous leukemia. There is circumferential mural 
thickening of the cecum ( arrows ) and terminal ileum ( arrowheads) 
along with mild perienteric inflammatory change. 


Although Crohns disease frequently causes chronic abdominal 
symptoms, up to one third of patients with ileocecal Crohns 
disease present with right lower quadrant symptoms mimicking 
those of appendicitis. 204 

Ripolles and co-workers evaluated 190 patients with Crohns 
disease with gray-scale and color Doppler US and found that 
20% had appendicular involvement. They also found that 
appendiceal involvement of Crohns disease was always associ- 
ated with segmental ileal and/or cecal thickening. There were 
no cases of isolated appendiceal involvement in their series. 


They found that in patients with isolated ileocecal region 
involvement, terminal ileal wall thickening more than 5 mm 
and color Doppler flow in the ileum were the most valuable US 
features for differentiating Crohns disease from acute appendi¬ 
citis (positive and negative predictive values as high as 96% and 
74%, respectively). Also, they found that irregular thickening of 
the submucosal layer of the terminal ileum and fibrofatty pro- 
liferation of the mesentery around the inflamed terminal ileum 
were specific Åndings of Crohns disease that were absent in 
acute appendicitis. 

Isolated appendiceal involvement, also known as idiopathic 
granulomatous appendicitis, is now believed by many to be a 
distinet entity from Crohns disease with appendiceal involve¬ 
ment. Patients with this condition commonly present with 
symptoms mimicking those of acute appendicitis. Idiopathic 
granulomatous appendicitis is characterized pathologically by 
the presence of numerous granulomas and concentric mural 
fibrosis. 205 The histopathologic feature of numerous granulo¬ 
mas differentiates this entity from Crohns disease, which char- 
acteristically has sparse granulomas. Also, unlike patients who 
have involvement of the appendix from Crohn s disease, patients 
with idiopathic granulomatous appendicitis rarely have recur- 
rence, fistulization, or extra-appendiceal GI tract involvement 
after appendectomy. 205 

Ulcerative Colitis 

Ulcerative colitis is characterized by colonic mucosal inflamma¬ 
tion and uleeration that typically proceeds in a continuous 
fashion from the rectum proximally. CT shows bowel wall 
thickening caused by a combination of infiltration of the lamina 
propria by round cells, hypertrophy of the muscularis mueosa 
with resultant separation of the mueosa from the submueosa, 
and deposition of submucosal fat. 194 The mean bowel wall 
thickness in ulcerative colitis is approximately 8 mm. 192,195 In 
contradistinction to Crohns disease, which typically shows 
homogeneous enhancement of the colonic wall after IV con- 
trast administration, approximately 70% of patients with ulcer¬ 
ative colitis demonstrate inhomogeneous mural enhancement 
after IV contrast administration (Fig. 56-37). 194,195 

Appendiceal involvement is seen in 61% to 87% of patients 
with pancolitis caused by ulcerative colitis. The appendiceal 
involvement may be contiguous with cecal ulcerative colitis or 
may occur as a skip lesion adjacent to a normal cecum. This 
latter type has been referred to as ulcerative appendicitis. 
Appendiceal involvement was found to occur as a skip lesion 
without associated cecal involvement in 34% to 86% of colons 
removed for chronic ulcerative colitis. 206 

On CT examination, the typical features of ulcerative appen¬ 
dicitis are edema and thickening of the appendiceal wall. 
Appendectomy is thought to be a protective factor in ulcerative 
appendicitis. 206 

Endometriosis 

GI tract involvement is seen in 5% to 37% of patients with 
endometriosis. The most commonly involved segments, in 
order of decreasing frequency, are the rectum and sigmoid 
colon, small bowel, cecum, and appendix. 

Most patients with endometriosis of the appendix will 
remain asymptomatic. Symptomatic patients usually experi- 
ence chronic pain; however, some patients may experience acute 
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Figure 56-34 Small bowel ischemia due to thrombosis of the superior mesenteric vein. A. This enhanced CT scan shows circumferential 
thickening of ileal small bowel loops within the pelvis. Pelvic ascites (A) is also present. B. There is absent enhancement of the superior 
mesenteric vein (arrow) caused by intraluminal thrombus. 



Figure 56-35 Cecal carcinoma. This lobulated, nodular cecal mass 
causing eccentric wall thickening of more than 1 cm ( arrows ) was 
pathologically proven to be a primary cecal adenocarcinoma. 


right lower quadrant pain that is clinically indistinguishable 
from that of acute appendicitis. On CT, a noninflamed, nondis- 
tended, and nonopacified appendix is frequently seen. 


Appendiceal Diverticulitis 

Appendiceal diverticula are fo und in 0.004% to 2.8% of surgical 
and pathologic specimens. 203 Most are acquired because of 
intrinsic mural weakness or abnormally raised intraluminal 
pressure secondary to increased muscular activity or closed 


loop obstruction. The diverticula may be solitary or mul¬ 
tiple and are found anywhere along the appendix. They are 
usually 0.2 to 0.5 mm. 203 

The presence of appendiceal diverticula may predispose to 
hemorrhage and diverticulitis. On CT, inflammation of the 
diverticulum and/or appendix is seen. Clinically, patients can 
present with symptoms similar to those of acute appendicitis. 
The pain is often intermittent and insidious and typically occurs 
1 to 14 days before presentation. Because the risk of appendiceal 
perforation in appendiceal diverticulitis is fourfold greater than 
that for simple appendicitis, prompt surgical resection is 
advised. 203 Accordingly, some surgeons recommend prophylac- 
tic appendectomy when diverticula are discovered during lapa- 
rotomy for other disorders. 207,208,210 

Appendiceal Intussusception 

Intussusception of the appendix can present clinically in five 
different ways 211 ' 214 : (1) acute appendicitis; (2) intussusception; 
(3) recurrent intermittent right lower quadrant pain; (4) inter¬ 
mittent painless rectal bleeding; and (5) asymptomatically, with 
incidental Åndings at laparotomy, barium enema, or colonos- 
copy. In the past, appendiceal intussusception was considered 
rare, being found in only 0.01% of surgical cases. However, the 
fifth presentation is probably the most common. 

Most cases of significant appendiceal intussusception occur 
in children and are attributed to abnormal peristalsis caused by 
intraluminal or intramural irritants of the appendix. These in- 
clude fecaliths, foreign bodies, endometriosis, lymphoid hyper- 
plasia, carcinoid, adenocarcinoma, and mucoceles. 21 1-214 

On double-contrast barium enema examination, intussus¬ 
ception causes a characteristic coiled spring appearance of the 
cecum with nonfilling of the appendix. These findings are best 
seen en face. In incidental cases, the intussusception usually 
disappears on delayed overhead or postevacuation films. The 
coiled spring appearance can also be seen in appendicitis, but 
it is fixed in these cases, and the patient is symptomatic in the 
right lower quadrant. There may be only partial intussusception 
of the appendix, which produces an intraluminal Alling defect 
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Figure 56-36 Crohn's disease with involvement of the appendix. A. There is circumferential wall thickening of the terminal ileum with 
mucosal hyperenhancement ( arrow ). The appendix is distended ( arrowheads ). B. On coronal reformatted imaging, the terminal ileum is thickened 
with mucosal hyperenhancement ( arrows ). 



Figure 56-37 Ulcerative colitis. Enhanced CT scan shows a 
pancolitis with heterogeneous circumferential wall thickening of the 
cecum, transverse colon, and descending colon (arrows). 


on the medial wall of the cecum and nonfilling of the appendix. 
The defect may be mistaken for a polyp (Fig. 56-38). 211 ' 214 On 
US, the intussusception appears as multiple hypoechoic and 
hyperechoic rings, similar to intussusceptions elsewhere in the 

gut. 211 ’ 213 

Hydrostatic reduction of appendiceal intussusceptions has 
been successful in children and adults. Asymptomatic transient 
intussusceptions probably do not require therapy or an exten- 
sive work-up, however. 211-214 

Appendiceal Neoplasms 

Primary neoplasms of the appendix are identified in 0.5% to 
1% of appendectomy specimens at pathologic evaluation. 

The vast majority of these occur in adults older than 30 years. 
Of patients with appendiceal tumors, 30% to 50% will present 
with symptoms of appendicitis, and most of these will have 
obstruction of the appendiceal lumen by the tumor. 21 18 Simi- 
larly, cecal carcinomas can obstruct the appendiceal lumen, 
resulting in secondary appendicitis. A study by Peck showed 
that 11% of right-sided colon cancers clinically presented as 


appendicitis, most of which were caused by appendiceal inflam¬ 
mation from obstruction. 219 

Preoperative identification of an appendiceal or cecal neo- 
plasm may change the surgical approach (laparoscopic vs. an 
open procedure) and procedure performed (appendectomy vs. 
right hemicolectomy). CT has proven very useful in this regard. 
In a retrospective review of 22 CT scans in patients with patho- 
logically proven primary appendiceal neoplasms, Pickhardt and 
colleagues found that the sensitivity of CT for tumor detection 
was 95% when morphologic appendiceal changes or a threshold 
appendiceal diameter of 15 mm was used as a diagnostic crite- 
rion. In 95% of these patients, soft tissue stranding of the peri- 
appendiceal fat was also present. 

MUCOCELE 

Epidemiology, Cause, and Pathology 

Mucocele of the appendix is a descriptive term used to indicate 
dilation of the appendiceal lumen by mucinous secretions. 
The accumulation of mucin is slow and, if infection does 
not intervene, the appendix becomes a large, thin-walled, 
mucin-fllled cystic structure. 220 228 Mucoceles are uncommon; 
they are found in 0.3% of appendectomy specimens, with a 
4:1 preponderance in females and a mean age of 55 years 
at presentation. 228 

Histologically, mucoceles are classified into three groups— 
focal or diffuse hyperplasia, mucinous cystadenoma, and muci¬ 
nous cystadenocarcinoma. A number of obstructing lesions can 
lead to mucocele formation, such as postappendicitis scarring 
(most common), fecalith, appendiceal carcinoma, appendiceal 
endometrioma, appendiceal carcinoid, carcinoma of the cecum 
or ascending colon, appendiceal polyp, and appendiceal volvu- 
lus. It is unclear whether the cystadenoma or cystadenocarci¬ 
noma causes obstruction of the lumen as well or whether the 
mucosa of the obstructed appendix undergoes neoplastic 
change. Benign causes of obstruction outnumber malignant 
causes by a ratio of 4:1 to 10: p 222 ’ 225 ’ 226 ’ 229 - 231 

Most mucoceles are between 3 and 6 cm in diameter. Calci- 
fkations may occur in the wall or lumen of the muco¬ 
cele. 220,221,223,225,226 Myxoglobulosis is a rare variant in which 
numerous small globules form in the appendix. They may calcify 
and produce numerous 1- to 10-mm round or oval mobile 
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Figure 56-38 Appendiceal intussusception. A. Initial barium enema examination reveals a filling defect in the lower cecum that was 
interpreted as a polypoid mass ( arrows ). Colonoscopy performed several days later revealed no abnormalities. B. Subsequent barium enema 
examination shows a normal retrocecal appendix (arrows). 


calcifications in the right lower quadrant. In myxoglobulosis, the 
appendiceal lumen has the consistency of tapioca or fish 

eggs. 232 ’ 233 

Clinical Findings 

The dominant complaint is chronic right lower quadrant pain 
in up to 64% of patients with mucoceles. Almost 23% of patients 
are asymptomatic. Abdominal swelling, anemia, or a mucous 
fistula may also be present. Physical examination reveals right 
lower quadrant tenderness in 38% and a palpable mass in 18% 
to 50% of patients. 222 ’ 223 ’ 225 ’ 226 ’ 228 ' 231 

The major clinical significance of a mucocele lies in its com- 
plications; these include rupture or leakage leading to pseudo- 
myxoma peritonei, torsion with gangrene and hemorrhage, and 
intussusception into the cecum, causing various degrees of 
bowel obstruction. If pseudomyxoma peritonei results from 
rupture of a benign mucocele, the prognosis is good with simple 
removal of the fluid. When it results from a malignant process, 
it behaves like an invasive neoplasm with adhesions, bowel 
obstruction, and a 5-year survival rate of only 25%. Because 
cystadenoma and cystadenocarcinoma are usually indistin- 
guishable radiologically, clinically, and on gross inspection, the 
surgeon must be warned preoperatively of the presence of a 
mucocele. 234 ’ 235 

Radiologic Findings 

Plain Radiographs. The plain abdominal radiograph may be 
normal or may show a well-defmed right lower quadrant mass. 
Rimlike calcifications help establish the diagnosis but are 
uncommon. In myxoglobulosis, mobile calcifications may be 
present that must be differentiated from phleboliths, calcified 
mesenteric lymph nodes, and calcified metastases to the medial 
wall of the cecum. 82 " 84 ’ 225 ’ 226,230 

Barium Enema. The appendix fails to fill on barium enema 
examination, and the cecum is indented on its medial aspect by 
a smooth-walled mass. The cecum is distensible but inseparable 


from the mass (Fig. 56-39). The terminal ileum is often dis- 
placed as we lL 82 - 84 ’ 225 ’ 226 ’ 230 

Cross-Sectional Imaging. On US, mucoceles manifest as 
fluid-filled masses that may be completely anechoic or may 
have septations and gravity-dependent echoes. These latter 
findings probably result from inspissated mucoid material 
that develops as the mucocele ages and matures. Increased 
through-transmission is characteristic. 1 

On CT, mucoceles appear as water density or, less often, soft 
tissue density masses (Fig. 56-40). Calcification may be seen 
within the wall or lumen (Fig. 56-41). 

On MRI, when mucoceles contain predominantly fluid, they 
have long TI and T2 relaxation times and low signal intensity 
on T1 -weighted images and high signal intensity on T2-weighted 
images (Fig. 56-42). If their mucin content is high, mucoceles 
have short TI and long T2 times, so they appear intense on both 
TI- and T2-weighted images. 

When pseudomyxoma peritonei develops, malignant- 
appearing ascites with loculated fluid collections, septations, 
small calcifications, and a scalloped contour of the liver 
and spleen are visualized (Fig. 56-43). 236-2 9 Mucin-producing 
adenoma, cystadenoma, or mucinous cystadenoma presents as 
an encapsulated, low-attenuation cyst and cannot be differenti¬ 
ated from a retention mucocele. 224 

Differential Diagnosis 

The differential diagnosis for these imaging findings includes 
ovarian cysts and neoplasms, duplication cyst, mesenteric and 
omental cysts, mesenteric hematoma or tumor, and abdominal 
abscess. 

MUCINOUS CYSTADENOMA AND 
CYSTADENOCARCINOMA 

The detection of a heterogeneously attenuated mass with 
nodular areas of soft tissue density or of a cystic mass with 
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Figure 56-39 Mucocele of the appendix. A. Barium enema study shows a sharply contoured large intraluminal cecal defect (M). Note that the 
intussuscepting mucocele arises from the tip of the cecum (c) and the appendix is not filled ( arrows ). B. CT scan shows the pericecal extension of 
the mucus-filled, distended appendix ( arrow ). Note that there is no periappendiceal inflammation. C. Gross specimen reveals a markedly 
distended, mucus-filled appendix compressing the base of the cecum. Pathologic study showed benign mucocele. 



Figure 56-40 Mucocele of the appendix. This ovoid-shaped 
fluid-filled mass ( arrows ) represents an appendiceal mucocele that is 
causing a mass effect on the adjacent cecum. 



Figure 56-41 Mucocele of the appendix. This ovoid-shaped, 
fluid-filled appendiceal mucocele contains mural calcifications 
(arrows). 
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Figure 56-42 Mucocele of the appendix 
visualized by CT and MRI. A. CT scan shows a 
triangular, flu id-fil led distended appendix (A). The 
appendix has a sharp outer contour, and there is 
no periappendiceal inflammation. B. Tl-weighted 
MR image (250/15) obtained at the same level 
reveals a distended appendix of low signal 
intensity. C. T2-weighted MR image (2000/60) 
shows a bright structure of high signal intensity, 
representing the appendix, indicative of a 
fluid-filled structure. (Courtesy Charles A. Whelan, 
MD, Montclair, NJ.) 



Figure 56-43 Pseudomyxoma peritonei. A. Upper abdomen reveals ascites with a scalloped contour to the liver and spleen ( arrows ). 

B. Midabdomen reveals massive ascites with heterogeneous attenuated fluid and septations causing mass effect on adjacent bowel loops. 


associated soft tissue components (Fig. 56-44) is strongly sug¬ 
gestive of a mucinous cystadenocarcinoma of the appendix. 238,240 
Perforation is present in approximately 46% of patients with 
mucinous cystadenocarcinoma at the time of appendectomy. 241 
Patients with mucinous cystadenocarcinomas associated with 
pseudomyxoma peritonei have a poor 5-year survival rate of 
50%. 203 

NONMUCINOUS ADENOCARCINOMA 

Primary appendiceal adenocarcinoma is an uncommon tumor, 
with an incidence of approximately 0.08%. 242 Adenocarcinoma 
of the appendix presents as a soft tissue mass similar to the more 


common colonic carcinoma, and it metastasizes hematoge- 
nously and lymphatically. 

On CT examination, these tumors usually appear as a focal 
or diffuse soft tissue mass with appendiceal distention (diam¬ 
eter typically >15 mm), wall thickening, and associated soft 
tissue stranding of the periappendiceal fat (Figs. 56-45 and 56- 
46). When small, carcinoma of the appendix cannot be differ- 
entiated from complicated appendicitis. 

Surgical treatment depends on the size and stage of the 
tumor. Small lesions without lymph node involvement 
can usually be treated with appendectomy, but more 
advanced appendiceal carcinoma typically necessitates right 
hemicolectomy. 
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Figure 56-44 Mucinous cystadenocarcinoma of the appendix. CT 

detects a mass having solid (s) and cystic (c) components in the right 
pelvis inferior and medial to the cecum (large arrows). Peripheral 
calcifications are seen in the cystic component (small arrows). 



Figure 56-45 CT scan of perforated carcinoma of the appendix. 

A lobulated, heterogeneous complex mass (M) is seen posterior and 
caudal to the cecum. The mass has an irregular contour, and 
periappendiceal inflammatory changes are present (arrows). 



Figure 56-46 CT scans of carcinoma of the distal appendix. A-C. Series axial CT scans of the right, mid, and lower abdomen show that a 
lobulated soft tissue mass ( arrows) is present in the distal aspect of the appendix, with mural thickening identified in the more proximal 
appendix. Periappendiceal inflammatory changes are also identified ( arrowheads). 


CARCINOID 

Carcinoid tumor is the most common neoplasm of the appen¬ 
dix, with an incidence of 0.32% in appendectomy specimens 
and 0.054% in an autopsy series. 203,243 Appendiceal carcinoid 
tumors comprise 18.9% of all GI carcinoid tumors, but are 
less biologically aggressive than other GI carcinoid tumors. 244 
Most are smaller than 2 cm at presentation, and most patients 


are asymptomatic. Typically, these lesions are incidentally 
found at surgery (Fig. 56-47). Appendiceal carcinoids have 
a lower average age at presentation (average, 42.2 years) than 
other GI carcinoid tumors (average, 62.9 years) or noncar- 
cinoid appendiceal tumors (average, 61.9 years), have a ten- 
dency to present with coexistent tumors, have little metastatic 
potential, and have a female predominance (male-to-female 
ratio of 0.47). 245,246 The 5-year survival for appendiceal 
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Figure 56-47 Carcinoid tumor of the appendix. An enhancing soft 
tissue mass (arrow) occludes the lumen of the appendix, which is 
dilated and fluid-filled ( arrowheads ). The patient presented with acute 
appendicitis. 


carcinoids (85.9%) is higher than for other GI carcinoid 
tumors (54%). 246 

Most appendiceal carcinoid tumors (~70%) are located in 
the appendiceal tip, followed by the body (approximately 22%) 
and the base (approximately 7%). 203 The typical CT appearance 


is a homogeneous soft tissue mass that may infiltrate into the 
cecum and mesentery. 247 

Treatment of appendiceal carcinoid depends on its size. 
Tumors smaller than 2 cm are usually treated with appendec- 
tomy. Tumors larger than 2 cm or with evidence for invasion 
into the mesoappendix necessitate right hemicolectomy and, 
unfortunately, have a poorer prognosis. 203 

LYMPHOMA 

Primary appendiceal lymphoma is a very rare lesion, with an 
incidence of 1% to 3%. 248,249 Patients typically present with 
clinical signs mimicking those of acute appendicitis and with 
no prior history of lymphoma. At the time of diagnosis, most 
tumors are larger than 3 cm. All reported cases have been non- 
Hodgkin s type. 250 

On CT, there is usually marked mural thickening of the 
appendix, which maintains its vermiform shape. Aneurysmal 
luminal dilation may be present, and periappendiceal stranding 
may also be identified because of secondary appendicitis from 
luminal obstruction or direct serosal extension of lymphoma- 
tous cells. 250,251 

Metastases 

Primary neoplasms that can metastasize to the appendix include 
those of the breast, lung, bronchus, stomach, colon, pancreas, 
kidney, ovaries, or prostate. Direct extension of cecal or ileal 
tumors can also involve the appendix. 203 

Metastatic tumors of the appendix usually involve the 
serosal or submucosal layers and, on CT, they usually appear 
as a solitary soft tissue mass contiguous with the appendix. 
These lesions can obstruct the appendiceal lumen, leading 
to secondary appendicitis and its complications, including 
perforation. 203 


REFERENCES 


1. Kami M, Berliner C, Keller S, et al: Imaging 
of appendicitis in adults. Rofo 186:551-558, 
2014. 

2. Di Cesare A, Parolini F, Morandi A, et al: Do 
we need imaging to diagnose appendicitis in 
children? Afr J Paediatr Surg. 10:68-73, 2013. 

3. Golblatt MI: Appendix. In Shackelford RT, 
Zuidema GD, editors: Shackelford’s Surgery of 
the Alimentary tract, ed 7, Philadelphia, 2012, 
Saunders, pp 2019-2029. 

4. Litz C, Danielson PD, Gould J, et al: Financial 
impact of surgical technique in the treatment 
of acute appendicitis in children. Am Surg 
79:857-860, 2013. 

5. Stoker ME, Becker JM: Appendicitis. In Brandt 
LJ, editor: Clinical Practice of Gastroenterol- 
ogy, Philadelphia, 1999, Current Medicine, 
pp 773-778. 

6. Anson BJ, McVay CB, Callander CL: Surgical 
Anatomy, ed 5, Philadelphia, 1971, Saunders. 

7. Arey LB: Developmental Anatomy: A Textbook 
and Laboratory Manual of Embryology, ed 7, 
Philadelphia, 1965, Saunders. 

8. Voight A: Embryology and anatomy of the 
appendix. Southwest Med J 34:285-287, 1953. 

9. Balthazar EJ, Gade M: The normal and abnor¬ 
mal development of the appendix. A radio - 


graphic assessment. Radiology 121(Pt 1): 
599-604, 1976. 

10. Schumpelick V, Dreuw B, Ophoff K, et al: 
Appendix and cecum. Embryology, anatomy, 
and surgical applications. Surg Clin North Am 
80:295-318, 2000. 

11. Broman I: [Die entwicklung des menschen von 
der geburt; ein leitfaden zum selbstudium der 
menschlichen embryologie.] Munich, 1927, JF 
Bergmann. 

12. Wakeley CP: The position of the vermiform 
appendix as ascertained by an analysis of 
10,000 Cases. J Anat 67(Pt 2):277-283, 
1933. 

13. Maisel H: A note on the vermiform appendix. 
S Afr Med J 32:673-674, 1958. 

14. Meyers MA: Dynamic Radiology of the 
Abdomen: Normal and Pathologic Anatomy, 
ed 6, New York, 2010, Springer-Verlag. 

15. Collins DC: Agenesis of the vermiform appen¬ 
dix. Am J Surg 82:689-696, 1951. 

16. Lippert H, Pabst R: Arterial Variations in Man: 
Classification and Frequency, Munich, 1985, JF 
Bergmann Verlag. 

17. Kyriazis AA, Esterly JR: Development of lym- 
phoid tissues in the human embryo and early 
fetus. Arch Pathol 90:348-353, 1970. 


18. Fitz RH: Perforating inflammation of the ver¬ 
miform appendix: With special reference to its 
early diagnosis and treatment. Am J Med Sci 
92:321-346, 1886. 

19. Owings MF, Kozak LJ: Ambulatory and inpa- 
tient procedures in the United States, 1996. 
Vital Health Stat 13( 139): 1-119, 1998. 

20. Birnbaum BA, Wilson SR: Appendicitis at the 
millennium. Radiology 215:337-348, 2000. 

21. Buckius MT, McGrath B, Monk J, et al: Chang- 
ing epidemiology of acute appendicitis in the 
United States: Study period 1993-2008. J Surg 
Res 175:185-190, 2012. 

22. Anderson JE, Bickler SW, Chang DC, et al: 
Examining a common disease with unknown 
etiology: Trends in epidemiology and surgical 
management of appendicitis in California, 
1995-2009. World J Surg 36:2787-2794, 2012. 

23. Velanovich V, Satava R: Balancing the normal 
appendectomy rate with the perforated appen¬ 
dicitis rate: Implications for quality assurance. 
Am Surg 58:264-269, 1992. 

24. Berry J, Jr, Malt RA: Appendicitis near its cen- 
tenary. Ann Surg 200:567-575, 1984. 

25. Shelton T, McKinlay R, Schwartz RW: Acute 
appendicitis: Current diagnosis and treatment. 
Curr Surg 60:502-505, 2003. 











980 SECTION VII Colon 


26. Fares A: Summer appendicitis. Arm Med 
Health Sci Res 4:18-21, 2014. 

27. Hale DA, Molloy M, Pearl RH, et al: Appendec- 
tomy: A contemporary appraisal. Arm Surg 
225:252-261, 1997. 

28. Korner H, Sondenaa K, Soreide JA, et al: Inci- 
dence of acute nonperforated and perforated 
appendicitis: Age-specific and sex-specific 
analysis. World J Surg 21:313-317, 1997. 

29. Temple CL, Huchcroft SA, Temple WJ: 
The natural history of appendicitis in adults. A 
prospective study. Ann Surg 221:278-281, 
1995. 

30. Andersson RE, Hugander A, Thulin AJ: Diag- 
nostic accuracy and perforation rate in appen¬ 
dicitis: Association with age and sex of the 
patient and with appendicectomy rate. Eur J 
Surg 158:37-41, 1992. 

31. Pieper R, Kager L, Nasman P: Acute appendi¬ 
citis: A clinical study of 1018 cases of emer- 
gency appendectomy. Acta Chir Scand 148: 
51-62, 1982. 

32. Bratu I, Mårtens PJ, Leslie WD, et al: Pediatric 
appendicitis rupture rate: Disparities despite 
universal health care. J Pediatr Surg 43:1964- 
1969, 2008. 

33. Rodriguez DP, Vargas S, Callahan MJ, et al: 
Appendicitis in young children: Imaging expe- 
rience and clinical outcomes. AJR 186:1158- 
1164, 2006. 

34. Vorhes CE: Appendicitis in the elderly: The 
case for better diagnosis. Geriatrics 42:89-92, 
1987. 

35. Andersen B, Nielsen TF: Appendicitis in preg- 
nancy: Diagnosis, management and complica- 
tions. Acta Obstet Gynecol Scand 78:758-762, 
1999. 

36. Cobben LP, Gro ot I, Haans L, et al: MRI for 
clinically suspected appendicitis during preg- 
nancy. AJR 183:671-675, 2004. 

37. Mazze RI, Kallen B: Appendectomy during 
pregnancy: A Swedish registry study of 778 
cases. Obstet Gynecol 77:835-840, 1991. 

38. Walker AR, Segal I: What causes appendicitis? 
J Clin Gastroenterol 12:127-129, 1990. 

39. Larner AJ: The aetiology of appendicitis. Br J 
Hosp Med 39:540-542, 1988. 

40. Wangensteen OH, Buirge RE, Dennis C, et al: 
Studies in the etiology of acute appendicitis: 
The significance of the structure and function 
of the vermiform appendix in the genesis of 
appendicitis: A preliminary report. Ann Surg 
106:910-942, 1937. 

41. Burkitt DP, Moolgaokar AS, Tovey FI: 
Aetiology of appendicitis. Br Med J 1:620, 
1979. 

42. Jones BA, Demetriades D, Segal I, et al: The 
prevalence of appendiceal fecaliths in patients 
with and without appendicitis. A comparative 
study from Canada and South Africa. Ann Surg 
202:80-82, 1985. 

43. Nitecki S, Karmeli R, Sårr MG: Appendiceal 
calculi and fecaliths as indications for appen¬ 
dectomy. Surg Gynecol Obstet 171:185-188, 
1990. 

44. Cotran RS, KumarV, Robbins SL, et al: Robbins 
Pathologic Basis of Disease, ed 4, Philadelphia, 
1989, WB Saunders. 

45. Rosen MP, Ding A, Blake MA, et al: ACR 
Appropriateness Criteria® right lower quad- 
rant pain—suspected appendicitis. J Am Coll 
Radiol 8:749-755, 2011. 

46. Pedrosa I, Levine D, Eyvazzadeh AD, et al: 
MR imaging evaluation of acute appendi¬ 
citis in pregnancy. Radiology 238:891-899, 
2006. 


47. Johnson AK, Filippi CG, Andrews T, et al: 
Ultrafast 3-T MRI in the evaluation of children 
with acute lower abdominal pain for the 
detection of appendicitis. AJR 198:1424-1430, 
2012 . 

48. Trautlein JJ, Lambert RL, Miller J: Malpractice 
in the emergency department—review of 200 
cases. Ann EmergMed 13(Pt 1):709-711,1984. 

49. Trautlein JJ, Lambert R, Miller J: Malpractice 
in the emergency room: A critical review of 
undiagnosed appendicitis cases and legal 
actions. Qual Assur Util Rev 2:54-56, 1987. 

50. Phillips RL, Jr, Bartholomew LA, Dovey SM, 
et al: Learning from malpractice claims about 
negligent, adverse events in primary care in the 
United States. Qual Saf Health Care 13:121— 
126, 2004. 

51. Selbst SM, Friedman MJ, Singh SB: Epidemiol- 
ogy and etiology of malpractice lawsuits 
involving children in U.S. emergency depart- 
ments and urgent care centers. Pediatr Emerg 
Care 21:165-169, 2005. 

52. Andersson RE: Meta-analysis of the clinical 
and laboratory diagnosis of appendicitis. Br J 
Surg 91:28-37, 2004. 

53. Andersson RE, Hugander AP, Ghazi SH, et al: 
Why does the clinical diagnosis fail in sus¬ 
pected appendicitis? Eur J Surg 166:796-802, 
2000. 

54. Kharbanda AB, Taylor GA, Fishman SJ, et al: A 
clinical rule to identify children at low risk for 
appendicitis. Pediatrics 116:709-716, 2005. 

55. Kalliakmanis V, Pikoulis E, Karavokyros IG, 
et al: Acute appendicitis: The reliability of 
diagnosis by clinical assessment alone. Scand J 
Surg 94:201-206, 2005. 

56. White JJ, Santillana M, Haller JA, Jr: Intensive 
in-hospital observation: A safe way to decrease 
unnecessary appendectomy. Am Surg 41:793- 
798, 1975. 

57. Flum DR, Morris A, Koepsell T, et al: Has mis- 
diagnosis of appendicitis decreased over time? 
A population-based analysis. JAMA 286:1748- 
1753, 2001. 

58. Flum DR, Koepsell T: The clinical and eco- 
nomic correlates of misdiagnosed appendici¬ 
tis: Nationwide analysis. Arch Surg 137: 
799-804, 2002. 

59. Long SS, Long C, Lai H, et al: Imaging strate¬ 
gies for right lower quadrant pain in preg¬ 
nancy. AJR 196:4-12, 2011. 

60. Sivit CJ: Imaging the child with right lower 
quadrant pain and suspected appendicitis: 
Current concepts. Pediatr Radiol 34:447-453, 
2004. 

61. Macari M, Balthazar EJ: The acute right lower 
quadrant: CT evaluation. Radiol Clin North 
Am 41:1117-1136, 2003. 

62. Bendeck SEJ, Nino-Murcia M, Berry GJ, Jeffrey 
RB, Jr: Imaging for suspected appendicitis: 
Negative appendectomy and perforation rates. 
Radiology 225:131-136, 2002. 

63. Rao PM, Rhea JT, Rattner DW, et al: Introduc- 
tion of appendiceal CT: Impact on negative 
appendectomy and appendiceal perforation 
rates. Ann Surg 229:344-349, 1999. 

64. Coursey CA, Nelson RC, Patel MB, et al: 
Making the diagnosis of acute appendicitis: Do 
more preoperative CT scans mean fewer nega¬ 
tive appendectomies? A 10-year study. Radiol¬ 
ogy 254:460-468, 2010. 

65. Drake FT, Florence MG, Johnson MG, et al: 
Progress in the diagnosis of appendicitis: A 
report from Washington States Surgical Care 
and Outcomes Assessment Program. Ann Surg 
256:586-594, 2012. 


66. Nelson DW, Causey MW, Porta CR, et al: 
Examining the relevance of the physician’s 
clinical assessment and the reliance on com- 
puted tomography in diagnosing acute appen¬ 
dicitis. Am J Surg 205:452-456, 2013. 

67. Graffeo CS, Counselman FL: Appendicitis. 
Emerg Med Clinic North Am 14:653-671, 
1996. 

68. Kumar V, Abbas AK, Fausto N, et al: Robbins 
and Cotran Pathologic Basis of Disease, ed 7, 
Philadelphia, 2005, Elsevier Saunders. 

69. Brewer BJ, Golden GT, Hitch DC, et al: 
Abdominal pain. An analysis of 1,000 consecu- 
tive cases in a University Hospital emergency 
room. Am J Surg 131:219-223, 1976. 

70. Ramsden WH, Mannion RA, Simpkins KC, 
et al: Is the appendix where you think it is— 
and if not does it matter? Clin Radiol 47:100- 
103, 1993. 

71. Karim OM, Boothroyd AE, Wyllie JH: McBur- 
ney’s point—faet or fiction? Ann R Coll Surg 
Engl 72:304-308, 1990. 

72. Marchand A, Van Lente F, Galen RS: The 
assessment of laboratory tests in the diagnosis 
of acute appendicitis. Am J Clin Pathol 80:369- 
374, 1983. 

73. Hoffmann J, Rasmussen OO: Aids in the diag¬ 
nosis of acute appendicitis. Br J Surg 76:774- 
779, 1989. 

74. Raftery AT: The value of the leucocyte count in 
the diagnosis of acute appendicitis. Br J Surg 
63:143-144, 1976. 

75. Thompson MM, Underwood MJ, Dookeran 
KA, et al: Role of sequential leucocyte counts 
and C-reactive protein measurements in acute 
appendicitis. Br J Surg 79:822-824, 1992. 

76. Sasso RD, Hanna EA, Moore DL: Leukocytic 
and neutrophilic counts in acute appendicitis. 
Am J Surg 120:563-566, 1970. 

77. Kretchmar LH, McDonald DF: The urine sedi¬ 
ment in acute appendicitis. Arch Surg 87:209- 
211, 1963. 

78. Thimsen DA, Tong GK, Gruenberg JC: Pro¬ 
spective evaluation of C-reactive protein in 
patients suspected to have acute appendicitis. 
Am Surg 55:466-468, 1989. 

79. Vaughan-Shaw P, Richardson C, Lewis M: 
White cell count and C-reactive protein mea- 
surement in patients with possible appendici¬ 
tis. Ann R Coll Surg Engl 93:183, 2011. 

80. Eriksson S, Granstrom L, Bark S: Laboratory 
tests in patients with suspected acute appendi¬ 
citis. Acta Chir Scand 155:117-120, 1989. 

81. Nordback I, Harju E: Inflammation parame¬ 
ters in the diagnosis of acute appendicitis. Acta 
Chir Scand 154:43-48, 1988. 

82. Kelvin FM, Gardiner R: Clinical Imaging of the 
Colon and Rectum, New York, 1987, Raven 
Press. 

83. Marshak RH, Lindner AE, Maklansky D: Radi¬ 
ology of the Colon, Philadelphia, 1980, WB 
Saunders. 

84. Long JA: The appendix. In Dreyfuss JR, 
Janower ML, editors: Goldens Diagnostic 
Radiology, Baltimore, 1980, Williams & 
Wilkins, pp 497-521. 

85. Harding JA, Glick SN, Teplick SK, et al: Appen¬ 
diceal filling by double-contrast barium 
enema. Gastrointest Radiol 11:105-107, 1986. 

86. Johnson JF, Coughlin WF: Plain film diagnosis 
of appendiceal perforation in children. Semin 
Ultrasound CT MR 10:306-313, 1989. 

87. Olutola PS: Plain film radiographic diagno¬ 
sis of acute appendicitis: An evaluation of 
the signs. Can Assoc Radiol J 39:254-256, 
1988. 


56 Diseases of the Appendix 981 


88. Swischuk LE, Hayden CK, Jr: Appendicitis with 
perforation: The dilated transverse colon sign. 
AJR 135:687-689, 1980. 

89. Vaudagna JS, McCort JJ: Plain film diagnosis 
of retrocecal appendicitis. Radiology 117 
(Pt l):533-536, 1975. 

90. Ahn SH, Mayo-Smith WW, Murphy BL, et al: 
Acute nontraumatic abdominal pain in adult 
patients: Abdominal radiography compared 
with CT evaluation. Radiology 225:159-164, 
2002. 

91. Shimkin PM: Radiology of acute appendicitis. 
AJR 130:1001-1004, 1978. 

92. Sakover RP, Del Fava RL: Frequency of visual- 
ization of the normal appendix with the 
barium enema examination. Am J Roentgenol 
Radium Ther Nuel Med 121:312-317, 1974. 

93. Cohen N, Modai D, Rosen A, et al: Barium 
appendicitis: Faet or fancy? Report of a case 
and review of the literature. J Clin Gastroen- 
terol 9:447-451, 1987. 

94. Smith DE, Kirchmer NA, Stewart DR: Use of 
the barium enema in the diagnosis of acute 
appendicitis and its complications. Am J Surg 
138:829-834, 1979. 

95. Rajagopalan AE, Mason JH, Kennedy M, et al: 
The value of the barium enema in the diagno¬ 
sis of acute appendicitis. Arch Surg 112:531- 
533, 1977. 

96. Rice RP, Thompson WM, Fedyshin PJ, et al: 
The barium enema in appendicitis: Spectrum 
of appearances and pitfalls. Radiographics 
4:393-409, 1984. 

97. Fedyshin P, Kelvin FM, Rice RP: Nonspecificity 
of barium enema findings in acute appendici¬ 
tis. AJR 143:99-102, 1984. 

98. Gorske K: Intussusception of the proximal 
appendix into the colon. Radiology 91:791, 
1968. 

99. Demos TC, Flisak ME: Coiled-spring sign of 
the cecum in acute appendicitis. AJR 146:45- 
48, 1986. 

100. Halls JM, Meyers HI: Acute appendicitis with 
abscess stimulating carcinoma of the sigmoid. 
AJR 129:1057-1059, 1977. 

101. Lane MJ, Liu DM, Huynh MD, et al: Suspected 
acute appendicitis: Nonenhanced helical CT in 
300 consecutive patients. Radiology 213:341- 
346, 1999. 

102. Lane MJ, Katz DS, Ross BA, et al: Unenhanced 
helical CT for suspected acute appendicitis. 
AJR 168:405-409, 1997. 

103. Schuler JG, Shortsleeve MJ, Goldenson RS, 
et al: Is there a role for abdominal computed 
tomographic scans in appendicitis? Arch Surg 
133:373-376, 1998. 

104. Rao PM, Rhea JT, Novelline RA, et al: Helical 
CT combined with contrast material adminis- 
tered only through the colon for imaging of 
suspected appendicitis. AJR 169:1275-1280, 
1997. 

105. Rao PM, Rhea JT, Novelline RA, et al: Helical 
CT technique for the diagnosis of appendicitis: 
Prospective evaluation of a focused appendix 
CT examination. Radiology 202:139-144, 
1997. 

106. Rao PM, Rhea JT, Novelline RA: Helical CT of 
appendicitis and diverticulitis. Radiol Clin 
North Am 37:895-910, 1999. 

107. Stoker J, van Randen A, Laméris W, et al: 
Imaging patients with acute abdominal pain. 
Radiology 253:31-46, 2009. 

108. Weltman DI, Yu J, Krumenacker J, Jr, et al: 
Diagnosis of acute appendicitis: Comparison 
of 5- and 10-mm CT sections in the same 
patient. Radiology 216:172-177, 2000. 


109. Johnson PT, Horton KM, Kawamoto S, et al: 
MDCT for suspected appendicitis: Effect of 
reconstruction section thickness on diagnostic 
accuracy, rate of appendiceal visualization, and 
reader confidence using axial images. AJR 
192:893-901, 2009. 

110. Lee KH, Kim YH, Hahn S, et al: Added value 
of coronal reformations for duty radiologists 
and for referring physicians or surgeons in the 
CT diagnosis of acute appendicitis. Korean J 
Radiol 7:87-96, 2006. 

111. Paulson EK, Harris JP, Jaffe TA, et al: Acute 
appendicitis: Added diagnostic value of 
coronal reformations from isotropic voxels at 
multi-detector row CT. Radiology 235:879- 
885, 2005. 

112. Jan YT, Yang FS, Huang JK: Visualization rate 
and pattern of normal appendix on multide- 
tector computed tomography by using multi¬ 
planar reformation display. J Comput Assist 
Tomogr 29:446-451, 2005. 

113. Tamburrini S, Brunetti A, Brown M, et al: CT 
appearance of the normal appendix in adults. 
Eur Radiol 15:2096-2103, 2005. 

114. Benjaminov O, Atri M, Hamilton P, et al: Fre¬ 
quency of visualization and thickness of 
normal appendix at nonenhanced helical CT. 
Radiology 225:400-406, 2002. 

115. Balthazar EJ, Megibow AJ, Siegel SE, et al: 
Appendicitis: Prospective evaluation with 
high-resolution CT. Radiology 180:21-24, 
1991. 

116. Balthazar EJ, Birnbaum BA, Yee J, et al: Acute 
appendicitis: CT and US correlation in 100 
patients. Radiology 190:31-35, 1994. 

117. Malone AJ, Jr, Wolf CR, Malmed AS, et al: 
Diagnosis of acute appendicitis: Value of unen¬ 
hanced CT. AJR 160:763-766, 1993. 

118. Jacobs JE, Birnbaum BA, Macari M, et al: Acute 
appendicitis: Comparison of helical CT diag¬ 
nosis focused technique with oral contrast 
material versus nonfocused technique with 
oral and intravenous contrast material. Radiol¬ 
ogy 220:683-690, 2001. 

119. Rao PM: Cecal apical changes with appendici¬ 
tis: Diagnosing appendicitis when the appen¬ 
dix is borderline abnormal or not seen. J 
Comput Assist Tomogr 23:55-59, 1999. 

120. Rao PM, Wittenberg J, McDowell RK, et al: 
Appendicitis: Use of arrowhead sign for diag¬ 
nosis at CT. Radiology 202:363-366, 1997. 

121. Tsuboi M, Takase K, Kaneda I, et al: Perforated 
and nonperforated appendicitis: Defect in 
enhancing appendiceal wall—depiction with 
multi-detector row CT. Radiology 246:142- 
147, 2008. 

122. Huynh V, Lalezarzadeh F, Lawandy S, et al: 
Abdominal computed tomography in the eval¬ 
uation of acute and perforated appendicitis in 
the community setting. Am Surg 73:1002- 
1005, 2007. 

123. Bixby SD, Lucey BC, Soto JA, et al: Perforated 
versus nonperforated acute appendicitis: Accu¬ 
racy of multidetector CT detection. Radiology 
241:780-786, 2006. 

124. Sivit CJ, Applegate KE: Imaging of acute 
appendicitis in children. Semin Ultrasound CT 
MR 24:74-82, 2003. 

125. Rao PM, Rhea JT, Novelline RA: Distal appen¬ 
dicitis: CT appearance and diagnosis. Radiol¬ 
ogy 204:709-712, 1997. 

126. Kim SY, Lee KH, Kim K, et al: Acute appendi¬ 
citis in young adults: Low- versus standard- 
radiation-dose contrast-enhanced abdominal 
CT for diagnosis. Radiology 260:437-445, 
2011. 


127. Johnson PT, Horton KM, Mahesh M, et al: 
Multidetector computed tomography for sus¬ 
pected appendicitis: Multi-institutional survey 
of 16-MDCT data acquisition protocols and 
review of pertinent literature. J Comput Assist 
Tomogr 30:758-764, 2006. 

128. Pinto Leite N, Pereira JM, Cunha R, et al: CT 
evaluation of appendicitis and its complica¬ 
tions: Imaging techniques and key diagnostic 
findings. AJR 185:406-417, 2005. 

129. Anderson BA, Salem L, Flum DR: A systematic 
review of whether oral contrast is necessary for 
the computed tomography diagnosis of appen¬ 
dicitis in adults. Am J Surg 190:474-478, 2005. 

130. O’Malley ME, Halpern E, Mueller PR, et al: 
Helical CT protocols for the abdomen and 
pelvis: A survey. AJR 175:109-113, 2000. 

131. Wise SW, Labuski MR, Kasales CJ, et al: Com- 
parative assessment of CT and sonographic 
techniques for appendiceal imaging. AJR 
176:933-941,2001. 

132. Rhea JT, Rao PM, Novelline RA, et al: A 
focused appendiceal CT technique to reduce 
the cost of caring for patients with clinically 
suspected appendicitis. AJR 169:113-118, 
1997. 

133. Raman SS, Lu DS, Kadell BM, et al: Accuracy 
of nonfocused helical CT for the diagnosis of 
acute appendicitis: A 5-year review. AJR 178: 
1319-1325, 2002. 

134. Federle MP: Focused appendix CT technique: 
A commentary. Radiology 202:20-21, 1997. 

135. Raman SP, Fishman EK: Imaging: Multidetec¬ 
tor CT in the diagnosis of suspected appendi¬ 
citis. Nat Rev Gastroenterol Hepatol 8:607-609, 
2011. 

136. Wijetunga R, Tan BS, Rouse JC, et al: Diagnos¬ 
tic accuracy of focused appendiceal CT in 
clinically equivocal cases of acute appendicitis. 
Radiology 221:747-753, 2001. 

137. Berg ER, Mehta SD, Mitchell P, et al: Length 
of stay by route of contrast administration 
for diagnosis of appendicitis by computed- 
tomography scan. Acad Emerg Med 13:1040- 
1045, 2006. 

138. Brassart N, Winant C, Tack D, et al: Optimised 
z-axis coverage at multidetector-row CT in 
adults suspected of acute appendicitis. Br J 
Radiol 86:20130115, 2013. 

139. Puylaert JB: Acute appendicitis: US evaluation 
using graded compression. Radiology 158:355- 
360, 1986. 

140. Kessler N, Cyteval C, Gallix B, et al: Appendi¬ 
citis: Evaluation of sensitivity, specificity, and 
predictive values of US, Doppler US, and labo- 
ratory findings. Radiology 230:472-478, 2004. 

141. Rettenbacher T, Hollerweger A, Macheiner P, 
et al: Outer diameter of the vermiform appen¬ 
dix as a sign of acute appendicitis: Evaluation 
at US. Radiology 218:757-762, 2001. 

142. van Randen A, Bipat S, Zwinderman AH, et al: 
Acute appendicitis: Meta-analysis of diagnostic 
performance of CT and graded compression 
US related to prevalence of disease. Radiology 
249:97-106, 2008. 

143. Mittal MK, Dayan PS, Macias CG, et al: Perfor¬ 
mance of ultrasound in the diagnosis of 
appendicitis in children in a multicenter 
cohort. Acad Emerg Med 20:697-702, 2013. 

144. Borushok KF, Jeffrey RB, Jr, Laing FC, et al: 
Sonographic diagnosis of perforation in 
patients with acute appendicitis. AJR 154:275- 
278, 1990. 

145. Ooms HW, Koumans RK, Ho Kang You PJ, 
et al: Ultrasonography in the diagnosis of 
acute appendicitis. Br J Surg 78:315-318,1991. 


982 SECTION VII Colon 


146. Quillin SP, Siegel MJ, Coffin CM: Acute appen- 
dicitis in children: Value of sonography in 
detecting perforation. AJR 159:1265-1268, 
1992. 

147. Leeuwenburgh MMN, Wiarda BM, Wiezer MJ, 
et al: Comparison of imaging strategies with 
conditional contrast-enhanced CT and unen- 
hanced MR imaging in patients suspected of 
having appendicitis: A multicenter diagnostic 
performance study. Radiology 268:135-143, 
2013. 

148. Cobben L, Groot I, Kingma L, et al: A simple 
MRI protocol in patients with clinically sus¬ 
pected appendicitis: Results in 138 patients 
and effect on outcome of appendectomy. Eur 
Radiol 19:1175-1183, 2009. 

149. Baldisserotto M, Valduga SG, da Cunha CF: 
MR imaging evaluation of the normal appen- 
dix in children and adolescents. Radiology 
249:278-284, 2008. 

150. Horowitz JM, Nikolaidis P, Hammond NA, 
et al: Taking advantage of Chemical shift 
imaging: Using opposed-phase images to 
locate the normal appendix on MR. Clin 
Imaging 35:424-430, 2011. 

151. Leeuwenburgh MMN, Wiarda BM, Bipat S, 
et al: Acute appendicitis on abdominal MR 
images: Training readers to improve diagnostic 
accuracy. Radiology 264:455-463, 2012. 

152. Inci E, Kilickesmez O, Hocaoglu E, et al: Utility 
of diffusion-weighted imaging in the diagnosis 
of acute appendicitis. Eur Radiol 21:768-775, 
2011. 

153. Spalluto LB, Woodfield CA, DeBenedectis CM, 
et al: MR imaging evaluation of abdominal 
pain during pregnancy: Appendicitis and other 
nonobstetric causes. Radiographics 32:317- 
334, 2012. 

154. Lee KS, Rofsky NM, Pedrosa I: Localization of 
the appendix at MR imaging during preg¬ 
nancy: Utility of the cecal tilt angle. Radiology 
249:134-141,2008. 

155. Oto A, Srinivasan PN, Ernst RD, et al: Revisit- 
ing MRI for appendix location during preg¬ 
nancy. AJR 186:883-887, 2006. 

156. Dewhurst C, Beddy P, Pedrosa I: MRI evalua¬ 
tion of acute appendicitis in pregnancy. J Magn 
Reson Imaging 37:566-575, 2013. 

157. Pedrosa I, Lafornara M, Pandharipande PV, 
et al: Pregnant patients suspected of having 
acute appendicitis: Effect of MR imaging on 
negative laparotomy rate and appendiceal 
perforation rate. Radiology 250:749-757, 
2009. 

158. Herliczek TW, Swenson DW, Mayo-Smith 
WW: Utility of MRI after inconclusive ultra- 
sound in pediatric patients with suspected 
appendicitis: Retrospective review of 60 con- 
secutive patients. AJR 200:969-973, 2013. 

159. Rapp EJ, Naim F, Kadivar K, et al: Integrating 
MR imaging into the clinical workup of preg¬ 
nant patients suspected of having appendicitis 
is associated with a lower negative laparotomy 
rate: Single-institution study. Radiology 267: 
137-144, 2013. 

160. Israel GM, Malguria N, McCarthy S, et al: MRI 
vs. ultrasound for suspected appendicitis 
during pregnancy. J Magn Reson Imaging 
28:428-433, 2008. 

161. Birchard KR, Brown MA, Hyslop WB, et al: 
MRI of acute abdominal and pelvic pain in 
pregnant patients. AJR 184:452-458, 2005. 

162. Nitta N, Takhashi M, Furukawa A, et al: MR 
imaging of the normal appendix and acute 
appendicitis. J Magn Reson Imaging 21:156— 
165, 2005. 


163. Oto A, Ernst RD, Shah R, et al: Right-lower- 
quadrant pain and suspected appendicitis 
in pregnant women: Evaluation with MR 
imaging—initial experience. Radiology 234: 
445-451, 2005. 

164. Baer JL, Reis RA, Arens RA: Appendicitis in 
pregnancy: With changes in position and axis 
of the normal appendix in pregnancy. JAMA 
98:1359-1364, 1932. 

165. Sharp HT: The acute abdomen during preg¬ 
nancy. Clin Obstet Gynecol 45:405-413, 2002. 

166. Mourad J, Elliott JP, Erickson L, et al: Appen¬ 
dicitis in pregnancy: New information that 
contradicts long-held clinical beliefs. Am J 
Obstet Gynecol 182:1027-1029, 2000. 

167. Katz DS, Klein MA, Ganson G, et al: Imaging 
of abdominal pain in pregnancy. Radiol Clin 
North Am 50:149-171, 2012. 

168. Levine D, Zuo C, Faro CB, et al: Potential 
heating effect in the gravid uterus during MR 
HASTE imaging. J Magn Reson Imaging 
13:856-861,2001. 

169. Shellock FG, Ziarati M, Atkinson D, et al: 
Determination of gradient magnetic field- 
induced acoustic noise associated with the use 
of echo planar and three-dimensional, fast 
spin-echo techniques. J Magn Reson Imaging 
8:1154-1157, 1998. 

170. Reeves MJ, Brandreth M, Whitby EH, et al: 
Neonatal cochlear function: Measurement 
after exposure to acoustic noise during in utero 
MR imaging. Radiology 257:802-809, 2010. 

171. Baker PN, Johnson IR, Harvey PR, et al: 
A three-year follow-up of children imaged in 
utero with echo-planar magnetic resonance. 
Am J Obstet Gynecol 170(1 Pt l):32-33, 
1994. 

172. Aspelund G, Fingeret A, Gross E, et al: Ultra- 
sonography/MRI versus CT for diagnosing 
appendicitis. Pediatrics 133:586-593, 2014. 

173. Idiyatullin D, Corum C, Park JY, et al: Fast and 
quiet MRI using a swept radiofrequency. 
J Magn Reson 181:342-349, 2006. 

174. Edelstein WA, Kidane TK, Taracila V, et al: 
Active-passive gradient shielding for MRI 
acoustic noise reduction. Magn Reson Med 
53:1013-1017, 2005. 

175. Katsunuma A, Takamori H, Sakakura Y, et al: 
Quiet MRI with novel acoustic noise reduc¬ 
tion. MAGMA 13:139-144, 2002. 

176. Oto A, Ernst RD, Ghulmiyyah LM, et al: MR 
imaging in the triage of pregnant patients with 
acute abdominal and pelvic pain. Abdom 
Imaging 34:243-250, 2009. 

177. Kanal E, Shellock FG: Policies, guidelines, and 
recommendations for MR imaging safety and 
patient management. SMRI Safety Committee. 
J Magn Reson Imaging 2:247-248, 1992. 

178. ACOG Committee on Obstetric Practice: 
ACOG Committee Opinion. Number 299, 
September 2004 (replaces No. 158, September 
1995). Guidelines for diagnostic imaging 
during pregnancy. Obstet Gynecol 104:647- 
651, 2004. 

179. Webb JA, Thomsen HS: Gadolinium contrast 
media during pregnancy and lactation. Acta 
Radiol 54:599-600, 2013. 

180. De Santis M, Straface G, Cavaliere AF, et al: 
Gadolinium periconceptional exposure: Preg¬ 
nancy and neonatal outcome. Acta Obstet 
Gynecol Scand 86:99-101, 2007. 

181. Garcia-Bournissen F, Shrim A, Koren G: Safety 
of gadolinium during pregnancy. Can Fam 
Physician 52:309-310, 2006. 

182. Webb JA, Thomsen HS, Morcos SK, et al: The 
use of iodinated and gadolinium contrast 


media during pregnancy and lactation. Eur 
Radiol 15:1234-1240, 2005. 

183. Expert Panel on MRS, Kanal E, Barkovich AJ, 
et al: ACR guidance document on MR safe 
practices: 2013. J Magn Reson Imaging 37:501- 
530, 2013. 

184. Heverhagen JT, Pfestroff K, Heverhagen AE, 
et al: Diagnostic accuracy of magnetic reso¬ 
nance imaging: A prospective evaluation 
of patients with suspected appendicitis 
(diamond). J Magn Reson Imaging 35:617- 
623, 2012. 

185. Blumenfeld YJ, Wong AE, Jafari A, et al: MR 
imaging in cases of antenatal suspected 
appendicitis—a meta-analysis. J Matern Fetal 
Neonatal Med 24:485-488, 2011. 

186. Rao PM, Rhea JT, Novelline RA: CT diagnosis 
of mesenteric adenitis. Radiology 202:145- 
149, 1997. 

187. Puylaert JB, van der Zant FM: Mesenteric 
lymphadenitis or appendicitis? AJR 165:490, 
1995. 

188. Puylaert JB: Mesenteric adenitis and acute ter¬ 
minal ileitis: US evaluation using graded com- 
pression. Radiology 161:691-695, 1986. 

189. Macari M, Hines J, Balthazar E, et al: Mesen¬ 
teric adenitis: CT diagnosis of primary versus 
secondary causes, incidence, and clinical sig- 
nificance in pediatric and adult patients. AJR 
178:853-858, 2002. 

190. van Breda Vriesman AC, Puylaert JB: Mimics 
of appendicitis: Alternative nonsurgical diag¬ 
noses with sonography and CT. AJR 186:1103- 
1112, 2006. 

191. Gore RM: CT of inflammatory bowel disease. 
Radiol Clin North Am 27:717-729, 1989. 

192. Gore RM: Cross-sectional imaging of inflam¬ 
matory bowel disease. Radiol Clin North Am 
25:115-131, 1987. 

193. Gore RM, Balthazar EJ, Ghahremani GG, et al: 
CT features of ulcerative colitis and Crohns 
disease. AJR 167:3-15, 1996. 

194. Gore RM, Marn CS, Kirby DF, et al: 
CT findings in ulcerative, granulomatous, 
and indeterminate colitis. AJR 143:279-284, 
1984. 

195. Philpotts LE, Heiken JP, Westcott MA, et al: 
Colitis: Use of CT findings in differential diag¬ 
nosis. Radiology 190:445-449, 1994. 

196. van Breda Vriesman AC, de Mol van Otterloo 
AJ, Puylaert JB: Epiploic appendagitis and 
omental infarction. Eur J Surg 167:723-727, 
2001 . 

197. Puylaert JB: Right-sided segmental infarction 
of the omentum: Clinical, US, and CT findings. 
Radiology 185:169-172, 1992. 

198. Macari M, Balthazar EJ, Krinsky G, et al: CT 
diagnosis of ileal diverticulitis. Clin Imaging 
22:243-245, 1998. 

199. Frick MP, Maile CW, Crass JR, et al: Computed 
tomography of neutropenic colitis. AJR 143: 
763-765, 1984. 

200. Peltokallio P: Acute appendicitis associated 
with carcinoma of the colon. Dis Colon 
Rectum 9:453-456, 1966. 

201. Watchorn RE, Poder L, Wang ZJ, et al: Com¬ 
puted tomography findings mimicking appen¬ 
dicitis as a manifestation of colorectal cancer. 
Clin Imaging 33:430-432, 2009. 

202. Ripolles T, Martinez MJ, Morote V, et al: 
Appendiceal involvement in Crohns disease: 
Gray-scale sonography and color Doppler flow 
features. AJR 186:1071-1078, 2006. 

203. Chiou YY, Pitman MB, Hahn PF, et al: Rare 
benign and malignant appendiceal lesions: 
Spectrum of computed tomography findings 


56 Diseases of the Appendix 983 


with pathologic correlation. J Comput Assist 
Tomogr 27:297-306, 2003. 

204. Sturm EJ, Cobben LP, Meijssen MA, et al: 
Detection of ileocecal Crohn’s disease using 
ultrasound as the primary imaging modality. 
Eur Radiol 14:778-782, 2004. 

205. Dudley TH, Jr, Dean PJ: Idiopathic granulo- 
matous appendicitis, or Crohn’s disease of the 
appendix revisited. Hum Pathol 24:595-601, 
1993. 

206. Scott IS, Sheaff M, Coumbe A, et al: Appendi- 
ceal inflammation in ulcerative colitis. Histo- 
pathology 33:168-173, 1998. 

207. Buffo GC, Clair MR, Bonheim P: Diverticulo- 
sis of the vermiform appendix. Gastrointest 
Radiol 11:108-109, 1986. 

208. Sharp JF, Nicholson ML, Fossard DP: Diver- 
ticulosis of the appendix. Scott Med J 35:50- 
51, 1990. 

209. Riddell R: Appendix. In Riddell R, Jain D, 
editors: Lewin, Weinstein and Riddells Gastro- 
intestinal Pathology and Its Clinical Impli- 
cations, ed 2, Philadelphia, 2014, Wolters, 
pp 793-874. 

210. Phillips BJ, Perry CW: Appendiceal diverticuli- 
tis. Mayo Clin Proc 74:890-892, 1999. 

211. Langsam LB, Raj PK, Galang CF: Intussuscep- 
tion of the appendix. Dis Colon Rectum 
27:387-392, 1984. 

212. Levine MS, Trenkner SW, Herlinger H, et al: 
Coiled-spring sign of appendiceal intussuscep- 
tion. Radiology 155:41-44, 1985. 

213. Maglinte DD, Fleischer AC, Chua GT, et al: 
Sonography of appendiceal intussusception. 
Gastrointest Radiol 12:163-165, 1987. 

214. Kleinman PK: Intussusception of the appen¬ 
dix: Hydrostatic reduction. AJR 134:1268- 
1270, 1980. 

215. Deans GT, Spence RA: Neoplastic lesions of the 
appendix. Br J Surg 82:299-306, 1995. 

216. Connor SJ, Hanna GB, Frizelle FA: Appendi¬ 
ceal tumors: Retrospective clinicopathologic 
analysis of appendiceal tumors from 7,970 
appendectomies. Dis Colon Rectum 41:75-80, 
1998. 

217. van den Heuvel MG, Lemmens VE, Verhoeven 
RH, et al: The incidence of mucinous appen¬ 
diceal malignancies: A population-based study. 
Int J Colorectal Dis 28:1307-1310, 2013. 

218. Pickhardt PJ, Levy AD, Rohrmann CA, Jr, et al: 
Primary neoplasms of the appendix manifest¬ 
ing as acute appendicitis: CT findings with 
pathologic comparison. Radiology 224:775- 
781,2002. 

219. Peck JJ: Management of carcinoma discovered 
unexpectedly at operation for acute appendi¬ 
citis. Am J Surg 155:683-685, 1988. 


220. Horgan JG, Chow PP, Richter JO, et al: CT and 
sonography in the recognition of mucocele of 
the appendix. AJR 143:959-962, 1984. 

221. Kim SH, Lim HK, Lee WJ, et al: Mucocele of 
the appendix: Ultrasonographic and CT find¬ 
ings. Abdom imaging 23:292-296, 1998. 

222. Li YP, Morin ME, Tan A: Ultrasound findings 
in mucocele of the appendix. J Clin Ultrasound 
9:406-408, 1981. 

223. Madwed D, Mindelzun R, Jeffrey RB, Jr: Muco¬ 
cele of the appendix: Imaging findings. AJR 
159:69-72, 1992. 

224. McGinnis HD, Chew FS: Mucin-producing 
adenoma of the appendix. AJR 160:1046,1993. 

225. Ruiz-Tovar J, Teruel DG, Castineiras VM, et al: 
Mucocele of the appendix. World J Surg 
31:542-548, 2007. 

226. Skaane P: Radiological features of mucocele of 
the appendix. Rofo 149:624-628, 1988. 

227. Soweid AM, Clarkston WK, Andrus CH, et al: 
Diagnosis and management of appendiceal 
mucoceles. Dig Dis 16:183-186, 1998. 

228. Wackym PA, Gray GF, Jr: Tumors of the appen¬ 
dix: I. Neoplastic and non-neoplastic muco¬ 
celes. South Med J 77:283-287, 1984. 

229. Karakuc RJ: Unusual roentgenographic mani¬ 
festations of mucocele of the appendix. Radiol¬ 
ogy 89:886-887, 1967. 

230. Kimura H, Konishi K, Yabushita K, et al: Intus¬ 
susception of a mucocele of the appendix sec- 
ondary to an obstruction by endometriosis: 
Report of a case. Surg Today 29:629-632,1999. 

231. Sandler MA, Pearlberg JL, Madrazo BL: Ultra- 
sonic and computed tomographic features of 
mucocele of the appendix. J Ultrasound Med 
3:97-100, 1984. 

232. Chan JK: Images in pathology: Myxoglobulosis 
of the appendix. Int J Surg Pathol 9:303, 2001. 

233. Aroukatos P, Verras D, Vandoros GP, et al: 
Myxoglobulosis of the appendix: A case associ- 
ated with ruptured diverticulum. Case Rep 
Med pii: 745021,2010. 

234. Mayes GB, Chuang VP, Fisher RG: CT of pseu- 
domyxoma peritonei. AJR 136:807-808U, 
1981. 

235. Novetsky GJ, Berlin L, Epstein AJ, et al: Case 
report. Pseudomyxoma peritonei. J Comput 
Assist Tomogr 6:398-399, 1982. 

236. Balthazar EJ, Javors BR: The radiology corner. 
Pseudomyxoma peritonei, clinical and radio- 
graphic features. Am J Gastroenterol 68:501- 
509, 1977. 

237. Dachman AH, Lichtenstein JE, Friedman AC: 
Mucocele of the appendix and pseudomyxoma 
peritonei. AJR 144:923-929, 1985. 

238. Gustafson KD, Karnaze GC, Hattery RR, 
et al: Pseudomyxoma peritonei associated with 


mucinous adenocarcinoma of the pancreas: 
CT findings and CT-guided biopsy. J Comput 
Assist Tomogr 8:335-338, 1984. 

239. Matsuoka Y, Ohtomo K, Itai Y, et al: Pseudo¬ 
myxoma peritonei with progressive calcifica- 
tions: CT findings. Gastrointest Radiol 17: 
16-18, 1992. 

240. Skaane P, Isachsen MM, Hoiseth A: Computed 
tomography of mucin-producing adenocarci¬ 
noma of the appendix presenting as a biadder 
tumor. J Comput Assist Tomogr 9:566-567, 
1985. 

241. Nitecki SS, Wolff BG, Schlinkert R, et al: The 
natural history of surgically treated primary 
adenocarcinoma of the appendix. Ann Surg 
219:51-57, 1994. 

242. Collins DC: 71,000 human appendix speci- 
mens. A final report, summarizing forty years’ 
study. Am J Proctol 14:265-281, 1963. 

243. Moertel CG, Dockerty MB, Judd ES: Carcinoid 
tumors of the vermiform appendix. Cancer 
21:270-278, 1968. 

244. Mitra B, Pal M, Paul B, et al: Gobiet cell carci¬ 
noid of appendix: A rare case with literature 
review. Int J Surg Case Rep 4:334-337, 2013. 

245. Hemminki K, Li X: Incidence trends and risk 
factors of carcinoid tumors: A nationwide epi- 
demiologic study from Sweden. Cancer 92: 
2204-2210, 2001. 

246. Kåser SA, Willi N, Maurer CA: Prevalence and 
clinical implications of diverticulosis of the 
vermiform appendix. J Int Med Res 41:1350- 
1368, 2013. 

247. Pelage JP, Soyer P, Boudiaf M, et al: Carcinoid 
tumors of the abdomen: CT features. Abdom 
Imaging 24:240-245, 1999. 

248. Kitamura Y, Ohta T, Terada T: Primary T-cell 
non-Hodgkin’s malignant lymphoma of the 
appendix. Pathol Int 50:313-317, 2000. 

249. Yilmaz M, Akbulut S, Kutluturk K, et al: 
Unusual histopathological findings in appen- 
dectomy specimens from patients with sus- 
pected acute appendicitis. World J Gastroenterol 
19:4015-4022, 2013. 

250. Pickhardt PJ, Levy AD, Rohrmann CA, Jr, et al: 
Non-Hodgkin’s lymphoma of the appendix: 
Clinical and CT findings with pathologic cor¬ 
relation. AJR 178:1123-1127, 2002. 

251. O’Malley DP, Goldstein NS, Banks PM: The 
recognition and classification of lymphoprolif- 
erative disorders of the gut. Human Pathol 
45:899-916, 2014. 


Ulcerative and Granulomatous 
Colitis: Idiopathic Inflammatory 
Bowel Disease 

RICHARD M. GORE I JONATHAN W. BERLIN I ALEKSANDAR M. IVANOVIC 


CHAPTER OUTLINE 


Ulcerative Colitis 

Historical Perspective 
Epidemiology 

Pathogenesis and Causative Factors 

Findings 

Therapy 

Prognosis 

Crohn's Disease 

Historical Perspective 

Pathogenesis and Causative Factors 

Epidemiology 

Findings 

Therapy 

Prognosis 

Intestinal Complications of Inflammatory Bowel 
Disease 

Carcinoma 
Toxic Megacolon 

Extraintestinal Complications of Inflammatory 
Bowel Disease 

Hepatobiliary Complications 
Pancreatic Complications 
Urinary Tract Complications 
Musculoskeletal Complications 
Pulmonary Complications 

Differential Diagnosis of Colitis 
Summary 


The term inflammatory bowel disease encompasses two forms 
of chronic, idiopathic intestinal inflammation, ulcerative colitis 
and Crohn’s disease. Although many other inflammatory dis- 
eases affect the gut, most are distinguished by a specific identifi- 
able causative agent or process or by the nature of the 
inflammatory activity. The cause of ulcerative colitis and 
Crohn’s disease is unknown, so these disorders are empirically 
defined by their typical pathologic, radiologic, clinical, endo- 
scopic, and laboratory features. 1 This chapter summarizes the 
features that usually permit an operational distinction to be 
made between ulcerative colitis and Crohn’s disease. The fun¬ 
damental validity of this classification is uncertain and will 
remain so until the cause and pathogenesis of these disorders 
are better understood. 


Ulcerative Colitis 

Ulcerative colitis is a diffuse inflammatory disease of unknown 
origin that primarily involves the colorectal mucosa but later 
extends to other layers of the bowel wall. The disease character- 
istically begins in the rectum and extends proximally to involve 
part or all of the colon. The diagnosis is usually made on the 
basis of clinical symptoms and the presence of inflamed mucosa 
on sigmoidoscopy and confirmed by the findings on barium 
enema and mucosal biopsy. 5,6 

HISTORICAL PERSPECTIVE 

Although Hippocrates was aware that diarrhea was not a single 
disease, it required more than 2 millennia before ulcerative 
colitis was distinguished from the very common infectious 
enteritides. In 1859, Wilks described the case of Mrs. Isabella 
Banks, who had “inflammation of the large intestine” and was 
“affected by discharge of mucus and biood, where, after death, 
the whole internal surface of the colon presented a highly vas- 
cular soft, red surface covered with tenacious mucus, adherent 
lymph.” 8 By 1900, ulcerative colitis was fully characterized in 
terms of its clinical and pathologic criteria. 1 

EPIDEMIOLOGY 

Epidemiologic data have yielded some important clues con- 
cerning the cause of ulcerative colitis. The salient epidemiologic 
features of ulcerative colitis are listed in Box 57-1 and will be 
discussed in more detail. 

Ulcerative colitis is more common than Crohn’s disease, with 
an annual incidence of 2 to 10 cases/100,000 population. The 
worldwide prevalence ranges from 35 to 100 cases/100,000 
population. This wide range is probably the result of true dif¬ 
ferences in disease distribution as well as differences in report- 
ing, diagnostic criteria, and availability of medical care. The 
incidence of ulcerative colitis has remained steady. This is in 
sharp contrast to Crohn’s disease, which has shown a sixfold 
increase in incidence over the past 3 decades. 

Ulcerative colitis is most prevalent in the developed coun- 
tries of northern Europe, Scandinavia, British Isles, United 
States, and Israel. The incidence of ulcerative colitis in high- 
prevalence areas has leveled off, whereas the incidence of 
Crohn’s disease has been increasing. In low-prevalence geo- 
graphic areas, the incidence of ulcerative colitis has been 
increasing/ Ulcerative colitis is four times more common in 
whites than in nonwhites, and there is a slight female 
preponderance. 7 
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BOX 57-1 EPIDEMIOLOGY OF 
ULCERATIVE COLITIS 


Worldwide prevalence: 35-100 cases/100,000 population 
Annual incidence: 2-10 cases/100,000 population 
Bimodal age distribution—peak, 15-25 yr; smaller peak, 50-80 yr 
Risk factors 
White (2-5x risk) 

Jewish (2-4x risk) 

Live in developed country 

Urban dweller 

Family history (30-1 OOx risk) 

Sibling with disease (8.8% incidence) 

Single 

Nonsmoker 

Adapted from Osterman MT, Lichtenstein GR: Ulcerative colitis. 
In Feldman M, Friedman LS, Branch LJ (eds): Gastrointestinal 
and Liver Disease, 8th ed. Philadelphia, Saunders, 2010, 
pp 1975-2090. 


There is a twofold to fourfold increase of ulcerative colitis 
among Jews. The incidence of ulcerative colitis is much lower 
among Israeli than among American and European Jews. Fur- 
thermore, the incidence of disease is lower in Sephardic than in 
Ashkenazi Jews in Israel. These disparate rates suggest that a 
hereditary predisposition may be altered by environmental 
factors. 7 

The peak age at onset of ulcerative colitis is between 15 and 
25 years of age, with a smaller peak at ages 55 to 65 years. Ulcer¬ 
ative colitis is more common than Crohns disease in children 
younger than 10 years. Ulcerative colitis is more common in 
urban than in rural populations. 

The incidence of ulcerative colitis among first-degree rela¬ 
tives is 30 to 100 times greater than that of the general popula¬ 
tion. Of patients with ulcerative colitis, 10% to 20% have a 
similarly affected first-degree relative. The lifetime risk of devel- 
oping ulcerative colitis among first-degree relatives is 8.9% for 
offspring, 8.8% for siblings, and 3.5% for parents. The child 
develops the disease at a much younger age than the affected 
parent—a phenomenon known as genetic anticipation. Famil- 
ial ulcerative colitis seems to follow a polygenic inheritance 
pattern. 7 

The risk of developing ulcerative colitis for current smokers 
compared with lifetime nonsmokers is 59% less, but the risk 
is elevated by 64% for former smokers. However, smoking is 
not therapeutic, and there is no strong evidence of a beneficial 
effect of smoking on the clinical course of ulcerative colitis. 
Patients who quit smoking before the onset of disease have 
more frequent hospitalizations and colectomies. This faet raises 
the possibility that smoking cessation may lead to more severe 
illness. 8,9 

The mortality rate of ulcerative colitis has significantly 
improved, which can be attributed to improvements in diagno- 
sis and management. In the past, ulcerative colitis was respon- 
sible for 90% of deaths attributable to inflammatory bowel 
disease (IBD). More recently, the proportion of ulcerative colitis 
and Crohns disease deaths is about equal—1/100,000 for those 
20 to 29 years and 3 to 4/100,000 for those 50 to 59 years of 
age. Approximately 78% of ulcerative colitis patients die of 
causes unrelated to bowel disease. Colorectal cancer caused 14% 
of deaths in ulcerative colitis patients in one study. 


PATHOGENESIS AND CAUSATIVE FACTORS 

Despite exhaustive work by many investigators, the cause of 
ulcerative colitis is still unknown. Although the participation of 
genetic, environmental, neural, hormonal, infeetious, immuno- 
logic, and psychological factors in the pathogenesis of this 
disease is well established, none of the mechanisms has proved 
to be the primary causative agent. In addition, it now appears 
that distal ulcerative proctitis may have a cause different from 
that of pancolitis. 1 ' 4 

As noted, familial aggregation of ulcerative colitis is well 
recognized. The postulated mode of inheritance of susceptibil- 
ity to ulcerative colitis is through polygenes. The disease occurs 
with greatest frequency in monozygotic twins. Human leuko- 
cyte antigen (HLA) phenotypes B5, Bw52, and DR2 also have a 
significant association with ulcerative colitis. Ulcerative colitis 
is often associated with the autoimmune disorders, sacroiliitis, 
ankylosing spondylitis, enteropathic oligoarthritis, and anterior 
uveitis, which are associated with HLA-B27 antigen. 4 ' 6 Possibly, 
genes related to ulcerative colitis may encode products that 
contribute to functional or structural abnormalities in the 
colon, which render it more susceptible to attack by infeetion, 
toxins, and autoimmune actions. 8 

Patients with ulcerative colitis have abnormal muein pro- 
duction, which may permit various intraluminal bacterial prod¬ 
ucts and toxins to attack the mueosa. It is uncertain whether 
this defeet is a cause or effect of the disease. 4 ' 6 An infeetious 
cause for IBD with a direct cause and effect relationship between 
a single microorganism and inflammation still remains plau¬ 
sible. Chlamydia , mycobacteria, gut anaerobes, cytomegalovi- 
rus, Yersinia , and bacterial cell wall components have all been 
implicated as a cause of ulcerative colitis. It is also possible that 
bacteria that normally constitute normal flora may be patho- 
genic in a susceptible host. 4 ' 6 

In ulcerative colitis, the enteric nervous system and nerves 
containing substance P and vasoactive intestinal polypeptide 
(VIP) become straight, thick, and highly immunoreactive. Sub¬ 
stance P and VIP are powerful mediators in neurogenically 
induced inflammation and cause vasodilation, plasma extrava- 
sation, and watery diarrhea. All these factors may have a role in 
the pathophysiology of IBD. 4 ' 6 

The immune system provides an important contribution to 
the pathogenesis of ulcerative colitis because of failure to clear 
a microbial or toxic agent or because of an inappropriate 
response to it. The immune system probably mediates the tissue 
injury as well, regardless of the trigger, and this is the basis of 
therapy with corticosteroids and other immunosuppressive 
agents. The colonic inflammation of ulcerative colitis may 
merely be an exaggerated physiologic response that is always 
present within the lamina propria of the colon. There is an 
alteration of the relative representation of macrophages and 
T-cell and B-cell populations and an increase in the numbers 
of immunoglobulin G-bearing cells. The disease is also charac- 
terized by a fundamental alteration in antigen-presenting activ- 
ity associated with a reduction of intestinal suppressor T cells 
and elevated levels of cytotoxic Leu-7-positive cells. Increased 
levels of specific antibodies to antigens in the gut lumen are also 
found. 1 ' 6 These immunologic disturbances offer great potential 
for therapy with new immunosuppressive and biologic agents 
(see later). 

Ulcerative colitis is a complex disease. It consists of interac- 
tions among initiating organisms or antigens, the host’s immune 
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response, and immunologic, environmental, and hereditary 
influences. 

FINDINGS 

Clinical Findings 

Ulcerative colitis is highly variable in clinical course, severity, 
and prognosis. Disease activity waxes and wanes and is charac- 
terized by acute exacerbations of bloody diarrhea that resolve 
spontaneously or after therapy. The most common clinical find¬ 
ings are diarrhea, abdominal pain, rectal bleeding, weight loss, 
and tenesmus; vomiting, fever, constipation, and arthralgias 
occur less commonly. 10 ' 12 

Ulcerative colitis usually behaves as a chronic low-grade 
illness in most patients. In 15% of patients, this disease has an 
acute and fulminating course, with explosive diarrhea, hemato- 
chezia, and hypotension. Most patients (60%-75%) have inter- 
mittent attacks with complete symptomatic remission between 
attacks, 4% to 10% have one attack and no subsequent symp¬ 
toms, and 5% to 15% are troubled by continuous symptoms 
without remission. 10 ’ 11 

Patients with ulcerative proctitis have disease of mild sever¬ 
ity, and the disease usually remains distal. There is extension to 
the proximal colon in 15% of patients over a 10-year period and 
extension to the hepatic flexure in 7%. At presentation, 30% of 
patients have disease limited to the rectum, 40% have disease 
extending above the rectum but not beyond the hepatic flexure, 
and the remaining 30% have pancolitis. Extraintestinal mani¬ 
festations, such as arthralgias, mild arthritis, eye inflammation, 
and rash, are present in fewer than 10% of patients at initial 
presentation. 1 ' 5 ’ 10 ’ 11 

Physical examination discloses fever, prostration, dehydra- 
tion, and postural hypotension in the most severe cases. The 
abdomen may be protuberant because of colonic atony and 
distention. Abdominal tenderness over the colon and absent 
bowel sounds are ominous signs suggesting toxic megacolon or 
early perforation. Patients with milder involvement present 
with pallor, low-grade fever, weight loss, and mild abdominal 
tenderness. 1011 


Endoscopic Findings 

Sigmoidoscopy is helpful in establishing the diagnosis of ulcer¬ 
ative colitis because the distal colon and rectum are involved in 
90% to 95% of cases. Early on, the mucosa is edematous and 
friable, with loss of the normal vascular pattern and bleeding 
when touched by the endoscope or rubbed with a cotton swab. 
With disease progression, granular, spontaneously hemorrhagic 
mucosa is found, associated with a mucopurulent exudate. The 
haustra are thick and blunted, the lumen seems narrowed and 
straightened, and the normal thin (<2 mm) mucosal folds are 
lost. In severe disease, the mucosa is diffusely hemorrhagic, and 
frank ulceration with loss of mucosal irregularity is seen. 3,13,14 

Radiologic Findings 

Plain Abdominal Radiographs. Considerable information can 
be gained by carefully scrutinizing the abdominal radiographs 
of patients with ulcerative colitis. Although attention should be 
focused on the colon, other abnormalities, such as renal calculi, 
sacroiliitis, ankylosing spondylitis, and avascular necrosis of the 
femoral heads, must also be excluded. 15-20 

Although the extent of ulcerative colitis is generally deter¬ 
mined by barium enema and colonoscopy, these procedures 
carry a higher risk in severely ill patients. The following radio- 
graphic features can be used to assess the severity and extent of 
the colitis: (1) the extent of formed fecal residue; (2) the appear- 
ance of the mucosal edge; (3) alterations of the haustra; 
(4) colonic width; and (5) mural thickness. 15 

Colonic Fecal Residue. The distal extent of formed fecal 
residue provides a good indication, although not absolute, of 
the proximal extent of the colitis (Fig. 57-1). This approach 
sometimes overestimates but does not underestimate the extent 
of disease. The following conclusions can be drawn from the 
extent of residue 15 ' 23 : 

1. If no residue is visible, the patient probably has active 
pancolitis. 

2. If the residue extends down into the sigmoid colon, proc¬ 
titis is present (this may be indistinguishable from 
normal). 



Distal extent residue = proximal 
active ulcerative colitis 


Distal extent residue more proximal 
than colitis - overestimates extent 
of disease 


Figure 57-1 Ulcerative colitis: plain film estimation of active disease. The distal extent of fecal residue may overestimate but seldom 
underestimates the proximal extent of active disease. (From Bartram C, Kumar P: Clinical Radiology in Gastroenterology. Oxford, England, 
Blackwell Scientific, 1981, p 135.) 
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3. If residue is present only in the proximal colon, the colitis 
most likely extends to this level but could be more 
distal. 

Mucosa. The colonic mucosal edge is normally smooth. In 
active colitis, the line is granular, indistinct, and somewhat 
fiizzy. With frank ulceration, the mucosal line is disrupted, 
which causes an irregular edge. With extensive ulceration, only 
edematous mucosal islands remain. Intramural, mottled- 
appearing gas shadows may be present in fulminating colitis 
with necrosis of the bowel wall. Linear pneumatosis suggests 
extremely deep ulceration or extraperitoneal perforation with 
gas trapped adjacent to the bowel wall. 15 23 

Haustration. Normal haustral clefts run in parallel, about 2 
to 4 mm apart, across one third of the diameter of the colon. 
Widening of the haustral clefts with loss of the parallel lines is 
an early manifestation of ulcerative colitis and is more obvious 
on radiographs than the mucosal granularity that it accompa- 
nies. The haustra may be completely absent as well. Blunting 
can be confused with underdistention, so it should not be 
diagnosed if only a small amount of gas is present within 
the colon. 15 ' 23 

Colon Diameter. The upper limit of normal for the diameter 
of the transverse colon is 5.5 cm. In chronic, “burned out” 
ulcerative colitis, the colon becomes tubular and narrowed and 
is considerably less than 5 cm in diameter. In these patients, if 
the colon is more than 5 cm in diameter, the inflammation has 
become transmural, which indicates a fulminant colitis at risk 
for perforation or toxic megacolon. 1 

Mural Thickness. In the normal colon, the distance between 
the line of pericolic fat and gas-filled lumen is less than 3 mm. 
In chronic ulcerative colitis, it increases to more than 3 mm in 
thickness. In a study assessing these findings, a combination of 
four features was pathognomonic for disease proximal to the 
hepatic flexure: irregularity of the mucosal edge, loss of haustral 
clefts, increased thickness of the colon wall, and an empty right 
colon. 19 

Barium Enema 

The barium enema has the following roles in patients with 
ulcerative colitis: (1) to confirm the clinical diagnosis; (2) to 
assess the extent and severity of disease; (3) to differentiate 
ulcerative colitis from Crohns disease and other colitides; 
(4) to follow the course of disease; and (5) to detect complica- 
tions. The role of barium enema has largely been supplanted by 
colonoscopy, multidetector computed tomography (MDCT), 


and magnetic resonance imaging (MRI) in patients with ulcer¬ 
ative colitis. The major radiographic findings on the barium 
enema examination in ulcerative colitis are presented in Box 
57-2; their anatomic and pathologic origin (Fig. 57-2) and sig- 
nificance are discussed subsequently. 

Granular Pattern. The earliest pathologic changes of ulcerative 
colitis are hyperemia and the accumulation of inflammatory 
cells in the mucosa. 24 25 These changes are manifested by a loss 
of normal mucosal translucency and obscuration of the sub- 
mucosal pattern on endoscopy. 26,27 Subtle thickening of the 
mucosa or haustral edema may be present radiographically, 
but these findings are often appreciated only in retrospect. 26 
With progressive edema and hyperemia, the mucosa develops 
a granular pattern (Fig. 57-3A). 27 9 The smooth, sharp, and 
distinet appearance of the colonic margin seen on normal 
double-contrast studies is replaced by an amorphous, thick- 
ened, and indistinct mucosal line. There is a gradual transition 
between the normal and abnormal mucosa that extends for 
several centimeters. This granularity should be distinguished 
from the granular appearance of chronic ulcerative colitis (see 
Fig. 57-3B). In chronic ulcerative colitis, the mucosal surface 
pattern is coarser, and there are significant changes in colonic 
contour. 

The granular pattern develops as a result of abnormalities in 
the quality and quantity of mueus produced by the involved 


BOX 57-2 ULCERATIVE COLITIS: BARIUM 
ENEMA FINDINGS 


ACUTE CHANGES 

Mucosal granularity 
Mucosal stippling 
Collar button uleers 
Haustral thickening or loss 
Inflammatory polyps 

Confluent, contiguous, circumferential disease 

CHRONIC CHANGES 

Haustral loss 
Luminal narrowing 
Loss of rectal val ves 
Widened presacral space 
Backwash ileitis 

Postinflammatory pseudopolyps 



Figure 57-2 Spectrum of mucosal abnormalities in ulcerative colitis. 1, Punctate mucosal uleer-erypt abscess; 2, collar button uleer; 

3, polypoid accumulation of granulation tissue; 4, mucosal remnant forming inflammatory pseudopolyp; 5 and 6, sessile mucosal polyps (similar 
morphologic features are seen in hyperplasia, adenoma, and carcinoma); 7, peduneulated polyp (typically hyperplastic or low-grade adenomas); 
8, 9, and 10, postinflammatory pseudopolyps of various configurations; 11, mucosal remnant bridging area of active undermining ulceration; 

12, mucosal bridge in quiescent State with previously denuded surfaces covered with new epithelium. (From Lichtenstein JE: Radiologic- 
pathologic correlation of inflammatory bowel disease. Radiol Clin North Am 25:324, 1987.) 
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Figure 57-3 Ulcerative colitis: granular mucosal pattern. A. Early ulcerative colitis. The blunted haustral clefts are evident on this spot image of 
the sigmoid colon. The mucosal granularity, attributable to abnormal quantity and quality of mucin, is contiguous, circumferential, and symmetric. 

B. Chronic ulcerative colitis. This spot image of a short, tubular, ahaustral splenic flexure of the colon shows a coarser surface pattern than that seen 
in acute disease. 


mucosa. 25 On histologic examination, there is a reduction in the 
number of gobiet cells, which contain less than the normal 
complement of mucin. 6,25,30,31 Normal mucus is essential to 
normal barium coating of the gut. Any process, whether benign 
or malignant, infectious or inflammatory, that alters mucin 
production affects mucosal coating and visualization. 25 

Mucosal Stippling. During the granular phase of ulcerative 
colitis, inflammatory cells accumulate at the base of the mucosal 
crypts. 25,31 Cellular debris tends to block the crypts of 
Lieberktihn, which leads to the formation of microabscesses, 
better known as crypt abscesses (Fig. 57-4A). These crypt 
abscesses eventually erode into the lumen. 1 The ulcers deepen, 
and barium flecks become adherent to them, producing mucosal 
stippling (see Fig. 57-4B). 25 This stippling resembles white paint 
applied by dabbing a surface with the end of a fairly dry 
paintbrush. 27 

“Collar Button” Ulcers. With disease progression, the ulcers of 
the crypt abscess breach the lamina propria and muscularis 
mucosae and cause undermining of the less resistant areolar 
tissue of the submucosa. 30 The involved submucosa becomes 
necrotic, and the ulcers extend laterally, causing further under¬ 
mining. This undermining is contained by the muscularis 
propria on the serosal side and by the muscularis mucosae on 
the luminal side of the colon. The ulcers are frequently 
related to the taeniae. The mucosal defect is small relative to the 
degree of undermining and produces a flasklike, so-called collar 
button ulcer (Fig. 57-5). 25 As these ulcers enlarge and intercon- 
nect, the collar button ulcer configuration is lost; a network of 
residual islands of mucosa and inflammatory pseudopolyps is 
produced. 


Polyps. A variety of different mucosal protrusions may be seen 
on barium studies in patients with IBD. 27 Their appearance and 
significance depend on the stage of disease and pathologic 
origin. 

Inflammatory Pseudopolyps. In patients with severe ulcer¬ 
ative colitis, there is extensive mucosal and submucosal ulcer- 
ation in which only small islands of mucosa and submucosa 
may survive. The inflamed edematous mucosa protrudes above 
the surrounding areas of ulceration, which gives a polypoid 
appearance (Fig. 57-6). 31 Because these represent merely the 
remnants of preexisting mucosa and submucosa rather than 
new growths, they are termed pseudopolyps . 31 Inflammatory 
pseudopolyps are the natural progression of collar button 
ulcers: the ulcers extend and interconnect so that the pseudo- 
polyp rather than the ulcers becomes the major radiographic 
finding. 34 38 Inflammatory pseudopolyps usually occur in ulcer¬ 
ative colitis but may also be seen in Crohns disease. The cobble- 
stoning pattern seen in Crohns disease is another type of 
pseudopolyp, in which larger islands of preserved mucosa are 
surrounded by linear and transverse ulcerations. 25 

Postinflammatory Pseudopolyps. When IBD goes into 
remission, the denuded mucosa heals and is covered by granula¬ 
tion tissue that has a granular appearance similar to that 
observed in the early stages of ulcerative colitis. 6,31,36 ' 3 In some 
patients, the regenerated mucosa has a tendency to overgrow 
(Fig. 57-7). This overgrowth often results in polypoid lesions 
that may be small and rounded, long and filiform, or proliferate 
into a bushlike structure simulating a villous adenoma. Because 
the regenerating mucosa is cytologically normal, it is not a true 
neoplasm but a pseudopolyp. Because this occurs during 
mucosal healing, it is termed a postinflammatory pseudopolyp . 3458 
These polyps represent the aftermath of a severe attack of colitis 
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Figure 57-4 Ulcerative colitis: crypt abscess 
causing mucosal stippling. A. A crypt abscess 
(arrow) is seen at the base of a crypt of Lieberkuhn. 
B. When these abscesses erode into the lumen, 
they accumulate punctate collections of barium, 
which produces mucosal stippling. 





A 


Serosa 


Muscularis 

propria 


Figure 57-5 Ulcerative colitis: 
collar button ulcers. A. Narrow neck 
of the crypt abscess erodes through 
the muscularis mucosae into the 
submucosa. The ulcer spreads laterally 
through the submucosa and is 
contained with a flat base by the 
resistant inner circular layer of the 
muscularis propria. B. Low-power 
photomicrograph shows characteristic 
undermining with a flat base ( arrows ). 
C. Spot film of the splenic flexure 
shows multiple flasklike ulcers ( arrows ) 
with a flat base. The ulceration is 
limited to the layers superficial to 
the muscularis propria. (A from 
Lichtenstein JE: Radiologic-pathologic 
correlation of inflammatory bowel 
disease. Radiol Clin North Am 25:324, 
1987.) 
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Figure 57-6 Ulcerative colitis: inflammatory 
pseudopolyps. A. Inflammatory pseudopolyps (arrow) are 
identified on a double-contrast barium enema study. 

These pseudopolyps are seen when extensive mucosal 
and submucosal ulcerations leave only small residual 
islands of surviving mucosa and submucosa. Thus, they 
represent remnants of preexisting mucosa and submucosa 
rather than new growths. B. Intraoperative image of a 
diseased colon showing multiple residual islands of whitish 
mucosa surrounded by hemorrhagic ulcerations. 



and may be the only sign of previous disease. Mucosal bridges 
are also postinflammatory pseudopolyps, in which a bridge of 
mucosa survives between islands of mucosa surrounded by 
ulceration. With remission, the underside of the mucosal bridge 
and underlying ulcer re-epithelialize. 39,40 

Postinflammatory pseudopolyps can also be seen after isch- 
emia, after severe infection, and in Crohns disease. Filiform 
polyps have also been described in the esophagus, stomach, and 
small bowel in patients with Crohns disease. 2 

Backwash Ileitis. In 10% to 40% of patients with chronic 
ulcerative pancolitis, the distal 5 to 25 cm of ileum is inflamed 
(Fig. 57-8). This ileitis occurs only in the presence of pancolitis 
and usually resolves 1 to 2 weeks after colectomy. 15,26 Although 
small ulcerations may be present, this is not a primary inflam¬ 
mation of the ileum. The distal ileum can be used to form an 
ileostomy or pouch. The pathogenesis of this disorder is uncer- 
tain but may relate to the reflux of colonic contents into the 
small bowel, hence the term reflux or backwash ileitis. 15 

Barium studies reveal a chronic pancolitis associated with a 
patulous and fixed ileocecal valve that easily refluxes and per- 
sistent dilation of the terminal ileum. The normal fold pattern 
is absent, and the mucosa is granular. 

Blunting and Lost Haustra. In the course of ulcerative colitis, 
the haustral folds undergo two major changes (Fig. 57-9; see 
also Fig. 57-8): (1) early in the disease, they are edematous and 
thickened; (2) with chronic disease, they become blunted or 
maybe completely lost. 15 This evolution of haustral changes can 
be understood by a brief review of haustral formation. 

At birth, colonic haustra are usually absent, which explains 
why it is difficult to differentiate colonic from small bowel gas 
in neonates. As the colon grows, the circular muscle of the 
muscularis propria outgrows the longitudinal muscle, the 
taeniae coli. This differential growth rate causes the taeniae to 
shorten the colon in an accordion-like fashion, with production 
of saccular haustra that usually are first seen by the age of 
3 years. 


Haustra are fixed anatomic landmarks in the proximal colon 
because the circular muscle is fused to the taeniae. In the distal 
colon, haustra are created by active contraction of the taeniae. 
Consequently, the colon can normally be devoid of haustra 
distal to the midtransverse colon; loss of haustra in the proximal 
colon is always abnormal. 41,42 

In early ulcerative colitis, the haustra are deformed and 
thickened because of edema and may produce a corrugate 
outline to the colon, which has been called the indenture sign. 43 
In chronic ulcerative colitis, the haustra are often lost for two 
reasons, alterations in the muscle tone of the taeniae 4142 and the 
faet that the colon is shortened. In this disease, the taeniae coli 
become relaxed for some unknown reason. This relaxation is 
associated with abolition of the haustral pattern. With healing, 
the haustra may reappear as they gain tone. A second major 
factor is also at work in chronic ulcerative colitis—massive 
hypertrophy and fixed contraction of the muscularis mueosae 
(Fig. 57-10), which causes foreshortening of the colon. Thus, 
the normal accordion-like array of colon on the relatively 
shorter taeniae is lost. 42 ' 45 

Widened Presacral Space. When the rectum is distended, the 
retrorectal Space as projected on true lateral films obtained 
during barium enema is usually 7.5 mm or less. 46 A distance of 
1 to 1.5 cm is considered a moderate inerease of this space, and 
a distance greater than 1.5 cm is abnormal. These values are 
obtained by measuring the shortest distance between the pos- 
terior edge of the barium column and the anterior edge of the 
second sacral segment. The presacral space is frequently widened 
in chronic ulcerative colitis and Crohn s disease but may also be 
seen in obese patients and patients with pelvic lipomatosis, 
pelvic carcinomatosis, radiation fibrosis, inferior vena cava 
thrombosis, sacral and rectal tumors, chlamydial infection, and 
other infeetious proctitides. 4 49 

In patients with ulcerative colitis, two processes account for 
the abnormal presacral space (see Fig. 57-10): (1) narrowing of 
the rectal lumen and its associated mural thickening; and 
(2) proliferation, inflammation, and infiltration of perirectal 
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Figure 57-7 Ulcerative and 
Crohn's colitis: postinflammatory 
pseudopolyps. A. These 
pseudopolyps are a manifestation 
of mucosal healing in which 
normal tissue elements overgrow. 
Lesions may be small and round 
or long and filiform. B. Both 
rounded and filiform (arrow) 
pseudopolyps are seen in the 
sigmoid colon. C. Giant 
postinflammatory pseudopolyp of 
the splenic flexure in a patient 
with Crohn's colitis. Note the 
mucosal bridges ( arrows ). 



Figure 57-8 Ulcerative colitis: backwash ileitis. A. Backwash ileitis (arrow) is demonstrated in this patient with chronic ulcerative pancolitis. 
B. In a different patient, note the patulous ileocecal valve, the dilated, granular-appearing terminal ileum, and the tubular, ahaustral colon. 
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Figure 57-9 Acute ulcerative colitis: loss of haustra. Haustra distal 
to the hepatic flexure are absent, and the taeniae coli are relaxed. 

The mucosa is granular in appearance. The colon is not shortened at 
this point because thickening and contraction of the muscularis 
mucosae have not yet developed at this early stage of disease. 


fat. These changes are well demonstrated by CT and correlate 
with the edematous adipose tissue and enlarged perirectal 
lymph nodes that are commonly observed at the time of 
abdominoperineal resection in patients with ulcerative colitis. 
In patients with Crohns disease, perirectal abscesses may also 
contribute to this widening. 50 

Rectal Valve Abnormalities. At least one rectal valve should be 
visible on lateral rectal views of double-contrast enemas. The 
fold is usually seen at the level of S3 and S4 and should be less 
than 5 mm thick. The rectal valves are an important indicator 
of proctitis and should be interpreted with the size of the pre- 
sacral Space. Two situations are indicative of proctitis: 

1. The presacral space is more than 1.5 cm, with the valve 
thicker than 6.5 mm or absent. 

2. The presacral space is normal, but the valve thickness is 
more than 6.5 mm. 

Absence of the rectal valves in the presence of a normal presa¬ 
cral space can be a normal variant. 

Strictures. Benign strictures are local sequelae of ulcerative 
colitis that occur in approximately 10% of patients. 1 " They are 
usually localized and smoothly tapering and are only rarely 
sufficiently narrow to cause obstruction. They are sometimes 
reversible and are usually found in the distal colon. Strictures 
that are not reversible and are located more proximally in the 
colon should be viewed with suspicion for a neoplasm. The 
strictures have been attributed to the changes of the muscularis 


mucosae described earlier and are almost invariably associated 
with mural thickening on cross-sectional imaging. 

Distribution. Ulcerative colitis originates in the rectum and 
extends proximally in a continuous fashion. There is often a 
fairly sharply defined margin between diseased and normal 
bowel. The affected mucosa is diffusely, contiguously, conflu- 
ently, circumferentially, and symmetrically involved, without 
normal intervening mucosa. The rectum is almost invariably 
involved but may be spared in patients treated with corticoste- 
roid enemas. 

Computed Tomography 

The subtle mucosal abnormalities that characterize the early 
stages of ulcerative colitis are beneath the spatial resolution of 
CT. With progressive disease, severe mucosal ulceration can 
denude certain portions of the colonic wall, leading to inflam- 
matory pseudopolyps (Fig. 57-11). 56 When sufficiently large, 
these pseudopolyps can be visualized on CT. Mural thinning, 
unsuspected perforations, and pneumatosis can be detected on 
CT in patients with toxic megacolon. 7 In this regard, CT can be 
quite helpful in determining the urgency of surgery in patients 
with stable abdominal radiographs but a deteriorating clinical 
course. Postinflammatory pseudopolyps can also be seen on CT. 

Mural thickening and luminal narrowing are common CT 
features of subacute and chronic ulcerative colitis (Fig. 57-12; 
Box 57-3). The mucosa becomes thickened because of hyper- 
trophy of the muscularis mucosae in chronic ulcerative colitis. 
Also, the lamina propria is thickened because of round cell 
infiltration in acute and chronic ulcerative colitis. The submu- 
cosa becomes thickened because of the deposition of fat or, in 
acute and subacute cases, edema. Submucosal thickening further 
contributes to luminal narrowing. 

On CT, these mural changes produce a target or halo 
appearance when axially imaged. The lumen is surrounded 
by a ring of soft tissue density (mucosa, lamina propria, 
hypertrophied muscularis mucosae), surrounded by a low- 
density ring (edema or fatty infiltration of the submucosa), 
which in turn is surrounded by a ring of soft tissue density 
(muscularis propria). 58 ' 64 This mural stratification is not spe- 
cific and can also be seen in patients with Crohns disease, 
infectious enterocolitis, pseudomembranous colitis, ischemic 
and radiation enterocolitis, mesenteric venous thrombosis, 
bowel edema, and graft-versus-host disease. 58 ' 64 

Rectal narrowing and widening of the presacral space are 
radiologic hallmarks of chronic ulcerative colitis. 65 ' 68 MDCT 
depicts the anatomic alterations that underlie these rather dra¬ 
matic morphologic changes (see Fig. 57-10). The rectal lumen 
is narrowed because of the mural thickening that attends 
chronic ulcerative colitis (see earlier). As a result, the rectum 
has a target appearance on axial scans, which should not be 
mistaken for the external anal sphincter, mucosal prolapse, or 
levator ani muscles. The increase in the presacral space is caused 
by proliferation of the perirectal fat. 

Ultrasonography 

IBD alters the thickness and echogenicity of the gut wall or 
individual layers, integrity of mural stratification, appearance 
of surrounding tissues, and bowel motility and compressibility 
(Box 57-4). 69 ' 74 Edema is a prominent feature of acute intestinal 
inflammation. Edema results in thickening of the colon wall 
and preservation of wall stratification (Fig. 57-13). On 
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Normal 


Chronic ulcerative colitis 




Figure 57-10 Cause of rectal contour changes in chronic ulcerative colitis. A. Marked hypertrophy of the muscularis mucosae. This muscle, 
oriented along the long axis of the colon, is chronically contracted, even after the IV administration of glucagon and in formalin-impregnated 
specimens. This contraction shortens and narrows the involved colon. The submucosa also widens and shows various degrees of fatty infiltration, 
further narrowing the lumen. The taeniae coli are relaxed, which abolishes the haustral folds. B. Pelvic CT scan shows a characteristic target or 
ring sign with a thickened, low-density submucosa (arrow) caused by fatty infiltration. The soft tissue density ring on the lumen side of the 
submucosa represents thickened lamina propria and muscularis mucosae; the ring on the serosal side is muscularis propria. C. Corresponding 
lateral view from an air-contrast barium enema. The mucosa has a granular appearance, the lumen is narrowed, the valves of Houston are absent, 
and there is significant widening of the presacral space ( double arrow). (A from Gore RM: Colonic contour changes in chronic ulcerative colitis: 
Reappraisal ofsome old concepts. AJR 158:59-61, 1992.) 


transverse section, alternate hyperechoic and hypoechoic layers 
give rise to a target appearance. In ulcerative colitis, the mucosa 
becomes thickened and hypoechoic as a result of edema. The 
submucosa also thickens, but colonic motility is maintained. 
With progressive disease, haustral septations are lost. In patients 
with well-established disease, bowel wall thickness is approxi- 
mately 0.6 ± 0.2 cm. 62 ' 67 In one series, these changes were seen 
in all patients with pancolitis, in 94% of those with left-sided 
colitis, but in only 50% of patients with rectosigmoiditis. If 
there is extensive pseudopolyposis, the thickness of the wall may 
increase to 1.5 cm, which is often accompanied by loss of wall 
stratification. 68 " 74 


Magnetic Resonance Imaging 

Magnetic resonance imaging is capable of identifying the 
mural stratification present in ulcerative colitis (Figs. 57-14 
and 57-15). MRI demonstrates thickening and abnormal 
hypointensity of the mucosal and submucosal layers on Tl¬ 
and T2-weighted images. The TI shortening probably relates 
to the severe hemorrhagic phenomena that frequently appear 
in these layers. The degree of mural enhancement correlates 
well with the severity of disease activity on fat-suppressed 
gradient-echo images after the intravenous (IV) administra¬ 
tion of gadolinium. 79 
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Figure 57-11 Mucosal disease in acute ulcerative colitis: CT features. A. Pelvic CT reveals diffuse mucosal thickening of fluid-filled rectum 
and sigmoid. Deep ulcerations ( arrows ) are visualized. Note normal lumen caliber and ascites. B. Magnified CT image of distal descending colon 
shows residual islands of inflamed mucosa protruding above the denuded colonic surface, so-called inflammatory pseudopolyps (arrows). (From 
Gore RM, Balthazar E, Ghahremani GG, et al: CT features of ulcerative colitis and Crohn's disease. AJR 167:3-15, 1996.) 


BOX 57-3 ULCERATIVE COLITIS VERSUS 
CROHN'S DISEASE: COMPUTED 
TOMOGRAPHY FINDINGS 


ULCERATIVE COLITIS 

Mural thickening <1.5 cm 

Target appearance of wall—submucosal edema (acute) 

Target appearance of wall—submucosal fat (chronic) 

Increased perirectal and presacral fat 

CROHN'S DISEASE 

Mural thickening >2 cm 

Target appearance of wall—submucosal edema (acute) 

Target appearance of wall—submucosal fat (chronic) 
Homogeneous CT density of wall 
Mural thickening of small bowel 
Abscesses, fistulas, sinus tracts 

Mesenteric changes (abscess, phlegmon, fibrofatty proliferation) 
Perianal disease 

COMMON FINDINGS 

Mural thickening 
Narrowed lumen 

Increased lymph node size and number 

Figure 57-12 Subacute ulcerative colitis: CT features. Coronal 
reformatted image through the rectosigmoid reveals diffusely 
inflamed and thickened mucosa ( arrow ). The edematous submucosal 
layer of low attenuation is paralleled by the external layer of 
muscularis propria and the internal layer of submucosa, both of which 
have a higher attenuation. 
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BOX 57-4 ULCERATIVE COLITIS VERSUS CROHN'S 
COLITIS: SONOGRAPHIC FINDINGS 


ULCERATIVE COLITIS 

Moderately thick, hypoechoic wall 
Typical wall stratification maintained 
Loss of haustration 
Absent peristaltic motion 

CROHN'S COLITIS 

Clearly thickened, hypoechoic wall 
Loss of typical wall stratification 
Loss of haustration 
Diminished compressibility 
Absent peristaltic motion 

Increased biood flow of superior mesenteric artery with 
decreased resistive index 



Figure 57-13 Chronic ulcerative colitis: sonographic findings. The 

descending colon, imaged longitudinally, shows circumferential mural 
thickening ( arrows ). 


Scintigraphy 

Although the diagnosis and assessment of disease activity of 
ulcerative colitis are made primarily by radiographic and endo- 
scopic techniques, both gallium 67 ( 67 Ga) citrate and indium 
111 ( m In)-labeled leukocyte scans have proved helpful 
for patients with IBD. Scintigraphic techniques are useful 
when there is danger of bowel perforation and the extent and 
degree of disease activity must be assessed. Positron emission 
tomography (PET) using 18 F-fluorodeoxyglucose (FDG) can 
also be used to assess disease activity. FDG uptake (Fig. 57-16) 



Figure 57-15 Ulcerative colitis: MR features. Tl-weighted MR 
coronal image shows loss of haustration and hyperenhancement of 
mucosa of the left colon ( arrow) in this patient with active ulcerative 
colitis. (Courtesy Shahid M. Hussain, MD.) 



Figure 57-14 Ulcerative colitis: MR findings. Tl-weighted axial MR images of the rectum (A) and rectosigmoid junction (B) show mural 
thickening of the colon, submucosal fat deposition, increased presacral fat, and prominent vessels in the mesorectal fat. 
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Figure 57-16 Ulcerative colitis: positron emission tomography 
scanning features. Diffuse increased FDG uptake in the colon is 
present in this patient with acute, active disease. 

is increased in areas of active inflammation resulting from 
hyperemia and increased metabolic activity. 80-84 

THERAPY 

Medical Management 

The treatment of ulcerative colitis depends on the severity, 
extent, and distribution of disease. Sulfasalazine, a congener of 
5-aminosalicylic acid and sulfapyridine, is effective in the treat¬ 
ment of acute ulcerative colitis and in reducing the frequency 
and severity of recurrent attacks. 85 Sulfasalazine attenuates the 
bowel inflammation by a number of actions: (1) reduces pro- 
duction of prostaglandins; (2) diminishes leukotriene produc- 
tion, which activates neutrophils and other constituents of the 
inflammatory response; (3) blocks the chemotactic activity of 
formulated bacterial peptides that help recruit neutrophils to 
the bowel; and (4) acts as a scavenger of oxygen free radicals. 85 
Many patients develop hypersensitivity or less specific forms of 
intolerance; efforts are now being made to deliver the active 
component, 5-aminosalicylic acid, without the sulfapyridine 
moiety, which apparently causes the hypersensitivity. 85 

Corticosteroids are effective in patients with moderate to 
severe ulcerative colitis. They do not affect the rate or timing of 
disease recurrence in patients in remission. Topical hydrocorti- 
sone in the form of a foam enema is the mainstay of therapy 
for distal proctocolitis. 

Azathioprine, 6-mercaptopurine, chloroquine, hydroxychlo- 
roquine sulfate (Plaquenil), methotrexate, and cyclosporine are 
alternative therapies in patients with refractory disease. Bowel 


rest and nutritional therapy also have beneficial effects on this 
disease. 85 

Increased concentrations of leukotrienes in the inflamed 
mucosa in ulcerative colitis have suggested the use of inhibitors 
of leukotriene B 4 (LTB 4 ) for therapy because this is a highly 
potent mediator of inflammation. LTB 4 receptor antagonists are 
under investigation as are inhibitors of platelet-activating factor 
and mast cell stabilizers. 85 " 87 

Anti-tumor necrosis factor (TNF) agents such as Remicade 
and Humira suppress part of the inflammatory response of 
IBD. Although used more commonly in patients with Crohn’s 
disease, these agents have been found useful for patients with 
ulcerative colitis. 

Surgery 

Although proctocolectomy is always curative for ulcerative 
colitis, this procedure carries an operative risk, and not all 
patients are willing to accept an ileostomy. Consequently, col- 
ectomy is not indicated for patients who are easily managed 
medically. There are several major indications for surgery in 
ulcerative colitis: (1) massive, unremitting colonic hemorrhage; 

(2) toxic megacolon with impending or frank perforation; 

(3) fulminant colitis that is unresponsive to antibiotic, sup- 
portive immunosuppressive therapy; (4) obstruction from a 
stricture; and (5) suspicion or demonstration of colon cancer. 
Less immediate and definite indications for colectomy are 
(1) intractable chronic disease that becomes a physical and 
social burden to the patient and is unresponsive to appropriate 
therapy, (2) failure of children to mature at an acceptable rate, 
and (3) high-grade dysplasia in a patient with pancolitis. 88 
Fulminant acute disease accounts for 13% to 25% of colec- 
tomies in patients with ulcerative colitis. Many of the extrain- 
testinal complications of ulcerative colitis, such as uveitis and 
pyoderma gangrenosum, are also eliminated by colectomy. 
However, the course of hepatobiliary disease and ankylosing 
spondylitis is usually not altered by surgery. 88 ' 90 Since the 1980s, 
tremendous advances have been made in the surgical approach 
to ulcerative colitis that offer the patient and surgeon a variety 
of options. 

Proctocolectomy with a Brooke Ileostomy. After a procto¬ 
colectomy is performed, the end of the ileum is passed through 
an opening in the middle aspect of the right rectus muscle 
at a point beneath the umbilicus that allows convenient place- 
ment of the forepiece of an ileostomy bag. This procedure is 
curative and requires one operation, but the patient must 
constantly wear an external ileostomy appliance that needs to 
be emptied four to eight times per day. Perineal wound prob¬ 
lems, stoma revision, and small bowel obstruction occur in 
10% to 25% of patients. This is the fastest and safest opera¬ 
tion, but it dramatically alters body image in many patients, 
particularly younger ones. 88 " 90 

Proctocolectomy with Continent Ileostomy (Kock Pouch). A 

continent ileostomy is made by creating a pouch out of terminal 
ileum to hold the intestinal contents, an ileal conduit that leads 
from the pouch to the stoma, and an intervening intestinal 
valve. Patients empty the pouch by passing a tube through the 
valve via the stoma. The ileostomy is continent, so an external 
appliance is not needed. The nipple valve is created by intus- 
suscepting the terminal ileum in a retrograde manner into the 
pouch for 3 to 4 cm. Anatomic complications requiring reop- 
eration develop in 40% to 50% of these patients. 
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Figure 57-17 Surgical management of ulcerative 
colitis ileal pouch-anal anastomosis. A. The two-loop 
ileal J pouch shown in the intraoperative image is simple 
to construct, provides adequate storage capacity, and is 
evacuated spontaneously and fully. B. Barium enema 
evaluation of such a pouch. 




Total Colectomy with Ileorectal Anastomosis. Total colec- 
tomy with ileorectal anastomosis is no longer popular because 
of a fairly high complication rate and unpredictable functional 
result. 9195 

Total Proctocolectomy, Rectal Mucosal Stripping, and Ileal 
Pouch Formation with Anastomosis to the Sphincter. This is 
the preferred operation in most patients. An abdominal colec¬ 
tomy and mucosal proctectomy are performed. A J pouch or 
W-shaped pouch is fashioned out of ileum. This reservoir is 
then anastomosed to the anus (Fig. 57-17). The endorectal ileal 
pouch and anal anastomosis are given 8 weeks to heal by divert- 
ing the gut through a conventional ileostomy. 90 95 The advan- 
tages of this procedure are that no stoma is required and that 
fecal continence is usually maintained, albeit with bowel move- 
ments four to eight times per day. 

This procedure is technically demanding and requires two 
operations. Complications include postoperative abscess, pouch 
fistulas, stenosis, small bowel obstruction, and pouchitis. 
Approximately 15% of patients require reoperation, and some 
ultimately require a conventional ileostomy. Pouchitis is an 
inflammatory process that can cause tenesmus, bloody diar- 
rhea, and constitutional symptoms similar to those of ulcerative 
colitis. 95 - 100 

PROGNOSIS 

The prognosis in ulcerative colitis has improved dramatically. 
Most patients have mild to moderate disease, and only 15% to 
25% require a colectomy. Mortality associated with ulcerative 
colitis occurs in the first 2 years of disease, primarily in patients 
older than 40 years—one third attributable to the colonic 
disease itself, one third caused by complications of the disease 
(colorectal cancer, sclerosing cholangitis, thromboembolic 
disease, medical and surgical therapy), and the remaining third 
attributable to unrelated causes. Excess mortality of 2.1% for 
men and 1.5% for women has been reported, but only for the 


first 2 years of disease. 10 Most patients with ulcerative colitis can 
cope with their disease and achieve what is subjectively inter- 
preted as a relatively acceptable lifestyle. 10 

Crohn's Disease 

Crohns disease is a chronic, cicatrizing disorder of the alimen- 
tary tract characterized by granulomatous inflammation of the 
mucosa, bowel wall, and surrounding mesentery. Any portion 
of the alimentary tract may be involved, but the terminal ileum 
and proximal colon are most frequently diseased. 2,4,6 

HISTORICAL PERSPECTIVE 

It is difficult to decide who described the first case of “regional 
ileitis” or “ileocolitis.” 1 In 1806, Combe and Saunders described 
“a singular case of stricture and thickening of the ileum.” 
Although similar cases were reported in the 19th century and 
early years of the 20th century, the first series of satisfactorily 
documented cases of regional enteritis was described by Crohn, 
Ginzburg, and Oppenheimer in 1932 at Mount Sinai Hospital 
in New York. 2,4,6 Crohns disease was originally called terminal 
ileitis because these cases were located mainly in the distal ileum 
in young persons. The outstanding complaints of the patients 
were diarrhea and weight loss, with progressive anemia and 
fe ver. Pathologic examination showed a thickened intes tinal 
wall with subacute or chronic necrotizing inflammation and a 
greatly enlarged mesentery. Small linear ulcerations with dis- 
torted and broken mucosal folds and a cobblestone appearance 
were noted. The ulceration of the mucosa was accompanied by 
a disproportionate connective tissue reaction in the bowel wall, 
leading to stenosis and multiple fistulas. The lumen was “irreg- 
ularly encroached” with dilation of proximal areas of the 
bowel. 2,4,6,101,102 Many years later, it was realized that Crohns 
disease might be confmed to the colon without affecting the 
ileum; it is now recognized that Crohns disease can involve 
every portion of the gut, from the mouth to the anus. 2,4,6 
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PATHOGENESIS AND CAUSATIVE FACTORS 

The cause of Crohns disease remains unknown. Although 
the participation of genetic, environmental, infectious, immu- 
nologic, and psychologic factors in the pathogenesis is well 
established, none of these mechanisms has proved to be the 
primary causative agent. 102 Genetic vulnerability is likely to 
facilitate the occurrence of the disease, whereas the other 
factors may play a supportive and superimposed role. A 
further complicating factor in establishing a cause is the faet 
that in practice, Crohns disease does not behave as a single 
disorder. 6,11 

More recently, interest has centered on immunologic mecha¬ 
nisms, in particular the role of platelet-activating factor. Platelet- 
activating factor is a form of phosphatidylcholine that causes 
inflammation that is detectable in colonic mueosa in IBD but 
is not present in normal colonic mueosa. Production of platelet- 
activating factor is stimulated by a number of inflammatory 
mediators, such as prostaglandin and leukotrienes. In vitro 
studies have demonstrated that levels of several forms of pros¬ 
taglandin are significantly elevated in the mueosa in Crohns 
colitis and uleerative colitis. Local release of LTB 4 by the rectal 
mueosa is considerably inereased in uleerative colitis but is 
elevated in Crohns colitis only when frank uleeration is 
present. 2,4,6,11 Consequently, safe inhibitors of platelet-activating 
factor are now being sought, which could prove to be a powerful 
new form of therapy. 

Other immunologic evidence suggests that there is a failure 
of suppressor cell generation coupled with a hyperactive State 
of helper T cells in patients with IBD. The activated T cells 
may then lead to an overactive immune response that is not 
turned off. This response results in inereased macrophage 
activation, enhanced cytokine production, and augmented 
antibody secretion. Although immunologic factors are impor- 
tant, no specific antibody-producing antigen has been identi- 
fied in the intestinal mueosa of patients with IBD. Also, there 
is still no convincing demonstration of any fundamental 
underlying immune defeet. Further evidence against immu- 
nodeficiency as the cause of Crohns disease comes from the 
report of a patient who had a prolonged remission coinci- 
dental with acquiring human immunodeficiency virus (HIV) 
infeetion. Similarly, exhaustive efforts to relate mycobacterial 
infeetion to Crohns disease have been unsuccessful. A defeet 
in mucosal permeability that permits absorption of macro- 
molecules and complex sugars may be another important 
factor in the pathophysiology of Crohns disease. Apparently 
healthy relatives of patients with Crohns disease show the 
same intestinal permeability defeet. This finding suggests that 
this defeet may antedate intestinal inflammation and may 
also play a causative role. 2,4,6,11 

EPIDEMIOLOGY 

Although understanding of the epidemiology of Crohns disease 
is unclear, investigators hope that more precise information will 
yield important clues about cause. 11 Salient epidemiologic fea¬ 
tures are listed in Box 57-5. 

Crohns disease is an uncommon but not rare disease, with 
a reported incidence between 0.6 and 6.3 cases/100,000 popula¬ 
tion. Worldwide prevalence ranges from 10 to 70 cases/100,000 
population; this wide variation is probably because of actual 
differences in disease distribution, as well as differences in 


BOX 57-5 EPIDEMIOLOGY OF CROHN'S DISEASE 


Worldwide prevalence: 10-70 cases/100,000 population 
Annual incidence: 0.6-6.3 cases/100,000 population* 

Bimodal age distribution: Peak at 15-25 yr; smaller peak at 50-80 yr 
Risk factors 
White race 

Jewish (eightfold inerease) 

Residence in urban area 
Family history of disease 
Sibling with disease (30-fold inerease) 

Single 

Oral contraceptive use 
Smoking (fourfold inerease) 

*lncidence has inereased 1.4 to 4 times in past 40 years. 


reporting, diagnostic criteria, and availability of medical 
care. 2,4,7 

Crohns disease is most common in the developed countries 
of Europe and Scandinavia, United States, and Israel. The inci¬ 
dence is lower in Southern and Eastern Europe and the former 
Soviet Union. The disease is uncommon in Central and South 
America and Cuba and is rare in Asia and Africa. Crohn s disease 
has been inereasing in incidence over the past 40 years by a 
factor of 1.4- to 4-fold. 2,4,7 Crohns disease is more common in 
white than in African Americans or Asian, and the gender distri¬ 
bution is equal. There is a sevenfold to eightfold inerease of 
Crohns disease among Jews. The rates are highest for American 
Jews and mueh lower in Israeli-born and non-Ashkenazi Jews. 
These disparate rates found in different countries suggest the 
likelihood of hereditary predisposition, which may be altered by 
environmental factors. 2,4,7 Crohns disease has a bimodal age 
distribution. The peak incidence is between the ages of 15 and 
25 years, with a lower peak between 50 and 80 years. It occasion- 
ally occurs in children as young as 2 years old. 2,4,7 

Crohns disease is generally acknowledged to be more 
common in urban than in rural populations, but the literature 
is conflicting on this matter. 2 Epidemiologic data have shown 
that 4.5% to 16.6% of patients with Crohns disease have a posi¬ 
tive family history. The disease is 30 times more frequent in 
siblings than in the general population. Familial IBD seems to 
follow a polygenic inheritance pattern. 2,4,7 

Crohns disease runs a clinical course, with seasonal exacer- 
bations. The highest relapse rate is found in the autumn and 
winter; the lowest is seen in the summer. This pattern suggests 
that seasonal or exogenous factors may be involved in relapse. 2,4,7 
Although nonsmoking is a feature of uleerative colitis, patients 
with Crohns disease are four times more likely to be smokers 
than matched Controls. 2,4 

The mortality rate of Crohns disease has significantly 
declined, which can be attributed to improvements in diagnosis 
and management. The mortality rates for all IBDs for white 
American men were 5.88/1 million in 1970 to 1971 and 2.68/1 
million in 1982; the rates for white American women were 7.24 
and 3.48/1 million population, respectively. 12 

FINDINGS 

Clinical Findings 

The clinical manifestations of Crohns disease are protean. 2, 4,11 
The most frequently encountered initial features are rectal 




57 Ulcerative and Granulomatous Colitis: Idiopathic Inflammatory Bowel Disease 999 


bleeding, diarrhea, and abdominal pain. Two major types of 
pain occur in patients with Crohns disease. The first is often 
mild, colicky, situated in the lower abdomen, and relieved by 
defecation. It tends to occur in association with diffuse Crohns 
disease involving the colon and simulates the pain of ulcerative 
colitis. The second type is more severe; it is often situated in the 
right lower quadrant, simulating appendicitis. In a World Gas- 
troenterology Organisation (WGO) survey, 75% of patients 
with Crohns disease had abdominal pain at presentation. 2411 

Some degree of diarrhea usually accompanies active Crohns 
disease, but it is less severe than the often explosive diarrhea of 
ulcerative colitis. Almost 50% of all patients with Crohns colitis 
experience at least minor rectal bleeding during the active phase 
of disease. Profuse bleeding is much more common in ulcer¬ 
ative colitis. The presence of mucus in the stool is also more 
frequent in ulcerative colitis than in Crohns disease. Many of 
the most severe symptoms reflect complications such as abscess, 
fistula, and perianal lesions rather than Crohns disease itself. 

The physical examination of patients with IBD is often 
normal in quiescent disease. In severe cases, pallor, dehydration, 
anemia, weight loss, finger dubbing, abdominal distention, 
tachycardia, and fever may be fo und. Abdominal tenderness and 
distention, pronounced wasting, and emaciation are more fre- 
quently found in Crohns disease than in ulcerative colitis. An 
intra-abdominal mass is common in Crohns disease but is 
rarely present in ulcerative colitis. The masses and tenderness 
usually occur on the right side in patients with Crohns disease. 

No examination of the patient with possible IBD is complete 
without a detailed rectal examination, including sigmoidos- 
copy. Circumferential, confluent, and contiguous inflammatory 
changes were found in 96% of patients with ulcerative colitis in 
the WGO series. 2,4,11 Patchy, inflammatory changes with areas of 
normal intervening mucosa were highly suggestive of Crohns 
disease, occurring in two thirds of patients with Crohns proc- 
tosigmoiditis. Simple inspection may reveal severe perianal 
disease, which strongly suggests the diagnosis of Crohns 
disease. 2,4,11 

Endoscopic Findings 

Aphthoid lesions, cobblestoning, and ulcers in an area of 
otherwise apparently normal mucosa are diagnostic of Crohns 
disease versus ulcerative colitis but can be seen in other 
colitides. Mucosal granularity and friability are common in 
early ulcerative colitis but may be a late finding in Crohns 
colitis. The rectum is often grossly normal in patients with 
Crohns disease, and involvement is typically asymmetric and 
discontinuous. 2,4,14 

Radiologic Findings 

Radiography. When confined to the colon, Crohns disease 
(Fig. 57-18) has features similar to those of ulcerative colitis on 
radiographs. An extended gas-filled stricture of the colon is 
suggestive of granulomatous colitis but can also be seen in 
ulcerative colitis, carcinoma, and healing ischemic colitis. 16,21 

Small bowel obstruction can be seen on radiographs in 
patients with Crohns disease of the small bowel. It is uncom- 
mon to identify stenotic small bowel segments on radiographs 
because gas is not found in the small bowel as often as is found 
in the colon. Occasionally, a markedly dilated segment of small 
bowel, reminiscent of a dilated loop of small bowel volvulus or 
MeckePs diverticulum, can be seen between two stenotic 
areas. 16,21 Evidence of nephrolithiasis, gallstones, ankylosing 



Figure 57-18 Crohn # s disease: plain radiograph. The ascending 
colon is tubular and ahaustral. Note the mural thickening ( arrows ). 


Early Changes Late Changes 

Nodular lymphoid hyperplasia 
Aphthoid ulcerations 
Deep ulcerations 
Confluent ulcerations 
"Cobblestone" appearance 
Asymmetry involvement 
Inflammatory pseudopolyps 
Segmental distribution 
Skip lesions 


spondylitis, sacroiliitis, avascular necrosis of the femoral heads, 
and disorders associated with Crohns disease and its therapy 
should also be sought on abdominal radiographs. 

Barium Enema 

The barium enema features of Crohn s colitis are listed in Table 
57-1 and summarized in Figure 57-19, and will be discussed 
here in more detail. 

Lymphoid Hyperplasia. Lymphoid follicles are a normal com- 
ponent of gut-associated lymphatic tissue. They are aggregates 
of lymphocytes surrounding germinal centers that straddle the 
muscularis mucosae. Lymphoid follicles have an average mac- 
roscopic density of 3.8/cm of adult human colon. 2 103 They are 
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Crohn's Colitis: Findings of Barium Enema 


Fissures 

Fistulas 

Haustral loss 

Sacculations 

Postinflammatory 

Pseudopolyps 

Intramural abscess strictures 
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Asymmetric disease 



Figure 57-19 Spectrum of radiologic changes in Crohn # s colitis on double-contrast barium enema examinations. A. 1, Perianal disease: 
ulcers, abscess, fissures, anocutaneous fistula; 2, deep rectal ulcers; 3, normal rectum in 50% of cases; 4, island ulcer; 5, circular discrete ulcers; 

6, aphthoid ulcers; 7, serpiginous ulceration formed by coalition in a longitudinal form of circular and island ulcers; 8, thickening of the bowel 
wall; 9, normal skip areas; 10, rose thorn-shaped fissures; 11, transverse stripes of Welin (en face fissures or crevices between adjacent swollen 
mucosal folds); 12, linear confluent intramural ulceration, "double tracking"; 13, stricture (25% of cases); 14, eccentric disease, not involving the 
entire circumference; 15, pseudosacculations, produced by fibrosis of the opposite wall; 16, deep pleomorphic ulcers—composite, horned, 
saccular; 17, a normal patch surrounded by disease (and patches of disease surrounded by normal mucosa also occur); 18, inflammatory and 
postinflammatory pseudopolyps; 19, cobblestone mucosa—islands of residual swollen mucosa bounded by intersecting linear ulcers; 

20, right-sided disease with normal rectum and distal colon; 21, contracted, cone-shaped cecum; 22, enlarged ileocecal valve usually 
associated with involvement of the terminal ileum; 23, small bowel disease in 60% of cases; 24, ileocolic fistula. B. Further depiction of mucosal 
abnormalities in Crohn's colitis. (A from Simpkins KC: Inflammatory bowel disease: Ulcerative and Crohn's colitis. In Simpkins KC [ed]: A Textbook 
of Radiological Diagnosis, vol 4, The Alimentary Tract: The Hollow Organs and Salivary Giands. London, HK Lewis, 1988, pp 473-498; B from 
Bartram Cl, Kumar P: Clinical Radiology in Gastroenterology. Oxford, England, Blackwell Scientific, 1981, p 138.) 


seen in 50% of barium studies performed on children and 13% 
of air-contrast barium enemas in adults. Lymphoid follicles 
appear as 1- to 3-mm elevations in the mucosa, without a ring 
shadow. 103,104 

Lymphoid follicles may enlarge in a wide variety of infec- 
tious, neoplastic, immunologic, and inflammatory diseases of 


the gut, including Crohn’s disease. 105 Prominent lymphoid fol¬ 
licles have also been observed in older patients with colonic 
adenomas and carcinomas. 106 

Aphthoid Ulcerations. As the lymphoid follicles enlarge, 
the overlying mucosa may ulcerate with production of the 
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aphthous lesion. These small superficial ulcers have erythema- 
tous margins and are seen on a background of normal or near- 
normal mucosa. 25 This is in direct contrast to ulcerative colitis, 
in which ulceration invariably occurs against a background of 
heavy inflammation. Aphthae are recognized radio gr aphically 
as punctate central collections of barium surrounded by a radio - 
lucent halo about 1 mm in diameter that produces a target or 
bull’s-eye appearance (Fig. 57-20). 107113 Aphthae may be iso- 
lated, fo und in clusters, or involve the entire colon. 108 

Aphthoid lesions are fo und in 44% to 72% of patients with 
Crohns disease and may be the only abnormality found in an 
otherwise normal colon. 2,4,109 These ulcers are nonspecific and 
occur in amebiasis, salmonellosis, shigellosis, herpes, cytomega- 
lovirus infection, Beh^et’s disease, ischemic colitis, and Yersinia 
entero colitis. 2 4 


Cobblestoning. The aphthous lesions may regress, remain 
stable or, more commonly, enlarge and deepen. 111113 As the 
aphthae expand, they become irregular in outline and lose 
their surrounding lucent halo. Adjacent ulcers may coalesce, 
forming a network of longitudinal linear ulceration and trans¬ 
verse fissuring, with edematous intervening mucosa producing 
a raised, cobbled appearance (Fig. 57-21). 15 As noted, this 
condition is actually one of many forms of inflammatory 
pseudopolyposis. 

Deep Ulcerations. Fissuring ulcers (Fig. 57-22) are a distinctive 
feature of Crohns disease. They typically penetrate beyond the 
submucosa, with resultant knife-shaped or rose thorn fistulas. 25 
These fissures and fistulas do not cause pneumoperitoneum 
because the surrounding serosa is inflamed, and involved bowel 



Figure 57-20 Crohn's disease: aphthoid 
ulcerations. A. Photomicrograph 
demonstrates an enlarged lymphoid follicle 
with overlying ulceration ( arrow ). B to D. 
Double-contrast barium enema in different 
patients demonstrates aphthoid lesions 
( arrows) of varying sizes in the cecum (B), 
transverse colon (C), and sigmoid colon (D). 
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Figure 57-21 Crohn's disease: cobblestone mucosa. Longitudinal 
and transverse ulcers of the transverse colon produce a cobblestone 
appearance. 



Figure 57-22 Crohn's disease: deep ulcerations. Double-contrast 
image of the splenic flexure demonstrates deep ulcers ( arrow ), a large 
ileocecal valve, and sparing of the sigmoid colon. The appendix is 
subhepatic in location. 


loops become adherent to one another and adjacent peritoneal 
surfaces. 25, 39,40 

Sinus Tracts, Fissures, and Fistulas. Sinuses, fissures, and fis- 
tulas (Fig. 57-23) are a hallmark of Crohns disease. 2,4,11 Sinuses 
and fissures represent blind-ended inflammatory tracts that 
penetrate through the full thickness of the muscle coat later in 
the disease course. Fistulas communicate with other structures. 
Anatomic evidence suggests that mechanical factors, such as 
elevated intraluminal pressure, rather than any intrinsic patho- 
logic change of Crohns disease, are responsible for these fissures 
and fistulas. 2 This suggestion is based on the faet that there is a 
significant coincidence of sinuses and strictures and that sinuses 
arise proximal to the point of maximal stricture. In addition, 
fissures, sinuses, and fistulas are not constantly associated with 
myocytolysis, a seemingly necessary process if only the Crohns 
inflammation is required for the fissuring. 2,4 


Long interconnecting fistulas are common in Crohns colitis 
and occur in the muscularis mueosae or subserosa paralleling 
the bowel lumen. When not associated with neoplasia or 
diverticula, pericolic sinus tracts are suggestive of Crohns 
disease. 25 ' 27 

Mural Thickening. The mur al thickening that occur s in Crohns 
disease is more impressive than that found in uleerative colitis. 
It is caused by transmural inflammation and fibrosis. The sub- 
mueosa may also accumulate fat in Crohns disease but less 
commonly than in uleerative colitis. CT well demonstrates 
mural thickening of the esophagus, stomach, duodenum, small 
bowel, and colon when these areas are involved by Crohns 
disease. 

Luminal Narrowing and Strictures. Crohns disease is a trans- 
mural inflammatory process that produces gut wall thickening 
and fibrosis, leading to narrowing of the lumen and shortening 
of the gut as well. 2,4,6 In uleerative colitis, narrowing results from 
thickening and contractions of the muscularis mueosae rather 
than from fibrosis. Strictures are asymmetric in Crohns disease 
and tend to be less smooth and circumferential than those seen 
in uleerative colitis. Strictures occur in 21% of patients with 
small bowel disease and in 8% of patients with Crohns colitis. 28 

Sacculations. The transmural fibrosis of Crohns disease is 
often asymmetric. It occurs predominantly on the mesenteric 
side of the gut, where it is often accompanied by creeping fat of 
the mesentery. The relatively unaffeeted side (usually antimes- 
enteric) remains pliable and tends to bulge when luminal 
pressure inereases because of peristalsis. Outpouchings may 
eventually develop. The outpouchings are similar to the so-called 
pseudosacculations (Fig. 57-24) or pseudodiverticula seen in 
scleroderma. 25,27 

Anorectal Disease. Anorectal complications are common in 
patients with Crohns disease (Fig. 57-25) and include anal fis¬ 
sures, ulcers, abscess, internal hemorrhoids, and stenosis with 
induration, skin lesions such as erosion, skin tags, uleeration, 
maceration, external hemorrhoids, and abscess, and fistulas— 
anal canal to skin, rectum to skin, and rectovaginal. Anal disease 
develops in 36% of all patients with Crohns disease, 25% of 
those with only small bowel involvement, 67% of those with 
colonic disease, and nearly all patients with rectal disease. 3 In 
approximately 25% of patients, the anal disease may antedate 
overt intestinal disease, often by 4 years. Accordingly, develop - 
ment of these anorectal disorders warrants radiologic investiga- 
tion of the entire gastrointestinal tract. 2,4,31 

Distribution. Any portion of the gut, from the mouth to the 
anus, may be involved by Crohns disease. Twenty percent of 
cases are isolated to the colon, 20% are restricted to the small 
bowel, and 60% involve the colon and small bowel simultane- 
ously. In 5% to 10% of these patients, upper gastrointestinal 
tract involvement is seen. It is unusual to see isolated esophageal 
or gastroduodenal Crohns disease. Regardless of location, 
radiographic and pathologic findings are similar; there is dis- 
continuous, patchy, and asymmetric disease involvement. 2,4,6 

Computed Tomography 

Crohns disease is manifested on CT (see Box 57-3) by bowel 
wall thickening of 1 to 2 cm. 114 This thickening, which occurs 
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Figure 57-23 Crohn # s disease: fistulas and 
sinus tracts. A. Fistula (arrow) between the 
sigmoid colon and adjacent small bowel is 
demonstrated on barium enema study. 

B. Barium enema examination shows fistula 
between transverse colon and duodenum. 

C. Paracolic sinus tract (arrow) is demonstrated 
in a patient with previous resection of 
transverse colon and an ascending-descending 
colon anastomosis. 



in 83% of patients, is usually observed in the terminal ileum, 
but other portions of the small bowel, colon, duodenum, 
stomach, and esophagus may be similarly affected. 62,65 

During the acute, noncicatrizing phase of Crohns disease, 
the small bowel and colon maintain mural stratification (Fig. 
57-26) and often have a target or double halo appearance. 56,115 
As in ulcerative colitis, there is a soft tissue density ring (cor- 
responding to mucosa), which is surrounded by a low-density 
ring with an attenuation near water or fat (corresponding to 
submucosal edema or fat infiltration), which in turn is sur¬ 
rounded by a higher density ring (muscularis propria). 116 
Inflamed mucosa and serosa may show significant contrast 
enhancement after IV bolus contrast administration; the inten- 
sity of enhancement correlates with the clinical activity of 
disease. 117 

The CT demonstration of mural stratification (i.e., the 
ability to visualize distinet mucosal, submucosal, and muscula¬ 
ris propria layers) indicates that transmural fibrosis has not 
occurred and that medical therapy may be successful in ame- 
liorating lumen compromise. 56 The edema and inflammation 
of the bowel wall that cause mural thickening and lumen 
obstruction are reversible to some extent. A modest decrease in 
wall thickness often produces dramatic inerease in the luminal 
cross-sectional area and resolution of the patient s obstructive 
symptoms. In patients with long-standing Crohns disease and 
transmural fibrosis, mural stratification is lost, so the affected 
bowel wall typically has homogeneous attenuation on CT. 67 
Homogeneous attenuation of the thickened bowel wall in the 


presence of good intravascular contrast medium levels and 
thin section scanning suggests irreversible fibrosis, so anti- 
inflammatory and immunosuppressive agents may not provide 
significant reduction in bowel wall thickness." If these seg¬ 
ments become sufficiently narrow, surgical resection or stric- 
tureplasty may be necessary to relieve the patient’s obstruction. 
Not uncommonly, acute and chronic changes of Crohns disease 
can coexist (Fig. 57-27). 

Mesenteric Involvement. The palpation of an abdominal 
mass or separation of bowel loops on a small bowel series in a 
patient with Crohns disease evokes a large differential 
diagnosis—abscess, phlegmon, “creeping fat” or fibrofatty pro- 
liferation of the mesentery, bowel wall thickening, and enlarged 
mesenteric lymph nodes. Each of these disorders has signifi- 
cantly different prognostic and therapeutic implications. 99 ’ 118,119 
This diagnostic dilemma is further complicated by the faet that 
many patients are receiving immunosuppressive therapy that 
can mask signs and symptoms. CT can readily differentiate the 
extraluminal manifestations of Crohns disease. 

Fibrofatty Proliferation of the Mesentery. Fibrofatty prolif- 
eration, also known as creeping fat of the mesentery, is the most 
common cause of separation of bowel loops seen on small 
bowel series in patients with Crohns disease. 120121 On CT, the 
sharp interface between bowel and mesentery is lost, and the 
attenuation value of the fat is elevated by 20 to 60 HU as a result 
of the influx of inflammatory cells and fluid. 61 Mesenteric 
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Figure 57-24 Crohn # s disease: sacculations. Crohn's disease 
involves primarily the mesenteric side ( arrows ) of the gut, leading to 
fibrosis and ballooning of the antimesenteric border. Crohn's disease 
is typically discontinuous, patchy, and asymmetric. 


adenopathy with lymph nodes ranging in size from 3 to 8 mm 
may also be present. If these lymph nodes are larger than 1 cm, 
lymphoma or carcinoma, both of which occur with greater 
frequency in Crohn’s disease, must be excluded. 

There is subserosal accumulation of an increased amount of 
hypertrophied fat as a result of perivascular inflammation with 
fibrosis and contraction of the muscular properties. The peri¬ 
vascular fibrosis results in the contraction of dilated feeding 
vessels and hypertrophied mesenteric fat, tethering the mesen- 
tery doser to the gut wall. This tethering contributes to the gross 
appearance of fat wrapping around the gut. 

Contrast-enhanced CT scans often show hypervascularity of 
the involved mesentery manifesting as vascular dilation, tortu- 
osity, prominence, and wide spacing of the vasa recta. These 
distinctive vascular changes have been termed vascular jejuniza- 
tion of the ileum or the comb sign. Identification of this hyper¬ 
vascularity should suggest active disease and may be useful in 
differentiating Crohn’s disease from lymphoma and metastases, 
which tend to be hypovascular lesions. 

Phlegmon. A phlegmon is an ill-defmed, inflammatory mass 
in the mesentery or omentum that may resolve completely with 
antibiotics or progress to form an abscess. 109 Phlegmons are 
another common cause of mesenteric mass effect in patients 
with Crohn’s disease. On CT, a phlegmon produces loss of 


definition of surrounding organs and a smudgy or streaky 
appearance of the adjacent mesenteric or omental fat. 66 

Abscess. Of patients with Crohn’s disease, 15% to 20% eventu- 
ally develop an intra-abdominal abscess. 122 Abscesses are most 
frequently associated with small bowel disease or ileocolitis. 123 
Once developed, an abscess can burrow through the adj acent 
tissue or break open and drain spontaneously into another part 
of the bowel, adjacent organs, or both. Abscesses usually result 
from sinus tracts, fistulas, perforations, or surgery for Crohn’s 
disease. 

An intra-abdominal abscess may be difficult to diagnose on 
clinical grounds in patients with Crohn’s disease because symp¬ 
toms may be inconspicuous, masked by corticosteroids, or mis- 
taken for an exacerbation of disease. Barium studies and 
endoscopy can only suggest the presence of an abscess indirectly 
by mass effect, spiculation of the mucosa, or identification of a 
fistula. Also, these studies do not evaluate the ischiorectal fossa, 
psoas muscle, and solid abdominal organs, which are common 
locations of abscess formation. 123,124 Cross-sectional imaging is 
required to confirm the diagnosis and reveal the full extent and 
location of the abscess cavity. CT is the primary imaging tool 
used for percutaneous drainage of Crohn’s disease-related 
abscesses. 125 ' 127 

Transrectal Ultrasonography 

Transrectal ultrasonography can show the following abnormali- 
ties in patients with Crohn’s disease: (1) mural thickening; 
(2) perianal and perirectal abscesses and fistulas; and (3) het- 
erogeneity of the anal sphincter. 73 Rectal wall thickening 
(>4 mm) is often accompanied by loss of mural stratification 
in Crohn’s disease. 73 

The anal sphincter derives from the rectal muscular layer 
as a sharply delineated ellipsoid that is uniformly hypoechoic. 
When involved by Crohn’s disease, the sphincter becomes het- 
erogeneous, with echogenic zones interspersed between the 
normal hypoechoic regions. Also in patients with active proc- 
tologic disease, the shortening and narrowing of the anal canal 
during squeezing and elongation with dilation during straining 
are less pronounced. Fistulas and sinus tracts appear as a dotted 
column of echo-rich gas bubbles, with reverberation on trans¬ 
rectal ultrasonography. Abscesses are characterized sonographi- 
cally as predominantly hypoechoic areas that contain echogenic 
elements corresponding to debris and gas bubbles. The wall of 
the abscess is usually thick and irregular, and some posterior 
acoustic enhancement may be seen. Some authors advocate 
routine screening with transrectal ultrasonography because 
this technique is capable of defming pararectal and para- 
anal abscesses and fistulas that develop extramurally without 
mucosal lesions. 2,4,11 

Transabdominal Ultrasonography 

The thickness of the colonic and small bowel wall can be 
appreciated sonographically, and the validity of using mural 
thickening in establishing the diagnosis of IBD has a reported 
sensitivity of 67% to 86% and specificity of 87% to 100%. 68 ' 72 
Some authors suggest using ultrasonography as a screen for 
IBD. 68 ' 72 When suspicion of disease is low, normal ultrasonog¬ 
raphy may be sufficient to avoid barium examination. When 
abnormal gut is seen or clinical suspicion is high, despite a 
normal ultrasound study, barium examination should be 
performed. 68 ' 72 
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Figure 57-25 Crohn # s disease: anorectal pathology. A. Multiple cutaneous fistulas are seen in the perianal region. B. Barium enema study 
shows a sinus tract ( arrow) into the right perianal soft tissues. C. Coronal, fat-suppressed T2-weighted MRI scan of the anorectum shows multiple 
high signal intensity fistulas ( arrows) into the perianal and mesorectal fat. D. Axial MRI scan shows mural thickening of the rectum, with a fistula 
(arrow) extending into the left piriformis muscle. E. CT scan shows a U-shaped abscess along the posterior aspect of the anorectal junction 
(arrow). 


In patients with active Crohn s disease, the colon wall can 
be 1.5 cm thick. Mural stratifkation is typically lost as 
well. Using criteria listed in Box 57-4, the sensitivity of ultra- 
sound in detecting active Crohns disease was 91%, with a 
specificity of 100%; sensitivity was 89%, with a specificity 
of 97% for detecting active ulcerative colitis. Several sono- 
graphic caveats should be noted. In patients with only aph- 
thoid ulcerations, typical wall stratifkation is maintained in 
patients with Crohns disease, suggesting that the disease is 
not yet transmural. In patients with ulcerative colitis who 
have large and extensive pseudopolyps, the thickness of the 
colon wall may approach 1.5 cm, and mural stratifkation 
may be lost. 68 ' 72 

Several authors have questioned the usefulness of ultra- 
sound for differentiating ulcerative colitis and Crohns colitis 
on the basis of bowel wall changes alone. 68 ' 72 Documentation 
of continuous or discontinuous involvement, combined with 
evidence of mesenteric disease, abscess, or fistula, can assist 
differentiation. 

In a study using hydrocolonic ultrasonography, 93% of 
patients with Crohns disease showed loss of mural stratifka¬ 
tion, and the wall appeared hypoechoic and clearly thickened. 
In contrast, mural stratifkation was maintained in ulcerative 
colitis. 6 Hydrocolonic ultrasonography could differentiate 
Crohns disease from ulcerative colitis in 93% of cases. Colonic 
Crohns disease was detectable by this technique with a sensitiv¬ 
ity of 96% and specificity of 91%. 68 ' 72 


The thickened bowel wall in Crohns disease (Fig. 57-28) 
produces a target, bulFs-eye, or cockade appearance that 
must be differentiated from chronic ulcerative colitis, diverticu- 
litis, lymphoma, ischemic colitis, and pseudomembranous 
colitis. 68 ' 72 Ultrasonography has also successfully diagnosed 
recurrent disease in patients who have had surgical resections. 68 
Sonographically, creeping fat of the mesentery is hypoechoic 
compared with normal fat resulting from edema. 68 ' 72 

Doppler sonographic evaluation of the superior mesenteric 
artery is a promising noninvasive method of detecting ileocolic 
inflammation in patients with Crohns disease and assessing 
disease activity. In patients with active disease, there is an 
increase in biood flow and decrease of resistive index of the 
superior mesenteric artery. Scans are performed preprandially, 
and postprandial scans can provide additional information. In 
normal subjects, there is a signifkant difference in the resistive 
index before and after meals because of the vasodilation and 
increased diastolic flow that occur after a meal. In patients 
with Crohn s disease, there is massive and persistent vasodila¬ 
tion, related to the extent and severity of disease, which 
increases biood flow and decreases the resistive index. Accord- 
ingly, a meal in patients with active disease does not produce 
expected Doppler changes because the vasodilation is already 
established. 128 ' 130 

In patients with active ileocecal Crohns disease, alterations 
of intestinal vascular impedance may reflect the Doppler wave- 
form of the superior mesenteric artery. This change in vascular 
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Figure 57-27 Coexisting acute and chronic Crohn # s disease: 

CT findings. There is stenosis of the distal transverse colon 
(yellow arrow), indicating chronic disease. There is also some 
hyperenhancement of the mucosa of the more proximal transverse 
colon with engorgement of the vasa rectae (white arrow), indicating 
coexisting active disease. 
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Figure 57-28 Crohn's disease: sonographic findings. Longitudinal 
sonogram of the ascending colon shows hypervascularity and mural 
thickening. 


bowel wall thickness, length of diseased bowel, and severity of 
inflammation has been reported. 79 The percentage contrast 
enhancement compares well with severity of inflammation 
based on endoscopic and surgical findings. The actively inflamed 
wall enhances because of increased delivery of the agent and 
increased capillary permeability. On T1 - weighted MR sequences, 
the fat may have low signal intensity streaks and strands. These 


Figure 57-26 Crohn's disease: acute disease on CT. Coronal 
reformatted image shows mural thickening of the ascending (yellow 
arrows ) and descending (red arrows ) colon, with engorgement of the 
vasa rectae indicating active, acute disease. 

impedance is manifest by increased flow velocities (peak systolic 
and diastolic) in the superior mesenteric artery flow volume to 
the superior mesenteric artery territory. Increased flow veloci¬ 
ties are caused by the hyperemia and increased flow, as well as 
decreased downstream resistance. 1 

Magnetic Resonance Imaging 

MRI provides a similar perspective to CT in that images dem- 
onstrate the overall topography of the abdomen. This imaging 
technique has several inherent advantages—lack of ionizing 
radiation, multiplanar imaging capability, and superb soft tissue 
contrast/ 79 Disadvantages that have generally precluded the 
routine use of MRI in the evaluation of IBD include respiratory 
and bowel motion artifact, lack of a satisfactory oral contrast 
agent, high signal intensity of intra-abdominal fat, and long 
imaging times used in conventional spin-echo sequences. 

Many of the limitations of MRI have been overcome by using 
breath-holding imaging (fast low-angle shot [FLASH]), fat sup¬ 
pression, and an IV contrast agent, gadopentetate dimeglumine 
(Gd-DTPA). 131,132 With these new techniques, MRI can show the 
extent and severity of inflammatory changes of the gut (see Fig. 
57-25) that correlate with endoscopic and histologic findings 
from surgical specimens. 75-79 Mural thickening of the gut can 
also be appreciated with MRI. When fast imaging sequences are 
combined with IV contrast material (Gd-DTPA) administra¬ 
tion and fat-suppressed imaging, a good correlation among 
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areas may enhance after Gd-DTPA administration on gradient- 
echo images. MRI is sensitive for the detection of perianal and 
perirectal fistulas, sinus tracts, and abscesses that frequently 
accompany perianal Crohns disease. 133134 

THER APY 

Medical Management 

Crohns disease does not behave clinically as a single disorder, 
so each patient must receive an individual clinical evaluation 
and integrated medical and surgical management. 4,11 

Drug Therapy. Corticosteroids are the most effective therapy 
for producing symptomatic relief in Crohns disease patients. 
Although they are effective in preventing relapses, they do not 
alter the long-term outcome and are associated with complica- 
tions related to Cushing’s disease. Immunosuppressive agents 
have also been tested, with encouraging results. Several studies 
have shown that cyclosporine is effective when conventional 
corticosteroids have failed and that it works more quickly than 
other immunosuppressive agents. Its efficacy is related to its 
ability to interfere with T-cell activation. Side effects include 
malabsorption and renal toxicity, and there is the long-term risk 
of cyclosporine-induced neoplasm. 2,4,11 

The role of azathioprine in Crohns disease remains contro- 
versial because it produces a variety of significant side effects. 
Physicians are often compelled to use azathioprine as a third- 
line drug, particularly in patients with extensive small bowel 
disease, recurrence after surgery, and fistulas. In some patients, 
the use of azathioprine or its active metabolite, 6-mercaptopurine, 
has permitted reduction in the dose of corticosteroid and even 
discontinuation of the drug. 

Mesalamine decreases recurrence rates in Crohns colitis, but 
its value for small bowel disease is uncertain. The use of sul- 
fasalazine is hindered by side effects, which has led to the devel- 
opment of less toxic derivatives of 5-aminosalicylic acid. 

The efficacy of metronidazole in Crohns disease remains 
unproved, and its use is limited by neurologic toxicity. However, 
this therapy may lead to complete remission of perianal disease 
and the closure of fistulas. 2,4,11 

Total parenteral nutrition (TPN) is useful for maintaining 
nutritional status when the gut cannot be used during exacerba- 
tions of inflammatory or fibrostenotic Crohns disease. Never- 
theless, remission rates while maintained on TPN and bowel are 
equivalent to those of enteral nutrition. TPN for 5 to 10 days 
preoperatively can decrease surgical complications in patients 
who require bowel resection. 

Advances in understanding of the role of immune cells, 
natural killer cells, and macrophages and their soluble media¬ 
tors, such as cytokines and tumor necrosis factor, have led to 
the development of specific immunotherapies with improved 
efficacy and reduced toxicity. As noted, anti-TNFs (chimeric, 
monoclonal antibody [infliximab]) have proved helpful in 
patients with advanced Crohns disease refractory to corticoste¬ 
roids and immunosuppressive therapy. This recombinant anti¬ 
body is given as a single IV dose and can rapidly close fistulas, 
with improvement lasting for 3 months. 2 411 

Surgical Management 

There is a high rate of recurrence (30% to 53%) of Crohns 
disease after resection of diseased bowel. 2,4,88,91 It is possible 


that Crohn s disease affects, at least at a microscopic level, the 
entire gut from the outset, so the disease cannot be cured by 
surgery. Therefore, surgery should be reserved for certain com¬ 
plications of the disease or for unequivocal failure to respond 
to optimal medical therapy. These guidelines are particularly 
applicable to two groups of patients, those who have previ- 
ously undergone small bowel resection and present with recur- 
rent disease of an obstructive nature and those who have diffuse 
disease and multiple small bowel strictures. Removal of all 
the diseased areas in these patients may lead to short bowel 
syndrome. 

The major indications for surgery in Crohns disease are 
obstruction, perforation, hemorrhage, and carcinoma. 2, 4,88,91 
Abscesses and fistulas should first be treated by the interven¬ 
tional radiologist because this may save the patient from having 

surgery. 2,4,88,91 

There is considerable interest concerning strictureplasty, and 
early reports have suggested that this technique is effective in 
treating short, stenosing Crohns lesions of the small bowel. 2,4,88,91 
One series reported 24 patients who had 86 strictureplasties. 88 
This procedure was safe and effective for select patients under- 
going surgery for obstructive Crohns disease. Short fibrous 
strictures in patients who did not have acute inflammatory 
segments of disease were most amenable to strictureplasty. 
Another report compared recurrence after strictureplasty with 
that after primary resection for small intestinal Crohns 
disease. 88 No difference in the rate of recurrence after stric¬ 
tureplasty or resection was found, offering more support to 
the choice of strictureplasty for select patients with obstructive 
symptoms. 

Reports of radiologically guided balloon dilation of stric¬ 
tures are also of interest, but this method is unlikely to be suit- 
able for many Crohns strictures, which are located in the small 
bowel. 2,4,88,91 Current surgical opinion holds that external fistu¬ 
las unassociated with residual Crohns disease should be 
managed along conventional lines but that fistulas arising from 
diseased small intestine may require surgery. This surgery 
should be performed after an associated abscess has been 
drained, metabolic deficits have been corrected, and the anatomy 
of the fistula has been defined. 91 

Primary fistulotomy has been shown to be a safe procedure 
in selected patients, provided that aggressive medical treat- 
ment is used to control bowel disease preoperatively. 2,4,88,91 
Rectovaginal fistulas are especially difficult to treat, but with 
prolonged conservative treatment, the rectum can be preserved 
in many cases. 

PROGNOSIS 

The manifestations and complications of Crohns disease are so 
diverse and unpredictable that for some patients the outlook is 
bleak. Disease remission can be interrupted by exacerbations at 
any time. Approximately 50% of patients develop complications 
that require surgery, and 10% to 20% lead symptom-free lives 
after one or two attacks. In view of the serious nature of Crohn s 
disease and its complications, the mortality is low. With proper 
medical supervision, most patients adjust remarkably well to 
their chronic illness and lead productive lives. 2,4,11,1331 The use 
of biologic agents such as Remicade and Humira have the 
potential to improve the natural history of this disease 
signifkantly. 
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Intestinal Complications of 
Inflammatory Bowel Disease 

Table 57-2 summarizes gastro intestinal complications in ulcer- 
ative colitis and Crohns disease. 

CARCINOMA 

The risk of developing colorectal cancer is significantly higher 
in patients with ulcerative colitis and Crohns colitis than in the 
general population, although the precise magnitude of this risk 


table Relative Frequency of Gastrointestinal 

57-2 Complications in Inflammatory Bowel Disease 

Complication 

Ulcerative 

Colitis (%) 

Crohn # s 

Disease (%) 

Anorectal lesions 

<20 

20-80 

Fissure in ano 

<15 

25-30 

Perianal abscess 

<10 

20-25 

First symptom 

Very infrequent 

20-25 

Fistula in ano 

<6 

20-25 

Multiple and complex 

Never 

Common 

Multiple anorectal 

Very infrequent 

20 

complications 

Massive hemorrhage 

3 

<3 

Colon 

Never 

<2 

Small bowel 

Intra-abdominal abscess 

Ve ry rare 

20-40 

Internal fistulas 

Ve ry rare 

Very uncommon 

Free perforation 

Uncommon 

<8 

Toxic megacolon 

2-10 

Less common 

Pseudopolyposis 

15-30 

Very common 

Strictures 

11-15 

15-25 


Adapted from Osterman MT, Lichtenstein GR: Ulcerative colitis. In 
Feldman M, Friedman LS, Branch LJ (eds): Gastrointestinal and 
Liver Disease, 8th ed. Philadelphia, Saunders, 2010, pp 1975-2090. 


is uncertain. 1-6,138 Studies have suggested an annual incidence of 
10% after the first decade of ulcerative colitis. The risk of 
colorectal cancer also increases with increasing extent of disease; 
75% to 80% of patients who develop cancer have pancolitis. 138 
Carcinomas associated with ulcerative colitis are multiple in 
almost 25% of cases; they are more often flat and scirrhous than 
in patients without colitis and thus harder to detect. 

Cancer screening has become a popular and controversial 
issue in patients with IBD. Since the 1960s, mucosal dysplasia 
has been considered a precursor of colon cancer or at least a 
marker of colons at risk for developing cancer. Mucosal dyspla¬ 
sia is often detected near or remote from the neoplasm in ulcer¬ 
ative colitis patients with carcinoma. However, dysplasia is 
patchy, inconsistent, and unpredictably distributed in the colon. 
Accordingly, colonoscopy with multiple, random biopsy speci- 
mens and biopsy specimens from masses or raised areas is rec- 
ommended. Flow cytometry searching for aneuploidy has been 
advocated as a means of increasing the specificity and prognos- 
tic significance of the histologic results. 

Molecular markers, such as Ki-67, DPC-4, and DYS nuclear 
matrix proteins, are a means of further refming the diagnosis 
of dysplasia and may eventually provide an alternate method of 
predicting colorectal cancer. Clinical studies provide support 
for the increasingly prevalent recommendation that any dyspla¬ 
sia warrants colectomy. 2,4,11 

Several studies have shown that certain dysplastic lesions are 
radiologically visible (Fig. 57-29). When the dysplasia is ele- 
vated and plaquelike or multinodular, it manifests en face as 
irregular nodular areas with sharply angulated horders, having 
a mosaic tile appearance. Tangentially, these lesions project only 
1 to 2 mm above the adjacent normal mucosa. When the dys¬ 
plasia assumes a more polypoid form, it is indistinguishable 
from an adenomatous polyp. Most dysplasias occur in flat 
mucosa and therefore are not detectable on double-contrast 
barium studies. The management of high-risk patients with 



Figure 57-29 Ulcerative colitis: carcinoma. Colitic carcinomas often have an atypical appearance. A. Unusual polypoid carcinoma in the 
proximal descending colon. B. There is an infiltrative plaquelike carcinoma of the hepatic flexure ( solid arrows). A small macrodysplastic lesion 
(curved open arrow) is present proximal to the carcinoma. 
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ulcerative pancolitis requires regular radiologic and endoscopic 
surveillance for detecting dysplasia. 138 44 

TOXIC MEGACOLON 

Toxic megacolon is the most severe, life-threatening complica- 
tion of IBD. It occurs in 1.6% to 13% of patients with ulcerative 
colitis and is less common in Crohns colitis. Toxic megacolon 
usually occurs in patients in their 30s and may be the initial 
manifestation of ulcerative colitis. It is the most common cause 
of death directly related to ulcerative colitis and is an indication 
for emergency surgery. 145-148 

Pathologic Findings 

On pathologic examination, there is transmural inflammation 
with deep fissuring ulcers into the muscularis propria, often 
with extension to the serosa. These inflammatory changes may 
be so extensive that large areas of denuded mucosa are seen. The 
colon undergoes disintegration of normal tissue cohesion, an 
appearance that surgeons have likened to having the consistency 
of wet tissue paper on handling. The inflammatory exudate 
seeps through the serosa and may lead to signs of peritonitis, 
even without frank perforation. The external surface of the 
colon shows intense serositis, and the greater omentum and 
gastrocolic ligament are edematous and inflamed. These changes 
are accompanied by vasculitis of the small arterioles and inflam¬ 
mation and by destruction of the ganglion cells of the myenteric 
and submucosal plexuses; there is myocytolysis in the muscu¬ 
laris propria. 2,4,6 Although the bowel wall appears thickened and 
nodular on abdominal radiographs, the specimen often shows 
a mural thickness of only 2 to 3 mm in areas of denuded 
mucosa. 

A number of factors that further contribute to high intra- 
luminal pressures and decreased muscle tone that can lead to 
colonic distention in toxic megacolon include antidiarrheal 
drugs (e.g., codeine, morphine, tineture of opium), aerophagia, 
and hypokalemia. Barium enema has also been implicated as 
a precipitating factor in toxic megacolon, but this is contro- 
versial. Certain evidence suggests that the relationship may be 
temporal more than a cause and effeet phenomenon. Never- 
theless, the interdiction concerning barium enema studies in 
patients who are severely ill with ulcerative colitis is valid. 2,4,6 
Toxic megacolon can also complicate other forms of colitis, 
such as ischemic colitis, Crohn s disease, pseudomembranous 
colitis, and amebiasis. 

Radiologic Findings 

Toxic megacolon (Fig. 57-30) is one of the few life-threatening 
conditions in which an abdominal radiograph is all that is 
required to establish a firm diagnosis. 148 Dilation is the hallmark 
of toxic megacolon; mean diameters of the most dilated seg¬ 
ments are between 8.2 and 9.2 cm. Dilation more than 5 cm 
indicates uleeration to the muscle layer and should be consid- 
ered the threshold for dilation in fulminating colitis. In the past, 
the transverse colon was considered the focus of disease, but 
this only reflects the faet that the transverse colon is the least 
dependent portion of the large intestine on supine view radio¬ 
graphs. Initially, only a short segment of colon may be involved. 2 4 

Mucosal islands are a common Ånding in toxic megacolon 
and indicate severe disruption of the mucosa. This appearance 
can be simulated in patients with inflammatory polyps during 
an acute attack. As noted, although the colon wall is thin 



Figure 57-30 Intestinal complications of ulcerative colitis: toxic 
megacolon. Mucosal islands ( arrows ), deep uleerations, and dilation 
establish the diagnosis. 


pathologically, it appears thickened radiologically, presumably 
as a result of subserosal or omental edema. A radiolucent stripe 
may be noted running parallel to the colon, which probably 
represents the pericolic fat line. 

The profound inflammation and extensive uleeration of 
toxic megacolon always abolish the haustral pattern, so that the 
presence of normal haustra exeludes the diagnosis. Long fluid 
levels can be seen in the colon as well as small bowel distention, 
in keeping with an ileus. 148 

Extraintestinal Complications of 
Inflammatory Bowel Disease 

Extraintestinal manifestations develop in one fourth to one 
third of patients with IBD (Box 57-6). 1 They can be divided 
into three categories: (1) those intimately related to disease 
activity or extent of disease and are responsive to therapy 
directed at the bowel disease (e.g., arthritis, iritis); (2) those 
whose course is independent of underlying bowel disease (e.g., 
sclerosing cholangitis, ankylosing spondylitis); and (3) those 
caused by inadequate or disordered intestinal funetion (e.g., 
cholelithiasis, nephrolithiasis). 1-7 

HEPATOBILIARY COMPLICATIONS 

The most frequent serious manifestations of extraintestinal 
IBD occur in the liver and biliary tract. 17 As a rule, these 
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BOX 57-6 EXTRACOLONIC MANIFESTATIONS OF 
ULCERATIVE COLITIS 


HEPATOBILIARY AND RENAL 

Nonspecific reactive hepatitis 
Sclerosing cholangitis 
Pericholangitis 
Chronic active hepatitis 
Cholangiocarcinoma 
Fatty infiltration 
Musculoskeletal 
Arthritis 

Ankylosing spondylitis 
Sacroiliitis 

Hypertrophic osteoarthropathy 
Avascular necrosis 
Ocular 

Uveitis and iritis 
Episcleritis 
Conjunctivitis 
Mucocutaneous 

Pyoderma gangrenosum 
Erythema nodosum 
Cutaneous vasculitis 
Stomatitis 

Urolithiasis and nephrolithiasis 
Amyloidosis 
Drug-related disease 
Bronchopulmonary 
Pulmonary vasculitis 
Pleuropericarditis 

HEMATOLOGIC AND VASCULAR 

Anemia from biood loss 
Autoimmune hemolytic anemia 
Thrombocytosis 
Thromboembolic disease 
Increased factors V and VIII 
Accelerated thromboplastin III levels 
Arteritis of aorta and subclavian artery 
Pancreas 

Drug-related pancreatitis 

Adapted from Osterman MT, Lichtenstein GR: Ulcerative colitis. 
In Feldman M, Friedman LS, Branch LJ (eds): Gastrointestinal 
and Liver Disease, 8th ed. Philadelphia, Saunders, 2010, 
pp 1975-2090. 


complications generally do not correlate with disease activity, 
duration, or severity, with the exception of fatty infiltration, 
which occurs in patients who tend to be more seriously ill, 
debilitated, and malnourished. 17 

Hepatic Steatosis 

Fatty liver is found on liver biopsy specimens in 20% to 25% of 
patients with IBD; it may be caused by fat malabsorption, 
hyperalimentation, sepsis, protein-losing enteropathy, malnu- 
trition, and corticosteroids. 1 The imaging features of fatty liver 
are variable and depend on the amount of fat deposited, its 
distribution within the liver, and presence of associated hepatic 
disease. CT is the best noninvasive technique for the detection 
of hepatic steatosis because there is an excellent correlation 
between hepatic parenchymal CT attenuation and the level of 
hepatic fat found in liver biopsy specimens. Fatty deposition 
is usually diffuse; however, involvement can be focal, lobar, 


segmental, or scattered in a bizarre pattern that rapidly appears 
and disappears. 1 ' 7 

Cholelithiasis 

Of patients with Crohns disease, 30% to 50% develop gall- 
stones, especially those with extensive terminal ileal disease or 
after ileal resection. As a consequence of this ileal disease, these 
patients form lithogenic bile because of bile salt malabsorption 
or loss of the enterohepatic circulation. Ultrasonography is the 
primary modality for diagnosing gallstones. 1 

Primary Sclerosing Cholangitis 

Primary sclerosing cholangitis occurs in fewer than 2% to 5% 
of patients with IBD; it is usually associated with ulcerative 
colitis. 1 Ultrasonography, CT, and MRI (Fig. 57-31) can 
directly visualize the fibrous mural thickening of the larger bile 
duets that characterize this disease. 1 7 49 The thickening may be 
concentric or asymmetric and usually measures 2 to 5 mm. 
Other suggestive diagnostic signs include focal duet dilation, 
discrepancy between the size of the intrahepatic and extrahe- 
patic bile duets, focal clustering of intrahepatic duets, and dis- 
continuous areas of minimal intrahepatic biliary dilation 
without associated hepatic, porta hepatis, or pancreatic masses. 
The cholangiographic signs of beading, pruning, and nodular 
mural thickening can also be seen on cross-sectional imaging, 
but usually with less detail and precision. 149 

CT, ultrasonography, and MRI offer three major advantages 
in evaluating patients with known or suspected sclerosing chol¬ 
angitis. 149 First, they are noninvasive techniques that are quite 
safe in these patients, who often need multiple serial examina- 
tions. Second, they can visualize the entire biliary tract in 
patients in whom strictures obstruct the flow of contrast 
medium during cholangiography, occasionally leaving large 
portions of the intrahepatic duets unexamined. Finally, CT and 
ultrasonography can depict complications of sclerosing cholan¬ 
gitis, such as cirrhosis and portal hypertension, and soft tissue 
masses associated with cholangiocarcinoma. 149 Magnetic reso- 
nance cholangiopancreatography (MRCP) is the best noninva¬ 
sive means of establishing the diagnosis. 149 Patients with 
ulcerative colitis and sclerosing cholangitis are at greater risk 
for developing cholangiocarcinoma and secondary biliary 
cirrhosis. 

Liver Abscess 

Hepatic abscess is an uncommon complication of Crohns 
disease. In one institution, they accounted for 8% of all liver 
abscesses. 2 4 150 They usually develop in patients with long- 
standing disease but may occur as the initial manifestation 
of Crohns disease. 2,4,150 Corticosteroids and other immu- 
nosuppressive agents, perforation, intra-abdominal abscess, 
and anastomotic leaks are all predisposing factors to the 
development of a hepatic abscess in patients with Crohns 
disease. 2,4,150 

PANCREATIC COMPLICATIONS 

Of patients with Crohns disease, 1% to 2% develop pancreatitis 
from a variety of causes: (1) drugs such as corticosteroids, 
azathioprine, and metronidazole; (2) choledocholithiasis; 
(3) fistula from the adjacent gut; (4) sclerosing cholangitis; 
(5) dysfunetion of the sphineter of Oddi or stenosis of the 
descending duodenum, leading to obstruction of the duet or 
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Figure 57-31 Sclerosing cholangitis. Axial T2-weighted MR images shows focal dilation of intrahepatic bile duets in two areas ( arrows ). 
B. MRCP image shows multifocal strictures and irregularity of the intrahepatic bile duets. 


reflux of duodenal contents into the duet; and (6) autoantibod- 
ies against pancreatic acinar cells. Regardless of the cause, cross- 
sectional imaging is needed to help confirm the diagnosis of 
panereatitis and, more importantly, its complications. 151 

URINARY TRACT COMPLICATIONS 

Nephrolithiasis 

Of patients with Crohns disease, 2% to 10% develop nephroli¬ 
thiasis as a result of water and electrolyte losses from diarrhea, 
malabsorption, and large ileostomy output. Oxalate stones are 
most common and, because they are not calcified, they may not 
be visible using conventional radiologic techniques. 152,153 Non- 
contrast CT scans and, to a lesser degree, ultrasonography 
detect these stones more readily. 

Hydronephrosis 

Hydronephrosis may develop in patients with Crohns disease 
for a variety of reasons, including calculous disease or obstruc¬ 
tion resulting from the inflammatory effeet of an abscess or 
phlegmon or the mass effeet of creeping fat of the mesen- 
tery. 152,153 CT is useful in detecting the hydronephrosis and 
obstructing mass. 

Fistulas 

Fistulas may develop between diseased gut and the kidney in 
patients with Crohns disease, leading to a renal or perinephric 
abscess. 2,4,6 Usually, enterovesical fistulas develop. Although 
these fistulas should first be evaluated with conventional barium 
studies, exeretory urography, and cystography, the origin of the 
fistula may be edematous and prevent contrast opacification, 
and tiny fistulous tracts may not be seen. Conventional studies 
detect fewer than 50% of enterovesical fistulas; CT has an 
almost 90% success rate. 150 CT scans are initially obtained with 
only oral and rectal contrast administration. The presence of 
gas and small amounts of contrast material entering through 
the fistula may be obscured if the biadder is opacified after the 
IV injection of iodinated contrast medium. 


MUSCULOSKELETAL COMPLICATIONS 

Arthropathy 

Arthritis is one of the most common extraintestinal mani¬ 
festations of IBD; it is manifested as a peripheral arthritis 
or sacroiliitis-spondylitis. 154 159 The radiologic findings of 
peripheral enteropathic arthritis are usually minimal and best 
seen, if at all, with conventional radiographs. The changes 
in the axial skeleton, affeeting 3% to 16% of patients with 
IBD, are similar to those of ankylosing spondylitis. 154 158 CT 
and MRI can often detect the subtle changes of early sac- 
roiliitis before they become apparent on radiographs—bilateral, 
usually symmetric joint narrowing with osseous erosions fol- 
lowed by sclerosis are more pronounced on the iliae side 
of the articulation. 154-158 Eventually, bony ankylosis occurs. 
Tl-weighted fat-suppression images are superior at demon- 
strating the cortical erosion and subchondral sclerosis of 
sacroiliitis. 

Avascular Necrosis 

Osteonecrosis is a rare complication of IBD and usually occurs 
in the following clinical settings: during or after corticosteroid 
therapy; during TPN, especially with lipid emulsions; and most 
recently as a direct complication of the disease, without other 
precipitating factors. 154 ' 158 

MRI is the best technique for establishing this diagnosis, 
with a reported sensitivity of 97% and specificity of 98%. 154-158 
On Tl-weighted images, areas of low signal intensity may be 
seen beneath the articular surface. Alternatively, bands of low 
signal intensity are seen surrounding a central area of higher 
signal intensity. On T2-weighted images, areas of low signal 
intensity can become bright, and regions of high signal intensity 
remain high. 

Asymptomatic and radiologically normal hips may have 
early signs of avascular necrosis on CT studies. These include 
subtle alterations in trabecular pattern, joint space integrity, and 
femoral head and acetabular contour, which may be undetected 
or ill-defmed on radiographs. 
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Osteomyelitis and Septic Arthritis 

Septic arthritis of the hip can complicate a psoas or retroperi- 
toneal abscess tracking through the greater sciatic notch. MRI 
and CT show these changes before their recognition on 
radiographs. 

The iliac bone and sacrum are the most frequent sites of 
osteomyelitis in patients with Crohns disease. They are almost 
invariably the result of an adj acent pelvic abscess or enteric 
fistula. Accordingly, osteomyelitis is usually diagnosed on cross - 
sectional imaging when the abscess is identified. CT findings 
in osteomyelitis include cortical bone destruction, intraosseous 
gas, increased attenuation of the bone marrow, narrowing of 
the medullary cavity, serpentine drainage tracts, and the pres- 
ence of an involucrum or sequestrum. With MRI, the marrow 
space of the involved bone demonstrates decreased signal on 
Tl-weighted images and increased signal on T2-weighted 
images. Cortical destruction or thickening and edema or 
abscess formation in the soft tissues can also be demonstrated 
on MRI. 

Spinal epidural abscess has been reported from fistulization 
of a presacral or psoas abscess in patients with Crohns disease. 
Prevertebral, intraforaminal, and epidural gas may be seen on 
CT and MRI studies. 

Osteoporosis 

Osteoporosis is a common complication of IBD. Osteoporosis 
and osteomalacia occur secondary to malabsorption with resul¬ 
tant calcium and vitamin D deficiency and can also be related 
to corticosteroid therapy. 

Psoas Abscess 

Crohns disease complications now account for 73% of all psoas 
abscesses. 36 ’ 160 On the right, a psoas abscess may develop sec¬ 
ondary to terminal ileal disease and, on the left, it can result 
from sigmoid or jejunal involvement. Most patients with psoas 
abscess have well-established Crohns disease, but the clinical 
manifestations may be nonspecific. Occasionally, psoas abscess 
may be seen at the initial presentation of disease. CT has 
emerged as the single best examination for its diagnosis. CT can 
also direct percutaneous abscess drainage in these patients. 161 
Primary rectus sheath abscesses have also been reported as a 
complication of Crohns disease and may be visualized with CT, 
MRI, or ultrasonography. 

PULMONARY COMPLICATIONS 

Although clinically signifkant, pulmonary manifestations are 
uncommon in patients with IBD. Prospective studies have 
identified pulmonary abnormalities in 30% to 50% of cases. 
There are four major clinicopathologic categories of disease: 
(1) airway disease (chronic bronchitis, bronchiectasis, bronchi- 
olitis); (2) interstitial lung disease (bronchiolitis obliterans, 
interstitial lung disease); (3) necrobiotic nodules; and (4) sero- 
sitis. Respiratory or pleuropericardial disease is much more 
common in ulcerative colitis than in Crohns disease. 16 

Differential Diagnosis of Colitis 

Ulcerative colitis and Crohns disease are responsible for most 
cases of enterocolitis in North America and Europe. However, 
infectious enteritis and colitis have been occurring more 


frequently because of increased global travel and immigration, 
the indiscriminate use of antibiotics, and more widespread 
immunosuppression resulting from the large numbers of those 
infected by HIV, chemotherapy, and bone marrow, stem cell, 
and organ transplantation. 112 Because the small bowel and 
colon have only a limited variety of response to a wide variety 
of insults, it is not surprising that the infectious enterocolitides 
often simulate the radiologic (Table 57-3) and clinical (Table 
57-4) features of IBD. The definitive diagnosis of infectious or 
idiopathic IBD ultimately rests on histologic and bacteriologic 
documentation. 

The differentiation of Crohn s colitis and ulcerative colitis is 
important because each disease has different therapeutic and 
prognostic implications. Patients with ulcerative colitis have a 
higher risk of developing cancer. They can also have a curative 
colectomy and are candidates for sphincter-preserving surgery. 
Patients with Crohns disease are not candidates for ileal reser¬ 
voirs because disease may recur in the ileum. The following 
double-contrast barium enema features enable the correct diag¬ 
nosis to be made in most patients: 

1. Ulcerative colitis is a contiguous, confluent, circumferen- 
tial, and symmetric disease that begins in the rectum and 
extends proximally. 


table Inflammatory Bowel Disease: Radiologic 
57-3 Differential Diagnosis 


Feature Commonly Found In May Occur In 


Granular 

Ulcerative colitis 

Early Crohn's colitis 

mucosa 


(rare) 

Ulceration 

Crohn's colitis 

Amebiasis 

Discrete 

Yersinia infection 

Ischemia 


Behget's disease 

Tuberculosis 

Confluent 

Ulcerative colitis 

Crohn's disease 

(shallow) 


Amebiasis 

Confluent 

Crohn's disease 

Ischemia 

(deep) 


Amebiasis 
Tuberculosis 
Strongyloides infect 

Stricture 

Ulcerative colitis 

Tuberculosis 

Symmetric 

Lymphogranuloma 

venereum 


Asymmetri c 

Crohn's disease 

Ischemia 

Tuberculosis 


Fistula 

Crohn's disease 

Tuberculosis 


Lymphogranuloma 

venereum 

Actinomycosis 

Inflammatory 

Ulcerative colitis 

Ischemia (rare) 

polyps 

Crohn's disease 
Schistosomiasis 

Colitis cystica profunda 


Small bowel 

Crohn's disease 

Ulcerative colitis 

disease 

Yersinia infection 

(backwash ileitis) 


Tuberculosis 

Behget's disease 


Pseudomembranous 

enterocolitis 

Ischemia 

Skip lesions 

Crohn's disease 

Lymphogranuloma 


Tuberculosis 

Amebiasis 

venereum 

Toxic 

Ulcerative colitis 

Crohn's disease 

megacolon 


Ischemia 

Amebiasis 


From Bartram Cl, Laufer I: Inflammatory bowel disease. In Laufer I, 
Levine MS (eds): Double Contrast Gastrointestinal Radiology, 
2nd ed. Philadelphia, WB Saunders, 1992, pp 579-645. 





57 Ulcerative and Granulomatous Colitis: Idiopathic Inflammatory Bowel Disease 1013 


TAB LE 

57-4 

Inflammatory Bowel Disease: Clinical 

Differential Diagnosis 

Ulcerative Colitis 

Crohn's Disease 

Pancolitis 

Heal and jejunal 

Campylobacter infection 

Yersinia enterocolitis 

Shigellosis 

Salmonellosis 

Salmonellosis 

Tuberculosis 

Cytomegalovirus infection 

Strongyloides infection 

Escherichia coli infection 

Lymphoma 

Clostridium difficile infection 

Radiation enteritis 

Amebiasis 

Carcinoid 

Behget's disease 

Eosinophilic enteritis 

Graft-versus-host disease 

Carcinoma (rare) 

Radiation colitis 

lleocecal 

Diverticular disease 

Tuberculosis 

Ischemic colitis 

Typhlitis 

Proctosigmoiditis 

Amebiasis 

Herpes simplex infection 

Graft-versus-host disease 

Gonorrhea 

Appendicitis 

Chlamydia infection 

Carcinoma 

Colonic 

Diverticulitis 

Carcinoma 

Amebiasis 

Tuberculosis 

Ischemic colitis 

Radiation colitis 
Chlamydia infection 


Adapted from Osterman MT, Lichtenstein GR: Ulcerative colitis. In 
Feldman M, Friedman LS, Branch LJ (eds): Gastrointestinal and 
Liver Disease, 8th ed. Philadelphia, Saunders, 2010, pp 1975-2090. 


2. Crohns disease is a patchy, discontinuous disease 
with asymmetric involvement that can lead to 
pseudodiverticula. 

3. The following types of ulcerations are characteristic of 
Crohns disease: aphthoid, discrete, deep (>3 mm), fissur- 
ing, and rose thorn. 


4. Granular mucosa is typical in ulcerative colitis but not in 
Crohns colitis. 

5. Severe anal and perianal disease is characteristic of 
Crohns disease but is exceptionally rare in ulcerative 
colitis. 

6. Spontaneous fistula and sinus tracts are a hallmark of 
Crohn s disease. 

Certain CT findings can help differentiate granulomatous 
and ulcerative colitis. Mural stratification is seen in 61% of 
patients with chronic ulcerative colitis but in only 8% of patients 
with chronic granulomatous colitis. Also, mean colon wall 
thickness in chronic ulcerative colitis is 7.8 mm, significantly 
smaller than that observed in Crohns colitis (11 mm). Finally, 
the outer contour of the thickened colonic wall is smooth and 
regular in 95% of ulcerative colitis cases, whereas serosal and 
outer mural irregularities are present in 80% of granulomatous 
colitis patients. 

Differentiation between these two diseases can be made on 
radiologic grounds in 90% to 95% of patients. The distinction 
is easier to make in the early stages of disease because the 
early manifestations are particularly distinctive. When the 
disease is chronic or when there have been numerous exac- 
erbations and remissions, the distinction may be more difficult. 
For example, ulcerative colitis in remission may become dis¬ 
continuous, whereas granulomatous colitis may involve the 
entire colon. 1-6,162 

Summary 

The radiologic diagnosis of ulcerative colitis and Crohns disease 
is challenging. It embraces a variety of examination techniques 
that must be performed and interpreted with care if the radiolo¬ 
gist is to make a significant contribution to patient manage¬ 
ment. An understanding of the anatomic and pathophysiologic 
basis of the radiologic features of IBD is important to appreciate 
the natural history and differentiating features of these perplex- 
ing diseases fully. 163165 
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Infectious and inflammatory disorder of the colon are common 
and do not require imaging in most cases. In some disorders, 
imaging has a role in establishing the diagnosis, assessing the 
severity of the process, monitoring the course of the disease, 
and determining the presence of complications. 

Bacterial Infections 

Infectious colitis may be caused by bacterial, viral, fungal, and 
parasitic organisms. 14 In Western countries, bacterial colitis 


represents the most common form of colonic infection, whereas 
in underdeveloped countries, parasitic infestation occurs most 
frequently. Imaging studies are not usually performed for 
patients with bacterial colitis because the diagnosis is readily 
established with routine stool cultures. 

The diagnosis of bacterial colitis should be suggested by the 
typical presentation of acute onset of dysenteric symptoms, 
consisting of fever, crampy abdominal pain and tenderness 
(with or without vomiting), tenesmus, and small-volume diar- 
rhea (frequently bloody). In most cases, the disease is self- 
limited. Routine cultures may occasionally yield false-negative 
results, so specialized cultures are required to isolate specific 
organisms. 

SALMONELLOSIS 

Salmonella is a gram-negative rod that is ingested with contami- 
nated food or water. 14 Colonic involvement may occur during 
the course of typhoid fever or as an acute dysentery. Typhoid 
fever is caused by Salmonella typhi or Salmonella paratyphi. 
Presenting symptoms include marked pyrexia, arthralgias, 
malaise, headaches, and right lower quadrant pain. The organ- 
ism initially involves the reticuloendothelial system, particularly 
the spleen, mesenteric lymph nodes, and Peyer patches of the 
terminal ileum. Splenomegaly may occur after 1 week. Gastro- 
intestinal involvement occurs in the second or third week in 
approximately 50% of cases, but is obscured by other symp¬ 
toms. Right lower quadrant pain and tenderness are the most 
common Åndings. When colonic involvement is present, the 
barium enema may reveal narrowing and loss of haustration in 
the cecum caused by edema and spasm, as well as ileal fold 
thickening and ulceration. Aphthoid ulcers in the ascending 
colon have also been reported. 5 The ileum is invariably involved. 
Hemorrhage and perforation occur in 1% to 3% of cases. 
Symptoms begin to resolve in the fourth week, but relapses are 
common. Biood cultures are positive during the first week in 
90% of patients, and the organism may be isolated from stool 
cultures during the second and third weeks. Chloramphenicol 
is the treatment of choice. 

In most reported cases, barium enemas have revealed a pan- 
colitis with loss of haustration, often associated with superfkial 
or even deep, so-called collar button ulcers. 6, Thumbprinting 
has also been reported. Other patients may have extensive small 
bowel thickening and effacement associated with a pancolitis. 
Double-contrast studies may reveal punctate mucosal stippling, 
discrete superfkial ulcers, or mucosal granularity. The descend- 
ing and sigmoid colon are usually involved, with variable proxi- 
mal extension. Although the rectum generally appears spared 
radiographically, there may be mild inflammation at endos- 
copy. 8 A segmental ulcerating colitis in the left colon is rare. 9 
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Fulminant disease and even toxic megacolon may occur, par- 
ticularly in older or debilitated persons. Bacteremia is common, 
and the infection may spread to the gallbladder, bones, lungs, 
and kidneys. 

SHIGELLOSIS 

Infection with Shigella, a gram-negative rod, may be caused by 
three species— Shigella flexneri, Shigella dysenteriae , and Shigella 
sonnei. 1 In the United States, S. sonnei is the offending organ - 
ism in 70% of cases, whereas in Mexico and Asia, S. dysenteriae 
is most common. As with salmonellosis, infection may occur in 
outbreaks, particularly in warm weather. The incubation period 
is 1 to 3 days, and the presentation is usually similar to that of 
Salmonella infection. However, shigellosis produces a toxin that 
causes increased small bowel secretion and watery diarrhea, 
which lasts several days and then progresses to dysenteric symp¬ 
toms. Systemic absorption of the toxin may also cause arthritis, 
pneumonitis, seizures, peripheral neuropathy, microangiopa- 
thy, and hemolytic-uremic syndrome. Bacteremia is rare but 
may cause vascular collapse. Stool cultures are positive within 
1 day of onset and may remain positive for months. Toxic mega¬ 
colon has also been reported. The disease is usually self-limited, 
lasting 7 to 10 days, but occasionally as long as 1 month. The 
mortality rate is 10% to 20% in immunocompromised patients 
or in patients with bacteremia. 

Sigmoidoscopy almost always reveals an inflammatory 
process simulating ulcerative colitis; it varies from mild granu- 
larity and erythema to ulceration. 10,11 Ulceration is more com- 
monly seen than in salmonellosis. Ulcers are usually superficial 
and of varying size and shape. They are predominantly stellate 
but may be linear, serpiginous, or aphthoid and are superim- 
posed on a diffusely friable mucosa. In patients with S. dysen¬ 
teriae infection, the ulcerative phase is most marked in the 
second and third weeks of the disease, with erythema and 
edema more prominent in the first week. 11 In many cases, the 
ulceration is most severe distal to the splenic flexure. Healing 
ensues with gradually decreasing erythema. The process is ini¬ 
tially continuous and pancolonic. During recovery, involvement 
may become patchy. Although healing is usually complete, some 
patients may have residual strictures, inflammatory polyps, or 
even persistent colitis. 12 

Barium enema reveals a predominantly left-sided colitis with 
deep ulcers, which may have a collar button appearance. 7 Aph¬ 
thoid ulcers may also be seen. 

CAMPYLOBACTERIOSIS 

Campylobacter is the most common cause of bacterial colitis. 
This organism has been isolated in 7% to 10% of stool cultures 
obtained from patients with diarrhea. 14 The offending agent 
is Campylobacter fetus subspecies jejuni. The disease is usually 
self-limited, lasting less than 7 days, but symptoms may persist 
as long as 1 month. In some cases, barium enemas reveal a 
pancolitis with diffuse granularity and loss of haustration simu¬ 
lating ulcerative colitis, whereas in others, barium enemas 
have revealed aphthous ulcers, resembling those of Crohns 
disease. 13 ' 16 The left side of the colon is almost always involved. 
Hemorrhage, perforation, and toxic megacolon have also been 
reported as complications. The diagnosis requires culture on 
selective media; serologic studies may also be helpful for 
confirmation. 


YERSINIA ENTEROCOLITIS 

Infection by Yersinia enterocolitica , a gram-negative rod, tends 
to be more common in certain regions, such as Japan, Canada, 
and Scandinavia. 14 Specific strains may be endemic to each 
of these locations, and these strains have different clinical and 
pathologic manifestations. Patients younger than 5 years usually 
present with acute right lower quadrant pain and fever, simu¬ 
lating appendicitis. In contrast, adults may present with acute 
or protracted fever, pain, and diarrhea evolving over a 4- to 
6-week period. Other patients may have associated arthralgias, 
arthritis, or rashes, such as erythema nodosum or erythema 
multiforme. 

The terminal ileum is invariably involved on barium enemas; 
the radiographic Åndings depend on the stage of the disease. 17 
The most common Åndings include small nodules caused by 
enlarged lymphoid follicles or discrete punctate, aphthoid, or 
larger oval ulcers. Folds may also be thickened but, unlike in 
Crohns disease, stenosis is not a feature. Colonic changes are 
manifested by aphthoid ulcers that are predominantly located 
in the right side of the colon, but leA-sided colonic involvement 
is occasionally noted. 20 The evolution and resolution of these 
clinical and radiologic abnormalities may require several 
months. Perforation is rare, but hepatic abscess and septicemia 
are well-documented complications. Diagnosis requires special 
culture media or serologic studies. Although no treatment has 
been proved to be effective, the diagnosis of Yersinia enteroco- 
litis is important primarily for the purpose of excluding other 
entities. 

COLITIS CAUSED BY ESCHERICHIA COLI 
0157:H7 

Escherichia coli strains are the most common cause of traveler s 
diarrhea and are usually self-limited. However, the subtype 
E. coli 0157:H7 has drawn increased attention because it is 
associated with a high morbidity and mortality. Outbreaks of 
this infection have been noted in Canada; residents of nursing 
homes have been particularly susceptible. Patients typically 
present with watery diarrhea (without fever) that progresses 
over several days to a hemorrhagic colitis. The most serious 
complication, the hemolytic-uremic syndrome, results from a 
toxin associated with this infection. The overall mortality may 
be as high as 33%. The Åndings on barium enemas are similar 
to those of ischemic colitis, with thumbprinting, narrowing, 
and spasm of the involved bowel. Computed tomography (CT) 
may reveal low-density thickening of the wall caused by edema 
(Fig. 58-1). Most reported cases have involved the transverse 
colon, oAen associated with extension to the right, left, or both 
sides of the colon. 23 ' 25 The morphologic changes are caused 
predominantly by ischemia, and histologic specimens may 
resemble pseudomembranous colitis. Treatment is supportive, 
but this diagnosis is important so that isolation procedures can 
be instituted. 

TUBERCULOSIS 

Although once considered rare in Western countries, tubercu- 
losis has been increasing in incidence. As a result, reports of 
gastrointestinal tract involvement have become more common. 
Patients with AIDS have been noted to be at greater risk than 
the general population. 26 Although most cases are secondary to 


58 Other Inflammatory Conditions of the Colon 1019 


a pulmonary source, most patients have no evidence of active 
or previous pulmonary tuberculosis on chest radiographs. In 
endemic areas of Asia, most cases of gastrointestinal tuberculo¬ 
sis are caused by ingestion of the bovine bacillus. Colonic 
involvement is often associated with ileal disease. 

Barium studies may reveal abnormalities in the ascending 
and proximal transverse colon that are indistinguishable from 
those of Crohn s disease. 26 It has been suggested that certain 
abnormalities are characteristic, such as oval or circumferential 
transverse ulcers, loss of anatomic demarcation between the 
ileum and the right colon (Stierlin sign), and a right-angle 
intersection between the ileum and cecum, with marked hyper- 
trophy of the ileocecal valve (Fleischner’s sign). These Åndings 
result from the exuberant mural thickening, which tends to be 
greater than that in Crohn’s disease. Other suggestive features 
include extremely short segments of involvement of the ileum 
or cecum, markedly enlarged lymph nodes, particularly with 
low density on CT, and ascites. However, the most frequent 
findings include some combination of narrowing, deep ulcer- 
ation, and mucosal granulation with nodularity and inflamma¬ 
tory polyps. Less common findings include aphthous ulcers, 
diffuse colitis, segmental colitis distal to the hepatic flexure, and 
short strictures, simulating carcinoma. 27 ' 33 Fistulas and sinus 
tracts are also rare. 

The diagnosis can be made on endoscopic biopsy speci- 
mens that reveal caseating granulomas or positive cultures 
for the acid-fast bacilli. 34 However, the yield from endoscopy 
has been variable. As a result, surgical specimens are some- 
times required for a definitive diagnosis. Tuberculous colitis 
is an important diagnosis because of the potentially cata- 
strophic consequences of administering corticosteroids to these 
patients because of a mistaken diagnosis of inflammatory 
bowel disease. 



Figure 58-1 Colitis caused by Escherichia coli 0157:H7. Coronal 
reformatted CT scan shows marked mural thickening of a redundant 
sigmoid colon associated with submucosal edema, inflammatory 
change in the adjacent mesentery, and ascites. 


ACTINOMYCOSIS 

Actinomyces israelii is an anaerobic bacterium that occurs as 
part of the normal flora of the bowel but, when there is contact 
with tissues not normally exposed to this organism, a patho- 
logic process ensues. Gastrointestinal involvement occurs after 
infection of mesenteric and peritoneal tissues from penetrating 
trauma, abdominal surgery, or long-standing intrauterine 
devices. These patients may develop inflammatory masses and 
fistulas that involve the colon. Presenting symptoms include a 
palpable mass, vague abdominal pain, and diarrhea. 

Barium enemas may reveal extrinsic masses involving the 
colon with reactive changes, distortion, and strictures, with or 
without fistula formation. 35,36 Fistulas can extend to the skin, 
where characteristic colonies of sulfur granules may be identi- 
fied. The ileocecal region is the most common site of gastro¬ 
intestinal involvement. Many of these patients have a history 
of prior appendectomy. In contrast, the rectosigmoid colon is 
the usual site of involvement in patients with intrauterine 
devices. Ultrasonography and CT may also reveal large inflam¬ 
matory masses. Surgery is often necessary for a definitive diag¬ 
nosis and for differentiating these inflammatory masses from 
neoplasms. 

Viral Infections 

Cytomegalovirus (CMV) infection is a frequent complication 
of AIDS; the gastrointestinal tract may be focally or diffusely 
involved. Gastrointestinal abnormalities are thought to result 
from CMV-induced ischemic vasculitis. When colonic in¬ 
volvement by CMV is suspected, the diagnosis can be con- 
firmed by the presence of characteristic intranuclear inclusions 
(viral inclusion bodies) on endoscopic brushings or biopsy 
specimens. 

CMV colitis usually involves the cecum and proximal colon, 
sometimes extending into the distal ileum. Early disease is man¬ 
ifested by diffuse nodular lymphoid hyperplasia. Positive cul¬ 
tures from the colon are diagnostic. With moderate disease, 
barium enemas may reveal multifocal ulcerations, appearing as 
shallow, well-defined ulcers scattered on an otherwise normal 
background mucosa. 37 More advanced disease (Fig. 58-2) may 



Figure 58-2 Cytomegalovirus (CMV) colitis. CT scan demonstrates 
severe mural thickening of the transverse colon in this patient 
with AIDS. Note the edematous low-density submucosa, with 
enhancement of the mucosa and serosa. 
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be manifested by deeper ulcers and marked thickening of the 
colonic wall on barium studies and with CT. 37 Some patients 
have a pancolitis with diffuse, contiguous involvement of bowel. 
With bolus injection of contrast material, CT may reveal 
enhancement of the mucosa and serosa with hypodense thick¬ 
ening of the intervening bowel wall caused by edema. With 
severe disease, however, the bowel wall may have increased 
attenuation, reflecting a hemorrhagic component of this 
process. Hemorrhagic CMV colitis can be fatal in patients 
with AIDS. 

Parasitic Infections 

ANISAKIASIS 

Within 12 to 24 hours after the ingestion of raw fish, infesta- 
tion by larvae of the nematode Anisakis can produce severe 
abdominal pain, sometimes accompanied by fever, nausea and 
vomiting, and/or diarrhea. 38 ' 40 Anisakiasis has a predilection 
for the stomach and small intestine, but the colon may occa- 
sionally be involved by this infection. Eosinophilia is not often 
present in the serum but is invariably identified on biopsy 
specimens. The ascending colon and, less commonly, the trans¬ 
verse colon are involved; barium enemas may reveal segmental 
thumbprinting of the affected bowel. The diagnosis of anisa¬ 
kiasis can be suggested when double-contrast barium enemas 
show the actual larvae as thin, linear filling defects 12 to 20 mm 
long and 0.7 mm wide at the proximal portion of the diseased 
segment of bowel. 40 Serologic studies may be performed to 
confirm the diagnosis. The worm is present in the stool in less 
than 25% of cases. The process is self-limited, usually lasting 
7 to 10 days. 

AMEBIASIS 

Colonic amebiasis is rare in the United States. The cysts are 
ingested and subsequently develop into the invasive trophozo- 
ite. This organism is harbored by 20% of the world population. 
Infestation by this protozoan may vary from the carrier State to 
fulminant colitis, and symptoms may be indolent or acute. 
Spread to the liver and then the lungs may result in abscesses 
in either of these organs. 

Colonic amebiasis is usually an acute ulcerative colitis (95%) 
manifested by skip lesions, although the intervening bowel may 
be involved to a much lesser extent. 41 ' 43 At times, the affected 
bowel is characterized by short regions of involvement with 
marked granulation (ameboma). 44 Such amebomas are seen in 
approximately 10% of cases and are usually located in the right 
side of the colon. Although diffuse colitis is not unusual, the 
right side of the colon tends to be more severely involved. 
Barium enemas usually reveal deep ulcers or bowel wall edema, 
but some patients may have aphthous ulcers, discrete ulcers 
appearing as marginal defects, or granularity with barium 
flecks. 45 The terminal ileum is invariably spared. The coned 
cecum is a suggestive but nonspecific finding. Residual defor- 
mity and stricture formation may occur, even after appropriate 
therapy. 46 Less than 1% of patients present with toxic megaco- 
lon, and approximately 3% present with typhloappendicitis. 

The diagnosis of amebiasis is usually established by the pres- 
ence of trophozoites in the stool or on rectal smear. Serologic 
studies are also sensitive. When amebiasis is suspected, trial 
therapy may be warranted, even if the diagnosis is not 


confirmed; the disease may progress rapidly if these patients are 
inappropriately treated with corticosteroids for presumed 
inflammatory bowel disease. 

SCHISTOSOMIASIS 

Schistosomiasis belongs to the trematode or fluke group of 
worms; different strains are endemic to specific geographic 
areas. Schistosoma mansoni is found in the United States, Puerto 
Rico, and the tropics. 3 Schistosoma haematobium is the primary 
form in Africa and Southern Asia, and Schistosoma japonicum 
usually occurs in eastern Asia. Mixed infection with S. mansoni 
and S. haematobium is not uncommon, particularly in Egypt. 
The larva penetrates the skin, where it enters the systemic cir- 
culation. It eventually reaches the liver and matures into the 
adult form. Upstream migration occurs through the portal 
venous system to the colon, where the worms invade the bowel 
wall and lay eggs. Portal hypertension with secondary hepato- 
splenomegaly is frequently associated. Although some patients 
may develop a pancolitis, S. mansoni has a predilection for the 
inferior mesenteric vein and left side of the colon, S. japonicum 
infects the superior mesenteric vein and right side of the colon 
and terminal ileum, and S. haematobium infects the hemor- 
rhoidal veins and rectum and urinary tract. Most patients 
present with bloody diarrhea, but some may have chronic 
abdominal pain, intermittent diarrhea, and a palpable abdomi¬ 
nal mass. 

Barium enema examinations may reveal nonspecific colitis 
involving a variable extent of colon, with narrowing, loss 
of haustration, and ulceration. 46 However, a hallmark of this 
disease is the presence of inflammatory polyps as a result of 
granulation reaction to the deposition of eggs in the bowel 
wall. 4 48 Another suggestive finding is calcification of the bowel 
wall or liver, which is usually associated with S. haematobium 
but also with S. japonicum. 48,49 CT is particularly sensitive to 
these changes. The diagnosis can be established by demonstrat- 
ing the eggs in biopsy specimens or in the stool. Eosinophilia is 
frequently present. 

STRONGYLOIDIASIS 

The nematode Strongyloides stercoralis also gains entrance 
through the skin. It spreads to the lungs, ruptures into the tra- 
cheobronchial tree, and is subsequently ingested. The primary 
sites of involvement are the stomach, duodenum, and proximal 
small bowel; and a chronic host-parasite relationship ensues. In 
most cases, eggs are passed into the stool. However, in patients 
with decreased immunity, the eggs progress to the filariform 
larval stage and invade the portal system, producing a repeated 
cycle or autoinfection. The excess parasite load results in a distal 
accumulation of filariform larvae with subsequent colonic 
involvement. Because of the setting of severe debilitation, this 
process is often fatal. Barium enemas typically reveal fmdings 
of a diffuse ulcerative colitis. 50 52 Aphthoid ulcers may be identi¬ 
fied in the colon. Fistulas and sinus tracts may also be present. 
Eosinophilia is the rule, but the diagnosis requires identification 
of cysts, larvae, or both, in the stool. 

TRICHURIASIS 

The whipworm Trichuris trichiura predominantly involves 
children in tropical areas. The worm is minimally invasive 
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but invades the mucosa, with resultant bleeding, anemia, diar¬ 
rhea, malaise, and cramps. Intussusception and rectal prolapse 
are common; the adherent worms serve as the lead point for 
this intussusception. Eosinophilia is usually present. The 
barium enema shows dumping and granularity of the barium 
because of excessive production of mucus. 54,55 The worms are 
identified as wavy, linear lucencies 3 to 5 cm in length, some- 
times terminating in a ring shape, with a central barium 
collection. 

Fungal Infections 

HISTOPLASMOSIS 

Histoplasma capsulatum is a fungus endemic to river basin 
areas. The lung and skin are the usual sites of involvement, 
but the gastrointestinal tract may also be involved. 56 Gastro- 
intestinal disease usually occurs in the setting of a chronic 
debilitating illness in which the intestinal symptoms are over¬ 
looked. Anemia and leukopenia may be present. Perforation, 
obstruction, or hemorrhage may direct attention to the ali- 
mentary tract. The ileocecal region is the most common site 
of disease. Other associated Åndings include mesenteric ade- 
nopathy, hepatosplenomegaly (often with calcifications), and 
abnormal chest radiographs. Barium studies may reveal right- 
sided colonic filling defects, one or more segments of non- 
specific inflammation (e.g., narrowing, mucosal granulation, 
sinus tracts, ulcers, strictures), diffuse colitis, pericecal masses 
simulating appendicitis, and rectal polyps. 56 58 Mucosal biopsy 
specimens may demonstrate the fungus, which stains with 
methenamine silver. 

MUCORMYCOSIS 

Colonic involvement by mucormycosis invariably occurs in a 
setting of immunosuppression. The diagnosis is rarely made 
preoperatively, and almost all cases have been fatal. The sinuses, 
lungs, and central nervous system are the usual sites of involve¬ 
ment. Colonic involvement may be isolated or may be associ¬ 
ated with abnormalities elsewhere in the gastrointestinal 
tract. 59,60 The right side of the colon is most often affected; Ånd¬ 
ings include a polypoid mass or segmental inflammation, with 
or without sinus tracts. Rarely, these patients may have a 
pancolitis. 

Noninfectious Colitis 

NONSPECIFIC ULCER 

Nonspecific colonic ulcer is of unknown cause. More than 
50% of these ulcers are located in the right side of the colon 
near the ileocecal valve, and approximately 20% are multiple. 61 
The clinical presentation can mimic that of appendicitis or 
even carcinoma. The ulceration may be superficial or deep 
and occurs on the antimesenteric border. The most common 
Ånding on barium enema is a focal mass with or without 
ulceration and, less commonly, a short stricture or segmental 
colitis. 61 ' 65 CT scans may show a colonic mass with mesenteric 
stranding. This condition is rarely diagnosed preoperatively, 
but a nonspecific ulcer may be suspected when an ulcer is 
seen at colonoscopy and biopsy results are negative for other 
causes. 


MICROSCOPIC (COLLAGENOUS) COLITIS 

Microscopic (collagenous) colitis is a clinicopathologic entity 
characterized by a history of variable (but usually long) dura¬ 
tion, intermittent or chronic watery diarrhea. This condition 
occurs predominantly in middle-aged and older women. Results 
of laboratory studies and diagnostic procedures, including 
endoscopy, are usually normal. The diagnosis is established by 
endoscopic biopsy specimens, which reveal increased lympho- 
cytes in the surface epithelium and, in the variant, collagenous 
colitis, an increase in the width of the subepithelial collagen 
band. 66,67 

The barium enema had generally been considered to be 
incapable of detecting changes of microscopic colitis, but 
double-contrast studies may occasionally reveal nonspecific 
inflammatory surface abnormalities, predominantly in the rec- 
tosigmoid region. 68 In the appropriate clinical setting, micro¬ 
scopic colitis should therefore be considered in the differential 
diagnosis of these Åndings, and endoscopic biopsy specimens 
should be obtained. Sulfasalazine or corticosteroids may be of 
benefit for the control of symptoms. 

EOSINOPHILIC COLITIS 

Eosinophilic gastroenteritis is a disease of unknown cause that 
invariably involves the stomach or small bowel. Ascites is also 
common, and peripheral eosinophilia is usually present. Occa¬ 
sionally, the colon (particularly the right side of the colon) may 
be involved. Thumbprinting, spasm, and narrowing are the 
primary Åndings on barium study. 70 These Åndings may be 
reversible afier treatment with corticosteroids. 

GRAFT-VERSUS-HOST DISEASE 

One of the complications of bone marrow transplantation is 
that the donor immune cells may recognize the host tissue 
as foreign. The small intestine is invariably involved. Barium 
studies may reveal mural thickening and fold thickening or 
complete loss of mucosal features (ribbon bowel). Some of 
these patients also have abnormalities involving the entire 
colon or, less commonly, selective right-sided colonic disease. 
The findings on barium enema are those of a nonspecific 
colitis (e.g., loss of haustration, spasm, ulceration) and, in 
some cases, a granular surface pattern. CT shows (Fig. 58-3) 
edema in the mesentery, small and large bowel wall thicken¬ 
ing, and mucosal and serosal enhancement. Graft-versus-host 
disease and viral infection (or both conditions combined) 
are indistinguishable. 

RETRACTILE MESENTERITIS 

Retractile mesenteritis is a disease of unknown cause in which 
a Spectrum of inflammatory and fibrotic pathologic changes 
occurs in the mesenteric fat but can extend to the intestinal wall. 
Autoimmune factors have been postulated. The patient’s age 
may range from the second to the eighth decades of life, and 
there is a slight male predominance. Presenting symptoms 
include abdominal pain, diarrhea, and weight loss. The small 
bowel is the usual site of involvement, but colonic abnormalities 
are not uncommon. The sigmoid and transverse colon are most 
likely to be involved because these segments of bowel are inti- 
mately related to a mesentery. 
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Figure 58-3 Graft-versus-host disease. Axial contrast-enhanced CT 
scan shows edema in the mesentery, small and large bowel wall 
thickening, and mucosal and serosal enhancement. 


The findings on barium enema may be secondary to isch- 
emia as a result of occlusion of the mesenteric vessels or direct 
extension of the fibroinflammatory process. 72 ' 75 Barium studies 
may reveal long segments of mild to moderate narrowing with 
thumbprinting, strictures of variable length, and/or extrinsic 
masses with reactive changes on the contiguous margin of the 
bowel. CT is a complementary imaging study because it may 
demonstrate markedly increased density in the mesentery, with 
or without discrete, fibrotic soft tissue masses. Ultrasonography 
may also reveal solid masses with hypoechoic areas that resem- 
ble sarcomas, hematomas, or abscesses. /:) Surgery is often per- 
formed to relieve obstructive symptoms, but corticosteroid 
therapy may also be beneficial. 

REACTIVE INFLAMMATION 

Reactive inflammation may occur in the colon because of 
extension of primary inflammatory processes from other 
organs or from adjacent abscesses. The site of colonic disease 
closely correlates with its anatomic contiguity and mesenteric 
relationships with these structures. The appearance may vary 
from an area of extrinsic mass effect with reactive spiculation 
to long segments of concentric narrowing and spiculation, 
with or without an adj acent soft tissue mass that fixes and 
distorts the bowel. For example, appendicitis may involve the 
ascending colon or sigmoid colon (depending on the location 
of the appendix), whereas pancreatitis tends to involve a vari¬ 
able length of the transverse colon up to the junction with 
the descending colon (phrenocolic ligament). Pancreatitis may 
also cause obstruction (colon cutoff), fistula formation, necro- 
sis and perforation, and strictures. Both these entities may 
simulate primary colitis with pain and diarrhea. 76 However, 
careful interpretation of the barium enema may allow the 
radiologist to suggest these possibilities, and a CT scan com- 
bined with appropriate laboratory studies may allow an accu- 
rate diagnosis. Less commonly, inflammatory disease in the 
kidneys produces reactive changes in the proximal descending 
or ascending colon, and acute cholecystitis may have a similar 


effect on the proximal transverse colon, particularly on its 
superior border. 

Neutrophil and Macrophage 
Dysfunction 

CHRONIC GRANULOMATOUS DISEASE 
OF CHILDHOOD 

In patients with conditions associated with neutrophil dysfunc¬ 
tion, a colitis that may be segmental or pancolonic and indis- 
tinguishable from Crohns disease has been reported. 7 7 Fistulas 
and sinuses may be features of this form of colitis. It occurs 
predominantly in the pediatric population. Chronic granulo- 
matous disease of childhood is an inherited defect of leukocyte 
function characterized by the inability of phagocytes to 
kill catalase-positive microorganisms, resulting in multifocal 
abscesses and granulomas. The presence of lipid-bearing histio- 
cytes in the mucosa is highly suggestive of this entity. Some 
degree of colonic involvement is common in these patients, but 
clinically significant colonic disease is rare. Some patients with 
colonic disease may have associated involvement of the stomach 
with narrowing of the gastric antrum. 

GLYCOGEN STORAGE DISEASE 

Glycogen storage disease type Ib is also associated with neutro- 
penia and a metabolic defect in neutrophil activity. Recurrent 
pyogenic infections are a significant clinical problem in these 
patients. In the limited number of reported cases, gastrointes- 
tinal involvement has been manifested by long or short stric¬ 
tures involving the right side of the colon and even the terminal 
ileum. 78 

MALACOPLAKIA 

Malacoplakia is a granulomatous process that usually involves 
the genitourinary tract. However, the colon is the most frequent 
extraurinary site of involvement. 7 " Distinctive macrophages 
that contain pathognomonic intracytoplasmic calcifications 
(Michaelis-Gutmann bodies) are present on biopsy specimens. 
The cause is unknown, but a macrophage defect is most likely. 
Unlike the urinary tract abnormalities, which tend to occur in 
older women, colonic disease shows a wide age distribution. 
Abnormalities may include small polyps or bulky masses occur- 
ring in a segmental or diffuse distribution. Barium studies may 
even reveal a diffuse nonspecific colitis resembling Crohns 
disease. Rectal bleeding, diarrhea, and abdominal pain are the 
most frequent symptoms in these patients. 

Exogenous Causes of Colitis 

CAUSTIC COLITIS 

Direct contact between the colorectal mucosa and caustic sub- 
stances introduced into the rectum by various types of enemas 
may produce a colitis that is transient or results in complete 
mucosal sloughing, with subsequent strictures. The most 
common causes of caustic colitis are detergent or soapsuds 
enemas used as laxatives or herbal (ritual) enemas practiced in 
Third World countries as a form of medical therapy. 8( In some 
cases, the injury has been thermal as a result of the high 
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temperature of the liquid. 84 The changes occur predominantly 
in the distal colon because of the route of entry. However, skip 
lesions or transverse and right-sided colonic alterations can 
occur as a result of spasm and prolonged contact. Bloody diar- 
rhea is the usual presenting symptom. Barium studies may 
demonstrate thumbprinting or severe mucosal necrosis and 
ulceration that progresses to deformity or strictures. Some 
patients may require colectomy and colostomy. 

A number of cases of colitis secondary to glutaraldehyde 
exposure have also been reported. This form of colitis occurs 
when disinfectant is inadequately removed from endoscopes. 
Radiographic Åndings include thumbprinting in the rectosig- 
moid colon on barium enema and a thickened colonic wall 
on CT. 85 

TYPHLITIS (NEUTROPENIC COLITIS) 

Typhlitis (neutropenic colitis) is a potentially fatal infection 
of the cecum and ascending colon caused by enteric pathogens 
in patients with severe immunosuppression. It is usually seen 
in patients with acute leukemia receiving chemotherapy but 


also occurs in the setting of AIDS, aplastic anemia, multiple 
myeloma, or bone marrow transplantation. Bacteria, viruses, 
and fungi penetrate the damaged cecal mucosa and proliferate 
because of the profound neutropenia. There is edema and 
inflammation of the cecum, ascending colon, and occasionally 
ileum. Fever, abdominal pain, nausea, and diarrhea are pre¬ 
senting symptoms. Prompt diagnosis and supportive therapy 
with intensive antibiotics and fluids are required to prevent 
transmural necrosis and perforation. Surgical resection is 
indicated for patients with transmural necrosis, intramural 
perforation, abscess, or uncontrolled sepsis and gastrointestinal 
hemorrhage. 

Because of the inherent risks of bowel perforation in per- 
forming barium enemas and colonoscopies in these critically ill 
patients, CT is the study of choice for typhlitis. CT demon- 
st rates circumferential mur al thickening (1 to 3 cm) of the 
cecum (Fig. 58-4), low-density areas within the colonic wall 
secondary to edema, pericolonic inflammation and fluid and, 
in severe cases, pneumatosis. Clinically, CT is used to monitor 
decreases in mural thickness with therapy and detect subtle 
pneumoperitoneum in cases of silent perforation or necrosis. 77 80 




Figure 58-4 Typhlitis: CT and 
ultrasound features. A, B. Axial 
CT scans in two different patients 
with profound neutropenia depict 
mural thickening with submucosal 
edema involving the cecum. 

C. Sonogram in a different 
patient obtained through 
the right lower quadrant 
demonstrates marked mural 
thickening. 
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Figure 58-5 Pseudomembranous colitis: pathologic and CT findings. A. Surgical specimen shows whitish plaques on a background of 
hemorrhagic mucosa of the cecum and ascending colon. B. Coronal reformatted image shows marked mural thickening of a redundant sigmoid 
colon with enhancing mucosa and submucosal edema, the so-called accordion appearance. Ascites is also present. In a different patient, coronal 
reformatted images show mural thickening and submucosal edema of the ascending and descending colon (C) and the transverse colon (D). 


Neutropenic colitis, also known as typhlitis when confined 
to the cecum, develops in profoundly immunocompromised 
patients, especially those with leukemia, AIDS, profound neu- 
tropenia caused by chemotherapy, or transplantation. A variety 
of organisms (particularly clostridia) have been isolated from 
surgical specimens. Presenting symptoms include fever, right 
lower quadrant pain, and diarrhea. 

Plain radiographic findings of typhlitis include ileocecal 
dilation with air-fluid levels and small bowel obstruction sec- 
ondary to inflammation. In severe cases, pneumatosis may 
develop. 86-90 

The most important consideration in the differential diag- 
nosis is colitis caused by Clostridium difficile infection. A diag- 
nosis of typhlitis can be made on the basis of the clinical and 
imaging findings only after other pathologic entities have been 
excluded. Surgery may be necessary in severe cases. 

CLOSTRIDIUM DIFFICILE COLITIS 

Pseudomembranous colitis has been encountered with increas- 
ing frequency as a nosocomial infection complicating antibiotic 
therapy. This potentially life-threatening disorder is caused by 
overgrowth of C. difficile and the subsequent release of a cyto- 
toxic enterotoxin. This enterotoxin causes ulceration of the 
colonic mucosa and the formation of 2- to 3-mm pseudomem- 
branes, which consist of fibrin, mucus, sloughed epithelial cells, 
and leukocytes. Mild cases may demonstrate only mucosal 
irregularity and nodularity with small plaque formation that 
cannot be detected radiologically. In advanced cases, there is 


thickening of haustral folds, a shaggy wall contour, and mucosal 
plaques. 9195 

The diagnosis of C. difficile colitis should be suggested in 
patients on antibiotics who develop a sudden onset of watery 
diarrhea, often associated with fever, abdominal tenderness, and 
leukocytosis. Many of these patients are hospitalized, and many 
have had recent surgery. The onset of disease usually occurs 
within 2 days to 2 weeks after the introduction of antibiotic 
therapy, but some patients may develop symptoms as late as 8 
weeks after these agents are discontinued. In these cases, the 
temporal relationship to antibiotics may be obscure, and a 
careful clinical history must be elicited. 91 

CT shows a colitis with mural thickening, which may be 
irregular or polypoid and have a shaggy endoluminal contour. 
The mural thickening, which is usually 1.6 to 1.8 cm, is a result 
of submucosal edema. Mucosal and serosal enhancement are 
seen following intravenous contrast administration. The haustra 
are also thickened and edematous, producing the accordion 
pattern, which is highly suggestive of pseudomembranous 
colitis (Fig. 58-5). This pattern consists of contrast trapped 
between thickened haustral folds that are aligned in a parallel 
fashion. This appearance can sometimes simulate that of 
deep ulcerations or fissures. Pericolic stranding, ascites, pleural 
effusions, and subcutaneous edema are other ancillary CT 
findings. 

Complications of untreated pseudomembranous colitis 
include toxic megacolon and intestinal perforation, with subse¬ 
quent peritonitis. CT is also useful in monitoring the response 
to medical therapy with oral vancomycin and metronidazole. 9195 
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Epidemiology 

Colon cancer is a major public health problem in the United 
States, one of the most common significant cancers in the U.S. 
population, and the third most common cause of cancer mor- 
tality. It ranks third to lung and prostate cancer in men and 
third to lung and breast cancer in women. 1 The American 
Cancer Society estimates that in the year 2014 about 136,830 
will be diagnosed with colorectal cancer and that about 50,340 
will die of the disease. 1 The distribution of this disease varies 
widely throughout the world. It is common in North America, 
Europe, and New Zealand, but the incidence is low in South 
America, Africa, and Asia. The United States has one of the 
highest incidences of colorectal cancer in the world. However, 
even within the United States, the rates of occurrence vary 


considerably, being higher in the North, among the urban white 
population, and among blacks. 1 Viewed in a personal way, U.S. 
adults have approximately a 1 in 20 chance of developing 
colorectal cancer during their lifetime and a 1 in 40 chance of 
dying of this disease. 

Colorectal neoplasms account for about 9% of new cancer 
diagnoses in the United States. The incidence rates (per 
100,000) have declined from a high of 71 in 1975 to 55.7 
in 2004 to 2008 for men and from 54 in 1975 to 41.4 in 
2004 to 2008 for women. 1 This decline was seen mostly in 
whites, whereas incidence rates for blacks have slightly 
increased. In the United States, the incidence rates among 
blacks are about 23% higher than in whites, whereas mortal- 
ity rates in blacks are about 48% higher than in whites. 1 The 
decline in whites is probably because of increased screening 
for colon cancer and subsequent polyp removal. The lack of 
improvement over time in blacks may reflect historie under- 
diagnosis of colon cancer in blacks, racial differences in the 
trends in prevalence of risk factors for colon cancer, and 
lower access and use of recommended screening tests by 
blacks. Blacks are more likely to be diagnosed when the disease 
has spread beyond the colon but, once diagnosed, are less 
likely than whites to receive recommended surgical treatment 
and adjuvant therapy. 

The distribution of cancer in the large bowel is of consider- 
able importance because it affeets the diagnostic approach. 
Approximately 50% of these cancers occur in the rectum and 
sigmoid colon, within reach of the short flexible sigmoidoscope 
(Fig. 59-1). 4 The remainder are scattered throughout the proxi- 
mal colon. Some authors suggest that there has been a shift to 
the right, rendering fewer cancers diagnosable by digital and 
short sigmoidoscopic examinations. 5 Although the overall inci¬ 
dence of colorectal tumors inereases with age, this inerease is 
greatest for proximal neoplasms beyond the reach of the sig¬ 
moidoscope. 6 Also, race and gender can independently predict 
the location of the cancer. Generally, more distal cancers are 
found in Asians than in blacks or whites. Whites have more 
distal cancers than blacks, and men have more distal cancers 
than women. 

Factors Involved 

DIETARY FACTORS 

The wide variation and distribution of colorectal cancer 
throughout the world is probably related to dietary differences. 
In general, diets low in fiber and high in fat and animal protein 
(especially high and prolonged consumption of red or pro- 
cessed meat) are associated with a higher prevalence of colorec¬ 
tal cancer, which is inversely related to the incidence of gastric 
cancer.' However, these conclusions are based on population 
studies, and a direct link between diet and colon cancer has not 
been demonstrated. 1 
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Figure 59-1 Double-contrast barium 
enema: evaluation of colon cancer. A. A 

1-cm polyp ( arrow ) is demonstrated in the 
proximal transverse colon. B. Seventeen 
years later, the small polyp has grown into 
a full-blown polypoid carcinoma (arrow). 

C. In another patient, there are adenomas 
in the distal sigmoid ( arrowhead ), a 
polypoid carcinoma near the apex of the 
sigmoid, and an annular carcinoma more 
proximally in the sigmoid colon. (C from 
Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 3rd ed. 
Philadelphia, WB Saunders, 2000.) 


HEREDITARY FACTORS 

The role of heredity in colorectal cancer has been a subject of 
considerable interest. Heredity probably plays a role in 5% to 
6% of all cases of colorectal cancer. Adenomatous polyposis coli 
(see Chapter 61) is transmitted by the classic mendelian domi¬ 
nant inheritance pattern, and almost all patients with this con- 
dition eventually develop colorectal carcinoma. They account 
for approximately 1% of colorectal cancers. Another 5% occur 
in patients with hereditary nonpolyposis colorectal cancer 
(HNPCC). HNPCCs are subdivided into those in which 
colorectal cancer is clustered in families (type I) and those in 
which there is a familial clustering of colorectal cancer with 
other malignancies, such as carcinomas of the endometrium, 
ovary, and breast (type II). In all these syndromes, carcinomas 
tend to occur in the proximal part of the colon and are found 
at a relatively young age. 9 

It has been suggested that an abnormality in the genetic 
material may be associated with the development of colorectal 
cancer. 10 The discovery of four human mismatch repair genes 


( hMSH2 , hMLHl , hPMSl , and hPMS2) has provided novel 
insight into the genetic basis of this disease and raised the pos- 
sibility of genetic diagnosis for the management of HNPCC 
patients and their family members. 11 Therefore, it may be 
important to perform DNA testing in families suspected of 
having HNPCC. 12 

RISK FACTORS 

Although colorectal cancer is common in the U.S. population, 
several factors place individuals at higher than normal risk. 
These include older age, a personal or family history of colorec¬ 
tal polyps or cancer, certain hereditary conditions, diets high in 
saturated fat but low in fiber, excessive alcohol consumption, 
sedentary lifestyle, obesity, and inflammatory bowel disease 
(IBD). The onset of colorectal cancer is clearly related to age. 
The incidence increases markedly in those older than 50 and 
peaks in those about 70 years old. First-degree relatives of 
patients with colon cancer have a twofold to threefold increase 




59 Polyps and Colon Cancer 1029 


in cancer risk, as do patients who have previously been treated 
for colon cancer. 

Patients with chronic ulcerative colitis have a higher inci- 
dence of colorectal cancer. The incidence starts to increase after 
the disease has been present for about 10 years, and approxi- 
mately 10% develop cancer for every decade after 10 years of 
disease activity. 13 These cancers tend to be more uniformly dis- 
tributed throughout the colon, with a trend toward a more 
proximal location, and they often have a scirrhous appearance. 14 
Patients with pancolitis are predominantly affected. Sclerosing 
cholangitis is associated with a strong risk of developing colon 
cancer in patients with IBD; consumption of nonsteroidal anti- 
inflammatory drugs (NSAIDs) exerts a protective influence. 14 
The incidence, characteristics, and prognosis of colorectal car- 
cinoma complicating Crohn’s disease are similar to the features 
of cancer in ulcerative colitis, including young age, multiple 
neoplasms, long duration of disease, and more than a 50% 
5-year survival rate. 15 

Pathogenesis 

In the past, there was considerable controversy regarding the 
adenoma-carcinoma sequence. However, it is now believed 
that at least 70% of colorectal carcinomas start as benign 
adenomas that undergo malignant transformation (see Fig. 
59-1). 16 Up to 30% of cancers arise from a de novo sequence— 
that is, carcinoma developing in normal mucosa without 
an antecedent adenoma. 15 Larger adenomas (>1 cm) pose a 
greater cancer risk. 1 Thus, it is vital to detect and remove 
polypoid lesions larger than 1 cm. Their removal prevents 
the subsequent development of cancer. If the polyp has become 
a colon cancer, the earlier it is removed, the less likely it is 
to have spread. 

Cancers that develop in patients with IBD generally arise 
from areas of high-grade mucosal dysplasia rather than from 
adenomatous polyps. 18 Therefore, in the surveillance of these 
patients, blind biopsy specimens are often taken throughout the 
colon in an attempt to detect severe and persistent dysplasia. 

Clinical Aspects 

Colorectal cancer is a slow-growing malignancy, requiring a 
period of 7 to 10 years for a benign adenoma to undergo malig¬ 
nant transformation. Ideally, the disease should be detected 
before it becomes symptomatic. Colorectal cancer is sufficiently 
common in the Western world that routine screening is recom- 
mended. The American Cancer Society recommends that start¬ 
ing at age 50, men and women at average risk for developing 
colorectal cancer should follow one of the screening options 
listed below 19,20 ; 

• Fecal occult biood test (FOBT) or fecal immunochemical 
test (FIT) every year 

• Stool DNA test, interval uncertain 

• Flexible sigmoidoscopy every 5 years 

• FOBT or FIT every year, plus flexible sigmoidoscopy every 
5 years 

• Double-contrast barium enema every 5 years or 

• Colonoscopy every 10 years 

• Computed tomography colonography (CTC) every 5 
years 

The American College of Radiology recommends periodic 
(~ every 5 years) double-contrast barium enema study, 


especially for patients at higher than normal risk of developing 
colorectal cancer. 21 A cost-effectiveness study of double-contrast 
barium enema in the screening for colorectal carcinoma has 
shown that the double-contrast barium enema is a cost-effective 
screening procedure in average-risk patients. 2 The results were 
based on the assumption that a missed benign 10-mm adeno¬ 
matous polyp could become malignant within 5 years. Recent 
advances with CT colonography should aid in clarifying its 
exact role and further expands its role in screening and diagnos- 
ing patients with colorectal polyps or cancer (see Chapters 53 
and 54). 23 ' 25 

If patients are at an increased risk for colon cancer, they 
should be tested at an earlier age than 50 years. In this group 
are patients with IBD, a personal or family history of colorectal 
polyps or colorectal cancer, and genetic syndromes, such as 
familial adenomatous polyposis (FAP) or hereditary nonpol- 
yposis colorectal cancer. 

Symptomatic colorectal cancer most often presents as bleed- 
ing. The severity of bleeding may range from the presence of 
occult biood in the stool to the passage of bright red biood per 
rectum to the development of iron deficiency anemia. The 
patient’s symptoms are usually related to the location of the 
tumor. Approximately one third of carcinomas are in the rectum 
and can be reached by the examining finger or a rigid procto- 
scope. About 50% of large bowel cancers are in the left half of 
the colon and can be reached with the flexible sigmoidoscope. 
Left-sided tumors often present with bright red rectal bleeding 
or constipation caused by obstruction. The remaining tumors 
are scattered throughout the colon. Cecal carcinomas constitute 
about 10% of the entire group and are most likely to present as 
iron deficiency anemia caused by chronic biood loss. Other 
frequent symptoms of colorectal cancer include abdominal 
pain, which may be related to the development of obstruction 
or to tumor invasion of adj acent tissues. Patients may also 
present with a change in bowel habit or nonspecific symptoms, 
such as weight loss or fever. 

Radiology and Diagnostic Methods 

Radiology plays a critical role in the diagnosis and management 
of patients with colorectal cancer. The double-contrast barium 
enema may be used for screening, especially for patients who 
are at higher than normal risk. 22 It also can be used as a primary 
method for diagnosing symptomatic colorectal cancer. Single¬ 
column studies should be considered for detecting complica- 
tions, such as obstruction or perforation. Radiology using 
multidetector computed tomography (MDCT), CTC, magnetic 
resonance imaging (MRI), and/or transrectal ultrasound 
(TRUS) also plays an important role in tumor detection and 
staging. 23 28 Treatment decisions are often based on results from 
positron emission tomography and CT (PET/CT). 2 Radiology 
has a significant role after treatment for colorectal cancer in the 
detection of recurrent disease, local and distant metastases, and 
metachronous colon tumors. 

CONTRAST ENEMA 

Radiologic examination of the colon can be performed with a 
single- or double-contrast technique. In most cases, double- 
contrast enema is superior for the examination of the rectum 30 
and the detection of small lesions. 31 In most series of double- 
contrast studies, polyps are demonstrated in 10% to 13% of all 
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patients, 32 whereas in single-contrast studies, polyps are found 
in 7% of patients. 

COLONOSCOPY 

Many studies have claimed to show that colonoscopy is superior 
to contrast enema for the detection of polypoid lesions. 
However, most of these studies do not compare State of the art 
barium techniques with operators of similar interest and expe- 
rience. There is an error rate inherent in colonoscopy. Part of 
this error rate derives from failure to reach the cecum in 15% 
of cases. 33 In addition, there are blind spots within the colon. 
Generally, these are behind folds or around flexures, and polyps 
or even large cancers in these regions can be missed (Fig. 59-2). 34 
If there are significant radiologic-endoscopic discrepancies, 
they should be resolved by consensus or by further examina- 
tion, and it should not be assumed that the endoscopy result 
was correet. 35,36 


Colonoscopy and do uble-contrast enema examinations have 
comparable overall accuracy, with detection of approximately 
90% of all polypoid lesions if the radiographic examination is 
performed by an experienced radiologist with special interest 
in gastrointestinal (GI) radiology. 3 However, the cost and 
complications of colonoscopy are considerably higher than 
those for double-contrast barium enema. Colonoscopy or flex- 
ible sigmoidoscopy should always be used to evaluate suggestive 
fmdings in contrast enema studies, particularly in patients with 
marked diverticular disease. It should also be used for biopsy of 
lesions and removal of polypoid lesions. 

CROSS-SECTIONAL IMAGING 

CT has been used to detect and stage many tumors, including 
primary and recurrent colorectal neoplasms, 39 41 and has been 
joined by MRI, 27,42,43 TRUS, 28,42 scintigraphy with monoclonal 
antibody (MoAb) imaging, 44,45 and PET. 29, 46,47 3D virtual reality 



Figure 59-2 Lesions missed at endoscopy identified on barium enema. A. There is a small sessile polyp ( arrow ) behind a fold at the 
rectosigmoid junetion. This lesion was missed twice on sigmoidoscopy and was finally detected at the third sigmoidoscopic examination. 

B. A small polyp (arrow) is situated behind a fold at an area of angulation at the junetion of the sigmoid and the descending colon. This polyp 
was missed on two colonoscopic examinations and was found on the third. C. Polypoid carcinoma is just proximal to the rectosigmoid junetion. 
This lesion was missed on several sigmoidoscopic and colonoscopic examinations and was confirmed only at surgery. D. Polypoid carcinoma at 
the hepatic flexure was missed on initial colonoscopy. (A, C, and D from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 
3rd ed. Philadelphia, WB Saunders, 2000; B from Laufer I, Smith NC, Mullens JE: The radiological demonstration of colorectal polyps undetected 
by endoscopy. Gastroenterology 70:167-170, 1976.) 
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techniques, such as CTC, have been used with increasing fre- 
quency, and results are excellent. 23 ' 25 

Few studies present an in-depth assessment of the value of 
the various techniques. A review of the large body of literature 
on this topic reveals many conflicting reports about the effec- 
tiveness of the various methods and opposing recommenda- 
tions for their use. In many cases, this disagreement is because 
of early, overly enthusiastic conclusions about high success rates 
with each new imaging technique and underestimation of their 
pitfalls. Also, some literature reports contain incomplete proof 
of pathology or neglect to include all factors necessary for com- 
plete staging of colon neoplasms. 

Benign Epithelial Polyps 

INCIDENCE 

Benign tumors of the colon are extremely common and usually 
do not cause symptoms. These polyps are fo und in 10% to 
12.5% of patients studied with double-contrast techniques, and 
the incidence rises dramatically with increasing age (Fig. 59-3A). 
Polyps occur most frequently in the left colon and are scattered 
throughout the remainder of the transverse and right colon (see 
Fig. 59-3B). As people age, there is a shift in the incidence of 
polyps to the right side of the colon, coinciding with a shift in 
the distribution of colon carcinoma to the right. 48,49 

PATHOLOGY 

The term polyp refers only to a focal, protruded lesion within 
the bowel. In general terms, a polyp may be neoplastic or non- 
neoplastic. Most non-neoplastic polyps are inflammatory or 
hyperplastic. They are generally small and usually occur in the 
distal colon. Neoplastic polyps may represent true neoplasms 
of any component of the bowel wall. Epithelial neoplasms— 
adenomas—are the most important because they serve as pre- 
cursors to colorectal carcinoma. The demonstration of a 
polypoid lesion on a barium enema does not necessarily provide 
information regarding its pathologic nature. Whenever possi- 
ble, polyps larger than 1 cm in diameter must be removed, 
preferably by colonoscopic polypectomy (Fig. 59-4), because of 
the increased risk of harboring a malignancy. 

Most colonic adenomas are tubular adenomas. However, 
tubular adenomas have various degrees of villous change and, 
as a polyp becomes larger, the degree of villous change 
increases. At the other end of the Spectrum, some polyps are 
villous adenomas because the surface consists of frondlike 
structures arising from the base of the mucosa. Thus, there 
may be a transition from tubular adenoma to tubulovillous 
adenoma to villous adenoma. It has been suggested that any 
adenoma with more than 75% villous change should be 
referred to as a villous adenoma. 50 In general, the risk of 
carcinoma is related to the proportion of villous change in 
an adenoma. 

In small adenomas, it may be impossible to distinguish 
villous change radiologically. However, as the adenoma becomes 
larger and the proportion of villous change increases, a reticular 
or granular mucosal surface may be seen (Fig. 59-5A). 31 Large 
villous adenomas have an atypical radiologic appearance. 52 
They are large, bulky polypoid masses with barium caught 
between the frondlike protrusions, producing a lacy surface 
pattern (see Fig. 59-5B). Large villous tumors should be removed 



A Age (decade) 



Figure 59-3 Incidence and distribution of colorectal polyps. 

A. Incidence of colonic polyps related to age (based on 800 
consecutive double-contrast enemas). There is an increasing 
incidence of colonic polyps, ranging from 3% in those in their 20s to 
26% in those in their 80s. B. Distribution of colorectal polyps (based 
on 108 consecutive polyps). Approximately 60% of the polyps are in 
the rectum and sigmoid colon. (A from Laufer I: The double contrast 
enema: Myths and misconceptions. Gastrointest Radiol 1:19-31, 1976, 
with kind permission from Springer Science and Business Media; 

B from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal 
Radiology, 3rd ed. Philadelphia, WB Saunders, 2000.) 


completely because malignant degeneration may occur in only 
a portion of the tumor, and random biopsy sampling is unreli- 
able for the detection of malignant change. 

Other non-neoplastic polyps may also be found in the colon. 
These include juvenile polyps, which may be single or multiple 
and may be found in adults and in children. Hamartomatous 
polyps are found in patients with Peutz-Jeghers syndrome and 
inflammatory polyps in patients with Cronkhite-Canada syn¬ 
drome (see Chapter 61). 
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Figure 59-4 Endoscopic polypectomy. A. The 

sheath containing the snare is seen advancing toward 
the sigmoid polyp. B. Postpolypectomy appearance. 
C. Histology of tubular adenoma. 


POLYP DETECTION 

Barium Enema 

A polyp may be demonstrated as a radiolucent filling defect, 
contour defect, or ring shadow because it is simply a protrusion 
of the mucosa into the bowel lumen (see Chapter 2). The great- 
est and most frequent difficulty arises in distinguishing polyps 
from fecal residue. In general, fecal residue is mobile and is 
usually found on the dependent surface in the barium pool. In 
addition, several features may suggest that the filling defect 
represents a true polyp. These include the bowler hat sign (Fig. 
59-6A) and Mexican hat sign (see Fig. 59-6B). Although the 
bowler hat sign can also be produced by a diverticulum, the 
direction of the dorne of the bowler hat distinguishes a polyp 
from a diverticulum. 53 When the dorne of the hat points away 
from the axis of the bowel, the lesion is a diverticulum; when 
the dorne points toward the lumen of the bowel, it is a polyp. 
Villous adenomas may have a reticular or granular surface 
because of barium trapped between the fronds of the tumor. 51 
These signs are illustrated and discussed in detail in Chapters 2 
and 3. Some hyperplastic polyps may not appear as smooth 
sessile lesions measuring 5 mm or less, but as larger lobulated 
lesions that cannot be distinguished morphologically from 
adenomatous polpys. 54 


Rubesin and coworkers have used the term carpet lesion to 
describe a flat lobulated lesion that is manifest primarily as an 
alteration in the surface texture of the bowel (Fig. 59-7A). 55 
These lesions may be large and are mostly tubular adenomas 
with varying degrees of villous change. In some cases of colorec- 
tal carcinoma, the background of a benign carpet lesion can be 
recognized (see Fig. 59-7B). 

Cross-Sectional Imaging 

Benign lesions of the colon, such as hyperplastic polyps or 
adenomatous polyps, are usually not examined by CT or MRI. 
They are demonstrated by barium examinations or by an endo¬ 
scopic technique and are seen during CT or MRI examinations 
only incidentally. These techniques are used only if these benign 
tumors become large enough to have a high likelihood of har- 
boring a malignancy. Benign polyps appear as sessile soft tissue 
masses that protrude into the lumen of the bowel on axial 
images (Fig. 59-8). They are usually detected only if the patient 
has undergone colonic cleansing or if the polyp is large. If the 
polyp is pedunculated, CT scans may demonstrate a large pol- 
ypoid mass that represents the combined polyp and stalk (see 
Chapter 53). 

Kim and colleagues 56 have suggested that villous adenomas 
have a characteristic CT appearance based on their high mucus 
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Figure 59-5 Villous adenomas. A. A flat tumor in the descending colon with an irregular surface suggestive of a villous adenoma. This was a 
villoglandular polyp. B. Typical villous tumor in the sigmoid colon. This tumor exhibits the typical, irregular, frondlike surface of a villous tumor. 
It was a malignant villous adenoma. C. Gross pathology specimen shows cauliflower-like colon polyp. D. Histology reveals frondlike nature of 
polyp. (A and B from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 3rd ed. Philadelphia, WB Saunders, 2000.) 



1034 


SECTION VII Colon 




Figure 59-6 Double-contrast barium enema 
and colonoscopy features of polyps. A. The 

bowler hat sign representing a sessile polyp. 

B. Mexican hat sign. This is the typical 
appearance of a pedunculated polyp seen 
end-on. The outer ring represents the head of 
the polyp, and the inner ring represents the 
stalk. C. Endoscopic view of pedunculated polyp. 
(A and B from Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 3rd ed. 
Philadelphia, WB Saunders, 2000.) 


Figure 59-7 Carpet lesions. 

A. Typical carpet lesion (arrow) 
in the cecum. B. Malignant 
transformation in a carpet lesion. An 
obvious polypoid carcinoma is seen 
in the ascending colon. Surrounding 
the polypoid lesion is the mucosal 
change representing the underlying 
adenoma. (From Laufer I, Levine MS 
[eds]: Double Contrast 
Gastrointestinal Radiology, 3rd ed. 
Philadelphia, WB Saunders, 2000.) 
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Figure 59-8 CT of benign 
polyps. A. Axial thin-section 
MDCT scan identifies a sessile 
polyp ( arrow ) on the left wall of 
the proximal sigmoid colon, which 
was confirmed by colonoscopy in 
a patient with carcinoma of the 
cecum and familial polyposis 
syndrome. B. Axial thin-section 
MDCT below level shown in A 
demonstrates a second polyp 
(arrow) in the small bowel. 


content. The CT features of villous adenomas include homoge- 
neous water density (<10 HU) occupying more than 50% of the 
lesion and an eccentric location on the luminal side of the mass. 
No air-fluid level is seen, and the lesion should not have a ro und 
cystic configuration. Opaque oral or rectal contrast material 
should not be used to diagnose a suspected villous adenoma 
because it obscures the lesion. In these cases, insufflation of air, 
water, or oily substance administered per rectum may be helpful. 
Because of their malignant potential, larger villous adenomas 
should always be staged by CT or TRUS if located in the 
rectum. 57 

On MRI scans, benign polyps appear as low-intensity struc- 
tures on Tl-weighted spin-echo sequences. If there are many 
mucin-producing cells, the signal intensity of the polypoid mass 
increases on Tl-weighted sequences. TRUS is used for assess- 
ment of sessile polyps large enough to have an increased risk 
for malignancy. In these cases, TRUS can be used to determine 
the depth of invasion by a sessile mass that protrudes into the 
lumen. The depth of invasion is best assessed by TRUS because 
it is the only method that can demonstrate the various layers of 
the colonic wall. If the intraluminal component is large, false 
tumor measurements and erroneous depiction of the surface of 
the mass can occur because of compression of the tumor by the 
transrectal probe. 

Adenocarcinoma 

BARIUM ENEMA 

Early Cancer 

The radiologic detection of early colorectal cancer is basically 
an exercise in the detection of polyps. The typical early colon 
cancer is a flat, sessile lesion that may produce a contour defect 
(Fig. 59-9). Although most polyps detected radiologically 
should be removed if they are larger than 5 mm in diameter, a 
number of radiologic criteria have been used for the detection 
of malignancy in colorectal polyps. The size of the polyp is the 
most important criterion. Carcinoma is very rare in polyps 
smaller than 5 mm. The incidence of cancer is approximately 
1% in polyps in the 5- to 10-mm range (Fig. 59-10), 10% in 
polyps measuring between 1 and 2 cm, and more than 25% in 
polyps larger than 2 cm. 59 

Malignant polyps tend to grow more quickly than benign 
polyps, although there is considerable overlap between the two 



Figure 59-9 Typical early colon cancer. A 1-cm polypoid mass with 
a contour defect (arrow) is seen along the lateral wall. (From Laufer I, 
Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 3rd ed. 
Philadelphia, WB Saunders, 2000.) 


groups. 60 If there is defmite evidence of polyp growth on serial 
examinations, malignancy should be suspected. The presence of 
a long thin stalk is generally a sign of a benign polyp. Rarely, 
these polyps harbor malignancy. 61 As a rule, the stalk associated 
with carcinoma is short and thick (Fig. 59-11). If the head of 
the polyp is irregular or lobulated, the probability of malig¬ 
nancy is greater, although some benign polyps may have an 
irregular or lobulated surface. 

Advanced Cancer 

Most patients with symptomatic colorectal carcinoma have 
advanced lesions. These lesions are generally annular or polyp¬ 
oid tumors seen as filling defects in the barium column or as 
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Figure 59-10 Early colon cancers: polypoid carcinoma with a 
pedicle in 29-year-old man with rectal bleeding. A pedunculated 
polyp in the descending colon ( large arrow) has a typically benign 
appearance. This was removed at colonoscopy and was found to 
be a carcinoma with invasion of the stalk. The smaller lesions ( small 
arrows ) were hyperplastic polyps. (From Laufer I: The double contrast 
enema: Myths and misconceptions. Gastrointestinal Radiol 1:19-31, 
1976.) 


contour defects. In addition, plaquelike lesions can produce 
abnormal lines on double-contrast barium studies (Figs. 59-12 
and 59-13). 62 Annular or semiannular carcinomas as seen with 
barium enema have a higher rate of serosal invasion and lymph 
node metastases than polypoid carcinomas. 63 

Advanced cancers are often associated with sentinel polyps 
or additional polyps elsewhere in the colon. Approximately 5% 
of patients who have a colon carcinoma have additional, syn- 
chronous carcinomas in the colon (see Fig. 59-13). 59,64 There- 
fore, whenever possible, the entire colon should be examined, 
even when a carcinoma is encountered in the distal bowel. The 
barium enema may be used to search for neoplastic lesions 
larger than 1 cm in patients with incomplete colonoscopy." 

Carcinomas are particularly difficult to detect in patients 
with extensive diverticular disease of the sigmoid colon 
(Fig. 59-14). If the radiologic examination leaves any doubt 
regarding the presence of a carcinoma, flexible sigmoidoscopy 
should be recommended to confirm or exclude lesions in the 
sigmoid colon. 66 

Advanced carcinoma may have an atypical appearance. The 
linitis plastica type of carcinoma has predominant submucosal 
infiltration and fibrous reaction. 6 The radiologic appearance 
may be suggestive of an inflammatory stricture. This type of 
carcinoma is particularly likely to develop in patients with 
ulcerative colitis (see Chapter 57). 



Figure 59-11 Pedunculated early cancer. Early carcinoma (arrow) 
with a short, thick stalk. (From Laufer I, Levine MS [eds]: Double 
Contrast Gastrointestinal Radiology, 3rd ed. Philadelphia, WB 
Saunders, 2000.) 

Complications 

The most important complications of colorectal cancer include 
bleeding, bowel obstruction, and perforation. Massive rectal 
bleeding caused by colon carcinoma is rare; the bleeding is 
more often manifest as occult biood in the stool or as chronic 
anemia. Colorectal cancer is one of the major causes of large 
bowel obstruction. Obstruction may be caused by encroach- 
ment of the tumor mass on the lumen of the bowel (Fig. 
59-15A). Antegrade and retrograde obstruction tend to be 
poorly correlated. Frequently, there is a high-grade obstruction 
to the retrograde flow of barium when the patient has few or 
no symptoms of clinical obstruction. In the case of polypoid 
tumors, obstruction may also be caused by colocolic intus- 
susception (see Fig. 59-15B). In patients with long-standing 
obstruction and colon distention, mucosal ischemia may result 
in an ulcerative form of colitis affecting the colon proximal 
to the obstruction. 

Advanced cancer may result in perforation of the colon and 
a pericolic abscess (Fig. 59-16A). The signs, symptoms, and 
radiologic features of a perforated carcinoma may be difficult 
to distinguish from those of a pericolic abscess associated with 
diverticulitis (see Fig. 59-16B). However, evidence of GI biood 
loss makes a malignant origin much more likely. 68 Perforation 
of the colon may lead to a flstula to adjacent organs, such as the 
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Figure 59-12 Advanced colon cancer. A. Annular "apple core" lesion. B. Large polypoid carcinoma ( arrows ) at the splenic flexure. C. Lateral 
view shows an ulcerated plaquelike carcinoma etched in white ( arrows ) at the rectosigmoid junction. D. Specimen shows ulcerating polypoid 
carcinoma. (A and B from Laufer I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 3rd ed. Philadelphia, WB Saunders, 2000.) 




1038 


SECTION VII Colon 



Figure 59-13 Synchronous tumors. 

A. A nearly obstructing polypoid 
carcinoid is seen in the transverse colon, 
and a second adenoma is seen in the 
sigmoid colon. B. Multiple polypoid 
carcinomas ( arrows ) in the ascending 
colon. C. Specimen shows polypoid 
cancer (arrow) and multiple synchronous 
polyps. (A and B from Laufer I, Levine MS 
[eds]: Double Contrast Gastrointestinal 
Radiology, 3rd ed. Philadelphia, WB 
Saunders, 2000.) 
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Figure 59-14 Carcinoma in a patient with diverticulosis. The 

polypoid carcinoma (arrow) is more difficult to recognize in the 
presence of extensive diverticulosis. (From Laufer I, Levine MS [eds]: 
Double Contrast Gastrointestinal Radiology, 3rd ed. Philadelphia, 
WB Saunders, 2000.) 


stomach (Fig. 59-17A), duodenum (see Fig. 59-17B), biadder, 
or vagina. The fistulous communication can be demonstrated 
by barium study or by the extracolonic presence of gas or con¬ 
trast medium on CT scans. 

COMPUTED TOMOGRAPHY 

Primary Colorectal Carcinoma 

CT and endoluminal ultrasound are better suited for the evalu- 
ation of tumor stage than manual examination, barium enema, 
or fiberoptic techniques. In the presence of a colorectal cancer, 
CT and ultrasound may visualize a discrete mass (Fig. 59-18) 
or focal wall thickening (Fig. 59-19), but this finding is nonspe- 
cific and requires further investigation. The wall thickening may 
be circumferential, with or without extension beyond the bowel 
wall (Figs. 59-20 and 59-21A). Water introduced per rectum 
and multiplanar reconstructions often help delineate a tumor 
better (see Fig. 59-2IB). Asymmetric mural thickening, with or 
without an irregular surface contour, is suggestive of a neoplas- 
tic process (see Fig. 59-20), particularly if benign causes can be 
excluded by history or physical examination. In the anorectal 
region, internal hemorrhoids must be distinguished from a pol¬ 
ypoid malignancy. 

With a properly distended lumen, a colonic wall thickness 
less than 3 mm is normal, 3 to 6 mm is indeterminate, and 
more than 6 mm is defmitely abnormal. If the tumor is con- 
tained within the wall of the colon or rectum, the outer margins 
of the large bowel appear smooth. CT cannot reliably assess the 
depth of mural penetration. The various layers of bowel wall 
and depth of mural invasion can be depicted by endoluminal 






Figure 59-15 Colon cancer causing bowel 
obstruction. A. An annular carcinoma in the mid- 
descending colon completely obstructs the retrograde 
flow of barium. B. Cecal carcinoma with colocolic 
intussusception extending into the midtransverse colon. 
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Figure 59-16 Perforated carcinoma of the colon. 

A. Barium filling of a perforation caused by recurrent 
carcinoma of the colon at the hepatic flexure. B. In 
another patient, a tapered narrowing in the sigmoid 
colon is caused by a pericolic abscess resulting from 
perforation of a sigmoid carcinoma. The appearance 
may be difficult to distinguish from that of diverticulitis. 




Figure 59-17 Fistulas complicating carcinoma of the colon. A. Gastrocolic fistula arising from a carcinoma at the splenic flexure (arrow). B. A 
carcinoma of the transverse colon giving rise to a fistula to the duodenum (arrow). 
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Figure 59-18 Large intraluminal mass in a distended rectum without extension beyond bowel wall (T2N0M0). A. A thin-section MDCT 
scan in the arterial phase demonstrates a very large intraluminal mass ( large arrows ) that appears to arise from the anterior wall of the rectum. 
Biadder wall ( thin arrows ) is clearly separated from the rectal wall by a thin layer of fat. B. Several centimeters below the level of A, the fat plane 
between biadder wall ( thin arrows ) and the mass ( large arrow) in the anterior rectal wall remains intact. C. Coronal MPR demonstrates the large 
intraluminal component of the mass ( large arrows ) and the wall thickening ( small arrows ), with a smooth outer border. D. The sagittal multiplanar 
reformatted image demonstrates a clear fat plane between the biadder wall ( small arrow) and thickened rectal wall ( thin arrow). Both MPRs 
confirm absence of perirectal infiltration. The large intraluminal mass ( large arrows) is also appreciated. 



1042 SECTIONVII Colon 




Figure 59-19 Rectal carcinoma confined to the bowel wall 
(T2N0M0; Dukes' stage Bl). A. Axial thin-section (2.5 mm) 
MDCT scan of the rectum in the arterial phase and with rectal 
administration of water demonstrates focal thickening of the 
anterior and right lateral rectal wall (long arrows). The outer 
margin of the rectum is smooth and well preserved. The rectal 
tube also is seen ( arrowhead). No abnormal lymph nodes are 
identified (CT stage II). B. Axial MDCT scan obtained with a slice 
thickness of 5 mm and in the portal venous phase also shows the 
lesion ( arrows ) but the outer tumor margins are ill defined and 
less well assessed. C. Rectal carcinoma with microextension 
into perirectal fat, T3N0M0. The wall of the distal sigmoid 
colon is circumferentially thickened as a result of a concentric 
adenocarcinoma, and its outer margins are smooth. No 
adenopathy or invasion of fat is demonstrated. The thickening of 
the rectal wall in A and C appears similar on CT but represents 
different depths of tumor infiltration. 


ultrasound or MRI with endorectal coils. These techniques can 
also determine the layer from which the tumor arises, which is 
important for differentiating an adenocarcinoma from a lym- 
phoma or GI stromal tumor. 

Tumor invasion beyond the bowel wall is suggested by a 
mass with nodular or spiculated horders, associated with 
strands of soft tissue extending from the muscularis propria 
into the perirectal fat or from the serosal surface into the 
pericolonic fat (Fig. 59-22). Broad-based soft tissue extensions 
from the tumor into the perirectal fat are more indicative of 
tumor extension than spiculation, which often represents a 
desmoplastic reaction. Desmoplastic reaction frequently leads 
to overstaging by MRI because it can be difficult to distinguish 
between fibrosis alone and fibrosis that contains tumor cells 
(Fig. 59-23). 42 Extracolonic tumor spread is also suggested by 
loss of tissue fat planes between the large bowel and sur- 
rounding muscles, such as the obturator internus, piriformis 
(Fig. 59-24), levator ani, puborectalis, coccygeal, and gluteus 


maximus. Invasion is defmite only when a tumor mass extends 
directly into an adj acent muscle, obliterating the fat plane 
and enlarging the individual muscle. Cross-sectional methods 
such as CT cannot detect microscopic invasion of the fat 
surrounding the colon or rectum (see Fig. 59-19) and tend 
to understage these patients. Spread to contiguous organs in 
the pelvis can be simulated by absence of tissue planes between 
the viscera and tumor mass, without actual invasion. Vascular 
or lymphatic congestion, inflammation, or actual absence of 
fat because of severe cachexia can cause obliteration of fat 
planes. Therefore, invasion should be diagnosed cautiously 
and considered defmite only if an obvious mass clearly involves 
an adj acent organ. Distinction between tumor infiltration of 
adj acent muscle and simple absence of fat separating normal 
structures is particularly difficult in the area of the lower 
rectum and anal verge. 

In our experience, CT results can be improved through 
the use of a large, rapidly delivered bolus of intravenous (IV) 
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Figure 59-20 Adenocarcinoma of the rectum confined to the rectal wall with perirectal lymph nodes (T2N1M0; Dukes # stage Cl). 

A. MDCT scan demonstrates minimal but diffuse wall thickening (red arrows). Mesorectal fascia is well shown ( arrowheads ). Perirectal lymph 
nodes (white arrows ) are seen in the perirectal fat adjacent to left lateral wall of rectum. MDCT was performed after one course of radiation, 
which probably caused the diffuse wall thickening. B. MDCT scan slightly below the level in A reveals asymmetric nodular thickening of left 
lateral wall of the rectum ( arrows ) without extension of tumor into perirectal fat. 


contrast agent and MDCT with thin sections and water as 
rectal and colonic contrast material (see Fig. 59-23). With 
this approach, the pelvis is scanned at peak enhancement, 
and the enhanced wall of the rectum can be better distin- 
guished from adjacent levator ani and sphincter muscles. CT 
generally is used for staging and not for detection of colonic 
lesions. Nevertheless, ultrathin sections (0.625- to 1.25-mm 
slices) obtained with MDCT can facilitate the demonstration 
of even small lesions and increase the accuracy of tumor 
staging. Staging results can be further improved if multiplanar 
reformats are used, and interpretation is based on a combi- 
nation of axial slices and multiplanar reformats (see Fig. 
59-18). 69 Coronal reformats often are helpful to define the 
relationship of the rectal mass to the levator ani, puborectalis, 
and sphincter muscles, which is helpful in planning the appro- 
priate surgery. Nevertheless, CT cannot achieve the exquisite 
soft tissue resolution afforded by MRI with gadolinium con¬ 
trast enhancement. 70 Such superior distinction is particularly 
useful in the lower pelvis for assessing tumor relationship to 
the mesorectal fascia and invasion into muscle, nerves, biadder, 
and male or female organs (see later, “Magnetic Resonance 
Imaging”). 71 

Primary and recurrent colon cancer can invade the seminal 
vesicles, prostate, biadder, uterus (Fig. 59-25), ovaries, small 
bowel, and sciatic nerves and can obstruct the ureters. Occa- 
sionally, tumors of the prostate, uterus, or ovaries that invade 
or are contiguous with the rectum or sigmoid colon can be 
indistinguishable from an invasive colon neoplasm. Areas of 
low attenuation within the mass suggest tumor necrosis; tumor 
calcifications indicate a mucinous adenocarcinoma. A vesico- 
rectal fistula manifests as air in the tract and biadder. After 
administration of an IV contrast agent, the wall of the tract may 
enhance. Alternatively, a jet of positive rectal contrast material 
can be identified in the biadder. Fistulous tracts can also extend 


into the uterus or vagina, and sinus tracts may be seen in the 
fat of the ischiorectal fossa. 

Colon tumors can destroy adjacent bone, usually the sacrum 
and coccyx. Large tumors can involve the ilium. Advanced bone 
invasion causes frank bone destruction often associated with a 
soft tissue mass. Subtle cortical destruction visible only on 
bone window settings may be the only manifestation of bone 
invasion. 

Liver metastases usually appear hypodense on non-contrast- 
enhanced scans. Foci of calcification can be seen within primary 
or metastatic mucinous adenocarcinomas (Fig. 59-26). After a 
bolus injection of contrast material, the CT density of hepatic 
colonic metastasis can change rapidly. Compared with the unin- 
volved liver parenchyma, metastases often show early rim 
enhancement or become partially hyperdense (Fig. 59-27), go 
through an isodense phase, and then become low-density 
lesions again. Optimal bolus and scanning techniques are neces- 
sary to minimize false-negative results that can occur when 
metastases become isodense with normal liver parenchyma 
when scanning is extended into the equilibrium phase. This 
isointensity often occurs with small (<2 cm) lesions. If only one 
to four hepatic metastases are detected (more if they are periph- 
eral and can be easily wedged out), and no extrahepatic disease 
is present, an aggressive treatment plan appears warranted, 
because there is improved 5-year survival after removal of iso- 
lated metastatic foci by resection or ablation. 2 ' 74 

CT with arterial portography (CTAP) was formerly consid- 
ered the single most accurate means of detecting additional 
metastatic lesions in the normal-appearing lobe. 75 However, the 
general use of CTAP has been abandoned in favor of helical CT. 
Helical CT can achieve similar sensitivities, has a lower false- 
positive rate than CTAP, and is noninvasive. 76,7 In one helical 
CT study with surgical correlation in all patients, the sensitivity 
for detecting colonic metastases to the liver was 85% and the 
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Figure 59-21 Adenocarcinoma of the sigmoid colon f A, B. T3N0 MO (Dukes' stage B2). A. The axial MDCT scan demonstrates a nodular 
mass along the left lateral wall of the sigmoid colon ( arrows) without definite extension beyond the bowl wall. B. In the coronal reconstruction a 
broad based extension of tumor (arrow) into the pericolonic fat is seen. C-E. T3N1 MO (Dukes' stage Cl). C. The full extent of the circumferential 
tumor in the sigmoid colon ( arrows ) is best demonstrated in the coronal reconstruction. Subtle broad-based stranding (short arrow) suggests 
extension beyond the bowel wall. D. The sagittal reconstruction demonstrates a small lymph node (short arrow) next to the sigmoid neoplasm 
(long arrows). E. The true extent of the tumor ( arrows ) is more difficult to assess in the axial views but the metastatic lymph node (short arrow) is 
well shown, demonstrating the complementary nature of the various planes. 
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Figure 59-22 CT scan of rectal tumor with extension beyond the wall (T3N0M0; Dukes # stage B2). A. The thin-section MDCT scan in the 
arterial phase reveals nodular broad-based extensions of soft tissue density ( arrows ) into the perirectal fat indicative of tumor invasion. B. MDCT 
scan slightly below the level in A shows a focal mass with some spiculation (arrows). This feature is more suggestive of desmoplastic reaction 
without tumor cells rather than infiltration of tumor into perirectal fat. This distinction is not always possible on MDCT. C. The coronal MPR 
reveals the nodular outer surface of the tumor (arrows). D. The sagittal MPR does not demonstrate this feature effectively. The mass is located in 
posterior wall (arrow) of upper rectum. 



Figure 59-23 Rectal carcinoma in posterior and lateral walls ( arrows ) of rectum (T3N1M0; Dukes' stage Cl). A. Outer borders (arrows) are 
slightly irregular, but no definite nodularity can be seen. This makes it difficult to distinguish a desmoplastic reaction from actual tumor extension 
in this case. The patient was diagnosed by MDCT as probably a T3. B. At a level higher than in A, tumor is present only in posterior wall (thick 
arrow). Water facilitates visualization of intraluminal component of tumor in spite of the presence of feces. Also note hypogastric lymph nodes 
(thin arrow) that are lateral to mesorectal fascia. 



1046 


SECTION VII Colon 



Figure 59-24 CT scan of primary invasive rectal adenocarcinoma (T4bN2M1; Dukes # stage D). A. Large enhancing rectal mass ( white 
arrow) with extension to pelvic sidewalls. Enhanced mass is inseparable from the sacrum ( black arrows) and piriformis muscle ( arrowhead) on left. 

B. Rectal mass (red arrow ) directly extends into mesorectal fascia ( long arrow). Abnormal internal iliac lymph node ( small arrow) also is identified. 

C. At a level just below the midpole of kidneys, extensive retroperitoneal adenopathy ( arrows) is demonstrated. D. Several hepatic metastases 
(arrows) are seen. 



Figure 59-25 Sigmoid carcinoma with invasion of uterus (T4bN1M0; Dukes # stage C2). A. Long segmental thickening (small arrows) of 
sigmoid wall. Note the absence of wall stratification, which can be seen in diverticulitis. The sigmoid tumor is inseparable from the low-density 
mass in the uterus (large arrows). B. At a level 5 mm below A, gas (long arrow) is seen, indicating direct invasion of the tumor into uterus with 
perforation and necrosis. Note ascites (short arrows) along the pelvic sidewall. 


positive predictive value was 96%. 41 MRI with ferumoxides or 
gadolinium enhancement also pro vides excellent results in dis- 
tinguishing hepatic metastases from colon carcinoma, but this 
technique is more expensive and not as widely available as 
CT . 78 ’ 79 j n one series, the MRI sensitivity for colorectal liver 
metastases was 96.8% but only slightly over one third of patients 


underwent curative resection for histologic confirmation. 78 
More recently, MRI enhanced with gadoxetate disodium (Pri¬ 
movist in Europe and Eovist in the United States, Bayer Phar- 
maceuticals) has shown excellent results for assessing hepatic 
metastases from colonic carcinoma and were superior to 
MDCT. 80 Large series are still needed to establish the true 
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Figure 59-26 Large mucinous sigmoid cancer (T3N1 M0; Dukes # 
stage C2). Large sigmoid mass with pericolonic fat infiltration (short 
arrows) and intramural calcifications ( arrowheads ) is identified. The 
transition to normal proximal sigmoid colon (long arrows ) can be 
clearly seen. 



Figure 59-27 Nonobstructing adenocarcinoma in the splenic 
flexure with liver metastases (T2N0M1; Dukes # stage D). Two 

hepatic metastases (white arrows ) are identified. The primary tumor 
has smooth outer margins (red arrows ) and is located in the splenic 
flexure. The tumor was first diagnosed by MDCT and surgically 
confirmed to be stage T2. 


cost-effectiveness of the various techniques. Intraoperative 
ultrasound is often used as the gold standard, but not all pub- 
lished studies had histopathologic correlation. 41 In patients for 
whom resection is not an option, thermal tumor ablation or 
selective catheterization and intra-arterial chemotherapy of the 
liver are often used, but only if there is no evidence of tumor 
spread to extrahepatic sites. Local or distant adenopathy, adrenal 
metastases, peritoneal carcinomatosis, metastases to other areas 
of the GI tract, and lung metastases are some fmdings that 
preclude resection or chemoembolization of liver lesions. 

Generally, rectal carcinoma metastasizes to lymph nodes 
along the superior rectal vessels to the mesenteric vessels for 
upper rectal tumors and along the middle rectal vessels to the 
internal iliac vessels for lower rectal tumors. Advanced low 
rectal or anal tumors drain along the inferior rectal vessels into 
the inguinal nodes. Metastases may be found in nodes in the 
retroperitoneum (see Fig. 59-24) and porta hepatis. In other 
areas of the colon, lymph node metastases follow the normal 
pattern of lymph drainage from the involved area. Local lymph 
nodes may or may not be demonstrated, depending on separa- 
bility from the main mass and size of the lymph nodes (Fig. 
59-28). In the abdomen and pelvis, lymph nodes more than 
1.0 cm in diameter are considered abnormal. The pathologic 
nature of node enlargement cannot be determined absolutely 
by CT, although asymmetry, irregularity of the nodal margins 
and, less reliably, size criteria can be used to establish lymph 
node abnormality. 81 

Benign and malignant disease can produce lymphadenopa- 
thy, and often only PET or guided biopsy can provide a 
definitive diagnosis. Many metastatic foci are found in normal- 
sized lymph nodes (<1 cm) that cannot be considered abnor¬ 
mal by CT if size is used as the only diagnostic criterion. 
Pericolic lymph nodes next to a segment of thickened colonic 
wall are seen much more frequently in patients with colon 
cancer than in those with diverticulitis. Therefore, the pres- 
ence of such nodes should lead to further evaluation in patients 
with suspected diverticulitis. 82 Additional signs that favor a 
diagnosis of colon carcinoma over diverticulitis are loss of a 


normal enhancement pattern in the thickened bowel wall and 
absence of inflamed diverticula. 83 Because hyperplastic or 
inflammatory nodes are rare in the perirectal area, demon¬ 
stration of nonenhanced, small (<1 cm), round or oval soft 
tissue densities suggests the presence of malignant adenopathy 
(Fig. 59-29). 

There are certain pitfalls in the interpretation of CT scans 
of patients with colon tumors. 86 CT scans obtained soon after 
surgery or radiation therapy can demonstrate edema or hem- 
orrhage of the pelvic structures that simulates recurrent neo- 
plasm. Chronic radiation changes in the pelvis may be diffkult 
or impossible to distinguish from colon tumor without 
CT-guided biopsies. 85 ' 88 It is therefore essential to determine 
the tumor stage by CT or MRI before the patient undergoes 
radiation. Follow-up CT scans after irradiation are needed 
only to determine whether the mass seen on the staging scan 
has sufficiently diminished in size to become resectable. Benign 
bone defects can simulate metastatic foci, and nonopacified 
bowel loops can be mistaken for a tumor mass. Perforation 
of a colon cancer can result in an inflammatory mass or 
abscess, which makes diagnosis of the underlying cancer dif- 
ficult (see Fig. 59-29). 89 Cachexia can lead to loss of fat planes, 
which mimics direct invasion of tumor into surrounding 
structures. 

Preoperative Staging by Computed Tomography 

The staging of colon tumors has usually been based on Dukes’ 
classification' or a modification (Table 59-1). 91,92 CT staging is 
based on an analysis of the thickness of the colon wall, extension 
beyond bowel wall margins, and presence or absence of tumor 
spread to lymph nodes and adjacent and distant organs. 93 The 
size of a primary or recurrent colon tumor can be measured 
and the tumor assigned to one of four stages, depending on the 
CT findings (Table 59-2). 

Many surgeons use the tumor, node, metastases (TNM) clas¬ 
sification (see Table 59-1) for staging colon neoplasms. 94 It has 
the advantage of more precise definition of the depth of infiltra¬ 
tion in the bowel wall. Because of the inability of CT to 
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Figure 59-28 Rectal tumor with direct extension to the mesorectal fascia and locoregional lymphadenopathy (T3N1 M0 or Dukes # stage 
C2). A. Large rectal mass with broad-based extension of soft tissue ( arrows ) into perirectal fat and direct invasion of mesorectal fascia 
(arrowheads ). B. Several centimeters above the level of A, rectal wall is markedly thickened but tumor does not extend into piriform muscle (thick 
arrow) or biadder. Note enlarged perirectal lymph node ( thin arrow). 



Figure 59-29 Perforation of mucinous adenocarcinoma of the descending colon (T4N0M1). A. Nodular thickening of the descending colon 
(long arrows ) is seen with stippled calcifications in the medial wall ( short arrows ) and a fluid collection with ill-defined rim representing the 
abscess ( arrowheads ). B. On this coronal reconstruction, the circumferential wall thickening ( short arrows ) with the perforation and large adjacent 
abscess ( long arrows ) is clearly demonstrated. Note also the ascites with enhancing peritoneum ( arrowheads ) representing peritonitis and the 
calcifications ( black short arrows ) within the metastases in the liver. 


Surgical-Pathologic Staging of Colorectal Neoplasm (Dukes' and TNM Classification) 


Astler-Coller Classification 
(Modified from Dukes # ) 

TNM Staging 

Description 

Approximate 5-Year Survival (%) 

A or 1 

T1N0M0 

Nodes (-), limited to mucosa ± submucosa 

80 

Bl or 1 

T2N0M0 

Nodes (-), limited to muscularis ± serosa 

70 

B2 or II 

T3N0M0 

Nodes (-), transmural into subserosa or into 

60-65 

Cl or III 

T2N1M0 

nonperitonealized perirectal or pericolonic tissue 
Nodes (+), limited to muscularis ± serosa 

35-45 

C2 or III 

T3N1M0 

Nodes (+), transmural into subserosa or into 

25 

Dor IV 

T4aN1 MO 

T4bN1 MO 

Any T and N, Ml 

nonperitonealized perirectal or pericolonic tissue 
Nodes (+), perforation of tumor mass 

Nodes (+), extension into adjacent organs or 
structures (e.g., muscle, nerve, bone) 

Any of the above, plus distant metastases 

<25 
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determine depth of invasion to or through the various layers of 
the colon, CT Åndings cannot be correlated easily with the 
TNM classification. For example, tumor limited to mucosa or 
submucosa (T1N0M0) cannot be distinguished from tumor 
invading the muscularis or infiltrating to but not through the 
serosa, if present (T2N0M0). Generally, lesions extending 
beyond bowel wall (T3 and T4) are correctly identified by CT 
unless microinvasion by tumor is present. Assessment of 
regional lymph node (N) involvement and distant metastases 
(M) must be added to the evaluation of the depth of tumor 
invasion. 

Early reports suggested that CT Åndings related to local 
extent and regional spread of tumor correlated well with surgi- 
cal and histopathologic Åndings, and accuracy rates of 77% to 
100% were reported. 84,93,95 ' 97 The high accuracy rates of these 
reports were largely because of the more advanced cases in these 
series. For primary colon cancer, CT is more accurate in showing 
extensive invasion of surrounding tissue and distant metastases 
than in demonstrating local adenopathy or minimal tumor 
extension. 

CT frequently understages patients with microinvasion of 
pericolonic or perirectal fat or small tumor foci in normal-sized 
nodes. Lymph node metastases were not analyzed separately in 
some of the earlier studies. In a meta-analysis that analyzed 
local staging and lymph node involvement in patients with 


rectal cancers, summary estimates of sensitivity and speciAcity 
for CT in assessing perirectal tissue invasion and invasion of 
adjacent organs were 79% and 78% and 72% and 96%, respec- 
tively. 42 In the same study, the summary estimates of sensitivity 
and speciAcity for CT in detecting lymph node involvement 
were much lower and reached only 55% and 74%, respectively. 42 
One study found that staging accuracy increased from 17% for 
Dukes’ B lesions to 81% for Dukes’ D lesions. 98 In another meta- 
analysis, the mean weighted sensitivity of helical CT for detect¬ 
ing hepatic metastases, mostly from colon carcinoma, was 72% 
at a speciAcity of higher than 85%." Some individual studies 
have reached higher sensitivities for hepatic metastases from 
colorectal carcinoma. 41 

The accuracy of CT assessment of local tumor extent can be 
improved by prior colonic cleansing, prone positioning of 
the patient, air distention of the rectum, or administration of 
water enemas to serve as a low- density intraluminal contrast 
agent. 01 Also, lowering the size threshold for diagnosing 
lymph node metastases improves the sensitivity for detecting 
such deposits, but this approach decreases speciAcity. 

Little information is available about the CT detection and 
staging of tumors in the cecum or ascending, transverse, and 
descending colon. Most tumors in these areas are easily dem- 
onstrated (Figs. 59-30 and 59-31), but no investigation has ana¬ 
lyzed these lesions in detail. 


Computed Tomography Staging of Primary or Recurrent Colorectal Tumor with TNM Correlation 


CT Stage TNM Staging Description 


I 

II* 

Illa* 

lllb* 

lllc* 

IV* 


TI 

T2 

T3 

T3 

T4a and b 
Any T, Ml 


Intraluminal mass without thickening of wall 

Thickened large bowel wall (>0.6 cm) or pelvic mass, no extension beyond bowel wall 

Thickened large bowel wall or pelvic mass with invasion of adjacent pericolonic or perirectal tissue but not to 
m eso rectal fascia 

Thickened large bowel wall or pelvic mass with invasion of adjacent pericolonic or perirectal tissue with 
extension to mesorectal fascia 

Thickened large bowel wall or pelvic mass with perforation or invasion of adjacent organs or structures, with or 
without extension to pelvic or abdominal walls but without distant metastases 

Distant metastases with or without local abnormality 


*With or without lymphadenopathy (NO or NI). 

Modified from Thoeni RF, Moss AA, Schnyder P, et al: Detection and staging o f primary rectal and rectosigmoid cancer by computed 
tomography. Radiology 141:135-138, 1981. 



Figure 59-30 Near-complete colonic obstruction caused by tumor near splenic flexure (T3N1M0 or Dukes # stage Cl). A. Axial MDCT 
scan demonstrates positive rectal contrast (thick arrows) in descending colon near the splenic flexure but no rectal contrast entering the 
fluid-filled and distended transverse and ascending colon ( thin arrows). B. Two centimeters above level of A, obstructing tumor is demonstrated 
and its proximal border well outlined by retained colonic fluid (arrows). Tumor was underestimated by MDCT to be stage T2. Note subcentimeter 
lymph nodes ( arrowheads) near the tumor in mesentery. They were confirmed to be positive for tumor at surgery but not prospectively 
diagnosed because of their small size. 
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Further studies are needed to establish whether new- 
generation CT scanners, especially MDCT with 16- or 64-slice 
capability, can compete with MRI in staging colorectal tumors. 
One study has already demonstrated that reformats could sig- 
nificantly increase the accuracy of T staging of rectal tumors 



Figure 59-31 Cecal adenocarcinoma (T3N1M0). The cecum 
demonstrates eccentric wall thickening ( short arrows) near the 
ileocecal valve, with nodular outer margins and soft tissue strands 
(arrowheads ) extending into pericolonic fat, suggestive of infiltration 
beyond the bowel wall. Abnormal local lymph nodes ( long thin 
arrows ) are present and were confirmed as pathologic at surgery. 


(see Figs. 59-18 and 59-22). 69 In this study, the staging accuracy 
based on axial slices ranged from 77% to 81%, whereas it 
increased to 90% to 98% when axial slices were combined with 
multiplanar reformats. 69 These results compare favorably 
with CT studies from the last decade that did not use MDCT, 
with accuracy rates ranging from 41% to 82%. 26,102,103 MDCT 
offers the advantages of combining local, regional, and distant 
staging in one study, ultrathin slice capability, very fast imaging 
times, reconstruction in any desired plane, and lower cost 
compared with MRI. 

MAGNETIC RESONANCE IMAGING 

Magnetic resonance imaging can be used to detect and stage 
rectosigmoid tumors more accurately than tumors in other 
areas of the colon. As with CT, this increased accuracy is because 
of the fixed position of the rectosigmoid colon in relation to 
the pelvis. Therefore, most reports have focused on the depic- 
tion and staging of rectal tumors. For accurate depiction of 
the intraluminal component of rectal tumors, particularly 
smaller ones, it may be necessary to prepare the colon to avoid 
confusion with feces. Rectal air insufflation, with prone posi- 
tioning of the patient and an antispasmodic agent, may be 
helpful in depicting the tumor better. Other investigators have 
recommended axial T2-weighted imaging perpendicular to the 
long axis of the tumor, as seen on sagittal views, for more 
accurate staging (Fig. 59-32). 104 On Tl-weighted spin-echo 
images, rectosigmoid tumors produce wall thickening with 
signal intensity similar to or slightly higher than that of skeletal 
muscle (long TI; see Fig. 59-32A). Because perirectal fat has 


Figure 59-32 MRI scans of 
adenocarcinoma of the rectum 
(T3N1M1; Dukes' stage D). 

A. Axial T2-weighted fast spin- 
echo image scanned perpendicular 
to long axis of tumor demonstrates 
eccentric thickening of anterior 
rectal wall ( thick arrow), with 
extension of tumor to rectal 
sidewalls. Perirectal lymph nodes 
(arrowheads ) are identified. The 
middle rectal vessels ( thin arrows) 
in the lateral ligament are seen 
lateral to mesorectal fascia ( large 
arrowheads). B. On this axial 
Tl-weighted spin-echo MR image, 
the mesorectal fascia ( arrowheads) 
is not as clearly delineated as on 
the T2-weighted image. C. Axial 
Tl-weighted fat-suppressed image 
after administration of gadolinium 
shows enhancement of mesorectal 
vessels ( thin arrows ) bilaterally. 
Extension of tumor into the 
perirectal fat ( large arrows ) is best 
seen on this fat-suppressed 
sequence; however, a desmoplastic 
reaction alone cannot be 
definitively distinguished in this 
case from desmoplastic reaction 
containing tumor cells. D. Axial 
T2-weighted image with fat 
suppression identifies multiple liver 
metastases (arrows). 
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high signal intensity (short TI), air has no signal intensity, 
and tumor has moderate signal intensity (long TI), tumors 
are shown with high contrast. For the same reason, extension 
of tumor beyond the colon wall may be seen on Tl-weighted 
images (Fig. 59-33). On T2-weighted spin-echo images, the 
signal intensity of tumor increases relative to that of muscle 
(see Fig. 59-33A) and the neoplasm in the rectal wall may be 
well visualized on high-resolution MRI. 

Whereas early studies indicated that T2-weighted images are 
not as useful as Tl-weighted images for determining extraco- 
lonic tumor extension (see Fig. 59-32), 105 it is now generally 
accepted that T2-weighted sequences are super ior to T1 -weighted 
scans in evaluating the extent of tumor in relation to the rectal 
wall layers and mesorectal fascia. 106,107 Several studies have 
shown that T2-weighted sequences can demonstrate the meso¬ 
rectal fascia, which has gained importance since the introduc- 
tion of total mesorectal excision (TME). 106-110 

In TME, the entire mesorectal compartment is removed, 
which consists of the rectum, surrounding mesorectal fat with 
the perirectal lymph nodes, and a thin fascia that envelops the 
two former structures; it is known as the mesorectal fascia. The 
TME procedure reduces the chance that tumor is left behind. 


Even without preoperative or postoperative radiation therapy, 
the recurrence rate after TME is reported to be less than 10%. m 
If uterine or pelvic sidewall invasion is suspected, T2-weighted 
sequences also are useful because of the differences in signal 
intensity among muscle, fat, tumor, and muscle invaded by 
tumor. 

Today, MRI using thin sections and phased-array coils can 
distinguish between tumors localized to mucosa and submu- 
cosa (stage I or TI) and those that infiltrate the entire colonic 
wall (stage II or T2), with a moderate to good staging accuracy 
(65%-86%; Table 59-3). 110 The detection of the tumor in 
the bowel wall based on T2-weighted imaging relies on signal 
intensity differences between the intermediate signal intensity 
of the tumor, low signal intensity of normal mucosa and mus- 
cularis propria, and high signal intensity of the submucosa 
and perirectal or pericolonic fat. Endoluminal MRI coils also 
make visualization of the layers of the rectal wall feasible and 
have demonstrated improved accuracy for T staging when 
compared with phased-array external coils (accuracy ranging 
from 71%-91%). 112 Endoluminal MRI is not widely available 
and, because of its small held of view, it cannot visualize 
the mesorectal fascia and surrounding pelvic structures. 



Figure 59-33 MRI scans of rectal adenocarcinoma with extension beyond the bowel wall (T3N1M0; Dukes' stage C2). A. Axial 
T2-weighted fast spin-echo image demonstrates a nodular outer margin of the posterolateral rectal wall with broad-based extension of soft 
tissue ( small arrows) into perirectal fat. The luminal margin of the tumor is irregular ( arrowheads ), and signal intensity of the tumor is higher than 
that of the muscularis propria ( large arrow). B. Axial T2-weighted fast spin-echo image shows spiculated outer margin ( arrows ) of mass involving 
posterior and right lateral aspects of the rectum. These features suggest a desmoplastic reaction related to tumor rather than neoplastic 
infiltration of perirectal fat. C. Axial T2-weighted fast spin-echo scan at higher level than A and B depicts prominent presacral lymph nodes 
(arrows ) indicative of malignant lymphadenopathy slightly remote from primary tumor (N2). D. Sagittal T2-weighted fast spin-echo image 
confirms enlarged lymph nodes ( large arrows ) in the presacral space. The nodular outer margin of the rectal mass ( thin arrows ) is well 
demonstrated on sagittal view, suggesting invasive tumor (T3). 
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table Criteria for Magnetic Resonance Imaging 

59-3 Staging of Rectal Cancer 


Tumor (T) 

Stage MRI Criteria 

TI Tumor signal intensity confined to mucosal and 

submucosal layer; signal intensity low compared 
with high signal intensity of the adjacent 
submucosa 

T2 Tumor signal intensity extends into muscle layer, 

with loss of interface between submucosa and 
circular muscle layer 

T3 Tumor signal intensity extends through muscle 

layer into perirectal fat, with obliteration of 
interface between muscle and perirectal fat 

T4 Tumor signal intensity extends into adjacent 

structure(s) or viscus 

Modified from Brown G, Richards CJ, Newcombe RG, et al: Rectal 

carcinoma: Thin-section MR imaging for staging in 28 patients. 

Radiology 211:215-222, 1999. 


Microinvasion into surrounding fat cannot be detected by MRI, 
which leads to understaging, whereas peritumoral tissue 
inflammation and fibrosis can lead to overstaging. 11 However, 
if the feature of a nodular or pushing configuration of an 
advancing tumor margin is used, tumor extension beyond the 
bowel wall can be distinguished in most cases from the spicu- 
lated and low signal intensity of peritumoral fibrosis. 104 Because 
the mesorectal fascia can be readily recognized on MRI and 
the depth of transmural tumor invasion (T3) can usually be 
diagnosed accurately, MRI is more sensitive and reliable for 
predicting the circumferential resection margin (CRM) than 
overall T stage of tumor (Fig. 59-34). 114 For the surgeon, it is 
important to obtain information on the distance between the 
rectal tumor and mesorectal fascia. A pathologically involved 
margin in rectal cancer is defined as tumor within 1 mm of 
the surgical CRM. 115 

Tumor foci in normal-sized nodes may go unrecognized. 116 
If the MRI diagnosis of lymph node abnormality is based on 
mixed signal intensity and irregular outer margins, rather than 
size of the nodes, the MRI prediction of nodal involvement can 
be improved. 117 In one older series, in hve of six cases in which 



Figure 59-34 MRI scans of rectal adenocarcinoma with extension to mesorectal fascia (T3N2M0) before and after neoadjuvant 
chemotherapy and radiation). A. This T2-weighted MRI scan demonstrates rectal wall thickening with the tumor extending posteriorly beyond 
the rectal wall ( long arrows ) and reaching the mesorectal fascia ( short arrows), which is well shown in this view. B. Following treatment, the rectal 
wall is less defined on this high-resolution MRI scan and shows multiple thin spicules ( short arrows ) extending from the rectal wall into the 
perirectal fat. This represents acute radiation change and not tumor extension. Posteriorly, the tumor extension to the mesorectal fascia ( long 
arrows ) is still present but slightly reduced compared to image A. C. Axial T2-weighted MRI scan demonstrates an enlarged round perirectal 
node ( red arrow). D. Following neoadjuvant chemotherapy and radiation, an axial T2-weighted MRI scan close to the same level as C shows the 
same node (red arrow), which now is considerably smaller. Note the edema in the rectal wall ( long arrows ) above the tumor following radiation. 
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lymph nodes were seen, the nodes were normal in size but 
contained tumor and, in the one case with enlarged nodes 
(>15 mm in diameter), reactive hyperplasia was present. 107 In a 
more recent series with nodes considered suspicious based on 
irregular borders and mixed signal intensity, 51 of 60 were cor- 
rectly identified as malignant (sensitivity, 85%) and 216 of 221 
were considered nonmalignant (specificity, 97%). 117 

For demonstration of liver and adrenal metastases, MRI 
and CT are comparable if an optimal CT bolus technique 
is used." MRI with a liver-specific contrast agent such as 
mangafodipir (Teslascan, Nycomed, Princeton, NJ) or iron 
oxide particles (Feridex, Berlex, Wayne, NJ) may render MRI 
superior to CT, particularly for the detection of small 
lesions. 118 ’ 119 However, these liver-specific agents have not 
found wide acceptance, and Teslascan is no longer available. 
Generally, most MRI for colorectal tumor staging and sus- 
pected liver metastases still is performed after administration 
of gadolinium, and excellent results have been achieved with 
a newer liver-specific contrast agent, gadoxetate disodium (see 
earlier). 120 

Invasion of adj acent organs is best demonstrated with 
transverse or coronal high-resolution MRI. MRI is superior 
to CT in demonstrating invasion of the levator ani (Fig. 
59-35), puborectalis, or internal and external sphincter 
muscles. Lateral extension of tumor is difficult to detect on 
sagittal MRI scans but can be assessed accurately with axial 
images. 114 Extension into the prostate, seminal vesicles, vagina, 
and cervix can be shown well by MRI, but extension into 
the biadder may be missed if the biadder is not well 
distended. 

Preoperative Staging by Magnetic 
Resonance Imaging 

The introduction of neoadjuvant preoperative radiation and/or 
chemotherapy and TME has made accurate preoperative staging 
even more critical in patient management and identifying those 
at risk for local recurrence. The risk of local recurrence ranges 
from 3% to 32%, and patients with positive resection margins 
are much more likely to suffer from local tumor recurrence. 114 
Based on the different risk categories, the treatment is tailored 
to the individual patient. In the United States, patients with 


fixed T3 tumors and/or positive local nodes routinely undergo 
postoperative radiation and chemotherapy, but preoperative 
radiation is reserved for those with tumor extension to the 
pelvic sidewalls. In Europe, large trials have shown that the 
recurrence rate is markedly reduced if patients receive preop¬ 
erative radiation, and therefore it is routinely performed in all 
patients with rectal cancer. 121 Imaging should provide the fol- 
lowing staging information: depth of tumor growth in the rectal 
wall, circumferential resection margin at the time of TME, 
degree of tumor invasion into surrounding pelvic structures, 
and nodal status. Edema, granulation tissue, and fibrosis can 
lead to overstaging in patients who undergo MRI after neoad- 
juvant chemotherapy and irradiation (Fig. 59-36). 

Endoluminal MR and endoluminal ultrasound (see later) 
are the two most accurate methods for staging early or super- 
ficial rectal cancer that can be treated with surgery alone. Accu- 
racies ranging between 71% to 91% for MRI and 70% to 94% 
for TRUS have been reported. 114 ’ 122 ' 125 These two methods are 
considered superior to CT in staging early tumors. However, 
both techniques have a limited field of view, and neither method 
can adequately assess the mesorectal fascia and CRM. 

At present, for advanced mobile or fixed rectal cancers, MRI 
with phased-array coils and high spatial resolution (thin sec- 
tions) generally appears to be better suited for demonstrating 
the mesorectal fascia and CRM than CT (see Fig. 59-32). 114 In 
a meta-analysis, the sensitivity of MRI for invasion of the mus- 
cularis propria was 94%, similar to that of TRUS, but the speci¬ 
ficity was significantly lower for MRI (69%) compared with 
TRUS (86%). 42 In the same meta-analysis, at comparable speci- 
ficities, the sensitivity of MRI for perirectal invasion was 82% 
compared with 79% for CT and 90% for endoluminal ultra¬ 
sound, whereas the sensitivity of MRI for adj acent organ inva¬ 
sion was 74%, similar to the 72% for CT and 70% for 
endoluminal ultrasound. 42 Overall, it appears that MRI may 
currently be slightly superior to CT in assessing extension of 
tumor into surrounding pelvic structures, especially for dem¬ 
onstrating direct invasion of tumor into pelvic sidewalls, sciatic 
nerves, or subtle invasion of bone marrow. 126 In one study 
of patients with known peritoneal carcinomatosis, it was 
shown that MRI had a higher sensitivity (84%) than CT (54%) 
for detecting peritoneal carcinomatosis if fat-suppressed 



Figure 59-35 MRI scans of rectal adenocarcinoma with extension into the levator ani muscles (T3N0M0; Dukes' stage B2). A. Axial 
Tl-weighted spin-echo image after gadolinium demonstrates thickening and enhancement in posterior and right lateral rectal wall 
administration, with direct invasion of tumor into levator ani. This suggested extension by increased signal intensity of muscle in invaded area 
( arrow ). Compare this appearance to the normal left levator ani, which has low signal intensity ( arrowhead ). B. Tumor invasion into the levator ani 
is difficult to diagnose on Tl-weighted sequence without gadolinium. 
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Figure 59-36 MRI scans of rectal adenocarcinoma with extension into the perirectal fat (T3N0M0; Dukes # stage B2) in a patient who 
underwent neoadjuvant chemotherapy and radiation therapy. A. Axial T2-weighted spin-echo image shows a lobular wall thickening in 
anterior rectal wall (arrow) and mild thickening of remainder of rectal wall. Outer rectal wall margins are ill defined because of radiation therapy. 
Mixed signal intensity of perirectal fat with blurring of outer rectal wall and high signal intensity in presacral space are most likely secondary to 
post-treatment granulation tissue and retroperitoneal fluid. This makes accurate staging of this tumor more difficult. B. Tl-weighted image does 
not suffer from as many postradiation artifacts, as does a T2-weighted sequence. Arrowheads, presacral fluid collection. 


T2-weighted and gadolinium-enhanced Tl-weighted sequences 
with breath holding were used. 127 However, a more recent study 
concluded that the use of gadolinium enhancement did not 
improve the diagnostic accuracy of MR for assessing tumor 
penetration through rectal wall and tumor extension into 
mesorectal fascia. 128 Diffusion-weighted imaging can be useful 
for identifying lymph nodes and, at times, the primary rectal 
cancer when the tumor is difficult to visualize with other 
sequences. 116 

Because the radiologic detection of nodal tumor involve- 
ment relies on morphologic criteria such as size, contour 
margins and signal intensity, it is difficult to distinguish 
between reactive and metastatic nodes. Also, micrometastases 
can easily be missed. Rectal tumors tend to produce micro¬ 
metastases 129 but, in the perirectal fat, any node can be con- 
sidered malignant because reactive lymph nodes are rare in 
this area. Because cross-sectional imaging uses morphology 
to diagnose metastases to lymph nodes, reliable detection of 
lymphadenopathy is not possible at present. The accuracy 
rates for unenhanced MRI for detection of nodal involvement 
range from 39% to 95%. 11 05,114,123 Large variations in the accu¬ 
racy for detecting nodal metastases also have been published 
for CT (22%-73%) and TRUS (62%-83%). 114,130 Some prom- 
ising results have been reported on the use of ultrasmall 
superparamagnetic iron oxide particles that are phagocytosed 
by the reticuloendothelial system and cause shortening of 
the T2* relaxation time and subsequent decrease of the signal 
intensity of normal lymph nodes, but not in nodes with 
metastatic deposits. 131 Uniform and central low signal intensity 
patterns are suggestive of nonmalignant nodes, whereas eccen- 
tric or uniform high signal intensity patterns suggest malig¬ 
nant nodes. 132 Its use for colorectal cancer needs further 
investigation. 

Overall, for the definitive analysis of these staging results, a 
comparison between State of the art MDCT and MRI in large 
clinical trials is needed. At present, most comparative studies 


have used State of the art MRI but not the latest imaging tech- 
nology with CT. The advan tages of MDCT with ultrathin sec- 
tions and very short imaging times, particularly with 64-slice 
scanners, optimized bolus techniques, and multiplanar refor- 
mats have not been fully explored. Although one study indi- 
cated that improved staging accuracy could be achieved with 
the inclusion of multiplanar reformats, 69 no direct comparison 
to MRI or TRUS is currently available in larger prospective 
series. 

TRANSRECTAL ULTRASOUND 

Primary Tumor 

The major advan tage of endoluminal ultrasound or TRUS is 
that it can depict the various layers of the colon wall, which 
enables determination of the depth of mural tumor penetra¬ 
tion. Colorectal tumors present as a hypoechoic mass whose 
margins can be outlined and related to the layers in the colon 
or rectal wall. The depth of infiltration can be assessed from 
evidence of disruption of the different segments of the rectal 
or colon wall. On images produced with a radial rotating 
transducer placed in the rectum, the elements of the rectal 
wall appear as rings of different echogenicities. The transducer 
is covered with a balloon filled with water. The innermost 
ring is hyperechoic and represents the interface of the balloon 
and mucosa. The second ring from the center is hypoechoic 
and is produced by the muscularis mucosae. The third ring 
is hyperechoic and consists of the submucosa. The fourth 
ring is hypoechoic and is formed by the muscularis propria. 
The fifth ring is hyperechoic and is caused by the perirectal 
fat or, if it is in an area with peritoneal reflection, by the 
serosa and fat. 

If the examination is performed carefully, even the intralu- 
minal component of the tumor can be clearly demonstrated as 
a polypoid or exophytic mass. Filling of the balloon attached to 
the transducer and colorectal lumen with water allows optimal 
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visualization of mural and nodal abnormalities. In one study, 
the accuracy of TRUS for local tumor staging was 85% with 
intrarectal administration of water and only 57% without water 
administration. 1 Pericolonic or perirectal abnormalities can 
also be seen, but depth of penetration beyond the colon or 
rectal wall is limited. Whenever possible, the transducer is 
passed beyond the tumor into the colon proximal to the lesion 
for more complete assessment of mural and nodal pathology. 
Peritumoral inflammation and irradiation may simulate more 
advanced tumor changes because these abnormalities often 
have a hypoechoic pattern that may be indistinguishable from 
the echo pattern of tumor. This leads to overestimation of the 
size of the neoplasm. Tumors that severely narrow the lumen 
may not be completely assessed by endoluminal ultrasound 
because it may not be possible to pass the probe through the 
area of stenosis. Also, high location of the tumor may prevent 
its evaluation by TRUS. 

The ultrasonographic staging system is based on the TNM 
classification. 1 " 4 Three stages are distinguished by ultrasonogra- 
phy. ATI tumor is confmed to the mucosa and submucosa, with 
the echogenic layer of the submucosa thinned and irregular. It 
does not interrupt the middle echogenic interface to the mus- 
cularis propria. A T2 lesion is confmed to the rectal wall and 
involves the hypoechogenic muscularis propria. The outermost 
echogenic interface is intact. T3 tumor penetrates into the peri¬ 
rectal fat and is visualized as a disruption of the outermost 
hyperechoic ring (Fig. 59-37). Stage T4 may be assessed by 
endoluminal ultrasound but it is often beyond the limited held 
of view because T4 represents extension into adjacent organs or 
pelvic sidewall structures. 

On TRUS, normal lymph nodes are hyperechoic and bean- 
shaped and have indistinct margins. Consequently, they are not 
routinely seen within the echogenic perirectal fat. Tumors con- 
taining lymph nodes are spherical hypoechoic structures with 
distinet margins. According to the TNM classification, stage NI 
is present when TRUS visualizes one to three hypoechoic nodes 
and stage N2 is present if TRUS sees four or more of these 
hypoechoic lymph nodes. 

Smaller probes that can be introduced through the biopsy 
channel of an endoscope and pass through a severe luminal 
stenosis allow more accurate staging because the complete 
tumor extent can be visualized. The echo-endoscope has become 
the instrument of choice for visualizing proximal colon 


neoplasms because the transducer can be maneuvered into the 
proximal segments of the colon. In one diagnostic and staging 
procedure, the combination of endoscope and TRUS can serve 
the following funetions: demonstrate the surface of the mucosa, 
obtain a biopsy specimen, visualize the depth of a lesion within 
the bowel wall, and determine the presence or absence of adja¬ 
cent lymphadenopathy. 135,136 However, CT or MRI is needed for 
complete staging, especially for detecting distant metastases. 

Preoperative Staging by Endoluminal Ultrasound 

Although transabdominal sonography may be used to assess the 
presence or absence of liver metastases, TRUS is inereasingly 
used to detect the depth of tumor infiltration and local adenop- 
athy in patients with rectal carcinomas. As noted, its ability to 
distinguish the normal layers of the bowel wall and visualize 
disruption of one or more of these layers by tumor leads to 
accurate staging of local tumor extent. With this method, sen- 
sitivities of 67% to 96% have been reported for assessing peri¬ 
rectal spread but the presence of regional lymph node metastases 
is less well detected (sensitivity, 50% to 70%). 42,134,137-140 One 
study has shown that results were less accurate with T2 carci¬ 
nomas, which were often accompanied by peritumoral inflam¬ 
mation or abscess. 141 Abscesses manifest as fluid-filled structures, 
usually in the perianal space, that may contain internal echoes 
but exhibit good posterior acoustic enhancement. In their study 
of transcolorectal endosonography, the authors achieved an 
accuracy of 81% for rectal and 93% for colon carcinomas, with 
overstaging in 13% and understaging in 2% of patients. When 
lymph node involvement was analyzed separately, the sensitivity 
was 94% and specificity 55% for an overall accuracy of 70%. 
When transcolorectal ultrasound was compared with Dukes’ 
classification, the overall accuracy was 67%. 

The broad range of sensitivities of TRUS for the detection 
of tumor extent in and through the bowel wall emphasizes the 
operator dependence of this method. This faet was well dem- 
onstrated in a multicenter trial in which experienced ultraso- 
nographers with a large caseload of patients with rectal cancers 
achieved the highest accuracy with TRUS. 142 TRUS has expanded 
the application of ultrasonographic methods to the entire 
colon, and even ultrasound-guided biopsies of submucosal 
and extrinsic masses of the colon and rectum have become pos¬ 
sible with this technique. 135,143,144 Spontaneous or iatrogenic 
inflammation is a major limiting factor affeeting diagnostic 



Figure 59-37 Transrectal 
ultrasound of rectal tumor 
(T3N1). A. TRUS image shows 
several lymph nodes in perirectal 
fat ( arrows ) and marked 
thickening ( arrowhead ) of 
rectal wall. B. TRUS image 
demonstrates thickened 
anterolateral wall of rectum as a 
low echogenicity structure with 
nodular outer margin ( arrows ) 
against the surrounding high 
signal intensity fat. This indicates 
transmural tumor extension (T3). 
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accuracy. 145 Transrectal volume scans obtained using a 3D mul- 
tiplane transducer (7.5 to 10.0 MHz) permits examination of 
rectal cancer using previously unattainable planes and 3D 
views 146 and may help improve tumor staging and treatment 
planning. Because of the limited penetration of the ultra- 
sound probe, only locoregional staging is possible with TRUS, 
and CT or MR need to be added for complete tumor staging. 

IMMUNOSCINTIGRAPHY WITH 
MONOCLONAL ANTIBODIES 

Detection of Primary Colorectal Neoplasm 

Since the mid-1970s, MoAbs have been used in vivo as tumor- 
localizing agents and in vitro as diagnostic markers with gamma 
camera imaging to differentiate tumor cell types. 44,148 Agents 
used include anticarcinoembryonic antigen (anti-CEA) MoAbs 
tagged with 123 I and 125 I, anti-CEA MoAbs conjugated with 
diethylenetriaminepentaacetic acid (DTPA) and labeled with 
m In, MoAbs B72.3-GYK-DTPA, designated as CYT-103 
( m In-labeled satumomab pendetide; MoAb B72.3-glycyl- 
tyrosyl-[N-e-DTPA] lysine), sodium iodide 125 I-labeled anti- 
TAG monoclonal antibody CC49, and MoAb ior c5. 149-151 The 
level of serum CEA did not influence tumor detection. MoAb 
B72.3 targets the high-molecular-weight tumor-associated gly- 
coprotein 72, which is expressed in 80% of colon cancers and 
reacts with various mucin-producing adenocarcinomas, but has 
almost no reaction to normal tissues. Some patients require 
cathartic agents before imaging because of prominent radioac- 
tivity in the large bowel. In general, lesion detection is per- 
formed with planar imaging 3 to 4 days after MoAb infusion. 
Single photon emission CT (SPECT) is usually performed 5 to 
7 days after MoAb infusion, and its better anatomic definition 
and determination of approximate size result in improved 
tumor detection. 152 Most studies attempt to determine the 
maximum tolerated dose and uptake and retention of isotope 
in the tumor. 153 

Primary adenocarcinomas of the colon and metastatic foci 
in liver or lymph nodes are seen as areas of increased radio - 
activity (hot spots). Depending on the size and degree of 
necrosis of the liver metastases, neoplastic deposits in the 
liver may be visualized as areas of intense accumulation of 
radioactivity, areas with no accumulation of radioactivity 
surrounded by normal liver uptake, and intermediate lesions, 
with uptake identical to that of normal liver. In one study 
using m In-labeled CYT-103, cold defects in the liver shown 
by immunoscintigraphy were found to represent areas with 
moderate to severe necrosis, whereas lesions with normal 
MoAb uptake had only minor degrees of necrosis. 152 The 
same study revealed a low incidence of human antimouse 
antibody formation (16%) and an even lower incidence of 
adverse reactions (3.5%). 152 Radioimmunoguided surgery 
(RIGS) with the monoclonal antibody CC49 labeled with 
125 I has been used in the treatment of colorectal cancer and 
appears promising. 1 0,154,155 

Preoperative Staging of Primary 
Colorectal Neoplasm 

A number of studies have evaluated the value of isotope-labeled 
MoAb immunoscintigraphy for the detection of primary 
colorectal carcinoma and its metastases. 148 ' 162 Sensitivity ranged 
from 65% to 95% and specificity ranged from 77% to 100% for 
the detection of primary tumor, local recurrences, and distant 


metastases. The major role of immunoscintigraphy is detecting 
occult tumor lesions and establishing absence of distant disease 
in patients with isolated, resectable metastases. In one study 162 
using m In-labeled CYT-103, extrahepatic lesions undetected by 
CT and other tests were confirmed by surgery in more than 10% 
of patients. In another study, RIGS had a sensitivity of 92% and 
specificity of 88% for the detection of lymph node metasta¬ 
ses. 162 Also, immunoscintigraphy contributed beneficially to the 
management of 27% of patients. 160 It therefore appears reason- 
able to use immunoscintigraphy in patients with suspected 
focal or metastatic colorectal neoplasms. However, the validity 
of this test and low incidence of adverse reactions must be 
confirmed in larger series before a final conclusion can be 
drawn. 

POSITRON EMISSION TOMOGRAPHY 

Primary Colorectal Neoplasm 

PET was initially used for the detection of functional abnor- 
malities of the brain and heart, but its use has been expanded 
to the detection of primary and recurrent tumors as well as 
metastases. For these tumor studies, 18 F-fluorodeoxyglucose 
(FDG) has been used, and a remarkable correlation has been 
found between tumor grade and the degree of glucose uptake. 163 
The new generation of PET scanners has good resolution and 
can provide high-quality images of any area of the human body; 
it is possible to use this method to detect distant, residual, or 
recurrent disease in patients with colorectal carcinomas. With 
the introduction of the PET/CT system, lesion classification has 
been significantly improved. 164 Large series in patients with 
colorectal cancer are still needed to define the role of PET/CT 
more clearly in staging and treating these patients. 

For the purpose of identifying tumor tissue, PET images are 
evaluated quantitatively in regions of interest and time-activity 
curves are calculated. Tracer uptake is expressed as a differential 
absorption ratio calculated as the tissue concentration (in 
mCi/g) divided by injected dose (mCi) per body weight (g). 
After IV injection of FDG, PET images show significant uptake 
by malignant tumors (Fig. 59-38). Quantitative analyses dem- 
onstrate rapid uptake of FDG by the tumor, followed by a slight 
decrease in the differential absorption ratio for up to 40 minutes 
after FDG administration. In comparison, the FDG concentra¬ 
tion is low in nonmalignant lesions and in soft tissue. In general, 
1 hour after tracer injection, FDG accumulation in tumors is 
more than twice as high as in normal tissue or nonmalignant 
lesions. Tumor imaging is best performed at that time. Colon 
cleansing and drainage of the biadder with a Foley catheter after 
administration of the isotope can minimize artifactual accumu¬ 
lation of FDG. 165 

Staging of Primary Colorectal Neoplasm 

The Centers for Medicare and Medicaid Services (CMS) first 
approved PET for coverage in 1998 and its guidelines specifi- 
cally approve the use of FDG-PET for the diagnosis, staging, 
and restaging of colorectal cancer, but in clinical practice it is 
rarely used for the diagnosis of primary colorectal cancer unless 
the diagnosis has not been made pathologically. 166 Most inves- 
tigations of the applications of FDG-PET for colorectal tumors 
have focused on the detection of local recurrent or residual 
disease. PET has also been used to identify distant metastatic 
foci and occasionally unexpected primary malignant tumors in 
patients with other colorectal neoplasms. 47,163,167 " 173 Most studies 
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Figure 59-38 PET for staging in patient with history of splenic flexure carcinoma. A. Axial FDG-PET image demonstrates increased FDG 
uptake in anticipated location of splenic flexure (large arrow) and in liver (small arrow). Two additional areas of increased FDG uptake 
( arrowheads ) are seen in expected location of hepatic flexure. B. The fused PET/CT scan shows that left flank activity is located in the splenic 
flexure primary tumor (large arrow), and a large area of increased activity on the right corresponds to hepatic lesion (small arrow) seen on CT. 
Two small areas of increased activity ( arrowheads ) were not seen on CT and represent small implants on surface of hepatic flexure. Although CT 
detected both primary tumor in splenic flexure and hepatic metastasis, serosal colonic implants were missed. 


that addressed the sensitivity for identifying primary tumor by 
PET were retrospective and hampered by physiologic bowel 
wall accumulation of the isotope. This prevents the use of 
FDG-PET as an initial diagnostic modality. 

Only small series are available, so the accuracy of PET with 
FDG for staging colorectal tumors remains to be determined. 
Even smaller numbers are reported for the PET/CT scanner. 
Nevertheless, the results with PET/CT are promising because of 
the superior localization of lesions. In one study of asymptom- 
atic patients with colonoscopic correlation, PET/CT detected 13 
villous adenomas and 3 adenocarcinomas and had 5 false¬ 
positive results. 1 ' In this study, the authors were able to distin - 
guish adenoma from carcinoma by an increased rate of glycolysis 
in carcinoma. Metastases have been shown in lymph nodes 
remote from the primary tumor site and in liver. The results for 
lymph nodes are not as promising as those for liver metastases. 
One study showed a sensitivity for regional lymph nodes of only 
29% but a specifkity of 96%. 168 These disappointing results are 
probably because many metastatic deposits from colon carci¬ 
noma to nodes are in close proximity to the primary tumor, are 
small, and are often not cell-rich, especially if the tumor is 
mucinous. 

PET is excellent for the depiction of distant nodal or extra- 
nodal metastases. In one study, the positive predictive value 
of PET for malignant liver lesions was 93% and was superior 
to the 78% of CT or MRI. 174 PET is more accurate than CT 
for depicting hepatic metastases from colon carcinoma larger 
than 1 cm in diameter but frequently misses lesions smaller 
than 1 cm. Because PET does not provide accurate informa¬ 
tion about the location of hepatic metastases according to 
hepatic anatomy, its best role lies in the detection of extrahe- 
patic disease that precludes resection for cure (see Fig. 59-37). 
It appears that the addition of PET to the presurgical evalu- 
ation of patient with colorectal carcinoma may improve sur- 
vival by eliminating patients with inoperable disease from 
consideration for surgical resection of liver lesions. 1 However, 
in a more recent study, PET/CT changed the treatment of 
patients with colorectal carcinoma in only 3.2% and the authors 
recommended against the routine use of PET/CT for primary 
staging of these tumors. 176 


Cross-Sectional Imaging in Primary 
Colorectal Neoplasm Detection 

CTC has been introduced as a method for screening patients at 
risk for colon cancer and polyps. The introduction of 2D and 
3D CTC as complementary techniques has several advantages, 
including good patient tolerance, excellent visualization of 
abnormalities within the colon, and accurate detection of 
pathology proximal to an obstructing lesion (Fig. 59-38). 177,178 
Furthermore, 3D reconstruction with fly-through capability 
offers the advantage of complete antegrade and retrograde 
inspection of the entire colon, whereas retroflection with the 
endoscope during colonoscopy cannot be achieved for all areas 
of the large bowel. Various technical approaches are still being 
explored to facilitate the process of evaluating the colon with 
CTC and further improve its sensitivity. CTC is discussed in 
detail in Chapter 53. 

Patient prognosis in colorectal cancer is closely related to 
tumor stage at the time of diagnosis. The overall 5-year survival 
rate is about 61% (stage A, 81%-85%; stage B, 64%-78%; stage 
C, 27%-33%; stage D, up to 20%). 175,179-181 There is consensus 
that the most important prognostic factor is the presence or 
absence of lymph node invasion, but malignant fixation of 
colorectal tumor through direct invasion also appears to be an 
important sign. 182 

Most patients with colorectal cancer have disease that at the 
time of diagnosis is limited to the bowel wall and regional peri- 
colonic or mesenteric lymph nodes. These patients undergo 
curative surgery. In patients with advanced disease, surgery is 
performed to prevent hemorrhage, obstruction, and perfora- 
tion. Both types of patients need accurate, noninvasive, preop- 
erative assessment of tumor stage based on one or a combination 
of radiographic techniques to individualize the treatment plan. 
The rest of this section will analyze the effectiveness of various 
imaging techniques for detecting and staging primary colorectal 
neoplasms. 

Endoluminal or endoscopic ultrasound is useful for deter- 
mining local tumor extent within and beyond the bowel wall 
but may miss regional lymph node metastases, which develop 
in 14% of patients with primary tumors confmed to the rectal 
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BOX 59-1 DIFFERENTIAL DIAGNOSIS OF 
COLONIC WALL THICKENING 


Neoplasm (primary, including lymphoma and secondary) 

Neoplasm from adjacent tissue or organs invading colon and/or 
rectum 

Neoplasm metastatic to the colon or rectum 
Muscular hypertrophy (particularly sigmoid colon) 

Crohn's disease 
Ulcerative colitis 

Infectious colitides (including pseudomembranous colitis) 
Diverticulitis 

Intramural abscess or hematoma (trauma, coagulopathy) 

Perforation with inflammation 

Ischemia 

Vasculitis (with focal involvement) 

Endometriosis 

Amyloidosis 

Focal chronic inflammation from pancreatitis 
Plication defects after surgery 


wall. At present, endoluminal sonography is superior to CT and 
equal to MRI in demonstrating the T stage of tumors confined 
to the bowel wall (TI and T2) and has a higher specificity. 42 
Endoluminal ultrasound appears to be more sensitive in assess- 
ing early perirectal invasion, but its sensitivity does not reach 
100 %. 

Based on the available results, routine CT or MRI staging is 
not recommended for early primary colorectal tumors. Wall 
thickening alone is a nonspecific finding that occurs in many 
different diseases (Box 59-1). Endoluminal MRI can achieve 
results for TI and T2 staging similar to endoluminal ultra¬ 
sound, but this method is rather invasive and not widely used. 
Both endoluminal techniques are limited when a large obstruct- 
ing colorectal mass is present. MRI with phased-array coils is 
capable of demonstrating the layers of the rectal wall. 

Overall, CT and MRI should be reserved for patients with 
suspected locally invasive (T3 or T4) or metastatic disease. If 
CT or MRI shows extensive local tumor, these patients can be 
treated with neoadj uvant radiation ther apy and chemotherapy 
with subsequent tumor resection. In the United States, chemo¬ 
therapy and radiation therapy are reserved for patients with T3 
disease, but in Europe all patients with rectal carcinoma receive 
preoperative irradiation, with or without chemotherapy. Neo¬ 
adj uvant therapy has proven to reduce rectal tumor recurrence 
dramatically. 121 

If a colon resection is planned, the decision to use local 
tumor excision by surgery or colonoscopy cannot be based on 
CT alone. CT has poor sensitivity in depicting depth of mural 
tumor penetration and is less sensitive than other techniques 
for assessing invasion of the mesorectal fascia and regional 
lymph nodes. CT can be used to guide fine-needle aspiration 
of suspected metastases and assess complications, such as 
abscess formation. When the primary neoplasm arises in the 
abdomen, pelvic metastases are uncommon, and isolated pelvic 
metastases are rare, which focuses the metastatic work-up on 
the abdomen. 183,184 Subtle extension of tumor beyond the bowel 
wall may be better recognized by MRI than by CT, whereas 
advanced T3 usually is diagnosed equally well by both tech¬ 
niques. In these cases, the choice of method is largely deter¬ 
mined by the operators skiils and experience. At present, MRI 
is considered superior to CT in demonstrating the mesorectal 
fascia and determining the exact distance of the tumor from it. 


Invasion of the muscles, nerves, and bones may be better delin- 
eated on MRI than on CT. 126 Because in-depth studies are not 
available that compare MDCT with 16 or 64 detector rows to 
State of the art MRI, a definitive assessment of the respective 
advantages of the two techniques cannot be made. 

Large variations in sensitivity and specificity for detecting 
metastases in lymph nodes have been published for all three 
techniques. Endoluminal ultrasound has limited depth penetra¬ 
tion and therefore can only be used for the detection of locore- 
gional nodes. All techniques suffer from the faet that small 
metastatic deposits in lymph nodes may go undetected. MR 
lymphangiography may improve staging of colorectal tumors, 
but MR lymphangiography with target-specific contrast mate- 
rial is not yet commercially available. 

The role of MoAb immunoscintigraphy and PET in the 
evaluation of patients with primary colorectal tumors is still 
uncertain. Results with immunoscintigraphy are encouraging, 
with sensitivities for detecting primary colorectal tumor ranging 
from 65% to 95% and specificity from 77% to 100%. Further- 
more, RIGS was shown to guide resection of malignant lymph 
nodes successfully. 162 Specifically, this test may lead to more 
accurate assessment of distant disease for resection. Similarly, 
PET has become an accurate method for staging colorectal neo- 
plasms because the resolution of PET scanners has improved, 
and combined PET/CT provides more accurate lesion localiza- 
tion. Although the sensitivity of PET for detecting hepatic 
metastases larger than 1 cm in diameter is superior to that of 
CT or MRI, CT or MRI should be used initially for detecting 
liver metastases and localize them precisely to the various liver 
segments. MRI with a liver-specific contrast agent has the 
advantage of detecting liver metastases with a high sensitivity 
and can readily detect lesions smaller than 1 cm. The most 
important role of PET in the presurgical evaluation of patients 
with colorectal cancer is in the detection of extrahepatic disease 
that precludes resection for cure. 

In conclusion, a combination of endoluminal ultrasound (or 
endoluminal MRI) for local and CT for overall staging is 
optimal for early colorectal cancer. Whether the addition of 
PET is beneficial and cost-effective in these patients remains to 
be seen. In suspected advanced disease, MRI appears to be supe¬ 
rior to CT for local staging and assessing the presence or absence 
of liver metastases, and it should be combined with PET/CT for 
complete staging and preoperative treatment planning. Intra- 
operative ultrasound can be used to confirm the presence or 
absence of hepatic metastases. 

Postoperative Follow-Up 

CONTRAST ENEMA 

Patients who have had surgery for colorectal carcinoma should 
undergo frequent postoperative examinations because of 
their relatively high risk for developing a recurrent and meta- 
chronous carcinoma. 185 Ileocolic (Fig. 59-39) and colocolic 
anastomoses are well depicted on double-contrast enema exam- 
ination, particularly after the use of IV glueagon. Plication 
defects are frequently identified. In some patients, a filling 
defeet resulting from a stitch granuloma may be seen in the 
early postoperative period (Fig. 59-40). This defeet regresses 
and becomes less prominent on follow-up studies. 186 It is 
important to obtain a postoperative study within approximately 
3 months of surgery to establish the baseline appearance of the 




59 Polyps and Colon Cancer 1059 



Figure 59-39 Normal 
postoperative appearances. 

A. Normal ileocolic anastomosis 
in the transverse colon. 

B. Example of a normal colocolic 
anastomosis ( arrow ). (From 
Laufer I, Levine MS [eds]: 

Double Contrast Gastrointestinal 
Radiology, 3rd ed. Philadelphia, 
WB Saunders, 2000.) 



Figure 59-40 Stitch granuloma. Colocolic anastomosis with 
identifiable plication defects caused by sutures ( arrows ). (From Laufer 
I, Levine MS [eds]: Double Contrast Gastrointestinal Radiology, 

3rd ed. Philadelphia, WB Saunders, 2000.) 


Figure 59-41 Low anterior resection. Double-contrast barium 
enema shows normal appearance of low anterior resection using 
staple gun. (From Laufer I, Levine MS [eds]: Double Contrast 
Gastrointestinal Radiology, 3rd ed. Philadelphia, WB Saunders, 2000.) 



anastomosis for comparison with subsequent studies. The sur- 
gical anastomoses of low anterior resections performed with a 
surgical staple gun are beautifully demonstrated by double- 
contrast technique (Fig. 59-41 ). 18/ CT is the examination of 
choice for the detection of recurrence remote from the anasto- 
motic line and detection of distant metastases (see later). 188,189 

The double-contrast enema is the primary diagnostic proce¬ 
dure for the detection of local and anastomotic recurrences 
(Fig. 59-42), as well as metachronous lesions (Fig. 59-43). It is 


particularly important to examine the anastomotic site because 
metastatic deposits tend to be implanted there. 190,191 Welch and 
Donaldson have shown that 20% of recurrences after colon 
resection and anastomosis are fo und at the anastomotic site. 
When the anastomotic site appears eccentric or irregular or has 
nodular filling defects, recurrent tumor should be suspected. 
Colonoscopy may be helpful, although in some cases it may 
be misleading because recurrent tumor may be submucosal 
and biopsy Åndings may be negative for malignancy. CT and 
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Figure 59-42 Local recurrence 
of colon carcinoma. A. Soft 
tissue mass represents recurrent 
colon carcinoma invading 
rectosigmoid. B. Anastomotic 
recurrence of colon cancer. A 
narrowing of the anastomosis 
with a plaquelike extension of 
recurrent tumor is seen 
proximally ( arrow ). 




Figure 59-43 Metachronous carcinoma. A colostomy enema study 
performed after total proctectomy for carcinoma shows new primary 
carcinoma (arrow) in the descending colon. 


CT-guided biopsy may be needed to determine the presence 
and nature of an extracolonic mass, which cannot be appreci- 
ated to its full extent, if at all, by the barium enema. 

Patients who have undergone abdominoperineal resection 
with colostomy must also be examined regularly because of the 


possibility of developing a second tumor. Double-contrast 
examination of the residual colon can usually be performed 
through the colostomy (see Fig. 59-43 and Chapter 55). CT and 
MRI are of particular value for the detection of pelvic recur¬ 
rence of tumor in patients who have undergone abdominoperi¬ 
neal resection. 

CROSS-SECTIONAL IMAGING 

CT and MRI have been used extensively to identify recurrent 
colorectal cancer, and both methods can detect recurrent tumor 
when CEA titers are normal and symptoms are absent. 193,194 
They are particularly useful in patients who have had total 
abdominoperineal resection. Follow-up studies of patients with 
potentially curative resection of recurrent tumor demonstrated 
an average symptom-free period of 38 months, compared with 
an average survival of 8 months for patients without resection 
of recurrent tumor. 195 ' 197 CT and MRI are accepted methods for 
detecting recurrent tumor that develops extraluminally. There 
is an ongoing debate on the appropriate timing and cost- 
effectiveness of these imaging tests. Rectal tumors have signifi- 
cantly more locoregional and pulmonary recurrences, whereas 
colon carcinomas have more hepatic and intra-abdominal 
recurrences. 197 Testing for asymptomatic recurrence during the 
first follow-up year is usually less fruitful than in the second 
through fourth follow-up years. 1 Patients with local recur¬ 
rence in the first year are less likely to have a successful second 
“curative resection.” Patients with low tumor grade at initial 
diagnosis are more likely to have a successful second surgical 
resection and a better prognosis. 199 Young patients with colon 
cancer have an increased prevalence of isolated local recur¬ 
rences and a lower rate of liver metastases than older patients. 

The stage, histology, and site of primary tumor at the time 
of diagnosis have been found to be most predictive of eventual 
relapse. 185,198,201 Anastomotic recurrence usually occurs after low 
anterior resection of a rectal tumor and is usually related to 
residual tumor outside the colorectal wall that grows into the 
suture site. Since the introduction of total mesorectal excision, 
the incidence of local relapse has been markedly reduced. 202 
Pelvic tumor recurrence limited to the axial location or axial 
and anterior locations is more likely to be resectable than those 
involving the sidewalls. 203 Because tumor recurrence develops 
in 30% to 50% of patients who have undergone apparently 










59 Polyps and Colon Cancer 1061 



Figure 59-44 Postoperative appearance of pelvis after rectal carcinoma resection and reanastomosis. A. Status postresection without 
recurrence. The staple line ( arrowheads ) is clearly identified. B. Recurrent rectal carcinoma with extension into perirectal fat (T3N0M0). Thickening 
of the rectal wall is seen on the left side ( arrows ). There is also extension into perirectal fat. Staples ( arrowheads ) outline the area of anastomosis. 
Note the largely extrinsic component of the recurrence. C. Advanced recurrent rectal carcinoma (T4bN1M0). The rectal wall is markedly 
thickened, and a tumor mass is noted to extend to the sacrum ( straight arrows ) and piriformis muscle on the left ( curved arrow). Adenopathy is 
inseparable from the mass. A rectal tube ( open arrow ) is also seen on this section. 


curative resection, and 80% of these recurrences develop within 
the first 2 years, 204 early and frequent follow-up studies are 
recommended. Many cancer centers observe a frequent 
follow-up program that includes serum CEA level determina¬ 
tion, chest radiography, colonoscopy, and imaging. 18 " The 
most commonly recommended sequence of imaging follow-up 
studies consists of baseline CT or MRI at 3 to 4 months, with 
subsequent imaging examinations at 6-month intervals for 3 
years and then at yearly intervals for 5 years. PET/CT has proven 
that it can distinguish between surgical scar and tumor recur¬ 
rence with a high degree of accuracy. 47 

Computed Tomography 

Early studies established the usefulness of CT in detecting local 
recurrence and metastases to lymph nodes, liver, peritoneal 
cavity, retroperitoneum, and lung. 206,207 Sensitivities as high as 
93% to 95% were initially reported for the detection of locally 
recurrent tumor. Later investigations indicated accuracy 
rates ranging from 53% to 88%. 205,210 ' 212 Most diagnostic errors 
are a result of the inability to detect microscopic invasion of 
perirectal or pericolonic fat in patients with reanastomoses, 
assess presence or absence of metastatic foci in normal-sized 
lymph nodes, and visualize minimal local tumor recurrence at 
the anastomotic site, particularly if the postoperative scar has 
not changed in size. 

The CT features of recurrent anastomotic tumor are similar 
to those of the primary tumors, but the recurrence may be 
largely extrinsic. MDCT often can demonstrate the staple 
line at the anastomosis (Fig. 59-44). In these patients, wall 



Figure 59-45 Postsurgical scar in patient with total 
abdominoperineal resection. A small area of soft tissue density 
(arrows ) is seen in the presacral region. 


thickening caused by plication defects must be differentiated 
from recurrent tumor. The presence of streaky densities or a 
clean operative bed suggests fibrosis, whereas the presence of a 
mostly globular mass favors the diagnosis of tumor recur¬ 
rence. However, other studies have indicated that a globular 
soft tissue mass may represent granulation tissue, hemorrhage, 
edema, or fibrosis in the early postoperative period (Fig. 59-45 
and Box 59-2). 9 Postradiation fibrosis can also cause streaky 
densities or a presacral mass. 208,213,214 Pelvic radiation causes an 
inflammatory reaction in the soft tissue of the pelvis, which 
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BOX 59-2 DIFFERENTIAL DIAGNOSIS OF 
COLORECTAL MASS WITH SOFT 
TISSUE STRANDING 


Neoplasm (primary and secondary) 

Focal colitis (e.g., ameboma, Crohn's disease, neutropenic colitis) 

Abscess 

Diverticulitis 

Pelvic inflammatory disease with contiguous colorectal inflamma¬ 
tion 

Rectal perforation and inflammation 

Prostatitis, with contiguous inflammation and/or abscess 

Status postradiation 

Endometriosis 

Pancreatitis in transverse colon or splenic flexure 
Transplants of pancreas and kidney with rejection or pancreatitis 
and contiguous involvement of colon or rectum 
Peritonitis with infected fluid in pouch of Douglas 


leads to increased fat attenuation and thickening of the perirec- 
tal fascia. These changes persist for many years and may be 
indistinguishable from tumor recurrence. In a study that com- 
pared CT with PET, presacral soft tissue masses were seen by 
CT in 48% of patients with suspected tumor recurrence, and 
these Åndings were caused by actual tumor recurrence in only 
2 3%. 47 

Benign postoperative masses may persist on CT more than 
24 months after abdominoperineal resection. 214 A baseline CT 
study 3 to 4 months after surgery frequently demonstrates the 
presence of a mass, which by 4 to 9 months decreases in size 
and develops sharper margins. In the absence of symptoms and 
elevated CEA titers, this change in the appearance of the mass 
should not cause concern about local tumor recurrence. 
However, any increase in mass size, even in the absence of local 
invasion, lymphadenopathy, or perineal soft tissue density, 
should suggest recurrence, prompting percutaneous biopsy 
(Fig. 59-46). 213,214 Biopsy results may be negative if the recurrent 
tumor incites a substantial fibrous reaction. 

With TME, the primary tumor is removed together with 
the perirectal lymph nodes but the internal iliac nodes are 
left in place. Positive lymph nodes left behind at TME sub- 
stantially increase the risk for local recurrence in patients 
with lower rectal cancer. In one study, it was shown that 
28% of patients with distal rectal cancers and positive lymph 
nodes had involvement of the internal iliac nodes, and in 
6% these lateral chains were the only nodes involved. 215 These 
patients are staged as lymph node-negative at TME. In a 
large TME trial, it was shown that nodal disease is a prog- 
nostic indicator for local recurrence and distant metastases. 216 
Detection of these nodes is essential if preoperative radiation 
and chemotherapy are considered for patients at high risk 
for recurrence. If postoperative radiation and chemotherapy 
is chosen for patients with advanced node-positive disease, 
preoperative detection of positive lymph nodes is not as 
crucial. 

For 2 decades, CT was considered the best modality for 
detecting and staging recurrent rectal or rectosigmoid carcino- 
mas. In patients who have had sphincter-saving resection of 
rectal and rectosigmoid carcinomas, almost all recurrent tumors 
develop extraluminally and subsequently infiltrate the suture 
lines. These extraluminal recurrences are missed on endoscopy 
and barium enema. In these patients, the rectum must be 



Figure 59-46 CT scan of recurrent rectal mass in patient after 
total abdominoperineal resection. A. Irregular soft tissue mass 
( arrows ) is identified in the rectal bed. Size of mass has increased 
slightly compared with baseline CT study obtained 1 year before 
present examination. B. Percutaneous biopsy confirms presence of 
recurrent tumor. Short arrows outline the needle, with its tip in the 
mass of recurrent tumor ( arrow). 


distended with negative contrast material to detect subtle 
lesions. 211 Glucagon helps the patient retain the rectal contrast 
medium but its administration is optional. More recently, com- 
parison of contrast-enhanced CT with PET revealed CT sensi- 
tivities for local tumor recurrence that were lower than those 
for MRI and PET. 205 ’ 217 ’ 218 However, results obtained with MDCT 
and thin sections in large series are not currently available for 
local tumor recurrence. 

Colonoscopy and barium enemas provide exquisite mucosal 
detail but cannot assess extraluminal disease and remote metas¬ 
tases. Therefore, barium enema and CT are complementary 
radiologic methods for evaluating patients with suspected 
recurrent colon tumor. In patients with abdominoperineal 
resections, CT and MRI are the primary imaging tests for evalu¬ 
ating recurrent tumor (Fig. 59-47). Definition of the full extent 
of disease, particularly to distant sites, is necessary if another 
resection is contemplated. 

Magnetic Resonance Imaging 

MRI has slightly superior results to CT in detecting recurrent 
tumor in patients who have undergone a low anterior resection 
or transanal local excision. 2 218 In some cases, large surgical 
clips slightly impair the quality of MRI scans, but CT scans may 
also be difficult to analyze when large clips are present at an 
anastomotic site or in an area of lymphadenectomy. After 
total resection of the rectum, presacral masses are readily 
detected and staged with MRI. Initial reports have suggested 
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Figure 59-47 CT scan of recurrent rectal carcinoma with adrenal metastasis (T4bN1M1). A. Low-density mass ( arrows) is seen in left 
adrenal giand. A cyst also is present in the right kidney. B. Large, irregular mass present in presacral space ( arrows ) with destruction of sacrum. 
Air bubbles within the mass indicate necrosis in the absence of clinical evidence of infection. 



Figure 59-48 MRI of a postsurgical scar in patient with total colectomy. A. Tl-weighted spin-echo image (600/11). Area posterior to the 
biadder has low signal intensity (arrows). B. T2-weighted spin-echo image (2500/80). Low signal intensity area on Tl-weighted image remains 
dark ( arrows ) on T2-weighted scan, suggesting fibrosis in the surgical bed. 


that postoperative and postradiation fibrosis have a low signal 
intensity on TI- and T2-weighted sequences (Fig. 59-48), 
whereas tumor recurrence has a high signal intensity on 
T2-weighted images. 219 ' 223 However, it now appears doubtful 
that MRI cannot reliably distinguish among recurrent tumor, 
fibrosis, and inflammation (Figs. 59-48 and 59-49). 224,225 

One study using T2-weighted sequences with long repeti¬ 
tion and long echo times examined the value of MRI in dis- 
tinguishing early fibrosis (1 to 6 months after first treatment), 
tumor or late fibrosis (>12 months), and recurrent tumor. 226 
The authors found higher signal intensity values for early 
fibrosis compared with late fibrosis, probably because of 
increased vascularity, edema, and the presence of immature 
mesenchymal cells in granulation tissue. Radiation-induced 
necrosis and postsurgical inflammatory reaction can also con- 
tribute to an increase in signal intensity on T2-weighted images. 
The increase in tissue fluids seen in granulation tissue and 
necrosis caused by radiation makes distinguishing early fibrosis 
from tumor recurrence difficult or even impossible (Fig. 59-50). 
However, late fibrosis and tumor recurrence could be clearly 
distinguished from one another (see Fig. 59-48). 224 Other 
studies found similar results, but one showed that the accuracy 
of MRI in differentiating between radiation damage and resid- 
ual or recurrent tumor varied with the primary site. 100,222,225 


It was excellent for cervical carcinoma but suboptimal for 
rectal carcinoma. 226 

De Lange and colleagues 2 compared MRI results with his- 
tologic sections from tissue obtained during radical pelvic exen- 
teration or extensive partial resection of a mass in patients with 
suspected recurrent rectosigmoid carcinoma. They found that 
the signal intensities on T2-weighted images do not permit 
prediction of the histologic diagnosis of a lesion. High signal 
intensity was found in areas of viable tumor (Figs. 59-51 and 
59-5IC), tumor necrosis, benign inflammation, and edematous 
tissue (Fig. 59-52). Because a desmoplastic reaction is a common 
response to many benign and malignant processes, including 
tumors of the colon and rectum, areas of low signal intensity 
on T2-weighted images were also nonspecific, and the differen- 
tial diagnosis included tumor-induced fibrosis and non- 
neoplastic, benign fibrotic tissue. However, MRI can reveal a 
presacral mass accurately and depict its complete extent. If such 
a mass consists mainly of desmoplastic tissue, with only small 
strands of interspersed tumor tissue, even a percutaneous 
biopsy specimen may show fibrous tissue alone and no malig¬ 
nant cells. In these cases, a definitive diagnosis may be made by 
PET, possibly with surgical removal of the mass or biopsy at 
laparotomy. It has been shown that if the mass enhances with 
gadolinium (>40%), it most likely represents tumor recurrence 
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Figure 59-49 MRI scan of recurrent rectal 
carcinoma after resection and reanastomosis. 

A. T2-weighted fast spin-echo image shows 
thickened rectal wall ( arrows), perirectal stranding, 
and intermediate signal intensity posterior to the 
rectum ( short arrows), suggesting tumor 
recurrence. B. TI -weighted spin-echo image nicely 
demonstrates mural thickening of the rectum 
(arrows). A low signal intensity presacral mass 
(arrowheads) is better depicted than on the 
T2-weighted image. A thickened rectal wall and 
poor tissue definition in the presacral space on 
T2-weighted sequences may be at least in part be 
caused by postoperative radiation, which leads to 
edema and fibrosis. C. Axial T2-weighted images 
at higher level than A and B reveal increased 
signal intensity in piriformis muscle bilaterally ( thin 
long arrows), indicating muscle invasion by a large 
presacral tumor mass ( large short arrows). 



Figure 59-50 Indeterminate MRI scans of recurrent carcinoma after total colectomy. A. TI-weighted spin-echo image (700/20). An area 
of low signal intensity mixed with some intermediate signal intensity ( arrows) is seen in the presacral space. B. T2-weighted spin-echo image 
(2500/70). The presacral soft tissue mass has intermediate signal intensity on T2-weighted scans (arrows). This is an indeterminate result and 
could represent recurrent viable tumor with a moderate amount of fibrous stroma, mild tumor necrosis, inflammation, or granulation tissue after 
surgery, irradiation, or both. 
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Figure 59-51 MRI scans of 
recurrent rectal carcinoma. 

A. Tl-weighted spin-echo image 
(533/11). An area of low signal 
intensity (black arrow) 
representing scar tissue is seen in 
presacral space. In addition, a 
slightly irregular, oval mass (white 
arrows) is seen immediately 
anterior to piriformis muscle, 
owing to recurrent tumor. 

B. T2 -weighted fast spin-echo 
image (4000/105). Scar tissue 

(black arrow) is clearly identified 
as an area of low signal intensity, 
and the recurrent tumor mass 
(white arrow) has intermediate 
signal intensity. C. Tl-weighted 
spin-echo image with fat 
suppression. Scar tissue remains 
largely dark, but the recurrent 
tumor and the uterus (u) 
demonstrate increased signal 
intensity. D. Tl-weighted 
spin-echo image after gadolinium 
(533/11). Enhancing recurrent 
mass is slightly larger 3 months 
later (arrows). 


if the patient is at least 1 year postsurgery or irradiation. 228 
Nevertheless, published result with gadolinium enhancement 
are conflicting. 217 ’ 229 

One MRI study demonstrated good distinction between 
scar tissue and recurrence based on measurements of the 
time-intensity curve and the ratio of signal intensity of the 
lesion to the signal intensity of the iliac artery at 60 seconds, 
but not for the maximum change in signal intensity as other 
studies have demonstrated. 2 ^ Whether an MR perfusion study 
can be used to distinguish between tumor recurrence and 
scar tissue remains to be seen. One study using MDCT with 
kinetic scanning and maximum density measurements did 
not show a signifkant difference between patients with and 
without tumor recurrence. 230 However, CT perfusion studies 
in primary rectal tumors to assess response to chemotherapy 
and irradiation have shown promising results. 231 In one 
prospective study, diffusion-weighted MRI with measurement 
of apparent diffusion coefficient (AD C) values was valuable 
in distinguishing between local recurrence of colorectal neo- 
plasms and post-therapeutic soft tissue changes, except in 
mucinous adenocarcinomas, in which the high AD C values 
could be confused with benign lesions. 233 

MRI is a sensitive method for detecting masses after colorec¬ 
tal surgery, and its specificity is slightly higher than that of CT. 21 
In these patients, benign and malignant processes cannot be 
distinguished solely on the basis of morphologic appearance 
and signal intensity on MRI scans. MDCT may be more helpful 
in evaluating anastomoses in patients with suture material or 


multiple clips from lymphadenectomies because susceptibility 
artifacts may be problematic at a high magnetic held strength. 
MDCT may be more valuable than MRI for the detection of 
nonlocal recurrence, but more studies are needed to determine 
the efficacy of these procedures and their possibly complemen- 
tary natures. Fur ther technical advances may improve MRI 
results. 

Transrectal Ultrasound 

The Åndings and results of TRUS for recurrent colorectal 
malignancy are similar to those for primary carcinoma, but 
the examination can be done only for patients who have 
had a transanal local excision, low anterior resection or, in 
women, an abdominoperineal resection. In patients with total 
abdominoperineal resection and colostomy, the recurrent 
tumor should be assessed by CT, MR, PET, or scintigraphy 
with MoAb. 

TRUS pro vides a highly accurate assessment of local recur¬ 
rence. In one study, TRUS revealed all 15 recurrences of rectal 
neoplasm. 234 In four cases, CEA titers were not elevated, and 
rectal or vaginal digital examination, rigid rectoscope examina¬ 
tion, and pelvic CT scans were negative. In these four patients, 
TRUS was the only method that detected recurrence. Therefore, 
endoluminal sonography should be used for evaluating patients 
when early or limited recurrence is suspected or the patients 
had a tumor grade or stage with a high prognostic factor for 
recurrence, even if the results of initial tests in routine follow-up 
examinations are negative. 
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Immunoscintigraphy 

Most results of MoAb immunoscintigraphy have been for 
patients with primary colorectal tumors, and only studies of 
small numbers of patients with recurrent or residual tumor 
have been published. 148 ' 150 In one study using m In-labeled 
MoAb ZCE-025, 150 recurrences were found in 79.4% of 16 
patients, and immunoscintigraphy was beneficial for their 
management (Fig. 59-53). Other immunoscintigraphic studies 
that focused on recurrent colorectal tumor showed similar sen- 
sitivities, with a high negative predictive value. 150,159,235 One 
study compared the sensitivity and specificity of imaging with 
a 99m Tc-labeled Fab fragment of anti-CEA IMMU-4 with 
that achieved with CT for detecting pelvic recurrence of colorec¬ 
tal tumor. 236 The sensitivity and specificity for antibody scan¬ 
ning alone was 79% and 84% and improved to 83% and 
81% when combined with CT, but did not reach statistical 
significance. 

Positron Emission Tomography 

PET has been used extensively for assessing patients with 
suspected recurrence or residual tumor from colorectal neo- 
plasms. In several studies, the distinction between neoplasm 
and scar tissue was made with a high degree of accuracy, 
with lesion-to-soft tissue ratios of 1.19 to 4.94. 166 However, 



Figure 59-52 MRI scans of recurrent rectal 
carcinoma. A. Tl-weighted spin-echo image 
(500/14) demonstrates ill-defined area of low signal 
intensity ( arrows ) mixed with small regions of higher 
signal intensity in patient 4 months status post- 
abdominoperineal resection. B. Tl-weighted image 
(533/14) after gadolinium. The previously identified 
area ( arrows ) in the presacral space clearly enhances. 
This could represent postoperative inflammation or 
early recurrence. C. T2-weighted fast spin-echo 
image (4500/105). The area of low signal intensity on 
the Tl-weighted image now shows mostly high 
signal intensity. Given the short interval after 
resection, this most likely represents postsurgical 
changes. SV, seminal vesicles. 



Figure 59-53 Immunoscintigraphy of recurrent rectal carcinoma. 

A large mass of high uptake ( arrows) is seen in the pelvis of a patient 
with recurrent rectal tumor. 
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Figure 59-54 PET/CT scan of recurrence of tumor at the anastomosis in the rectosigmoid colon. This patient had undergone resection for 
sigmoid carcinoma and presents now with rising CEA levels. A. MDCT scan in the pelvis obtained in the axial plane demonstrates the partially 
necrotic recurrent tumor with a large extrinsic component (large arrows). The staple lines (short arrows) are also seen. B. The corresponding 
fusion image demonstrates markedly increased FGD uptake of the recurrent tumor at the anastomosis ( arrows ) but not in the necrotic 
component (short arrow). C. The coronal fusion image again demonstrates local recurrence (long arrows). A low-attenuation lesion seen on CT in 
the dorne of the liver (short arrow) was not positive for a liver metastasis. 


based on the FDG differential absorption ratio values, one 
patient was misclassified because of low FDG uptake. All scars 
in the pelvis after abdominoperineal resection were correctly 
identified. In another study, in five patients whose CT and 
PET results were similar, three recurrences and two scars were 
correctly identified. 167 In four patients with negative or equivo- 
cal CT scans, PET correctly identified all tumors and, in three 
patients whose CT scans raised suspicion of recurrence, PET 
correctly excluded recurrence. Other studies have confirmed 
these early results. 212 PET appears to have an advantage over 
CT in the detection of recurrent hepatic metastases after 
partial hepatectomy, extrahepatic metastases, and local recur¬ 
rence (see Fig. 59-54). 212 In one study comparing PET alone 
to PET/CT, the sensitivity, specificity, and overall accuracy of 
PET in diagnosing intra-abdominal extrahepatic recurrence 
of colorectal cancer were 82%, 88%, and 86%, respectively, 
which was lower than 88%, 94%, and 92%, respectively, 
reported for PET/CT. 23 It appears that PET/CT is an accurate 
method for detecting recurrent colorectal neoplasms (Fig. 
59-55) and may offer an alternative to biopsy because it suc- 
cessfully excludes recurrence in patients with suspicious masses 
in the surgical bed. Nevertheless, larger series are needed to 
confirm these results. 


Cross-Sectional Imaging in Recurrent 
Colorectal Carcinoma 

Based on current literature, it is difficult to compare CT and 
MRI, used alone or in combination, for the detection of recur¬ 
rent disease. This difficulty is mainly because of the great varia¬ 
tions in both techniques and types of scanners used, scanning 
protocols, and methods of administering the contrast agent. 
Even the diagnostic criteria, study population, and analysis of 
the data vary greatly. Although MRI demonstrates excellent 
results for local tumor recurrence detection, especially if 
diffusion-weighted sequences were included, results of MRI 
combined with FDG-PET are not yet available. CT has the 
major advantage that the entire abdomen and pelvis can be 
scanned within a few seconds, much shorter than the acquisi- 
tion time for an abdominal and pelvic MR study. 

Based on currently available data, it appears that a combina¬ 
tion of CT and PET would be most beneficial for imaging of 
possible recurrent colorectal tumor. CT should be performed 
with contrast enhancement. Any suspicious area on CT can thus 
be clarified by PET. If PET/CT is not available, CT or MRI 
combined with immunoscintigraphy could be helpful. All these 
imaging protocols should be accompanied with frequent 
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Figure 59-55 PET/CT scans of recurrent colon 
carcinoma. Shown is a patient with a history of 
colon carcinoma and hepatic metastases that were 
treated with partial right hepatectomy, hepatic 
arterial infusion pump therapy, and radiofrequency 
ablation. A. MDCT scan of thorax in axial plane 
shows nodule ( arrow ) in right lower lobe. B. Axial 
fused PET/CT scan demonstrates mildly increased 
FDG uptake (standardized uptake value [SUV], 2.4) 
in this nodule (arrow) consistent with pulmonary 
metastasis. C. MDCT scan of the abdomen in the 
axial plane shows a low-density mass with a 
peripheral enhancing rim ( arrows ) in the 
posterosuperior segment of the liver suggestive of 
tumor recurrence in the periphery of a treated 
metastasis with central necrosis. D. Fused coronal 
PET/CT scan demonstrates a large lesion in right 
lobe of liver (arrows), with doughnut-shaped 
peripheral area of elevated FDG uptake 
(maximum SUV, 9.6). This appearance is consistent 
with tumor recurrence after ablation. 


clinical visits, laboratory tests (serum CEA levels), and colonos- 
copy, where feasible. In general, MRI is used in selected cases 
and is not recommended for routine follow-after curative resec- 
tion for colorectal cancer. 127 ’ 238 ’ 239 

Because of the high frequency of tumor recurrence in the first 
24 to 36 months after surgery, a series of follow-up CT examina- 
tions at 6-month intervals should be obtained to detect early 
tumor recurrence. 17 In addition, a CT scan is indicated when- 
ever a patient has a rising CEA titer or symptoms. Because local 
recurrence of cancer occurs in 50% of patients within the 
first year and in 80% within the second year, 192 patients 
with suspected recurrence should have a baseline study 3 to 4 
months after initial surgery. This time frame is chosen because 


postsurgical acute changes, such as edema and hemorrhage, 
have substantially resolved. Follow-up examinations should be 
compared with those of the baseline study to avoid unnecessary 
biopsies. A study is considered positive if masses or nodes are 
detected that were not seen on the baseline study or have become 
larger since the original study. Biopsy specimens should be 
obtained of any new or enlarging mass or lymph nodes or con- 
firmed with PET. Any clinical signs, elevated CEA levels, or 
suspicious CT or MRI findings should lead to a FDG-PET exam- 
ination for further evaluation to ensure early detection of recur¬ 
rence, with possible curative resection. If CT or MRI diagnoses 
resectable recurrence of colorectal tumor that is confirmed by 
PET, a biopsy should be avoided for fear of tumor seeding. 
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This chapter discusses a variety of benign and malignant tumors 
of the colon as separate entities. Although these tumors are 
associated with a wide range of clinical and radiologic manifes¬ 
tations, they may have typical features on imaging studies that 
suggest the correct diagnosis. 

Lymphoma 

PATHOLOGIC FINDINGS 

Malignant lymphomas involve the gastrointestinal (GI) tract as 
primary neoplasms or as part of a disseminated disease. The 
colon is the third most common primary site of lymphoma 
involving the GI tract (after the stomach and small bowel); 
colonic involvement occurs in 6% to 12% of cases. 1 " Primary 
lymphoma of the colon is rare, comprising less than 1% of all 
primary malignant tumors of the colon. 4,5 Colonic involvement 
by systemic lymphoma is relatively common, with microscopic 
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evidence of tumor in up to 44% of cases at autopsy. 3 Non- 
Hodgkins lymphoma accounts for almost all colonic lympho¬ 
mas; Hodgkins lymphoma involving the colon is extremely 
rare. 1,6,7 Primary colonic lymphoma is usually a B-cell lym¬ 
phoma; diffuse large B-cell lymphoma is the most common 
primary colonic subtype. 2 

CLINICAL FINDINGS 

Primary non-Hodgkins lymphoma involving the colon is 
usually seen in middle-aged or older persons. 2 Men are more 
frequently affected than women by a ratio of 2: l. 6,8 Abdominal 
pain, weight loss, and altered bowel habits occur in 60% to 90% 
of patients, and rectal bleeding or diarrhea occur in 25%. 6,9 A 
palpable abdominal mass is the most frequent physical finding. 6 
Long-standing ulcerative colitis appears to be a predisposing 
condition, but the development of lymphoma in these patients 
may be related more to treatment with immunosuppressive 
agents than to the disease itself. 6, 8,10,11 Extranodal presentation 
of post-transplantation lymphoproliferative disorders is typical, 
and B-cell lymphomas may arise in the colon after solid organ 
transplantation. 12 Anorectal lymphoma is seen in HIV-infected 
patients, but this has been decreasing in frequency. 13 

RADIOGRAPHIC FINDINGS AND 
DIFFERENTIAL DIAGNOSIS 

The primary form of colonic lymphoma usually involves the 
ileocecal valve, cecum, or rectum. 1215 In contrast, systemic lym¬ 
phoma usually involves the entire colon or long segments of 
bowel. 71618 The primary localized form of colonic lymphoma 
may be manifested by a variety of radiographic findings, includ- 
ing a polypoid or cavitary mass or circumferential mural lesion. 
Bulky polypoid masses represent the most common form of 
primary colonic lymphoma. 5 9 18 20 These tumors usually appear 
as smooth-surfaced, broad-based sessile lesions, with or without 
central depressions or ulcerations. 14 These lesions vary from 4 
to 20 cm in size and are usually located near the ileocecal valve 
(Fig. 60-1). 15 Extension of cecal lymphoma into the terminal 
ileum is not uncommon (see Fig. 60-1). 

The annular infiltrating form of colonic lymphoma usually 
involves a long segment of colon, appearing as a concentric area 
of nar ro wing or as a cavitary mass (Fig. 60 -2). 5,20 Although the 
colonic lumen may be narrowed, obstruction is uncommon. 
The infiltrating form is usually characterized by a discrete 
lesion, with thickened, irregular haustral folds and a nodular 
surface pattern. Although the contour is irregular, the mucosal 
surface is smooth, suggesting submucosal infiltration rather 
than mucosal ulceration. Thus, the major considerations in the 
differential diagnosis of the annular infiltrating form of lym¬ 
phoma include submucosal hemorrhage and edema (caused by 
ischemia or a bleeding diathesis) and an unusual colonic 
carcinoma. 5 
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Large infiltrating tumors may extend into the mesentery or 
exhibit central cavitation, resulting in a bulky, cavitary mass 
lesion. The major considerations in the differential diagnosis of 
the cavitary form of lymphoma include a perforated colonic 
carcinoma and a mesenchymal tumor, such as a GI stromal 
tumor. 



Figure 60-1 Lymphoma of the terminal ileum and ileocecal valve. 

Spot image from a small bowel follow-through shows a smooth- 
polypoid fold (arrow) in the terminal ileum and a coarsely lobulated 
mass (small arrows ) replacing the ileocecal valve. 


The diffuse multinodular form of colonic lymphoma (lym- 
phomatous polyposis) is associated with disseminated disease 
from a nodal primary lymphoma or occurs as a true primary 
GI lymphoma. Histologically, this form of lymphoma is usually 
a mantie cell lymphoma derived from a subpopulation of 
mantie zone cells. 21 2 These multinodular lymphomas involve 
long segments of the colon or the entire colon. The small intes- 
tine may be simultaneously involved. The tumors disseminate 
rapidly to the liver, spleen, peripheral lymph nodes, and bone 
marrow. 22 More than 100 nonuniform, smooth, sessile nodules 
varying from 2 to 25 mm in size carpet the colonic surface. 15,19 
The nodules are occasionally elongated, pedunculated, umbili- 
cated, or filiform. 19 A conglomerate cecal mass is seen in almost 
50% of cases. 19 Associated mesenteric lymph nodes are usually 
enlarged. The multinodular form of colonic lymphoma may 
be confused radiographically with familial polyposis, lymphoid 
hyperplasia, inflammatory bowel disease, or infectious diseases, 
such as pseudomembranous colitis or schistosomiasis. The 
nodules of colonic lymphoma are nonuniform and relatively 
large in comparison to the uniform, 1- to 2-mm nodules of 
lymphoid hyperplasia. Unlike the pseudopolyposis in inflam¬ 
matory bowel disease, the haustral pattern is also preserved in 
colonic lymphoma, and ulceration is uncommon. 15 Conglom¬ 
erate cecal masses are more frequent in disseminated lymphoma 
than in the polyposis syndromes. 7,19 Rarely, diffuse colonic lym¬ 
phoma may be associated with acute toxic dilation or pneuma- 
tosis coli. 15 

Vascular Lesions 

HEMANGIOMA 

Clinical and Pathologic Findings 

Hemangiomas of the colon are rare vascular lesions, but the 
radiologic diagnosis is important because these lesions may be 
misdiagnosed at endoscopy and have a high mortality rate 
related to severe GI bleeding. Patients with colonic hemangio¬ 
mas usually present at a young age with acute, recurrent, or 
chronic rectal bleeding. 24,25 Some patients may have severe, 



Figure 60-2 Lymphoma of the transverse colon. A. Spot image from a double-contrast barium enema shows a long (limits denoted by open 
arrows) concentric lesion in the transverse colon, with an irregular contour. Note protrusion of the contour superiorly outside the expected lumen 
of the bowel (arrow); this finding indicates cavitation of the mass. B. CT scan shows a large soft tissue mass ( arrows ) with lobular thickening of the 
walls of the transverse colon. 
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life-threatening rectal bleeding 25 ; mortality rates for this tumor 
approach 50%. 26 Obstructive symptoms and diarrhea are 
uncommon, occurring in 15% to 20% of cases. 24 Occasionally, 
patients with anorectal lesions may complain of tenesmus or 
constipation. 

Cavernous hemangiomas are the most common form; capil- 
lary hemangiomas are second in frequency. 27 28 Cavernous hem¬ 
angiomas are unencapsulated lesions, usually arising in the 
submucosa. They are composed of large, multiloculated, thin- 
walled vessels 26 separated by loose connective tissue. They 
usually occur in the rectum or sigmoid colon, 29 appearing as 
discrete submucosal masses 27 or, more frequently, as diffuse, 
infiltrative lesions. 2 Polypoid tumors may intussuscept, causing 
obstruction, whereas infiltrative lesions often ulcerate and 
bleed. 25 

Capillary hemangiomas usually occur as solitary, sharply cir- 
cumscribed submucosal masses in asymptomatic patients. The 
tumors are composed of small vessels lined by well-differentiated 
endothelial cells. 26 The vessels are packed together, with scant 
surrounding connective tissue. These tumors are occasionally 
associated with cutaneous or visceral hemangiomas. 25 p0 Colonic 
hemangiomas may occur in the Klippel-Trenaunay syndrome, 
manifested by the triad of cutaneous hemangiomas, soft tissue 
hypertrophy of the involved lower extremity, and congenital 
varicose veins. 29,31 Cavernous hemangiomas of the colon are 
also seen in the blue rubber bleb nevus syndrome and in some 
patients with Peutz-Jeghers syndrome. 3 Hemangiomas have 
also been reported in 5% to 8% of patients with Turner’s syn¬ 
drome." 3 Colonic hemangiomas have no propensity for malig- 
nant transformation and should therefore be distinguished 
from their true neoplastic counterpart, angiosarcomas. 

Radiographic Findings and Differential Diagnosis 

Rectal hemangiomas are frequently misdiagnosed on endos- 
copy as hemorrhoids or proctitis. 1 As a result, the radiologist 
may be the first physician to suggest the correct diagnosis. Plain 
abdominal radiographs may show multiple phleboliths along 
the course of the bowel in 50% of cases. 25,26,30 Hemangiomas 
should therefore be suspected if abdominal radiographs dem- 
onstrate phleboliths in young patients with GI bleeding or clus- 
ters of phleboliths in atypical locations or along the expected 
course of the rectosigmoid colon. 

Barium enema examinations usually reveal a circumferential 
lesion, with scalloped contours and a nodular mucosal surface 
pattern. 25 The colonic lumen is narrowed in 50% of cases. If the 
tumor is in its usual rectosigmoid location, a wide presacral 
space may be seen. If phleboliths are visible, they are seen in the 
expected location of the colonic tumor (Fig. 60-3). 29 The pol¬ 
ypoid form of hemangioma is usually manifested by smooth, 
sessile, broad-based submucosal masses. 

Although hemangiomas are usually vascular at angiography, 
they may occasionally be hypovascular or avascular because of 
vessel thrombosis and sclerosis. 23 Computed tomography (CT) 
better delineates the true dimensions of the mass (see Fig. 60-3) 
and involvement of adjacent structures, such as the urinary 
biadder. 3C Hemangioma is included in the differential diagnosis 
of polypoid submucosal masses, but the most common submu¬ 
cosal mass in the colon is a lipoma. Hemangioma is also included 
in the differential diagnosis of infiltrative submucosal rectosig¬ 
moid lesions, such as those found in solitary rectal ulcer syn¬ 
drome or lymphoma. However, the clinical history and presence 
of phleboliths should suggest the correct diagnosis. 



Figure 60-3 Hemangioma of the colon. CT scan shows lobulated 
thickening of the circumference of the wall of the cecum with 
numerous calcified phleboliths ( arrows ) in the subserosa. 


LYMPHANGIOMA 

Lymphangiomas of the colon are extremely rare benign lesions 
of neoplastic or hamartomatous origin. 35 The lesions are com¬ 
posed of a cluster of lymphatic spaces lined by endothelial 
cells and separated by connective tissue septa. 32 These dilated 
lymphatics are usually found in the muscularis mucosae or 
submucosa. Some lymphangiomas arise in the colonic mes- 
entery. 36 Patients with colonic lymphangiomas usually present 
in the fourth to sixth decade of life with abdominal pain, 
rectal bleeding, watery diarrhea, and/or altered bowel habits. 
Lymphangiomas may appear radiographically as solitary, 2- to 
4-cm, often pedunculated polypoid lesions or as smooth 
submucosal masses. 35,38 These soft tumors are pliable, changing 
in size or shape with compression or varying luminal disten- 
tion, and they may be compressible during endoscopic ultra- 
sound. 39 A cystic or multicystic mass is often found on 
endoscopic ultrasonography or CT. The smooth unilocular or 
multilocular submucosal mass is of water attenuation (0-20 
HU) on CT. 39,40 

ANGIODYSPLASIA 

Clinical and Pathologic Findings 

Angiodysplasia is a common cause of chronic low-grade or 
acute massive lower GI bleeding in older patients. 41,42 These 
lesions are acquired vascular ectasias, possibly caused by 
chronic, low-grade colonic obstruction. 41 Angiodysplasias are 
composed of clusters of dilated, tortuous, thin-walled veins, 
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venules, and capillaries localized in the colonic mucosa and 
submucosa. The mucosal layer overlying the vascular tuft may 
be thin or ulcerated. These lesions are single or multiple and 
small (usually <5 mm), usually fo und in the cecum or ascend- 
ing colon. 41 

Angiodysplasias may coexist with other causes of GI bleed- 
ing. These lesions have been found at autopsy in 2% of asymp- 
tomatic older patients and, in one series, angiodysplasias were 
present in the resected specimens in 12 of 15 patients who had 
undergone surgery for colonic carcinoma. 41 Angiodysplasias are 
not associated with angiomatous lesions of the skin or other 
viscera. 41 

Radiographic Findings 

Angiodysplasias may be detected during the work-up of patients 
with severe or recurrent lower GI bleeding after a normal 
barium enema or colonoscopy. 42 During the arterial phase of 
angiography, a focus of angiodysplasia usually appears as a 
tangle of small vessels at the end of a cecal or right colonic 
artery. Early filling of draining veins with contrast medium is 
usually seen, but extravasation of contrast medium rarely 
occurs. 43 The radiologist is critical to the diagnosis of angiodys¬ 
plasia because the surgeon is unable to see or palpate these 
lesions during surgery. The pathognomonic histologic findings 
are not usually present on endoscopic biopsy specimens. As a 
result, the decision for surgery is made on the basis of the 
radiographic findings and the clinical history of severe or recur¬ 
rent lower GI bleeding. 

KAPOSES SARCOMA 

Kaposi’s sarcoma involving the colon usually occurs in patients 
with AIDS. Kaposi’s sarcoma has also been reported in HIV- 
negative patients with Crohn’s disease or ulcerative colitis and 
in patients who have undergone solid organ transplantation. 44,45 
Colonic Kaposi’s sarcoma is associated with human herpesvirus 
8 infection. Kaposi’s sarcoma in the colon is manifested radio- 
graphically by a flat or plaquelike lesion, small polypoid nodule, 
or polypoid submucosa-appearing mass, with or without 
central umbilication. 32 The tumor is usually confined to the 
mucosa and submucosa. 

Endocrine (Carcinoid) Tumors 

PATHOLOGIC FINDINGS 

Endocrine cells are scattered throughout the GI tract. These 
cells synthesize and secrete a variety of peptide hormones and 
biogenic amines. The endocrine cells give rise to GI tumors 
traditionally termed carcinoid tumors but now preferably termed 
endocrine cell tumors. The most common sites of endocrine cell 
tumors include the appendix (35%), ileum (16%), lung (14%), 
and rectum (13%). 46 Endocrine cell tumors ar ising in the 
remainder of the colon constitute only 2% to 3% of all carci¬ 
noid tumors. 46 ' 50 

The most common sites of endocrine cell tumors in the 
colon are the rectum and cecum. Endocrine tumors involving 
the cecum and ascending or transverse colon are of midgut 
origin. These midgut lesions may synthesize, store, and secrete 
serotonin. Although serotonin may be produced, carcinoid syn- 
drome is rare. 51 If carcinoid syndrome is present, it is usually 
associated with liver metastases. 


Hindgut endocrine cell tumors involve the descending colon, 
sigmoid colon, and rectum. They primarily synthesize and store 
a variety of polypeptide hormonal substances, including gastrin, 
somatostatin, glucagon, and vasoactive intestinal polypep¬ 
tide. 47,52 These tumors do not usually produce serotonin or 
cause carcinoid syndrome. 

ENDOCRINE CELL TUMORS OF THE RECTUM 

Endocrine cell tumors arising in the rectum are usually small, 
smooth, submucosal polypoid lesions less than 2 cm in diam¬ 
eter and are located in the lower two thirds of the rectum. Most 
cases are discovered incidentally during a screening barium 
enema examination or endoscopy or during work-up for rectal 
pain or bleeding. 53,54 Small rectal carcinoids have low malignant 
potential and are cured by simple and complete excision. As 
with any carcinoid tumor, the larger the tumor, the greater the 
chance of metastases at the time of diagnosis. Although rare, 
large rectal endocrine cell tumors are associated with a much 
greater frequency of metastases at the time of diagnosis. 54 Large 
rectal carcinoids may appear as irregular ulcerated masses. 54 If 
all rectal endocrine cell tumors are considered, patients with 
rectal carcinoids have an overall 5-year survival rate of about 
8 5%. 46,54 

ENDOCRINE TUMORS (EXCLUSIVE 
OF THE RECTUM) 

Endocrine cell tumors of the remainder of the colon have a 
very different clinical history, morphology, and prognosis than 
small low-grade endocrine tumors of the rectum. Endocrine 
cell tumors in the colon (exclusive of the rectum) are usually 
large aggressive lesions associated with a poor prognosis. 
Patients usually present in the sixth decade of life with symp¬ 
toms similar to those of colonic adenocarcinoma, including 
abdominal pain, distention, and a palpable abdominal mass. 
Rectal bleeding and diarrhea are seen in approximately one 
third of patients. 55 

Endocrine cell tumors of the colon are usually located in the 
cecum or ascending colon. 51,55 These tumors appear on barium 
enemas as large (>5 cm), fungating intraluminal masses or as 
irregular annular lesions (Fig. 60-4) 48,51,56 that are indistinguish- 
able from those of colonic carcinoma. In other patients, these 
endocrine cell tumors may appear as smooth, polypoid submu¬ 
cosal masses. At the time of diagnosis, 50% to 60% of patients 
with large endocrine tumors have metastases to the liver, lymph 
nodes, mesentery, or peritoneum. 46 51 55 Overall, 5-year survival 
rates of approximately 50% have been reported. 46 

Fatty Lesions 

LIPOMA 

Clinical Findings 

Colonic lipomas are benign uncommon lesions, occurring at 
autopsy in less than 1% of patients. 57 59 Colonic liposarcomas 
are exceedingly rare. However, the colon is the most frequent 
site of GI involvement by lipomas. 60,61 Most patients are asymp- 
tomatic, and the tumors are detected during studies performed 
for symptoms ultimately attributed to other causes. 5 When 
these patients are symptomatic, they usually present with 
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Figure 60-4 Endocrine carcinoma of the colon. Spot image from a 
double-contrast barium enema shows a short annular lesion (arrow) 
with shelflike margins in the hepatic flexure of the colon. These 
radiographic findings are similar to those of an annular carcinoma of 
the colon, but the mucosa is smoother than that usually found with an 
annular carcinoma. (Courtesy Seth N. Glick, MD, Philadelphia.) 


abdominal pain and discomfort. 59 Rectal bleeding and pain 
related to intussusception are less common. 

Pathologic Findings 

Most colonic lipomas are found in the right colon, and 90% 
originate in the submucosa. 14,57,59 The remaining 10% arise in 
the appendices epiploicae. Multiple tumors are found in up to 
25% of patients. 59 Colonic lipomas are usually smaller than 
3 cm in diameter, but those that cause symptoms tend to be 
larger lesions. 

Colonic lipomas are encapsulated masses of mature adipose 
tissue usually confmed to the submucosa. Approximately two 
thirds of these tumors are pedunculated, with a broad-based 
pedicle covered by normal colonic mucosa. Because of this 
pedunculation, local trauma and mechanical irritation may 
lead to focal ulceration and fat necrosis. Continuing inflamma¬ 
tion may cause fibrosis and calcification. 

Radiographic Findings 

Colonic lipomas usually appear on barium enemas as smooth, 
sessile submucosal masses or as smooth polypoid lesions on a 
broad-based pedicle (Fig. 60-5). 14 Lipomas may be ro und, 
ovoid, or pear-shaped. They are sharply demarcated masses that 
form obtuse angles with the adjacent colonic wall. 62 Although 
these lesions may have a lobulated contour, the mucosal surface 
is smooth (see Fig. 60-5). Because of the pliable nature of fat, 
lipomas change shape with palpation, position of the patient, 



Figure 60-5 Lipoma of the descending colon. Spot image from a 
double-contrast barium enema shows a 3-cm, smooth-surfaced, 
submucosal mass ( arrows ) with a slightly lobulated contour. 


or varying degrees of colonic distention. 58,62 These tumors 
may also elongate during colonic spasm or after colonic evacu- 
ation. Some lipomas may serve as the lead point for colocolic 
intussusceptions. 63 ' 65 

Before the advent of CT, the barium enema was considered 
to be a relatively accurate test for the diagnosis of colonic 
lipoma. 62,66 However, a definitive diagnosis of a colonic lipoma 
can be made on CT when it shows a mass of uniform fat density 
(60-120 HU) without septa or other large areas of nonfatty 
tissue (Fig. 60 -6). 39,65,67-69 

When colonic lipomas intussuscept, they can ulcerate and 
undergo fat necrosis, resulting in CT attenuation numbers 
higher than those of fat. As a result, an intussuscepting lipoma 
appearing as a soft tissue mass or having only a small focus of 
fat attenuation may be confused with an intussuscepting carci¬ 
noma. 65 The radiologist can also confuse any intussuscepting 
tumor with a lipoma if the eccentrically invaginating mesen- 
teric fat associated with the intussuscepting tumor mass is mis- 
taken for the fat of a lipoma. 65 Lipomas can also be diagnosed 
via endoscopic ultrasound as smooth hemispheric polyps with 
a broad base containing hyperechoic tissue or tissue of inter- 
mediate echogenicity. 39 

FATTY INFILTRATION OF THE 
ILEOCECAL VALVE 

Pathologic , Clinical, and Radiographic Findings 

Fatty infiltration (also known as lipohyperplasia or lipomatous 
infiltration) of the ileocecal valve results from a localized 



60 Other Tumors of the Colon 1079 





Figure 60-6 Lipoma of the cecum. CT scan shows a 1.5-cm, 
smooth-surfaced, ovoid mass (arrow) in the cecum with the same 
attenuation value as nearby mesenteric fat. 



Figure 60-7 Fatty infiltration of the ileocecal valve. Close-up view 
from a right side-down decubitus overhead radiograph of the colon 
shows smooth, slightly lobulated enlargement of the ileocecal valve 
( arrows ). Fatty infiltration was confirmed at colonoscopy performed for 
other reasons. 


massive accumulation of submucosal fat in this region. The lack 
of a capsule differentiates this fatty proliferation pathologically 
from a true lipoma. 2 Fatty infiltration of the ileocecal valve 
is associated with obesity. 21 The diagnosis is suggested on 
barium enema when there is a large ileocecal valve with smooth 
or lobulated contours and a smooth mucosal surface without a 
discrete polypoid mass. Although rigid measurements are not 
reliable in distinguishing a normal-sized ileocecal valve from an 
enlarged valve, some investigators have suggested that a normal 
ileocecal valve should be 4 cm or less. 71 Others have found that 
one lip of a normal valve should be 1.5 cm or less. 72 A normal 
ileocecal valve may also have stellate folds radiating toward its 
center. 72 

Differential Diagnosis 

The radiologist must first decide whether the polypoid projec- 
tion in the cecum arises on or near the ileocecal valve or actually 
represents the valve. The normal ileocecal valve is usually 
located at the level of the first complete haustral fold on the 
medial or posterior colonic wall at the junction of the cecum 
and ascending colon. Filling of the terminal ileum with barium 
confirms the location of the ileocecal valve. If an ileocecal valve 
is mildly enlarged (>4 cm) and has a smooth or slightly lobu¬ 
lated contour and smooth mucosal surface, the most likely diag¬ 
nosis is fatty infiltration of the valve (Fig. 60-7). In contrast, a 
focal polypoid projection from the ileocecal valve may represent 
a tumor, such as an adenoma or lipoma (Fig. 60-8). 72 Any 


mucosal surface irregularity of the ileocecal valve should also 
suggest the possibility of tumor involving the valve, including 
an adenocarcinoma. The ileocecal valve may also be involved by 
Crohns disease or lymphoma. In Crohns disease, there is fatty 
hypertrophy of the valve, usually associated with other radio- 
graphic findings of Crohns disease in the terminal ileum and 
ileocecal fistulas. In lymphoma, the ileocecal valve is moderately 
enlarged and has a lobulated contour, usually because of the 
spread of lymphoma from the terminal ileum. 

Stromal Tumors 

PATHOLOGIC FINDINGS 

Historically, most spindle and epithelioid cell tumors of the GI 
tract have erroneously been termed smooth muscle tumors (leio- 
myoma or leiomyosarcoma). Only a small percentage of all 
spindle cell tumors, however, are recognized as arising from 
smooth muscle cells or neural cells by ultrastructural or immu- 
nohistochemical means. 3 76 Most spindle cell tumors are undif- 
ferentiated stromal neoplasms, termed gastrointestinal stromal 
tumors (GISTs). 73-76 GISTs originate from the interstitial cells of 
Cajal or a progenitor of these cells. The interstitial cells of Cajal 
are within the interstices of the muscularis propria. These cells 
act as a pacemaker, coordinating per istalsis. GIST development 
depends on a proto-oncogenic receptor, tyrosine kinase (KIT). 
GISTs usually express CD34 and many have been found to 
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Figure 60-8 Lipoma of the ileocecal valve. A small, smooth- 
surfaced, submucosal lesion ( arrows ) is seen arising from the inferior 
lip of the ileocecal valve ( arrowhead ). 


contain mutations in KIT. The likelihood of recurrent tumor 
or metastases with GISTs is based on their mitotic index, size, 
and location. 

SMALL STROMAL TUMORS 

Only 1% of all GI tumors are of stromal origin, and these 
tumors are least commonly fo und in the colon. 79 Colonic 
stromal tumors are usually located in the rectum. In general, 
there are two macroscopic types of colonic stromal tumors, 
small polypoid lesions and large bulky masses. Small polypoid 
lesions may be sessile or pedunculated and usually arise in the 
rectum. They probably arise from the muscularis mucosae, are 
histologically benign, and do not recur after excision. 81 These 
small polypoid lesions are often true leiomyomas of the colon 
because they demonstrate smooth muscle differentiation by 
their desmin positivity and ultrastructural characteristics. These 
tumors are distinet from GISTs and have essentially no malig- 
nant potential. These small rectal lesions appear on barium 
enema as sessile or pedunculated polyps, with a smooth or 
slightly irregular surface. Small polypoid leiomyomas have also 
been reported in patients with AIDS. 82 Multiple small polypoid 
neurofibromas may be seen in patients with neurofibromatosis 
(Fig. 60-9). 

LARGE STROMAL TUMORS 

Large (>2 cm) stromal tumors probably arise from the muscu¬ 
laris propria. They have a high rate of local recurrence (60%), 
regardless of histologic differentiation, and are associated with 



Figure 60-9 Neurofibromatosis of the colon. Spot image from a 
double-contrast barium enema shows numerous small, smooth- 
surfaced filling defeets ( arrows ) and hemispheric lines in the 
descending colon. Neurofibromatosis is a rare cause of colonic 
polyposis. 


a poor prognosis. 81 These bulky lesions are usually found in the 
rectum, with the remainder evenly distributed throughout the 
colon. Large stromal tumors may appear on barium enema or 
CT as annular lesions, cavitating masses with a prominent 
extraluminal component, or submucosal masses with or without 
central uleeration (Fig. 60-10). Cavitation may lead to superim- 
posed infeetion or perforation with abscess formation. 79 These 
lesions may be confused radiographically with colonic lympho- 
mas or perforated colonic carcinomas. Stromal lesions typically 
metastasize to peritoneal sur faces and to the lungs and liver. 78 

Squamous Cell Carcinoma 

Squamous cell carcinomas of the colon are extremely rare 
tumors. Most squamous cell carcinomas arise in the rectum 
and cause symptoms identical to those of rectal adenocarci- 
nomas. 83 Squamous cell carcinomas of the colon should be 
distinguished from squamous cell carcinomas invading the 
colon from the anal canal or from squamous mucosa-lined 
fistulas. These lesions must also be distinguished from squa¬ 
mous cell carcinomas that have metastasized to the colon and 
from poorly differentiated adenocarcinomas that show focal 
squamous differentiation. Squamous cell carcinomas have been 
detected in patients with a history of uleerative colitis, pelvic 
irradiation, and schistosomiasis. 84 Squamous cell carcinoma 
arising in the anal canal is often seen in patients with HIV 
infeetion, hematologic malignancy, and a solid organ 
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Figure 60-10 Malignant gastrointestinal stromal tumor of the 
rectum. CT scan shows a large soft tissue mass ( white arrows ) arising 
from the left anterolateral wall of the rectum. The mass enhances to 
the same degree as adjacent muscle. Infiltration of the fat plane 
between the rectum and seminal vesicles ( black arrow ) is present. 
(From Forbes A, Rubesin SE, et al: Colon II. In Forbes A, Misiewicz J, 
Compton C, et al [eds]: Atlas of Clinical Gastroenterology, 3rd ed. 
Edinburgh, Elsevier Mosby, 2005, p 183.) 


transplant. 8 " Squamous cell carcinomas may appear on barium 
enemas as large, bulky, ulcerated masses grossly identical to 
rectal adenocarcinomas (Fig. 60-11). 83 Hematogenous, lym- 
phatic, and local metastases are frequently present. 

Cloacogenic Carcinoma 

The epithelium at the junction of the anal canal and rectum is 
composed of squamous and stratified columnar epithelium, as 
well as scattered gobiet cells. This transitional zone has features 
of both uro thelium and squamous epithelium compatible with 
a cloacogenic origin. 86 As a result, many tumors in this region 
were previously termed cloacogenic carcinomas. Primary tumors 
at the anorectal junction are currently classified according to 
architectural and cellular differentiation indicative of their cel¬ 
lular origin, including terms such as squamous cell carcinoma , 
basaloid carcinoma , transitional cell carcinoma , mucoepidermoid 
carcinoma, and adenoid cystic carcinoma. Most tumors have a 
mixture of histologic growth patterns. Tumors with squamous 
differentiation are termed squamous cell carcinoma, as noted 
earlier. Tumors that arise from submucosal giands in this region 
are salivary gland-type tumors, such as adenoid cystic carci¬ 
noma and mucoepidermoid carcinoma. The most common 
malignant tumor of the anal canal, however, is not of cloaco¬ 
genic origin but is an adenocarcinoma arising from the rectal 
mucosa that subsequently invades the anal canal. 



Figure 60-11 Verrucous squamous cell carcinoma arising in a 
condyloma acuminatum. This young woman had been treated for 
5 years for perianal, vaginal, cervical, and vulvar condylomata. A spot 
image of the distal rectum and anal canal from a double-contrast 
barium enema shows a polypoid mass ( white arrows) in the distal 
rectum and nodular mucosa extending to the anorectal junction 
(black arrow), with abnormal mucosa distending the anal canal 
(double arrow). 


The transitional zone is an area in which metaplasia and 
reserve cell hyperplasia occur in a manner similar to that in the 
transitional zone of the uterine cervix and gastroesophageal 
junction. 86 It has therefore been postulated that some tumors 
arise in this region in areas of chronic inflammation, squamous 
metaplasia, and reserve cell hyperplasia, resulting in dysplasia 
and subsequent carcinoma. For example, homosexual men have 
a high incidence of squamous cell carcinoma of the anus. These 
tumors are associated with venereally transmitted human 
papillomavirus. 87 ' 89 Other oncogenic viruses, carcinogens in 
lubricants and cleansers, and mechanical irritation may also 
play a role. 87 ' 92 

Cloacogenic carcinomas have no distinctive gross patho- 
logic or radiologic features. Patients usually present with rectal 
bleeding or pain or altered bowel habits. These tumors may 
be flat, infiltrative, annular, or ulcerative lesions with rolied 
horders. The tumors may appear on barium enema as 
submucosal masses with a smooth or ulcerated surface, as 
broad-based, sessile polypoid masses, or as infiltrative lesions 
(Fig. 60-12). 93,94 

Metastases to sacral, internal iliac, and common iliac 
lymph nodes are found in approximately 50% of patients. 
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Figure 60-12 Basaloid carcinoma. A. Lateral view of the rectum shows the infiltrative pattern of cloacogenic carcinoma. The anterior wall of 
the rectum is moderately flattened and lobulated (short arrows), with thickened nodular folds traversing the rectum (long arrows). The rectal 
mucosa is relatively smooth. Focal circumferential extension of tumor around the rectum is seen as flattening of the posterior rectal wall (open 
arrow). B. Prone view of the rectum shows mild inbowing and irregularity of the contour of the lateral walls of the rectum (long arrows) and 
thickened nodular folds en face (short arrows). 


Hematogenous metastases may also result from spread of tumor 
via the portal venous system and inferior vena cava. Patients 
with basaloid carcinoma have a 5-year survival rate of approxi- 
mately 50%. 32 

Metastases 

Metastases to the colon are not uncommon. 95 It also is not 
uncommon for symptoms produced by GI metastases to occur 
as the initial manifestation of a primary malignancy. Colonic 
metastases are classified by their mode of dissemination as 
follows 96 : (1) direct invasion from a contiguous primary tumor 
or noncontiguous primary tumor; (2) intraperitoneal seeding; 
and (3) embolic metastases. 

Imaging studies may not only identify the lesion as a metas- 
tasis to the colon, but also indicate the mode of dissemination 
and most likely origin of malignancy. 97 Detection of these 


metastases is also important because localized embolic metas¬ 
tases may be resected for cure or for control of complications, 
such as GI bleeding or obstruction. Recognition of colonic inva¬ 
sion by tumor also enables the surgeon to perform a wider 
excision or, if necessary, a diverting colostomy. 98 

DIRECT INVASION FROM CONTIGUOUS 
PRIMARY TUMORS 

The most common tumors that directly invade the colon 
include carcinoma of the ovary, kidney, uterus, cervix, prostate, 
and gallbladder, as discussed here. 

Prostatic carcinoma may spread via Denonvillier’s fascia to 
invade the rectum anteriorly or circumferentially." Rectal 
involvement by prostatic carcinoma occurs in 0.5% to 11.5% of 
patients. 100 ' 102 Affected individuals may present with obstructive 
symptoms, constipation, or rectal bleeding. 102 
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Although the normal prostate abuts the distal rectum, most 
patients with prostatic carcinoma invading the colon have 
involvement of the rectosigmoid junction, with distal rectal 
sparing." 104 Prostatic carcinoma usually spreads cranially to 
involve the seminal vesicles before invading the rectum poste - 
riorly. Thus, on barium enema examination, early cases may 
manifest an extrinsic mass effect, predominantly on the anterior 
border of the rectosigmoid junction. With colonic invasion, 
mucosal pleating and tethering are seen en face and a spiculated 
contour is seen in profile. In advanced cases, the rectum is cir- 
cumferentially narrowed, with a widened presacral Space and 
spiculated contour. 99 ' 101,103 In some cases, prostatic carcinoma 
invades posteriorly to involve the lower rectum (Fig. 60-13). 
The major consideration in the differential diagnosis is direct 
invasion of the rectum by a contiguous pelvic tumor such as 
carcinoma of the urinary biadder. 

When left-sided ovarian carcinoma directly invades the 
colon, it first involves the inferior border of the sigmoid 
colon. 104 Colonic wall invasion is indicated by angulation of 
the affected sigmoid loops, spiculation of the colonic contour, 
and tethering and angulation of mucosal folds en face 
(Fig. 60-14). Rarely, a fistula to the sigmoid colon may be 
seen. 105 

Renal cell carcinoma or recurrent renal cell carcinoma in the 
retroperitoneum may directly invade the colon. 96,104,106 Left- 
sided renal cell carcinomas usually invade the splenic flexure or 
the distal transverse or proximal descending colon, 96 whereas 
right-sided renal cell carcinomas invade the descending duode- 
num. Colonic invasion by renal cell carcinoma is usually 


manifested on barium enema by bulky intraluminal masses, 
without signs of obstruction. 

DIRECT INVASION FROM NONCONTIGUOUS 
PRIMARY TUMORS 

Malignancies may spread in the subperitoneal space or by lym- 
phatic permeation. 96 Examples of this mode of dissemination 
include colonic carcinoma invading the stomach via the gastro- 
colic ligament, pancreatic carcinoma invading the transverse 
colon via the transverse mesocolon, gastric carcinoma invading 
the transverse colon via the gastrocolic ligament, 96 and colonic 
carcinoma invading contiguous loops of small bowel or colon. 
The gastrocolic ligament (the proximal part of the greater 
omentum) is the anatomic bridge between the greater curvature 
of the stomach and superior border of the transverse colon (Fig. 
60-15). 104 When gastric carcinoma spreads to the transverse 
colon via the gastrocolic ligament, mass effect, fixation, and fold 
spiculation are initially seen along the superior border of the 
transverse colon, with sacculation of the uninvolved inferior 
border. Rarely, the involved colon may have a cobblestone-like 
appearance indistinguishable from that of Crohn’s disease. The 
major considerations in the differential diagnosis include gastric 
carcinoma invading the transverse colon and an omental cake 
from peritoneal metastasis secondarily invading the transverse 
colon. 109 

The transverse mesocolon courses from the retroperitoneum 
overlying the pancreas to the inferior border of the transverse 
colon. 97 Therefore, when pancreatic carcinoma invades 



Figure 60-13 Rectal invasion by prostatic carcinoma. A. Frontal view of the rectum shows mass effect and spiculation predominantly along 
the right lateral wall of the rectum ( short arrows ) and pleating of the mucosa en face ( long arrows). Invasion of the mucosa and submucosa was 
confirmed on biopsy specimens of the right lateral rectal wall. B. Lateral view of the rectum shows mass effect along the anterior rectal wall and 
spiculation of the mucosal contour ( straight arrows). Mild circumferential extension is seen distally ( curved arrows). (From Rubesin SE, Levine MS, 
Bezzi M, et al: Rectal involvement by prostatic carcinoma: Radiographic findings. AJR 152:53-57, 1989.) 
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Figure 60-14 Direct colonic invasion by left ovarian carcinoma. 

Close-up view of an overhead radiograph from a double-contrast 
barium enema shows spiculation and mass effect along the inferior 
border of the sigmoid colon (open arrows ) and pleating of the 
mucosa of the rectosigmoid junction en face (solid arrow). 
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Figure 60-15 Sagittal line drawing of the abdomen. The proximal 
part of the greater omentum (gastrocolic ligament) bridges the 
greater curvature of the stomach with the anterosuperior border of 
the transverse colon. Thus, when gastric or omental processes directly 
invade the colon, the superior border of the transverse colon is 
involved first. The transverse mesocolon suspends the transverse 
colon from the retroperitoneum overlying the pancreas. (Adapted 
from Rubesin SE, Fishman EK: Peritoneal metastasis. In Fishman EK, 
Jones B [eds]: Computed Tomography of the Gastrointestinal Tract. 
New York, Churchill Livingstone, 1986.) 


the transverse colon via the transverse mesocolon, the initial 
radiographic changes occur on the inferior border of the trans¬ 
verse colon. 96 Despite these anatomic attachments, pancreatic 
carcinoma may occasionally spread to the superior border of 
the transverse colon (Fig. 60-16). Carcinoma of the pancreatic 
tail may extend along the phrenicocolic ligament to invade the 
medial border of the splenic flexure. 97 

INTRAPERITONEAL SEEDING 

The most common primary tumors that seed the peritoneal 
cavity are ovarian carcinoma in women and gastric, pancreatic, 
and colonic carcinomas in men. When appendiceal mucinous 
adenocarcinomas spread intraperitoneally, they result in a 
condition termed pseudomyxoma peritonei. Occasionally, 
lymph node metastases to the retroperitoneum or mesentery 
from breast carcinoma or other malignant tumors may sec- 
ondarily seed the peritoneal cavity. Other tumors that spread 
intraperitoneally include carcinoma of the biadder, uterus, 
and cervix and hepatocellular carcinoma. 

The peritoneal cavity is separated into various compart- 
ments by peritoneal reflections and mesenteries (Fig. 60-17). 113 
The transverse mesocolon divides the abdomen into the supra- 
mesocolic and inframesocolic spaces. 110,111 The small bowel 
mesentery divides the inframesocolic space into small right 



Figure 60-16 Pancreatic carcinoma invading the transverse 
colon. Overhead radiograph from a double-contrast barium enema 
shows extrinsic mass effect and spiculation along the superior border 
of the transverse colon (arrow). Contrast medium is present in the 
renal collecting systems from a prior intravenous urogram. 
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Figure 60-17 Directed flow of intraperitoneal fluid. The peritoneal reflections direct the flow of intraperitoneal fluid within the peritoneal 
cavity. Flow from the left inframesocolic space pools in the sigmoid mesentery along the superior border of the sigmoid colon and then courses 
into the pelvic cavity (pouch of Douglas in women, rectovesical space in men, and pararectal spaces). Flow in the right inframesocolic space 
courses down the ruffles of the small bowel mesentery into the right lower quadrant along distal small bowel loops and medial border of the 
cecum and then into the pelvic cavity from this region. Fluid from the pelvic cavity then courses up the right paracolic gutter to the right 
subhepatic space and right subdiaphragmatic space. Thus, the sites of pooling of ascitic fluid (superior border of the sigmoid colon, pouch of 
Douglas or rectovesical space, medial border of the cecum, mesenteric border of the distal small bowel, and right paracolic gutter) are the 
predominant sites for intraperitoneal seeding by tumor. 


and large left regions. 111 The phrenicocolic ligament partially 
separates the left subphrenic space from the left paracolic 
gutter, extending from the splenic flexure of the colon to the 
peritoneum overlying the llth rib. 110 These peritoneal reflec¬ 
tions direct the flow of intraperitoneal fluid, affecting the 
distribution and deposition of intraperitoneal-seeded infec- 
tions and metastases. Directed flow results in characteristic 
sites of tumor deposition. As the most dependent portion of 
the peritoneal cavity in the supine and upright positions, the 
pouch of Douglas or rectovesical space is the most common 
site for intraperitoneal metastases (occurring in 56% of cases) 
(Fig. 60-18). 110 Other sites include the right lower quadrant 
small bowel loops and medial border of the cecum (41%), 
superior border of the sigmoid colon (21%), lateral border of 
the ascending colon (the right paracolic gutter) (18%), and 
transverse colon. 110 

Radiographic Findings 

Independent of the site of intraperitoneal-seeded metastases, 
the radiographic findings are similar. Initially, there is extrinsic 
mass effect along the side of the bowel wall bathed in peri¬ 
toneal fluid. Direct invasion of the serosa or muscular layers 
of the bowel wall by tumor incites a desmoplastic reaction. 
On barium enema, this desmoplastic reaction is manifested 
in profile by spiculation of the luminal contour and en face 
by tethering and pleating of mucosal folds in a fixed, parallel, 
or angulated pattern. 1 112 Angulation of bowel loops occurs 
predominantly in the sigmoid colon and small bowel. The 
major considerations in the differential diagnosis of serosal 
desmoplastic disease in the pouch of Douglas (or rectovesical 
space in men) include endometriosis, prostatic or cervical 
carcinoma invading the rectum, and an inflammatory process 
in the pouch of Douglas or rectovesical space such as a tubo- 
ovarian abscess or abscess caused by diverticulitis, appendicitis, 



Figure 60-18 Intraperitoneal metastases from ovarian cancer 
invading the rectosigmoid junction. Left side-down decubitus 
radiograph from double-contrast barium enema shows mass effect 
( arrows ) on the left anterolateral wall of the rectosigmoid junction. 

The contour is spiculated. The mucosa, although thrown into thick 
folds, is smooth. 

or Crohn’s disease. The clinical history, physical findings, and 
age of the patient usually allow differentiation of the various 
causes. 

Cecal metastases are invariably accompanied by small bowel 
changes, including scalloping of the mesenteric border of right 
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lower quadrant ileal loops, fixation and angulation of loops, and 
spiculation of the luminal contour. 104 

When peritoneal metastases involve the greater omentum, 
they may secondarily abut and invade the serosa of the trans - 
verse colon. 11 ' These omental cakes initially involve the superior 
border of the transverse colon at the site of attachment of the 
greater omentum. 109 Mass effect may be seen along the superior 
border of the transverse colon on barium enema, with spicula¬ 
tion of the luminal contour and pleating and tethering of 
mucosal folds (Fig. 60-19). The major consideration in the dif- 
ferential diagnosis is gastric carcinoma invading the transverse 
colon via the gastrocolic ligament. The clinical history and pres- 
ence of metastases involving other portions of the colon should 
suggest the correct diagnosis. 109113 Inflammatory processes 
involving the gastrocolic ligament, such as cholecystitis, panere - 
atitis, or diverticulitis, may produce identical radiographic 
Åndings. 

EMBOLIC METASTASES 

The most common primary tumors resulting in embolic metas¬ 
tases to the colon include malignant melanoma and breast and 
lung carcinoma. Carcinoma of the breast is the most common 
primary malignant tumor that spreads to the colon, but breast 
metastases to the colon are usually small lesions that cause no 
symptoms. More than 5% of those who die of metastatic breast 
carcinoma are found to have metastases to the colon at 
autopsy. 114 These metastases may appear on barium enema as 
mural nodules, eccentric strictures, or irregular areas of circum- 
ferential narrowing, producing a linitis plastica appearance. 97 
Hematogenous metastases may occasionally simulate Crohns 
disease of the colon. 

Metastases to the colon from carcinoma of the lung are 
usually small serosal deposits that cause no symptoms. 97 Occa¬ 
sionally, however, lung metastases cause GI bleeding or obstruc¬ 
tion. 115 These metastases may appear radiographically as 
ulcerated submucosal masses (target lesions), short eccentric 
segments of narrowing, or large mesenteric masses with sec- 
ondary desmoplastic serosal changes. 97 

Malignant melanoma involves the small intestine more fre- 
quently than it involves the colon. Metastatic melanoma is 
usually manifested on barium enemas by umbilicated or ulcer¬ 
ated submucosal masses or by bulky, polypoid intraluminal 
masses. 



Figure 60-19 Omental cake from ovarian carcinomatosis invading 
the transverse colon. A. Spot image from a double-contrast barium 
enema shows spiculation of the colonic contour ( arrows ) and thin 
transverse stripes traversing the colon as a result of pleating of the 
mucosa. B. CT scan shows enlargement and increased attenuation of 
greater omentum caused by an omental cake (open arrows ) along 
the anterior border of the transverse colon (T). A large amount of 
malignant ascites deviates the colon and small bowel loops medially. 
At surgery, intraperitoneal and greater omental metastases from 
ovarian carcinoma were found. 
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The polyposis syndromes are rare but fascinating conditions. A 
thorough knowledge of the clinical and radiographic manifes¬ 
tations of these syndromes and their complications is required 
to provide optimal care for affected individuals and their 
families. 

Familial Adenomatous 
Polyposis Syndrome 

Familial polyposis coli, attenuated familial adenomatous pol¬ 
yposis, and Gardner syndrome are varying expressions of the 
same disease. Most cases are caused by the presence of an 
abnormal tumor suppressor gene (the APC gene) located on the 
long arm of chromosome 5. 1 As a result, the term familial ade¬ 
nomatous polyposis syndrome (FAPS) is used to refer to the 
entire Spectrum of this disease. 

FAPS is a relatively rare condition, but it is the most common 
of the polyposis syndromes. 2 Males and females are equally 
affected. FAPS has an autosomal dominant pattern of inheri- 
tance when associated with the APC gene mutation. However, 
up to 30% of patients have no family history of polyposis, sug- 
gesting the presence of spontaneous mutations or an associa¬ 
tion with a different mutation. 3 4 A family history of polyposis 
or colorectal cancer therefore is not required for the diagnosis 
of FAPS. Penetrance is generally thought to be in the range of 
80% to 100%, although in one series it was calculated to be less 
than 60%. 5 In most families, comparative DNA testing alone 
can determine whether a family member is carrying the abnor¬ 
mal APC gene. 6 

In 5% to 30% of patients with FAPS, however, no APC 
mutation can be identified by current genetic testing. 4 A dif¬ 
ferent gene (the MUTYH gene) has also been linked to APC- 
negative patients with FAPS. 4 Interestingly, FAPS associated 
with the MUTYH gene is thought to be inherited in an auto¬ 
somal recessive fashion. The acronym MAP is used for 
MUTYH -associated polyposis. Synonyms include colorectal 


adenomatous polyposis, autosomal recessive, multiple colorec¬ 
tal adenomas, autosomal recessive, and MHY-associated pol¬ 
yposis. Patients with the MUTYH mutation appear to have a 
milder form of the disease than those with the APC muta¬ 
tion. Patients with MAP have fewer polyps (10 to a few 
hundred, and occasionally few or none) compared to patients 
with FAP and an older mean age of 50 years at presentation. 9 
Extracolonic manifestations similar to those of FAP may occur, 
but with decreased incidence. 

COLONIC MANIFESTATIONS 

As the name implies, FAPS is predominantly associated with the 
development of adenomas. In the colon, where the polyposis is 
most severe, the polyps are usually tubular or tubulovillous 
adenomas. Occasionally, villous adenomas are also seen. The 
polyps usually appear at or near puberty and, eventually, an 
average of about 1000 colonic adenomas will develop. 0 The 
adenomas of FAPS are usually small (80% are <5 mm in diam¬ 
eter) and sessile. The polyps involve all portions of the colon 
but may first appear distally. Rectal sparing occasionally may 
be seen. 

A milder phenotype of FAPS, known as attenuated familial 
adenomatous polyposis syndrome (AFAPS), has recently been 
described. These patients generally present with 100 or fewer 
colonic adenomas. 1112 The adenomas tend to be located more 
proximally than those in classic FAPS, so sigmoidoscopy alone 
is inadequate for evaluating these patients. 13,14 Colonic carci- 
noma also develops at an older age, with an average age of 55 
years in patients with AFAPS versus an average age of 40 years 
in patients with classic FAPS. There is no current consensus on 
the diagnostic criteria for AFAPS, but it should be considered 
in a patient with a personal history of colorectal cancer before 
60 years of age and a family history of multiple adenomatous 
polyps and in those with more than 10 but less than 100 
polyps. 15 

The most common clinical symptoms encountered in FAPS 
are rectal bleeding and diarrhea, which occur in more than 75% 
of patients. Abdominal pain, anemia, and mucous discharge are 
less frequently noted. 16,17 However, many patients with FAPS are 
asymptomatic. Regardless of symptoms, colonic carcinomas 
develop in almost every untreated patient and at a much 
younger age than in the general population. 3 The average age 
of colon cancer in untreated patients is 39 years. 18 Thus, DNA 
testing or serial colonic examinations after 10 years of age are 
recommended for other family members at risk for the disease. 13 

Total colectomy with mucosal proctectomy and ileoanal 
anastomosis is the procedure of choice for treatment because it 
eliminates all colonic and rectal mucosa. 19 Surgical intervention 
should be performed by the late teenage years. 1 After surgery, 
continued surveillance is necessary because any surgical proce¬ 
dure that restores intestinal continuity bears a continued risk 
of malignancy in the surgical remnant. For patients who have 
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undergone ileorectal anastomoses prior to current surgical rec- 
ommendations for total colectomy with mucosal proctectomy 
and ileoanal anastomosis, completion surgery should be con- 
sidered because recurring adenomas in the remaining rectal 
mucosa cannot be adequately controlled endoscopically. 

The radiographic appearance of the colon in FAPS varies. 
Typically, innumerable small or moderate-sized sessile filling 
defects carpet the entire colon (Fig. 61-1A). Larger peduncu- 
lated polyps are less common. In some younger patients, 
however, the polyps may be more widely scattered (Fig. 61-1B). 
Correlation with colectomy specimens has shown that barium 
enemas markedly underestimate the number of polyps, espe- 
cially in young patients, whose polyps are often smaller than 
3 mm in diameter. 18 Unfortunately, carcinomas still develop 
because of inadequate screening of family members at risk for 


the disease. Carcinoma may be manifested by a dominant polyp 
(Fig. 61-2), saddle lesion, or advanced annular lesion (Fig. 
61-3). As in the general population, carcinomas are usually 
found in the left side of the colon. 

EXTRACOLONIC GASTROINTESTINAL 
MANIFESTATIONS 

Extracolonic gastrointestinal (GI) manifestations of FAPS are 
well recognized. 20 8 Fundic giand polyps are the most common 
gastric manifestation of FAPS in Western countries, occurring 
in up to 84% of patients. 29,30 In FAPS, both genders are equally 
involved, whereas in the absence of FAPS, fundic giand polyps 
are more common in females. 31,32 The polyps are frequently 
discovered in asymptomatic patients at an average age of 25 to 



Figure 61-1 Various appearances of colonic involvement by familial adenomatous polyposis syndrome. A. In a 10-year-old boy, a double- 
contrast barium enema demonstrates innumerable small polyps in the colon, particularly carpeting the rectosigmoid region. B. In a 17-year-old 
giri, a double-contrast barium enema shows scattered, small to moderate-sized polyps ( arrows ) in the sigmoid colon. 




Figure 61-2 Colonic carcinoma in a 30-year-old 
man who presented with abdominal pain. 

A, B. Intravenous and oral contrast-enhanced CT 
shows liver metastases (arrowheads in A) and 
colocolic intussusception in the transverse colon. 
The lead point is a polypoid mass (arrow in 
B). C. Photograph of the resected colon shows a 
large polypoid adenocarcinoma and numerous 
small polyps. 
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Figure 61-3 Colonic carcinoma in familial adenomatous polyposis 
syndrome. An annular lesion is present in the sigmoid colon ( arrow). 
Scattered small polyps are also present. 


30 years and are almost invariably multiple, appearing as small 
sessile lesions ranging from 1 to 5 mm in diameter. 33 They are 
almost always confined to the fundus and body of the stomach. 
They are characteristically small (5-10 mm), smooth, sessile 
nodules protruding into the gastric lumen. There may be few 
or hundreds, which carpet the gastric fundus. On subsequent 
examinations, the polyps may progress, remain stable, or even 
resolve. 34,35 These polyps have little tendency for malignant 
transformation, although gastric cancer has occasionally been 
reported in patients with preexisting fundic giand polyps. 32 

Tubular and villous adenomas are also found in the stomach 
in patients with FAPS. In Japan, the incidence of gastric adeno¬ 
mas in FAPS ranges from 40% to 50%, whereas in Europe and 
North America, a lower incidence is reported. 24 29 The higher 
incidence of adenomas associated with FAPS in Japan may be 
related to the higher frequency of adenomas and adenocarcino- 
mas in the general population of that country. Gastric adeno¬ 
mas are typically sessile polyps, ranging from 5 to 10 mm in 
diameter, and are multiple in over 50% of reported cases. 35 The 
adenomas are usually located in the distal stomach. 35 Unlike 
fundic giand polyps, gastric adenomas are premalignant lesions, 
so that periodic surveillance of the stomach is required. 

The duodenum is the second most common site of GI 
disease in FAPS. Endoscopic examinations of asymptomatic 
patients in Japan have revealed tubular adenomas in more than 
90% of cases." 6 38 Other screening studies from Western coun- 
tries have revealed adenomas in 47% to 72% of cases. 39 " 41 The 
adenomas range from microscopic to 2 cm in diameter, with 
most being 5 mm or less. The polyps are usually found in the 
second portion of the duodenum, clustered around the papilla. 39 


This differs from the typically bulbar distribution of adenomas 
in patients without FAPS. 40 Villous adenomas are also com- 
monly found and, as in patients without FAPS, they tend to be 
located in the periampullary region of the duodenum. Villous 
adenomas are typically large and are even more likely to undergo 
malignant degeneration. It has been estimated that the lifetime 
incidence of periampullary carcinoma is as high as 12%, and 
that it is now the leading cause of cancer deaths in patients who 
have had a colectomy. It is therefore advocated that surveillance 
of the upper GI tract be performed in asymptomatic patients 
with FAPS beginning at 25 years of age. 1 " 

Adenomas in the jejunum and ileum have been identified in 
most patients in Japan who have undergone intraoperative 
small bowel endoscopy. 39 Small bowel endoscopy performed 
through a cutaneous ileostomy or ileoproctostomy has also 
revealed adenomas in approximately 20% of FAPS patients in 
Western countries." 6 As in the duodenum, these premalignant 
lesions are typically small and numerous. Although several 
cases of adenocarcinoma of the jejunum or ileum have been 
reported—coexisting adenomas have been found in all of these 
cases—the need for routine screening of the small bowel beyond 
the duodenum has not been established. 41 Ileal lymphoid 
hyperplasia occurs more frequently in patients with FAPS than 
in the general population. The gross appearance of these lesions 
is similar to that of adenomas. 41 However, lymphoid hyperplasia 
has no apparent clinical signifkance in these patients. 

Biliary polyps are often found in patients with FAPS studied 
by endoscopic retrograde cholangiopancreatography. 26 Not sur- 
prisingly, cholangiocarcinoma and gallbladder carcinoma have 
also been reported in FAPS. 42 ' 47 Several cases of pancreatic car¬ 
cinoma have been reported, and there is an increased incidence 
of pancreatitis in these patients. 49 

EXTRAINTESTINAL MANIFESTATIONS 

It was not until the 1950s that the extraintestinal manifestations 
of FAPS were well established. Gardner and Richards initially 
described a family of patients with adenomatous polyps of the 
colon, sebaceous cysts, and osteomas. Later, fibrous tumors 
and dental abnormalities were added to the list of lesions 
included in what was subsequently called Gardner syndrome. 51 
Numerous reports have subsequently confirmed the occurrence 
of these and other extraintestinal manifestations that have a 
tendency to appear in certain kindred affected by FAPS. The 
location of the defect in the APC gene and other intracellular 
factors appear to determine whether these manifestations are 
likely to appear. 52 It is unusual to see all manifestations in the 
same patient. 54 

Epidermoid (sebaceous) cysts are the skin lesions usually 
encountered in patients with FAPS. The cysts tend to be located 
on the face and scalp rather than on the back, as in the general 
population. 48 They are uncommon before puberty, but the pres- 
ence of these cysts often precedes the recognition of colonic 
polyps. Otherwise, they have no clinical signifkance. Lipomas 
and small fibrous tumors of the skin are also found in FAPS. 48 

Osteomas are another well-known manifestation of FAPS. 
Like epidermoid cysts, osteomas are usually unimportant unless 
they cause symptoms because of mass effect. In FAPS patients, 
these dense cortical lesions are usually found in the angle of the 
mandible, sinuses, and outer table of the skull (Fig. 61-4). 55 ' 60 
Other flat bones and long bones may be involved. Bone islands 
are also quite common in the maxilla and mandible and may 
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Figure 61-4 Multiple osteomas in a 23-year-old man with familial 
adenomatous polyposis syndrome. Lateral radiograph of the face 
and skuil demonstrates two dense bony lesions (white arrows ) arising 
from the mandible. A subtle lesion (black arrow) is also seen in the 
frontal bone. 


be seen in other flat bones as well. In one series, localized or 
diffuse cortical thickening of the long bones was the most com- 
monly identified bone abnormality in FAPS. Dental abnor- 
malities, particularly unerupted teeth, supernumerary teeth, 
dentigerous cysts, and odontomas, are also common. 59 

Fibrous proliferation is a less common but more important 
feature of FAPS. An increased incidence of postoperative peri- 
toneal adhesions occurs in FAPS, and retroperitoneal fibrosis 
has also been reported. 61 ' 63 Usually, these patients develop 
fibrous tumors (particularly desmoid tumors of the abdominal 
wall) and mesenteric fibromatosis (Fig. 61-5). Histologically, 
desmoids are benign lesions but are nonencapsulated. In FAPS, 
these tumors often develop postoperatively, occurring within 
abdominal incisions, the peritoneal cavity, or the retroperito- 
neum. 62 They usually develop in women of childbearing age and 
may grow rapidly or may first appear during pregnancy or after 
exposure to oral contraceptives. 62 These tumors may recur 
locally after resection, and invasion of bowel is common. Death 
may result from intestinal or vascular obstruction, particularly 
when the lesions are located within the peritoneal cavity. With 
improvements in computed tomography (CT), more subtle, 
diffuse soft tissue infiltration of the mesentery can be identified, 
but this appearance is less likely to be associated with symptoms 
than is an actual mesenteric mass. 62 

Congenital pigmented lesions of the retina are common in 
patients with FAPS; the prevalence of these lesions may 
be higher than 90%. 64 ' 68 Although similar lesions are occasion- 
ally found in the general population, the presence of large, 



Figure 61-5 Mesenteric fibromatosis in a 25-year-old woman 
with familial adenomatous polyposis syndrome. She is status post 
total colectomy with ileoanal anastomosis. Intravenous and oral 
contrast-enhanced CT shows a large heterogeneous mass (arrow) 
arising in the small bowel mesentery adjacent to the ileoanal 
anastomosis. 


multifocal, or bilateral pigmented lesions on funduscopic 
examination is a strong indicator of FAPS. These lesions may 
occur before the development of colonic polyposis, serving as 
a marker for FAPS, but the absence of these lesions does not 
exclude FAPS. 68 

Much has been learned about the association between 
colonic carcinoma and central nervous system malignancies, a 
condition traditionally known as Turcot syndrome. 69 ' 72 Evi- 
dence suggests that many, if not most, of these cases (including 
those in the family first described by Turcot) are actually 
related to the hereditary nonpolyposis colon cancer syndrome 
(HNPCCS) and do not have abnormalities of the APC gene. 70 
Nevertheless, central nervous system tumors are important 
extraintestinal manifestations of FAPS. There is clearly an 
increased incidence of medulloblastomas. There have also been 
case reports of benign intracranial tumors associated with 
FAPS, including intracranial epidermoid cysts and meningio- 
mas. 71 Glial tumors such as ependymomas and astrocytomas 
also occur in FAPS. However, many cases of glioblastoma mul- 
tiforme associated with colonic adenomas or carcinomas that 
were reported in the past were probably related to HNPCCS. 

The prevalence of thyroid carcinoma in FAPS has been cal- 
culated to be 160 times greater than that in the general popula¬ 
tion. Almost all reported cases are papillary, and they are 
frequently multifocal. 73 ' 75 In most series, affected individuals are 
giris or young women, and the thyroid carcinoma is usually 
detected before colonic polyposis becomes apparent. FAPS 
therefore should be suspected in young women with papillary 
carcinoma of the thyroid. 7 ' In one series, however, there was no 
female predominance in patients with thyroid carcinoma and 
FAPS. 74 Other endocrine tumors, including multiple endocrine 
neoplasia type 2, carcinoid tumors, and adrenocortical adeno¬ 
mas and carcinomas, have also been reported in patients with 
Faps . 76 - 80 

Several tumors of the pancreas and liver have been reported 
in FAPS, including pancreatic carcinoma. 81 Solid and papillary 
epithelial neoplasm, neuroendocrine tumors, and intraductal 
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papillary mucinous tumors of the pancreas have also been 
reported. Because of the rarity of these tumors, screening of 
FAPS patients for pancreatic lesions does not appear to be war- 
ranted. Hepatoblastomas have also been reported with increased 
frequency in the children of patients with FAPS. 82 

Hamartomatous Polyposis Syndromes 

The other polyposis syndromes, which occur less frequently 
than FAPS, include Peutz-Jeghers syndrome (PJS), multiple 
hamartoma syndrome (MHS), juvenile polyposis (JP), 
Cronkhite-Canada syndrome (CCS), and Bannayan-Riley- 
Ruvalcaba syndrome (BRRS). These conditions are collectively 
known as the hamartomatous polyposis syndromes. 82 The 
term hamartoma implies a non-neoplastic tumor composed of 
normal tissue elements. Hamartomatous polyps may coexist 
with adenomatous polyps, explaining the association of alimen- 
tary tract adenocarcinoma with most of these syndromes, 
although they account for less than 1% of all colorectal carci- 
nomas in North America. 86 

PEUTZ-JEGHERS SYNDROME 

PJS is an inherited condition characterized by a unique type of 
GI hamartoma, mucocutaneous pigmentation, neoplasms 
outside the alimentary tract, and an increased risk for GI carci- 
noma. PJS has an autosomal dominant pattern of inheritance 
and affects both genders equally. The only gene associated with 
PJS is a tumor suppressor gene, STK11 , previously known as 
LKB1 gene, located on chromosome 19. 85-88 There are, however, 
a substantial number of PJS patients in whom there is no 
linkage to chromosome 19, suggesting that other genes also play 
a role in the development of this syndrome. 

The characteristic feature of the PJS hamartoma is a smooth 
muscle core arising from the muscularis mucosae and extend- 
ing into the polyp, much like the trunk and branches of a tree. 
The mucosa covering the polyp is similar to that normally 
found in the portion of the gut in which the polyp arises. Some 
PJS polyps may cause displacement of the epithelial elements 
within the submucosa, muscularis propria, and subserosa; this 
finding should not be mistaken for an invasive mucinous 
adenocarcinoma. 84 

Mucocutaneous pigmentation is one of the most character¬ 
istic features of PJS. Brown or bluish-black macules usually 
occur on the lips and buccal mucosa (Fig. 61-6) and, less com- 
monly, on the eyelids and dorsal surfaces of the fingers and soles 
of the feet. The pigmentation is rarely present at birth, usually 
appearing after the first or second year of life. The skin and lip 
pigmentation fades gradually in adulthood, whereas the macules 
on the buccal mucosa remain unchanged. 83,86 

Most patients have recurrent episodes of abdominal pain 
related to small bowel intussusceptions caused by the hamarto¬ 
matous polyps. These intussusceptions usually resolve sponta- 
neously. However, persistent intussusceptions may cause small 
bowel obstruction, necessitating surgical intervention. Less fre¬ 
quently, patients may have rectal bleeding or melena. Life- 
threatening GI hemorrhage is extremely uncommon. 

Patients with PJS are at increased risk for developing adeno¬ 
carcinoma of the GI tract. Most of these carcinomas are located 
in the colon, followed in decreasing order of frequency, by the 
stomach, duodenum, and esophagus. 86 Although the exact prev- 
alence of GI carcinoma is unclear, studies suggest that at least 



Figure 61-6 Classic mucocutaneous pigmentation of Peutz- 
Jeghers syndrome. Bluish black macules are seen on the lips and 
buccal mucosa. 


10% of patients with PJS develop GI cancer 88,89 and that females 
with PJS are more likely to develop these tumors. 86,90 It is uncer- 
tain whether carcinoma in PJS develops from malignant trans¬ 
formation of a hamartomatous polyp, from a coexisting 
adenomatous polyp, or de novo. However, cases of dysplasia 
and carcinoma occurring within a PJS hamartoma are well 
documented. 91-98 

Patients with PJS are also at increased risk for developing 
extraintestinal malignancies, which have a reported prevalence 
of 10% to 30%. The most commonly implicated tumors include 
carcinoma of the pancreas, breast, and ovary." 103 Pancreatic 
cancers in PJS have a tendency to develop at an unusually early 
age, with the risk estimated to be 200 times greater than that in 
the general population. 9 Breast cancer tends to occur in 
young women, is usually ductal, and is commonly bilateral. 
The risk for breast cancer in patients with PJS is similar in 
magnitude to that in patients with hereditary breast cancer 
(. BRCA1 and BRCA2). 107 

Rare neoplasms of the reproductive tract may also occur in 
patients with PJS. Adenoma malignum is a uterine cervix cancer 
with a relatively benign histologic appearance but an aggressive 
biologic behavior. 108-111 A benign ovarian tumor, designated as 
sex cord tumor with annular tubules (SCTAT), also commonly 
occurs in women with PJS. 1 1 113 These tumors are often bilat¬ 
eral, small or microscopic, and calcified, whereas in patients 
with SCTAT without PJS, the tumors are usually larger and 
unilateral. 110 These benign ovarian tumors are capable of pro- 
ducing both estrogen and progesterone. In faet, hyperestrogen- 
ism may contribute to the increased incidence of breast 
carcinoma in patients with PJS. More common benign and 
malignant ovarian neoplasms also occur. Sertoli cell tumors of 
the testes have occasionally been reported in males with PJS. 
Like SCTAT, these tumors are benign, microscopic, and often 
bilateral. They may also produce estrogen, leading to gyneco- 
mastia. 115 Other neoplasms reported less frequently in patients 
with PJS include benign and malignant tumors of the thyroid 
giand, gallbladder, ureter, urinary biadder, bronchus, and nasal 
cavity. 99, 101,114-118 

PJS hamartomas are found predominantly in the jejunum 
and ileum, followed by the duodenum, colon, and stomach 
(Figs. 61-7 and 61-8). 119 Individual polyps vary in size and may 
be peduneulated or sessile. Pedunculated polyps are usually 
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Figure 61-7 Fluoroscopic 
features of Peutz-Jeghers 
syndrome. A. Spot radiograph 
from a double-contrast upper 
gastrointestinal series in a patient 
with Peutz-Jeghers syndrome 
shows a multilobulated polyp 
( arrow ) on a stalk ( arrowhead ) in 
the stomach. B. Radiograph from 
a small bowel series in a different 
patient shows a lobular filling 
defect ( arrowhead ) in the jejunum 
from a hamartomatous polyp and 
intussusception ( arrows ). 



Figure 61-8 Peutz-Jeghers 
syndrome in a 22-year-old man 
who presented with acute 
abdominal pain, nausea, and 
vomiting. A-D. Intravenous and 
oral contrast-enhanced CT shows 
multiple hamartomas polyps 
throughout the gastrointestinal 
tract. Polyps are present in the 
stomach and colon (arrows in 
A and D). Two small bowel 
intussusceptions are present 
(arrows in B and C). 



located in the small bowel or colon, whereas sessile polyps are 
more common in the stomach. 1 Larger hamartomas often 
have a lobulated surface (see Fig. 61-7A). It is more common 
for PJS polyps to occur in clusters than for the lesions to carpet 
the bowel. 88 A solitary hamartoma involving one segment of the 
GI tract may occur but is uncommon. Intussusception caused 
by small bowel hamartomas is an important radiologic feature 
of PJS. Transient intussusceptions may occasionally be observed 
on barium studies, ultrasonograms, and CT scans. 118 


A combination of radiologic and endoscopic studies should 
be used to diagnose these polyps. Upper endoscopy and screen¬ 
ing of the small bowel with capsule endoscopy, magnetic reso- 
nance (MR) enterography, or CT enterography is recommended 
for surveillance beginning at 8 years of age or when symptoms 
occur. 122 Colonoscopy should also begin at age 8 and repeated 
every 3 years. 122 Ultrasonography is particularly useful for 
detecting ovarian and testicular tumors. The role of screening 
mammography for young women (25-35 years of age) with 
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PJS remains controversial. Screening with breast MR imaging 
(MRI) in addition to self-examination has been recom- 
mended. 119 Cross-sectional imaging studies may be helpful for 
the diagnosis of extraintestinal abnormalities. 

When a preoperative diagnosis of PJS is made, these patients 
can benefit from intraoperative endoscopic removal of small 
bowel polyps, a procedure that reduces the risk of adenocar- 
cinoma and further intussusceptions. This form of treatment 
is preferable to small bowel resection because some patients 
with PJS develop short bowel syndrome from multiple 
enterectomies. 122 

MULTIPLE HAMARTOMA SYNDROME 
(COWDEN DISEASE) 

MHS is a genodermatosis characterized by hamartomas and 
neoplasms of ectodermal, mesodermal, and endodermal origin, 
affecting multiple organs and organ systems. 1231 The preva- 
lence of MHS is 1 per 200,000. Patients usually present in 
their late teens or early 20s, with almost all patients presenting 
by their late 30s. 128 The most consistent clinical features are 
mucocutaneous lesions associated with thyroid giand abnor¬ 
malities, breast carcinoma, hamartomatous polyposis of the 
GI tract, and abnormalities of the central nervous system. This 
syndrome has an autosomal dominant pattern of inheritance. 
As many as 80% of patients with MHS have a mutation in 
the tumor suppressor gene PTEN located on the long arm of 
chromosome 10. 29 As a result, patients with MHS and PTEN 
mutation are classified as part of the PTEN hamartoma syn¬ 
drome, which also includes patients with PTEN mutations 
and BRRS, PTEN -related Proteus syndrome, and Proteus-like 
syndrome. 129 

Mucocutaneous lesions are present in almost all patients 
with MHS and are considered the hallmark of the disease. Facial 
trichilemmomas are pathognomonic of MHS and can develop 
before the internal manifestations of this condition. Keratotic 
papules around the mouth and nose, labial and oral mucosal 
papillomatoses, acral keratoses, and multiple sclerotic fibromas 
are the most characteristic lesions, serving as external markers 
for the syndrome. 130 ' 138 These benign mucocutaneous lesions 
almost always develop early in the disease (usually in the third 
decade of life) before the neoplastic manifestations have devel- 
oped. 139 Recognition of these features is therefore essential for 
the early diagnosis of MHS and initiation of screening pro¬ 
grams for associated neoplasia. 

Thyroid disease is the most frequent extracutaneous 
abnormality, occurring in about 65% of patients with MHS. 
Goiters and adenomas are the most common lesions, and 
men and women are affected equally. 123,131 Thyroid carcinoma 
has been reported in about 10% of patients, with the most 
common subtypes being follicular and papillary carcinoma. 
Almost all cases of thyroid carcinoma have been reported 
in women. 126,134 

About 70% of women with MHS have breast lesions. Fibro- 
cystic disease is the most common Ånding, occurring in at least 
50% of patients. 126,137,140,141 Carcinoma of the breast (often bilat¬ 
eral ductal cancer) is the most common malignant tumor in 
MHS, occurring in 25% to 50% of patients. 7 The age at onset 
is 38 to 46 years, which is earlier than expected for the general 
population. Breast screening with self-examination, MRI, and 
possibly mammography, as in patients with PJS, should be 
encouraged in young women with MHS. 


Multiple central nervous system abnormalities have also 
been described in patients with MHS. Lhermitte-Duclos disease 
(dysplastic gangliocytomas of the cerebellar cortex) is readily 
diagnosed by MRI of the brain and is now considered one of 
the major criteria for the diagnosis of MHS. 140 ' 143 After MHS or 
Lhermitte-Duclos disease has been diagnosed, careful evalua- 
tion of the patient for the other entity is therefore crucial. 148 
Meningiomas and vascular malformations, including venous 
angiomas and cavernous angiomas, have also been found to 
occur in patients with MHS. 144,145 

Many patients with MHS have facial or skeletal abnormali¬ 
ties. Macrocephaly, with a high broad forehead, is one of the 
most characteristic features. 145 Progressive macrocephaly may 
be accompanied by a delay in psychomotor development. 145 

Genitourinary lesions are frequent and include uterine leio- 
myomas, endometrial and cervical carcinomas, and transitional 
cell carcinomas of the renal pelvis and urinary biadderA 9 Renal 
cell carcinomas have also been reported. 

Polyps of the GI tract occur in 70% to 85% of patients with 
MHS. 146 ' 152 They occur in all segments of the GI tract with 
variable reported histology, including hamartomas, hyperplas- 
tic polyps, and adenomatous polyps, followed less frequently 
by lipomas, ganglioneuromas, and inAammatory fibroid polyps. 
When present, hyperplastic polyps are usually located in the 
stomach, and adenomatous polyps are usually located in the 
stomach or colon. The hamartomas in MHS differ histo- 
logically from the hamartomas in PJS. They are usually sessile 
and smaller, with less exophytic and arborizing proliferation 
of the muscularis mucosae. Hamartomatous polyps are the 
most commonly described polyps in MHS and are the pre- 
dominant lesions in the rectosigmoid colon. 151,156 Although 
hamartomas occur in the esophagus, glycogenic acanthosis 
appears to be a more consistent Ånding in the esophagus and 
is considered by some to be another characteristic feature of 
MHS (Fig. 61-9). 152 

The GI polyps of MHS usually appear radiographically as 
multiple small, sessile lesions with a segmental or diffuse distri¬ 
bution. They are usually located in the rectosigmoid colon fol¬ 
lowed, in decreasing order of frequency, by the stomach, 
duodenum, small bowel, and esophagus. 151152 

In most patients, GI polyps cause no symptoms and are 
usually found incidentally or during screening for MHS. Rare 
cases of colon and gastric carcinoma have been described in 
MHS, but an increased risk of developing these malignancies in 
patients with MHS has not been established. 150,151,153 

JUVENILE POLYPOSIS 

Although an isolated juvenile polyp is the most common tumor 
of the colon in children, JP is a rare disease. The age at onset is 
variable, but most patients present during the second decade of 
life. 154 ' 159,161 The criteria for establishing a diagnosis of JP include 
the following: (1) more than Ave juvenile polyps in the colon 
or rectum; (2) juvenile polyps throughout the GI tract; and/or 
(3) any number of juvenile polyps in a patient with a family 
history of juvenile polyps. 158 Affected individuals may present 
with bleeding, obstruction, and intussusception, but many 
patients are asymptomatic. 

The genetics are not precisely deAned, but JP appears to have 
an autosomal dominant pattern of inheritance. 158 About 25% 
of newly diagnosed cases of JP are sporadic; the remaining 75% 
of patients have a family history of JP. Two genes have been 
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Figure 61-9 Glycogen acanthosis in multiple hamartoma syndrome. A. Multiple lucent plaque-like filling defects are present in the 
esophagus on a double-contrast esophagram. B. Endoscopic photograph shows characteristic white plaques with normal surrounding mucosa. 


implicated in the development of JP. One gene is located on 
chromosome 18 (SMAD4) and the other on chromosome 10 
(BMPR1A). 158 Approximately 20% of patients with JP have 
mutations in BMPR1A and 20% have mutations in SMAD4. 158 
Various congenital anomalies, including hydrocephalus and 
pulmonary venous malformations, occur in 25% of nonfamilial 
cases of JPS but are rare in patients with the familial form of 
the disease. 159 ’ 160 

Patients with JP are at increased risk for developing malig- 
nant tumors of the colon, stomach, small intestine, and pan- 
creas. 161-168 Evidence indicates that the risk of colon cancer is 
17% to 22% by 35 years of age and as high as 68% by 60 years 
of age. In patients with gastric polyps, the incidence of gastric 
carcinoma is more than 20%. 158,162 Precancerous dysplasia in 
juvenile polyps has been well documented and suggests that 
carcinoma may arise in such lesions. Current screening recom- 
mendations for patients with JP include colonoscopy every 1 to 
2 years beginning at 15 years of age and upper endoscopy begin¬ 
ning at 25 years of age. 158 Investigators have fo und that family 
members of patients with JP may also be at risk for developing 
malignant tumors of the GI tract, so the families of these 
patients should also be evaluated carefully. 165 

In the colon, the polyps vary in size but, as in patients with 
isolated juvenile polyps, they tend to be large lesions with a 
diameter of 1 cm or more. These polyps can be sessile or pedun- 
culated. When the polyps are distributed throughout the GI, 
they are still more likely to be clustered than to carpet the 
mucosa. In decreasing order of frequency, the polyps in JP occur 
in the colon, stomach, small bowel, and duodenum. Gastric 
polyps in JP are predominantly located in the gastric antrum 
(Fig. 61-10). 169175 

JP of infancy is a severe disease. 1 180 Most patients present 
in the first 2 years of life with a devastating mucoid or bloody 
diarrhea. There is usually no family history of JP. Anemia, hypo- 
proteinemia, and repeated episodes of bronchopulmonary 
infection and small bowel intussusception result in early death 


for most patients. Ectodermal changes resembling those of 
adult Cronkhite-Canada syndrome and congenital anomalies, 
including dubbing of the fingers, macrocephaly, and arachnoid 
cysts, have been reported in a small number of patients. 180 Juve¬ 
nile polyps vary in size and are distributed throughout the GI 
tract, except for the esophagus. The small bowel and colon are 
most severely affected. 181 

CRONKHITE-CANADA SYNDROME 

Unlike most of the other polyposis syndromes, CCS is not 
familial and occurs in older adults. 1 The average age at 
onset is 60 years, with an age distribution of 31 to 76 years. (A 
condition known as Cronkhite-Canada syndrome of infancy is 
probably the same disease as infantile juvenile polyposis.) 
Mental and physical stress has been suggested as an important 
factor in the development of this disorder. 185 

The histologic appearance of the GI polyps was not charac- 
terized in the first reported cases, but it is generally thought that 
the lesions of CCS are inflammatory polyps. 188 Adenomatous, 
hyperplastic, and hamartomatous polyps have also been 
reported in smaller numbers in patients. 188 ' 190 Colon cancer has 
been reported in about 12% of the 387 documented cases of 
CCS to date. 190 

Patients with CCS typically present with abdominal pain, 
anorexia, a severe protein-losing diarrhea, malabsorption, and 
weight loss. This severe diarrhea causes electrolyte disturbances, 
anemia, and hypoproteinemia. Ectodermal abnormalities of the 
skin, hair, and nails generally follow the onset of GI symptoms. 
Hair loss involving the scalp or body occurs abruptly. Brown 
macules develop on the palmar and plan tar skin surfaces. Dys- 
trophic changes in the nails may lead to complete nail loss (Fig. 
61-11). Rarely, the ectodermal manifestations precede the onset 
of GI disease. 189191 The ectodermal changes and even the GI 
polyps may regress when clinical remission occurs. 187,190,191 The 
prognosis is usually poor, with a mortality rate of more than 
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Figure 61-10 Juvenile 
polyposis in a 52-year-old man 
presenting with hematemesis. 

He had a family history of juvenile 
polyposis and a history of colonic 
juvenile polyp resection. 

A. Radiograph from an upper 
gastrointestinal series shows 
innumerable filling defects 

in a distended stomach. 

B. Intravenous contrast-enhanced 
CT shows innumerable low- 
attenuation polyps nearly filling 
the stomach. 



Figure 61-11 Radiographic 
and clinical features of 
Cronkhite-Canada syndrome. 

A. In a 34-year-old woman, a 
double-contrast study of the 
stomach shows carpeting of the 
mucosa with hamartomatous 
polyps superimposed 

on enlarged rugal folds. 

B. Dystrophic nail changes are 
seen in a different patient with 
Cronkhite-Canada syndrome. 


50%. However, evidence has suggested a more favorable prog- 
nosis after intense therapy with corticosteroids and nutritional 
support. 191 ’ 192 

Polyps in CCS usually appear on barium studies as small, 
sessile or, less commonly, pedunculated lesions. They are almost 
always distributed throughout the stomach, small bowel, and 
colon. 19 Definite esophageal involvement has not been reported. 
In the stomach, small to moderate-sized polyps carpet the 
mucosal surface, usually superimposed on thickened rugal folds 
(see Fig. 61-11). The small bowel may contain multiple small 
polyps from the duodenum to the terminal ileum. The colon 
and rectum may also be diffusely involved, but carpeting of the 
mucosa is not as extensive as that in the stomach. 193 

BANNAYAN-RILEY-RUVALCABA SYNDROME 

Because of overlapping clinical features, three syndromes— 
Riley-Smith syndrome, Bannayan-Zonana syndrome, and 
Ruvalcaba-Myhre-Smith syndrome—have been combined into 


a single entity, the Bannayan-Riley-Ruvalcaba syndrome 
(BRRS). 194,195 This syndrome has an autosomal dominant 
pattern of inheritance. 194 195 A PTEN gene mutation is present 
in 50% to 60% of patients with BRRS, the same gene associated 
with MHS. 138 Some authors now believe that BRRS and MHS 
may be the same syndrome, because there is overlap in the 
genetic and clinical manifestations of these diseases. 83 Also, 
families have been reported in which some members had MHS 
and others had BRRS. 142 

The most common clinical features of BRRS include macro- 
cephaly and multiple subcutaneous and visceral lipomas and 
hemangiomas. About 50% of patients have delayed psychomo- 
tor development, hypotonia, and mild to severe mental defi- 
ciency. Male patients may have pigmented spotting of the penis. 

Hamartomatous intestinal polyps are present in about 45% 
of patients with BRRS. They are usually located in the 
distal ileum and colon but can be found throughout the GI 
tract. 83, 195-198 An increased risk of GI malignancy has not been 
described in these patients. 
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Colonic Obstruction 

Mechanical large bowel obstruction is four to five times less 
common than small bowel obstruction and differs significantly 
in terms of cause (Table 62-1), pathophysiology, therapy, and 
prognosis. 1 ' 4 Colon obstruction is most often the result of a 
neoplasm (Table 62-2), whereas most small bowel obstructions 
are caused by adhesions. 5,6 A number of extracolonic disease 
processes, including gynecologic diseases, can secondarily 
involve the large bowel, leading to obstruction or formation of 
strictures and fistulas. 7 

PATHOPHYSIOLOGY 

When colonic obstruction is caused by diverticulitis or cancer, 
symptoms are usually subacute or chronic. Swallowed air proxi- 
mal to the obstruction causes dilation, but third spacing of 
fluid in the gut lumen characteristic of small bowel obstruction 
is not seen. Strangulation rarely occurs, except in occasional 
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cases of volvulus. 8 Colonic response to the mechanical obstruc¬ 
tion depends on the competency of the ileocecal valve (Fig. 
62-1). The small bowel serves to decompress the colon when 
the valve is incompetent. A closed loop obstruction develops 
when the valve is competent because the colon cannot 
decompress. 

The cecum has the largest diameter of the colon, and there- 
fore its wall develops the highest tension, according to Laplace’s 
law (wall tension = intraluminal pressure x radius). The 
increased pressure may cause separation of the muscle fibers, 
leading to cecal diastatic perforation. Dissection of air into the 
wall results in pneumatosis, which may precede frank perfora¬ 
tion. 9 The risk of perforation increases when the cecum 
reaches a diameter of 9 to 12 cm. 11 The duration and rapidity 
of onset of the distention are also important. The intralu¬ 
minal pressure needed to produce perforation is between 20 
and 55 mm Hg. 14 Ischemia and bacterial overgrowth also play 
a role in cecal perforation, and the systemic effects seen with 
strangulating obstruction. 15,16 
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TAB LE 

62-1 

Causes of Mechanical Large 

Bowel Obstruction 

Intrinsic Defects 

Extrinsic Defects 

Neopl 

asms 

Volvulus 

Benign 

Secondary 

Malignant 

Primary 

Inflammatory 

Hernias 

Diverticulitis 

Internal 

Ulcerative colitis 

Extern al 

Crohn's disease 

Adhesions 

Amebiasis 

Mass compression 

Tuberculosis 

Carcinomatosis 

Intussusception 

Abscess 

Obturation 

Pregnancy 

Gallstones 

Cysts 

Foreign bodies 

Pancreatitis 

Meconium 

Medications 

Enteroliths 

Bezoars 

Worms 

Congenital 

Atresia 

Stenosis 

Imperforate anus 

Cysts and duplications 

Miscellaneous 

Post-traumatic events 

Pneumatosis intestinalis 

Endometriosis 


Incidence of Colonic Obstruction by Cause 


Cause 


Incidence (%) 


Carcinoma 55 

Volvulus 11 

Diverticulitis 9 

Extrinsic cancer 8 

Adhesions 4 

Impaction 3 

Hernia 2 

Intrinsic 4 


CLINICAL FINDINGS 

Because most colonic obstructions are caused by cancer, patients 
are usually older adults and have symptoms related to tumor 
location. Signs and symptoms are often insidious with right 
colon lesions because the lumen is large and the contents are 
semiliquid. These patients often present with pain, a palpable 
mass, and anemia. 17 Left-sided lesions cause progressive consti- 
pation and, ultimately, obstipation, with abdominal distention 
and pain. If the ileocecal valve is incompetent, retrograde 
decompression produces the gradual onset of distention and, 
eventually, feculent vomiting. 18,19 Lesions occurring at the ileo¬ 
cecal valve or ileocolic intussusception cause more acute symp¬ 
toms of small bowel obstruction—abdominal pain, distention, 
vomiting, and obstipation. 18,19 Patients with volvulus may 
develop pain and distention rapidly if a closed loop obstruction 
and bowel ischemia are present. 20 On physical examination, an 
abdominal mass may be present (e.g., advanced right-sided 
colon cancer) and distention may be most marked in one region 
(e.g., the left upper quadrant in cecal volvulus). Bowel sounds 
are often hyperactive, particularly with superimposed small 



Competent Incompetent 

Figure 62-1 Importance of the ileocecal valve to the radiologic 
findings in large bowel obstruction. If the ileocecal valve is 
competent (left), pronounced cecal dilation can occur. An 
incompetent valve (right) allows retrograde decompression into the 
small bowel. (From Welch JP [ed]: Bowel Obstruction. Philadelphia, 
WB Saunders, 1990.) 


bowel obstruction. Marked tenderness or rebound suggests per- 
foration or strangulation. 1819 

RADIOLOGIC APPROACH TO SUSPECTED 
LARGE BOWEL OBSTRUCTION 

Radiography 

Abdominal radiographs obtained in the supine and erect or left 
lateral decubitus positions are often the initial means of imaging 
patients with suspected obstruction. 21 These radiographs may 
confirm the diagnosis, locate the site of obstruction and, in 
some cases, identify the nature of the obstructing lesion. The 
colon is usually dilated proximal to the obstruction; however, if 
the ileocecal valve is incompetent, the appearance may mimic 
that of small bowel obstruction. The radiographic findings 
on plain radiographs in bowel obstruction are discussed in 
detail in Chapter 10. 

Contrast Enemas 

If the plain abdominal radiographs show convincing evidence 
of large bowel obstruction caused by volvulus or ileocolic intus¬ 
susception, a contrast enema, preferably with a water-soluble 
medium, is the next step in patients with suspected large bowel 
obstruction. Although barium is inherently a better contrast 
agent, it may interfere with future studies, such as computed 
tomography (CT) or colonoscopy. If the patient pro ves to have 
a pseudo-obstruction rather than true obstruction, the barium 
may remain within the colon for days. 29 A water-soluble enema 
can also be therapeutic in patients with fecal impactions. 29 
Because oral barium can inspissate proximal to a partial or 
complete large bowel obstruction, it is important to exclude an 
obstructing colonic lesion before the small bowel is examined 
with barium. 30,31 

Computed Tomography 

CT is now the imaging modality of choice for patients with 
known or suspected obstruction. It is the best noninvasive 
means of answering the following key questions: 

• Is the bowel obstructed? 

• What is the level of the obstruction? 

• What is the cause of the obstruction? 

• Is the obstruction simple or closed loop? 
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• Are ischemic changes present? 

• Does the patient need immediate surgery, or should a trial 
of conservative therapy be attempted first? 

CT is most valuable when there are systemic signs sug- 
gesting infection, bowel infarction, or an associated palpable 
mass. 2 CT identifies bowel obstruction as distended bowel 
loops seen proximal to collapsed loops and can reveal the 
cause of obstruction, such as tumor, volvulus, diverticulitis, 
or appendicitis. 33 The transitional zone should be carefully 
evaluated for masses. 32 

Ultrasonography and Magnetic Resonance Imaging 

Although CT is the best examination for evaluating patients 
with suspected colon obstruction, ultrasonography and mag¬ 
netic resonance imaging (MRI) can also determine the level and 
cause of obstruction, particularly in children and pregnant 
women. 34,35 

MAJOR TYPES OF COLONIC OBSTRUCTION 

Carcinoma of the Colon 

Large bowel obstruction is caused by intrinsic colon carcinoma 
in approximately 55% of cases. " 6. Almost 20% of colon cancers 
are complicated by some degree of obstruction; 5% to 10% are 
complicated by complete obstruction, which requires emergent 


surgical intervention. 38 The mortality rate is high (10%-30%) 
in patients requiring emergency surgery, regardless of the site 
of tumor. 38,39 This is a reflection of advanced tumor stage, 
advanced patient age, and associated cardiorespiratory disease, 
malnutrition, sepsis, and surgical stress. 40,41 Mortality is even 
higher if there is concurrent perforation. Patients who present 
with obstructing colon carcinoma have low curability and 
survival rates because of advanced disease at the time of 
diagnosis. 42 

The sigmoid colon is the most common site of obstructive 
colon cancer because of its relatively narrow diameter and solid 
fecal contents. The location of obstruction in one series was as 
follows: cecum, 11%; right colon, 5%; hepatic flexure, 3%; 
transverse colon, 11%; splenic flexure, 12%; descending colon, 
10%; sigmoid colon, 35%; and rectum, 13%. 37 The ratio of 
obstructing carcinomas to total tumors is similar in the right 
(Fig. 62-2) and left colon but lower for rectal lesions. Tumors 
of the transverse colon and splenic flexure are at particular risk 
for obstruction before clinical detection. 43 The risk of develop- 
ing obstruction in tumors at a particular site has been estimated 
as 50% for splenic flexure lesions, 25% for right- and left-sided 
ones, and 6% for rectal tumors. 1 14 Perforation occurs in 3% to 
8% of patients with malignant obstruction. 8 The most common 
site of perforation is the cecum rather than adjacent to the 
tumor. 45,46 


Figure 62-2 CT in the 
evaluation of large bowel 
obstruction. A. Axial image 
shows an enhancing, obstructing 
mass ( arrow ) at the junction of 
the descending colon and 
sigmoid colon. B. Coronal 
reformatted image demonstrates 
the obstructing cancer (arrow) 
and dilated, fluid-filled colon, and 
small bowel. C. Sagittal depiction 
of the cancer (arrow) and dilated, 
fluid-filled colon, and small 
bowel. 
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The clinical presentation of obstructive colon cancer depends 
on the location, duration, and completeness of obstruction, as 
well as on the competency of the ileocecal valve. Tumors located 
near the ileocecal valve can produce symptoms suggesting a 
distal small bowel obstruction. Some right colon tumors act as 
lead points for colocolic intussusception; others may perforate, 
causing abscess formation and obstruction. Leff- sided colon 
tumors tend to obstruct in an annular fashion or by a polypoid 
lesion that reaches a size sufficient to obstruct the lumen. The 
rectum is not a common site of obstruction because of its 
greater diameter and distensibility and because rectal cancers 
often cause rectal bleeding, prompting earlier medical atten¬ 
tion. The usual treatment of obstructive colon cancer is surgical 
resection or diverting colostomy; however, expandable metallic 
stents can be used for palliation or to allow bowel cleansing 
before surgical resection. 47,48 

Diverticulitis 

Large bowel obstruction is the result of diverticular disease in 
about 12% of cases. Diverticulitis can cause small and large 
bowel obstruction. Partial colonic obstruction can complicate 
acute diverticulitis as a consequence of edema and pericolic 
inflammation or abscess formation. High-grade obstruction is 
uncommon; it is far more frequently caused by carcinoma of 
the colon. Usually, obstruction follows recurrent attacks of 
diverticulitis, with marked fibrosis of the colon wall leading to 
narrowing and eventually stricture formation. The site of 
obstruction is usually in the sigmoid colon, near the site of 
inflammation. Obstruction of the transverse or right colon 
attributable to diverticulitis is rare. 49,50 

Clinically, patients with sigmoid diverticulitis complain of 
leff lower quadrant pain, fever, and abnormal bowel habits. It 
is important for these symptoms to be differentiated from those 
of carcinoma of the colon, an often difficult task clinically and 
radiologically (Fig. 62-3 and Table 62-3). Symptoms of sigmoid 
colon cancer are usually more insidious, with rectal bleeding, 
constipation, and weight loss. 51-56 A more complete discussion 
of diverticular disease can be found in Chapter 55. 

Volvulus 

Volvulus refers to torsion or twist of an organ on a pedicle to a 
degree sufficient to cause symptoms. Large bowel volvulus (Fig. 
62-4) accounts for about 10% of colon obstructions and can 
affect the sigmoid colon (Fig. 62-5), cecum (Figs. 62-6 and 62- 
7), transverse colon and, rarely, the splenic flexure. Symptoms 
are caused by narrowing and obstruction of the gut, strangula¬ 
tion of the biood vessels, or both. 

The major predisposing factors necessary for colonic volvu¬ 
lus are a segment of redundant mobile colon on a mesentery or 
mesocolon and a fixed point around which rotation can occur. 
The sigmoid colon (Fig. 62-8) is therefore the most frequent 
site of colonic volvulus, especially in patients older than 60 
years. 60,61 Sigmoid volvulus is not caused by a congenital defect 
but by dietary and behavioral factors, including increased fiber 
in the diet, which increases the bulk of stool and elongates the 
colon. Cecal or ascending colon volvulus occurs in patients with 
a congenital defect in attachment of the right colon or postpar- 
tum ligamentous laxity and a mobile cecum. 62 Anything that 
causes colon distention, including pseudo-obstruction, distal 
tumor, endoscopy, enemas, and postoperative ileus, may pre- 
cipitate cecal volvulus in susceptible individuals. Transverse 
colon volvulus occurs in patients with a redundant transverse 




Figure 62-3 Sigmoid diverticulitis versus carcinoma: barium 
enema findings. A. Carcinoma in diverticular disease. B. Stricturing 
attributable to diverticular disease. (From Bartram CT, Kumar P; 
Clinical Radiology in Gastroenterology. Oxford, England, Blackwell 
Scientific, 1981, p 132.) 


table Radiologic Differentiation of Sigmoid 

62-3 Diverticulitis from Carcinoma 


Diverticulitis Carcinoma 


Spastic bowel 
Cone-shaped edges 
Long segments 
Mucosa preserved 
Variable constriction between 
examinations 
Diverticula present 
Obstruction without tumor 


Normal adjacent bowel 
Sharp margins, shelflike 
Short segments 
Mucosa destroyed 
Progressive obstruction 

Occasional diverticula 
Obstruction with tumor 


colon on a long mesentery, 63 and splenic flexure volvulus occurs 
in patients with deficiency of the normal attachments of the 
splenic flexure to the posterior peritoneal wall, usually as a 
result of prior surgery. 64,65 The frequency of colon volvulus is as 
follows: sigmoid colon, 50% to 75%; cecum, 25% to 40%; and 
transverse colon, 0% to 10%. A rare cause of combined colon 
and small bowel obstruction is the ileosigmoid knot. 66 " 68 A 
detailed discussion of colonic volvulus and its conventional 
radiographic features can be found in Chapter 10. 

On CT, a whirl sign has been described in volvulus. The whirl 
is constituted by the afferent and efferent limbs leading into the 
volvulus. Tightly twisted mesentery and bowel compose the 
central portion of the whirl. The progressive tapering of the two 
limbs leading to the twist on CT corresponds to the so-called 
beak seen on barium enema. The distended and redundant 
sigmoid colon may overlie the liver and extend cephalad to the 
transverse colon (the so-called northern exposure sign. 69 ' 71 
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Figure 62-4 The three major sites of colonic volvulus. 

A. Sigmoid volvulus. Adjacent middle walls of the dilated 
sigmoid colon (SC) form a double line on radiographs 
that converges on the point of twist in the sigmoid 
mesocolon. B. Transverse colonic volvulus. The caudal 
border of this ptotic colon is rounded, and the central 
double bowel wall does not extend to the sigmoid 
mesentery. C. Cecal volvulus. The dilated cecum twists 
clockwise, obstructing the ascending colon, and the 
terminal ileum (TI) swings around the dilated bowel. 

AC, Ascending colon; DC, descending colon; 

TC, transverse colon. 




Figure 62-5 Sigmoid volvulus: intraoperative image. A massively 
dilated sigmoid colon is identified twisted on itself. 


Adult Intussusception 

Intussusception is defined as the invagination of one segment 
of the gastrointestinal (GI) tract into an adjacent one (Fig. 
62-9). It accounts for 80% to 90% of bowel obstruction in 
infants and children and ranks second only to appendicitis as 
the most common cause of an acute abdominal emergency in 
children. In children, intussusception usually begins in the 
distal ileum, and in 90% of cases the cause is idiopathic. A 
complete discussion of childhood intussusception can be found 
in Chapter 121. 

In contrast, intussusception in adults accounts for only 
1% to 3% of mechanical intestinal obstruction, and a demon- 
strable cause is found in 80% of adult cases. Colonic intus¬ 
susception is usually caused by a primary colon cancer, whereas 
small bowel intussusception is generally related to a benign 
tumor and less often to a malignancy, usually a metastatic 
lesion. 2-84 Postoperative intussusceptions usually occur in the 
small bowel and are related to a number of factors, such as 
suture lines, ostomy closure, adhesions, long intestinal tubes, 


bypassed intestinal segments, submucosal edema, abnormal 
bowel motility, electrolyte imbalance, and chronic dilation of 
the bowel. 84,85 

Benign lesions that can serve as lead points in colonic 
intussusception include adenomatous polyps, lipomas, gastro¬ 
intestinal stromal tumors (Fig. 62-10), appendiceal stump gran- 
ulomas, and villous adenomas of the appendix. 84 The normal 
appendix may transiently intussuscept, although clinically sig- 
nifkant appendiceal intussusception usually occurs in the 
setting of appendiceal inflammation, infestation, neoplasm, or 
endometriosis deposition. 86 A more complete discussion of dis- 
eases of the appendix can be found in Chapter 56. Colonic 
intussusception has also been reported as a complication of 
eosinophilic colitis, epiploic appendagitis, and pseudomembra- 
nous colitis. 87 ' 89 

In children, the diagnosis is suggested by the presence of an 
abdominal mass and passage of biood per rectum. Because 
adult intussusception is often chronic and relapsing, the diag¬ 
nosis is suggested by recurrent episodes of subacute obstruction 
and variable abdominal signs. During the height of an attack, a 
palpable mass may be present but may disappear completely 
when the patient is reexamined several hours later, by which 
time the symptoms have resolved. ’ In infants and young chil¬ 
dren, hydrostatic or pneumatic intussusception reduction 
should be attempted and may be definitive therapy because the 
cause is usually idiopathic. In adults, the high incidence of 
organic lesions, often malignant, precludes this approach. 

If the intussusception is of the ileocolic or colocolic variety, 
the pathognomonic crescent sign may be seen. This sign is 
produced when the intussuscipiens invaginates into the intus- 
susceptum and stretches the outer wall. Intraluminal gas 
trapped between the two intestinal surfaces can appear as a 
semilunar lucency lacking haustral septa or valvulae conniven- 
tes. This lucent crescent is wider than normal bowel in diameter 
and is often superimposed on a round soft tissue density rep- 
resenting the mass created by the intussusception. A more 
central and less distinet lucency may be seen, representing gas 
trapped in the lumen of the intussuscipiens. On supine views, 
the transverse colon gas shadow is often absent because this 
segment of colon is usually displaced distally. 21 90 91 
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Figure 62-6 Cecal volvulus: plain radiograph and barium enema features. A. A distended cecum ( arrows ) is present in the left lower 
quadrant. Dilated small bowel is evident proximally. There is a relative paucity of colonic gas distal to the volvulus. B. Barium enema shows the 
contrast column ending abruptly ( arrow) at the level of the twist. 



Figure 62-7 Cecal volvulus: CT features. A. Scout image shows that a distended cecum ( arrows ) is present in the left upper quadrant, with 
multiple dilated small bowel loops in the right upper quadrant. B. CT scan demonstrates the malpositioned cecum ( arrows ) and swirling of the 
mesentery. 













1108 


SECTION VII Colon 




Figure 62-8 Sigmoid volvulus. A. Scout image 
shows a markedly dilated sigmoid colon ( arrows ). 

The apex of the sigmoid colon lies adjacent to the 
diaphragm, the northern exposure. B. CT scan of 
the abdomen shows a beak-shaped transition point 
(arrows). C. Coronal reformatted CT image shows the 
transition zone and swirling of the sigmoid mesocolon 
(arrows ) at the site of the volvulus. 


IM 



M 
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Figure 62-9 Intussusception. Longitudinal (A) and cross-sectional 
(B) diagrams of antegrade intussusception. DL, distal intestinal loops; 
IM, intussuscepted mesentery; IR, intussuscipiens; IV, intussusceptum; 
M, mesentery; PL, proximal intestinal loops. (From Iko BO, Teal JS, 
Siram SM, et al: Computed tomography of adult colonic 
intussusception: Clinical and experimental studies. AJR 143:769-772, 
1984.) 



Figure 62-10 lleocolic intussusception. The ileum is 
intussuscepting ( arrow ) into the colon. The lead point was a small 
gastrointestinal stromal tumor of the distal ileum. 
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The classic appearance of intussusception on barium studies 
is the coil spring appearance as contrast is trapped between the 
intussusceptum and intussuscipiens (Fig. 62-11). 

Ultrasound shows a target-like lesion (Fig. 62-12), in which 
the hypoechoic halo is produced by the mesentery and edema- 
tous wall of the intussuscipiens, and the hyperechoic center is 
produced by multiple interfaces of compressed mucosal, sub- 
mucosal, and serosal surfaces of the intussusceptum. Multiple 
concentric rings, best seen on transverse scans, are also charac- 
teristic. The corresponding appearance on longitudinal scans is 
that of multiple, thin, parallel, hypoechoic, and echogenic 
stripes. 92 ' 96 

On CT, intussusceptions appear as three different patterns, 
which reflect their severity and duration: (1) the target sign; 
(2) a sausage-shaped mass, with alternating layers of low and 
high attenuation; and (3) a reniform mass. Pathophysiologi- 
cally, the target is the earliest stage of intussusception. As it 
progresses, a layering pattern develops, with alternating low- 
attenuation (mesenteric fat) and high-attenuation areas (bowel 
wall), (Fig. 62-13). If intussusception is untreated, edema and 
mural thickening develop. An intussusception with a reniform 
appearance is caused by severe edema and vascular compro- 
mise, which constitutes a surgical emergency. 97 Intussusception 
is almost invariably associated with acute intestinal obstruction 
or partial and recurrent obstruction, air-fluid levels, and proxi- 
mal bowel distention. The mesenteric arcade associated with the 
intussuscipiens may show traction. If infarction occurs, this 



Figure 62-11 Colonic intussusception: barium enema findings. 

A cecal neoplasm is intussuscepting into the ascending colon ( arrow). 
Note the coiled spring appearance ( arrowheads ). 


mass may be surrounded by intraperitoneal fluid, edema, hem- 
orrhage in the mesentery, and even perforation. 98 ' 104 CT can 
diagnose lipoma as the lead point; however, with varying 
degrees of infarction and fat necrosis, lipomas may have an 
atypical appearance. 105,106 

Adhesions 

Adhesions are the result of inflammation that heals with fibro¬ 
sis. They are usually the result of surgical trauma but may be 
congenital. Adhesional large bowel obstruction is unusual 
because the colon is characteristically fixed and of large caliber 
and has thick walls. The small bowel, in contrast, has an inher- 
ently small caliber and high degree of mobility and is therefore 
very prone to obstruction by adhesions. A more complete dis- 
cussion of small bowel obstruction can be found in Chapter 46. 
The mobile redundant portions of the colon are most likely to 
be involved. 107 Adhesive obstructions of the right colon, trans¬ 
verse colon, and sigmoid colon have been reported. 108,109 

Folding of the cecum on itself, the cecal bascule, often occurs 
at the site of an adhesive band. 110 The ascending colon can be 
obstructed by congenital bands or adhesions caused by inflam- 
matory changes after colonoscopy and polypectomy. 111112 
Inflammation of the appendices epiploicae can rarely cause 
obstruction in the rectosigmoid, and ischemia and inflamma¬ 
tion of the greater omentum can cause obstruction in the trans¬ 
verse colon. 113114 On barium enema, adhesions can appear as an 
area of circumferential narrowing, usually short, with intact 



Figure 62-12 Intussusception: sonographic findings. This color 
Doppler scan, longitudinally imaging the intussusception, shows a 
central hypoechoic area that is the intussusceptum telescoping into 
the intussuscipiens. 
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Figure 62-13 Colonic 
intussusception: CT findings. 

A. The lead point of this colonic 
intussusception is a lipoma 
( arrow). The outer layer 
represents the intussuscipiens 
and the inner layer represents 
the intussusceptum. B. In a 
different patient, the cigar¬ 
shaped intussusceptum (arrow) is 
seen within the intussuscipiens. 



mucosa, or as a smooth, broad-based filling defect. They may 
produce partial or complete colonic obstruction. 115 

Hernias 

Hernias cause large bowel obstruction less often than small 
bowel obstruction because of the relatively fixed nature of the 
colon and its larger caliber. Inguinal, femoral, umbilical, spige- 
lian, incisional, lumbar, and diaphragmatic hernias (congenital 
or post-traumatic) can all contain colon and cause bowel 
obstruction. 116 ' 125 Internal hernias, such as through the foramen 
of Winslow, can contain colon and cause obstruction as 
well. 126 129 The diagnosis may be made by radiography, barium 
enema, or CT. A complete discussion of hernias can be found 
in Chapter 112. 

Obturation Obstruction 

The terminal ileum is the narrowest portion of the gut and, as a 
result, is the most common site of obturation obstruction. The 
sigmoid colon, measuring 2.5 cm in diameter, only slightly larger 
than the distal ileum, is the narrowest portion of the colon, fol- 
lowed by the hepatic and splenic flexures. These are the most 
likely points of colonic impaction of an intraluminal object. 130 

Of patients with gallstone ileus, 3% to 5% have colonic 
obstruction. 131 In these patients, the gallstone most often 
bypasses the ileocecal valve through a cholecystocolic fistula 
and usually impacts in the sigmoid colon, which may be nar- 
rowed by prior diverticulitis. 132 

Bezoars, foods, and enteroliths usually do not obstruct the 
colon unless there is a stricture. 133,1 Patients with cystic fibrosis 
(see Chapter 118) tend to form large cecal masses of inspissated 
feces that can cause the meconium ileus equivalent syndrome. 135 

Sufficient amounts of various medications or diagnostic 
agents can cause colonic obturation obstruction. Antacid 
impactions containing nonabsorbable aluminum hydroxide 
antacid gels, given to prevent hyperphosphatemia, can develop 
in the right colon of patients with renal failure. These impac¬ 
tions can be treated with orally or rectally administered hyper- 
osmolar diatrizoate meglumine (Gastrografm). 136 

Barium retained in the colon for several days is desiccated 
and can form impactions in any part of the colon, usually the 
proximal portion. These impactions can also be treated by 
hyperosmolar Gastrografm, which stimulates peristalsis and 
draws fluid into the bowel. 13 " 8 Foreign bodies entering via an 
oral or transanal ro ute can cause obstruction or perforation. 139 

Older, inactive, debilitated, and mentally challenged 
patients, drug addicts in methadone maintenance programs, 
transplantation and hemodialysis patients, and those with 
adult Hirschsprungs disease are at risk for developing fecal 


BOX 62-1 COLONIC ISCHEMIA: RISK FACTORS 


Inferior mesenteric artery ligation, thrombosis, or embolus 
Superior mesenteric artery ligation, thrombosis, or embolus 
Cardiac arrhythmia 
Congestive heart failure 
Shock 

Digitalis toxicity 

Collagen vascular disease 

Strangulated hernia 

Oral contraceptives 

Polycythemia vera 

Trauma 

Diabetes 

Amyloidosis 

Radiation 


impaction. The most common sites are the rectum (70%) and 
sigmoid colon (20%). A fecaloma or stercoroma is a mass of 
fecal material that develops the characteristics of an intralumi¬ 
nal tumor. These are composed primarily of an accumulation 
of undigested food forming a nucleus around which fecal mate¬ 
rial accumulates. Obstruction, volvulus, stercoral ulceration, 
perforation, rectal prolapse, and rectal fissure are potential 
complications of fecalomas. 140,141 

Strictures 

Colonic strictures can result from a variety of disorders (Boxes 
62-1 to 62-3). These strictures often cause chronic obstructive 
symptoms and may cause acute obstruction from the presence 
of impacted feces or as a result of obturation in the stricture by 
a foreign object. 

Other Causes 

Pelvic lipomatosis, in which there is benign fatty tissue infiltra¬ 
tion into the perirectal and perivesical spaces, usually causes 
straightening, narrowing, and rigidity of the rectum but occa- 
sionally can cause obstruction. 142 Pregnancy, mesenteric cysts, 
wandering spleen, retroperitoneal tumors, retractile mesenteri- 
tis, and retroperitoneal fibrosis are rarer causes of large bowel 
obstruction. 143 ' 145 

Extracolonic Diseases Involving 
the Colon 

Benign and malignant extrinsic disease processes can involve 
the colon. Endometriosis, ovarian carcinoma, other benign and 
malignant gynecologic diseases, pancreatic disease, prostate 
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BOX 62-2 GENERAL, SYSTEMIC, AND 
PSYCHOLOGIC CAUSES 
OF CONSTIPATION 


LI FESTYLE 

Inadequate fiber 
Little food 

Repressing or ignoring urge to defecate 
Immobility 

EXTERNAL FACTORS 

Drugs (including opiates, anticholinergics, antidepressants, anti- 
convulsants) 

ENDOCRINE AND METABOLIC FACTORS 

Hypothyroidism 
Hypercalcemia 
Porphyria 
Neurologic 
Parkinson's disease 
Multiple sclerosis 
Spinal lesions 

Damage to sacral parasympathetic nerves 
Autonomic neuropathy 
Autonomic failure 

PSYCHOLOGIC FACTORS 

Depression 

Eating disorders (e.g., anorexia nervosa) 

Obsession about "inner cleanliness" 

Denied bowel actions 

From Lembo AJ, Ullman SP: Constipation. In Feldman M, Friedman 
LS, (eds): Gastrointestinal and Liver Disease, 9th ed. Philadelphia, 
Saunders, 2010, pp 259-284. 


BOX 62-3 GASTROINTESTINAL CAUSES OF 
CONSTIPATION AND RELATED 
SYMPTOMS 


GASTROINTESTINAL TRACT 

Obstruction 

Aganglionosis (Hirschsprung's disease, Chagas' disease) 

Myopathy 

Neuropathy 

Systemic sclerosis 

MEGARECTUM AND COLON 

Anal atresia or malformation 

Hereditary internal anal sphincter myopathy 

Anal stenosis 

Weak pelvic floor 

Large rectocele 

Internal intussusception 

Anterior mucosal prolapse 

Prolapse 

Solitary rectal ulcer 

From Lembo AJ, Ullman SP: Constipation. In Feldman M, Friedman 
LS, (eds): Gastrointestinal and Liver Disease, 9th ed. Philadelphia, 
Saunders, 2010, pp 259-284. 


carcinoma, and other abdominal malignancies can present as 
colon involvement. This involvement may cause obstruction 
and can mimic primary colon pathology. Obstruction usually 
occurs in the pelvis, where the colon is fixed and confined by 
the bony pelvis. The transverse colon is another common site 


of involvement because of its omental and mesenteric attach- 
ments (see Chapter 108). Barium enema, CT, and endoscopic 
ultrasonography may be helpful in the assessment of colonic 
wall invasion by adjacent disease processes. 146 

ENDOMETRIOSIS 

Endometriosis is a disease that affects 8% to 18% of women 
during their active menstrual years, usually between the ages of 
30 and 45 years. 147,148 GI tract involvement has been reported in 
5% to 37% of patients. 149 In one large retrospective review of 
over 7000 patients with endometriosis, 12% of the patients had 
gut involvement. The rectosigmoid colon was the most fre- 
quently involved site (72% of cases), followed by the rectovagi- 
nal septum (14%), small intestine (7%), cecum (4%), and 
appendix (3%). 150 Rare cases of involvement of the stomach, 
pancreas, proximal small bowel, and transverse colon have been 
reported. 

The anterior wall of the rectosigmoid colon adj acent to the 
pouch of Douglas is the most frequent site of GI tract involve¬ 
ment. Endometrial implants on the bowel are usually extrinsic 
or serosal but may be intramural or, rarely, intraluminal. 151 
Implants typically appear as an extrinsic serosal mass effect 
with mucosal preservation on double-contrast barium enema 
studies (Fig. 62-14). This appearance, although characteristic 
of endometriosis, is not speciflc because other extrinsic pro¬ 
cesses in the cul-de-sac, such as drop metastases or an abscess, 
can produce an identical appearance. Serosal spiculation and 
fine crenulations of the mucosa can usually be identifled when 
there is involvement of the bowel wall. 152 Less frequently, mani¬ 
festations of endometriosis on barium enema are a polypoid 
mass extending into the lumen of the colon, stricture, or short 
annular lesion. These cases may be diffkult to distinguish clini- 
cally and radiographically from carcinoma. 153 Rarely, endome¬ 
triosis presents as acute obstruction, GI bleeding, or perforation, 
necessitating resection. 154 157 Endometriomas usually appear 
as solid or complex cystic masses on ultrasound or CT, but the 
appearance is not specific and may be indistinguishable from 
a neoplasm or abscess. 158 160 MRI (see Fig. 62-14) is more sensi¬ 
tive and specific for detection of hemorrhage within these 
masses. 160 

MALIGNANT GYNECOLOGIC TUMORS 

Malignant gynecologic neoplasms spread within the peritoneal 
cavity by direct invasion, intraperitoneal seeding, hematoge- 
nous metastasis, and lymphatic extension. Intraperitoneal 
seeding of malignant cells is dependent on the natural pathways 
of flow of ascitic fluid as demonstrated by Meyers. 161 The 
characteristic patterns of spread vary depending on the origin 
of the primary tumor. See Chapter 109 for a more complete 
discussion of pathways of abdominal and pelvic spread of 
disease. 

OVARIAN CARCINOMA 

Ovarian carcinoma is the fifth leading cause of cancer deaths in 
women; the prevalence increases with age and peaks around 
age 60 years. 162 ' 164 Most patients with ovarian carcinoma have 
relatively few symptoms, and in over 50% the disease is in an 
advanced stage at the time of initial presentation. Patients 
usually have vague abdominal symptoms and present with 






1112 SECTIONVII Colon 


increasing abdominal girth and a large palpable mass, although 
some tumors are detected earlier on routine pelvic examination. 
Occasionally, intestinal symptoms or colonic obstruction may 
be the first manifestation of ovarian cancer. 165 

Ovarian carcinoma is the most common primary malig- 
nancy to invade the colon directly. The subperitoneal space 
forms a pathway for the spread of disease processes from the 
pelvis to the abdomen. 166,167 Direct invasion from the left ovary 
through the sigmoid mesocolon usually involves the inferior 
border of the sigmoid colon. Direct invasion from the right 
ovary usually involves the cecum and distal ileum by means of 
extension through the small bowel mesentery of the ileum. 
Direct invasion of the colon by ovarian cancer can be readily 


demonstrated on barium enema, with appearances ranging 
from serosal spiculation with tethering and fixation to gross 
invasion and annular constriction to complete obstruction. 168 
Mural involvement may produce narrowing with mucosal 
crenulations or, in more severe cases, marked narrowing with 
spiculation. Annular constriction may simulate carcinoma or 
diverticulitis, and complete obstruction may mimic an obstruct- 
ing colon carcinoma. 

Ovarian carcinoma frequently spreads by intraperitoneal 
seeding. The colon is the portion of the GI tract most frequently 
involved by intraperitoneal seeding of ovarian carcinoma. Peri- 
toneal implants, which may be multiple, are seen as extrinsic 
masses, often with serosal spiculation and tethering (Fig. 62-15) 


Figure 62-14 Pelvic 
endometriosis. A, Barium enema 
examination shows an extrinsic 
mass on the serosal aspect of the 
rectum ( arrow ). B. Pelvic 
ultrasound depicts a well- 
marginated pelvic mass (arrow) 
with multiple fine, homogenous, 
low-level echoes. C. Sagittal MRI 
scan demonstrates invasive 
endometriosis along the anterior 
aspect of the rectum (arrow). 



Figure 62-15 Ovarian 
carcinoma. A. Sagittal 
T2-weighted MRI scan shows a 
complex cystic mass (yellow 
arrow) compressing the anterior 
wall of the rectum (red arrow). 

B. In a different patient with 
ovarian carcinomatosis, multiple 
serosal implants (arrows) are 
identified along the medial 
aspect of the sigmoid colon. 
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on barium enema studies. An implant in the cul-de-sac may be 
indistinguishable from an abscess or endometrioma. In addi¬ 
tion, ovarian carcinoma frequently seeds the greater omentum, 
producing a so-called omental cake, which can secondarily 
involve the transverse colon or stomach. The appearance in 
these cases can simulate gastric cancer with extension to the 
transverse colon through the gastrocolic ligament or colon 
cancer with extension to the stomach. 169 ' 171 

OTHER GYNECOLOGIC MALIGNANCIES 

Cervical carcinoma spreads by direct extension to the pelvic 
sidewall and adjacent structures, including the rectum. Demon¬ 
stration of rectal involvement is an important Ånding because 
hysterectomy is reserved for patients with tumor localized to 
the cervix or extension confined to the parametrium or upper 
two thirds of the vagina (stage IIB or less). All others are treated 
with radiation therapy. 12 

Carcinoma of the endometrium, vagina, and fallopian 
tubes can also invade the rectosigmoid colon directly. Barium 
enema examination provides important information for 
staging and planning surgical resection of these pelvic malig- 
nancies. These tumors can also spread by peritoneal seeding 
or lymphatic extension. Leiomyosarcoma of the uterus, like 
other sarcomas, may spread by hematogenous metastasis 
to the gut, producing submucosal masses that can ulcerate 
and bleed. 

BENIGN GYNECOLOGIC TUMORS 

Benign ovarian tumors, including serous and mucinous cyst- 
adenomas and teratomas, may produce an extrinsic impression 
on the rectosigmoid colon that is recognizable on CT and 
barium enema. These masses, which are purely extrinsic to the 
bowel, have a smooth interface with the colonic wall and are 
usually asymptomatic but, if very large, may produce symptoms 
of partial obstruction. Teratomas usually contain fat or calci- 
fkation that can be detected on plain films or CT. Uterine 
fibroids are present in 25% to 50% of women and are the 
most common pelvic tumor, with a peak incidence in the fifth 
decade of life. Most are small and asymptomatic. Fibroids may 
present as vaginal bleeding if they are submucosal or may 
become symptomatic if they grow to a large size. Barium enema 
in these cases demonstrates a smooth extrinsic mass effect on 
the sigmoid colon, with marked displacement and stretching 
of the colon if the tumor is large. Rupture of an ovarian cyst- 
adenoma into the peritoneal cavity may result in pseudomyx- 
oma peritonei. 

PELVIC INFLAMMATORY DISEASE AND 
TUBO-OVARIAN ABSCESS 

Pelvic inflammatory disease has a variety of causative organ- 
isms, including Chlamydia trachomatis, Neisseria gonorrhoeae, 
and a number of other aerobic and anaerobic bacteria. The 
tubo-ovarian abscesses that result may secondarily involve the 
bowel and may be indistinguishable on barium enema from 
endometrial or metastatic implants on the serosal surface. The 
cul-de-sac is a frequent site of involvement. Ultrasonography, 
CT, or MRI shows a thick-walled fluid collection that may be 
difficult or impossible to differentiate from cystic neoplasm or 
endometrioma. 1 3174 


SEXUALLY TRANSMITTED DISEASES 

Lymphogranuloma venereum is a sexually transmitted disease 
caused by infection of lymphatic tissue by C. trachomatis. The 
site of primary infection is usually around the genitals, but the 
rectum may be the primary site of involvement. Primary infec¬ 
tion of the rectum is usually acquired by anal intercourse, but 
proctitis may also result from the spread of an infected vaginal 
discharge to the anal canal or by lymphatic extension from 
inguinal lymph nodes. Patients present with inguinal adenopa- 
thy and deep rectal ulceration. The disease may progress to form 
a fistula, perirectal abscess, or stricture (Fig. 62-16). 1 Other 
sexually transmitted diseases, including N. gonorrhoeae or 
herpes simplex infection and syphilis, can infect the rectum and 
cause proctitis. Barium enema demonstrates mucosal ulcer¬ 
ation or a granular mucosal pattern. CT typically shows non- 
specific mural thickening of the rectum and anus. 

PANCREATITIS 

Approximately 1% of patients with acute pancreatitis have sig- 
nificant colonic problems. These complications usually occur 
10 to 21 days after disease onset and may relate to compression 
caused by a pancreatic phlegmon or abscess and widespread fat 
necrosis, or by mural thickening caused by edema and necrosis 
secondary to pancreatic enzymes dissecting down the transverse 
mesocolon or phrenicocolic ligament. Occasionally, a high- 
grade obstruction or perforation may occur that requires surgi¬ 
cal intervention. 178 ' 182 For a more complete discussion of 
pancreatitis, see Chapter 97. 

METASTASES 

High-grade colonic obstruction is attributable much less often 
to metastatic than to primary tumors. 183 Renal and prostate 
neoplasms can directly invade the colon. 184 Carcinoma of the 
prostate involves the rectum in 0.5% to 11% of cases and may 
simulate rectal carcinoma clinically. Rectal obstruction occurs 
when there is direct extension through the thick, double-layered 



Figure 62-16 Chlamydial infection (lymphogranuloma venereum). 

Barium enema examination demonstrates a stricture of the rectum, 
with fistulas and sinus tracts. 
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Denonvillier’s fascia or by rectal compression caused by a mas- 
sively enlarged prostate giand. 185,186 Gastric and pancreatic neo- 
plasms can invade the colon directly or narrow it by serosal 
metastases. 187 ' 189 

Colonic Ischemia 

CLINICAL FINDINGS 

Colonic ischemia is the most common vascular disorder of the 
GI tract and the most common cause of colitis in older 
adults. 189,190 Although many conditions have been implicated in 
the pathogenesis of colonic ischemia (see Box 62-1), the cause 
is unclear in most patients, and no precipitating event or condi- 
tion can be identified. Most patients have no major vascular 
occlusion, so the condition is attributed to low flow States, small 
vessel disease, or both. In about 20% of cases, an obstructive or 
potentially obstructive colonic lesion is present. 

Colonic ischemia produces a wide Spectrum of disease, 
ranging from gangrene of the colon to transient ischemic 
colitis. Colonic ischemia is classified as follows: (1) reversible 
ischemic colopathy; (2) reversible or transient ischemic colitis; 
(3) chronic ulcerative ischemic colitis; (4) ischemic colonic 
stricture; (5) colonic gangrene; or (6) fulminant universal isch¬ 
emic colitis. 191 

The underlying pathophysiology of colonic ischemia is 
insufficient biood supply to the bowel to meet the needs of the 
mucosa. The mucosa receives most of the intestinal biood flow 
and is most susceptible to damage. Injury may be confmed to 
the mucosa and submucosa or may extend transmurally. The 
degree of damage depends on the rate of onset of the ischemic 
event and extent of the vascular deprivation. The outcome may 
be complete healing, reversible or chronic colitis, stricture for¬ 
mation, or gangrene. About 50% of patients fail into the first 
category, with mild disease that resolves in 1 to 2 weeks. The 
clinical course is highly variable. In one series, the outcomes 
were as follows: reversible hemorrhage and edema, 33%; tran¬ 
sient or reversible colitis, 16%; reversible or persistent strictures, 
12%; persistent colitis, 21%; and gangrene of perforation, 
18%. 190 

Most patients with colonic ischemia are older than 50 years 
and present with mild lower abdominal pain and rectal bleeding 
or bloody diarrhea. Those with transmural disease have more 
impressive Åndings, with peritoneal signs. The frequency of 
distribution of ischemic colitis is as follows: left colon (32.6%), 
distal colon (24.6%), right colon (25.2%), transverse colon 


(10.2%), and pancolitis (7.3%).The diagnosis is usually based 
on colonoscopy and CT results. 

PATHOLOGIC FINDINGS 

Acute ischemic lesions of the colon show necrosis (Fig. 62-17) 
of the superficial portion of the mucosa, which often spares the 
deeper portions of the colonic crypts. The remaining crypts 
typically have an atrophic or withered appearance that reveals 
striking cytoplasmic atypia, which may be mistaken for dyspla- 
sia. Pseudomembranes, hemorrhage into the lamina propria, 
and hyalinization of the lamina propria may also be seen. These 
lesions may regress on their own, or frank gangrene with per¬ 
foration or stricture formation may occur. 

The chronic phase of ischemic colitis may be more difficult 
to diagnose, because the only histologic fmdings may be areas 
of submucosal fibrosis and stricture, which are nonspecific. 

RADIOLOGIC FINDINGS 

Radiography 

Abdominal radiographs are usually nondiagnostic and are 
normal or show a nonspecific ileus. In a series of 41 patients 
with colonic ischemia, only 21% had radiographic Åndings sug- 
gesting ischemia. Radiographic Åndings in colonic ischemia 
include normal, nonspeciAc ileus, thumbprinting, transverse 
ridging, and Axed loops with tubulation and lack of haustra. 
The most characteristic Ånding on radiographic and barium 
enema examination is thumbprinting, which consists of mul¬ 
tiple round, smooth, scalloped defects projecting into the air- 
Alled colonic lumen (Fig. 62-18). Thumbprinting is caused by 
submucosal bleeding, edema, or both, and usually occurs within 
the Arst 24 hours after the insult to the bowel. 192 Experimental 
work has shown that thumbprinting results from extravasation 
of biood around small biood vessels that are reperfused after 
losing their integrity during the ischemic period. 190 Thickening 
of the bowel wall secondary to edema and hemorrhage may be 
observed; this is reAected by luminal narrowing or transverse 
ridging. As the edema progresses or mucosal sloughing occurs, 
Axed rigid, tubular, ahaustral loops may develop. 93 Rarely, 
pneumatosis or portal venous gas can be identiAed. These Ånd¬ 
ings generally indicate necrotic bowel. 

Barium Enema 

Colonoscopy and CT are the primary means of establishing the 
diagnosis of ischemic colitis. The barium enema Åndings 


Figure 62-17 Ischemic colitis. 

A. Colonoscopy shows a diffusely 
ulcerative, hyperemic mucosa. 

B. The mucosal surface of the 
colon shows necrosis and 
hyperemia extending from the 
mucosa to the serosa of the 
colon. Frank ulceration is present. 
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Figure 62-18 Colonic ischemia: narrowing and thumbprinting on 
plain abdominal radiograph. Supine radiograph of the abdomen 
shows marked narrowing and thumbprinting of the transverse colon 
(. arrows ) caused by colonic ischemia. 


depend on the extent of the ischemic process, degree of damage, 
and stage at which the examination is performed. The hallmark 
of colonic ischemia is serial changes on examinations per¬ 
formed over days, weeks, or months. 194-196 

The classic barium enema findings in colonic ischemia are 
thumbprinting, transverse ridging, spasm, ulceration, intramu- 
ral barium, and strictures. The most consistent and character- 
istic Ånding on the barium enema examination early in the 
course of the disease is thumbprinting, which is seen in 75% of 
patients. 196 Thumbprinting on a barium enema study corre- 
sponds to the radiographic findings of smooth, round, polyp- 
oid, and scalloped filling defects projecting into the opacified 
colonic lumen as a result of submucosal edema or hemorrhage 
(Fig. 62-19). Edema and hemorrhage may be soft and com- 
pressible, and taking films with maximal distention may affect 
the findings. Because spasm often accompanies ischemia, 
maximal distention may be hard to maintain, making thumb¬ 
printing easier to see. Careful Auoroscopy with imaging during 
the filling stage of the examination and postevacuation 
radiographs should be obtained to document the presence of 
thumbprinting. Intraluminal pressures during single- and 
double-contrast examinations are fairly equivalent, so there is 
no advantage to performing a single-contrast study in this 
regard. Thumbprinting characteristically resorbs in less than 1 
week but may persist for weeks in some patients. 195 Thumb¬ 
printing, although characteristic of ischemia, may also be 
observed in other conditions, including inAammatory bowel 
disease and the infectious colitides. 

Transverse ridging is a less common Ånding, observed in 
13% of patients with colonic ischemia. 195 Transverse ridging is 
caused by edema or spasm and is characterized by parallel, sym- 
metric thickened folds running perpendicular to the bowel 
lumen. Like thumbprinting, it is generally an early Ånding and 
usually resolves rapidly. 196 

Ulceration is present in 46% to 60% of patients with 
colonic ischemia, and is caused by sloughing of the mucosa. 196 
Ulceration generally develops 1 to 3 weeks after the onset of 
disease and may heal completely, continue into a chronic 



Figure 62-19 Colonic ischemia: thumbprinting. Single-contrast 
barium enema study shows extensive thumbprinting caused by 
hemorrhage or edema in colonic ischemia. 


ulcerative ischemic phase, or heal with stricture formation. 
The ulcerations are characteristically longitudinal but may 
also be discrete, superAcial, deep, small, or large. Differential 
diagnosis from other forms of colitis, particularly Crohns 
disease and ulcerative colitis, can be made on the basis of 
sequential changes on barium enema examination, age of the 
patient, distribution of disease, clinical history, and endoscopic 
and biopsy Åndings. 196 

Intramural barium is an unusual manifestation of ischemia 
and is caused by sloughing of a necrotic portion of the wall, 
with subsequent tracking of barium intramurally. Intramural 
barium can also be seen in other conditions, such as Crohns 
disease and diverticulitis. 

About 12% of patients with severe colonic ischemia heal 
with stricture formation. 190 Strictures can develop rapidly in the 
course of disease and may be identiAed as early as 3 weeks after 
initial presentation. Strictures may be reversible or irreversible 
and characteristically lead to few obstructive symptoms. In 
some patients, postischemic strictures may be encountered 
without a clear antecedent episode. The strictures may be 
smooth and tapering or eccentric, with sacculations. 

About 20% of cases of colonic ischemia occur proximal to 
an obstructive or potentially obstructive colonic lesion. In 
about 50% of patients, the lesion is a colon carcinoma; diver- 
ticulitis and volvulus are the other major causes. In this setting, 
the typical Åndings of thumbprinting and ulceration can 
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develop or an urticarial pattern can be seen. This consists of 
bleblike mounds on the mucosal surface caused by early isch¬ 
emia. 1 It is thought that increased intraluminal pressure proxi- 
mal to the obstruction decreases mucosal perfusion. 

Colonoscopy is useful in the diagnosis of colonic ischemia; 
the findings vary, depending on the stage at which the examina- 
tion is performed. Initially, purplish blebs resulting from hem- 
orrhage may be seen, corresponding to the radiographic findings 
of thumbprinting. As the hemorrhage is resorbed, varying 
degrees of ulceration, mucosal sloughing, and inflammation 
develop. The colonoscopic findings at this stage may resemble 
those in other forms of colitis. As with the barium enema, 
sequential studies demonstrate a changing pattern. 

Computed Tomography , Ultrasonography, 
and Magnetic Resonance Imaging 

Because CT is often the initial radiologic procedure in patients 
presenting with abdominal pain, colonic ischemia may first be 
suspected on the basis of this study. Symmetric bowel thicken- 
ing is the major CT finding of colonic ischemia (Fig. 62-20A). 
In some cases, a target or double halo pattern and polypoid 
defects associated with thumbprinting may be seen. 199 Mural 
thickening (>3 mm) of the colon is a nonspecific finding that 
can also be seen in carcinoma, lymphoma, metastatic disease, 
diverticulitis, Crohns disease, and appendicitis. When the 
ischemia is severe, pneumatosis intestinalis may be seen (Fig. 
62-20B; also see later). 

Abnormal colonic wall thickening can also be identified by 
ultrasound. 200 Again, this is a nonspecific finding but should 
lead to further studies of the colon when identified. Doppler 
ultrasound may show diminished perfusion to the involved 
segment. 201203 

Radiation Colitis 

The colon is often affected by radiation for pelvic genitourinary 
tract tumors. Patients with carcinoma of the rectum may also 
receive radiotherapy before or after surgery. Acute symptoms of 


proctitis and diarrhea are common during therapy and usually 
resolve within weeks after completion of the therapy. 

PATHOGENESIS 

Radiation can injure and kill cells by two methods. The first is 
a direct cytotoxic effect, in which the ionizing radiation absorbed 
by these cells generates a series of biochemical events that pro- 
gress to cell disruption and death. Free radicals derived from 
intracellular water interact with DNA to prevent replication, 
transcription, and protein synthesis. These cytotoxic effects pre- 
dominate in cells that replicate rapidly. Accordingly, the intes- 
tine has the following radiation tolerance (in decreasing order): 
duodenum, jejunum, ileum, transverse colon, sigmoid colon, 
esophagus, and rectum. Pathologically, abnormal epithelial cell 
proliferation and maturation are associated with decrease in 
crypt cell mitosis. Edema, hyperemia, and extensive inflamma- 
tory cell infiltration are often present as well. 

The second major mechanism of radiation injury is more 
insidious and involves damage to the fine vasculature and con- 
nective tissue of the intestine. A low-grade ischemia is caused 
by medial wall thickening and subendothelial proliferation pro- 
ducing endarteritis obliterans of the smallest arterial branches. 
This chronic ischemia often leads to a fibrotic reaction that can 
result in contraction, stricture formation, perforation, fistula, 
or hemorrhage. 

The usual dose for treating abdominal and pelvic malignan- 
cies is between 3000 and 7000 cGy (1 cGy = 1 rad) and is deliv¬ 
ered in fractions over an interval of 4 to 8 weeks. Lower total 
dosage, lower rates, and smaller treatment volumes minimize 
damage. Inherent differences in tissue susceptibility also deter- 
mine which organ is affected most severely by a given dose. 
Rubin and Casarett have defined the concept of the tolerance 
dose. 203 A minimal tolerance dose is usually expressed as TD 5/5 , 
which represents the total dose that produces radiation damage 
in 5% of patients within 5 years. This dose has been determined 
to be 4500 cGy for the small bowel and colon and 5000 cGy for 
the rectum. 203 



Figure 62-20 Colonic ischemia: CT findings. 

A. Coronal reformatted image shows mural 
thickening with submucosal edema of the splenic 
flexure of the colon ( arrow ). B. Pneumatosis 
intestinalis of the right colon ( arrows ) is identified 
in this patient with colonic ischemia and infarction 







62 Miscellaneous Abnormalities of the Colon 1117 


FINDINGS 

Clinical Findings 

Radiation colitis typically develops after a 2-year latency period. 
Patients present with rectal bleeding, pain, and diarrhea, evoking 
a differential diagnosis that includes recurrent tumor, postop¬ 
erative stricture in a colonic anastomosis, or regional inflam- 
matory change resulting from pelvic abscess. Proctitis is usually 
seen sigmoidoscopically. 204 

Radiologic Findings 

In acute radiation colitis, mural thickening of the involved 
segment of colon may be seen, associated with submucosal 
edema and hyperenhancement of the mucosa (Fig. 62-21A). In 
patients with chronic radiation proctosigmoiditis, barium 
enema examination can show diffuse or focal narrowing of the 
rectum and sigmoid colon, usually with tapered margins (Fig. 
62-2IB). The mucosal pattern is usually preserved but may be 
distorted or disrupted because of edema or intramural hemor- 
rhage resulting from radiation-induced ischemic changes. 
Rectal stricture or rectovaginal fistula may be seen, and the 
presacral Space is widened on the lateral view of the rectum and 
on CT. 199 ' 202 A recurrent tumor usually produces an eccentric 
mass effect and mucosal destruction and involves a relatively 
short segment of the colon. The radiologic differential diagnosis 
includes ulcerative colitis, Crohn’s disease, and scarringby chla- 
mydial proctitis. 

TREATMENT 

When symptoms such as obstruction or fistula become intoler- 
able, surgical resection may be needed. Initially, a diversion 
colostomy is formed. After healing has occurred, an abdominal 
pull-through procedure with coloanal anastomosis between the 
nonirradiated colon and anus usually provides permanent 
relief. Attempts to resect strictures or fistulas are less likely to 


succeed because of poor healing of the irradiated rectosigmoid 
tissue. Development of colon carcinoma has been suggested as 
a possible late sequela of pelvic irradiation. 201 03 

Vascular Lesions of the Anorectum 

INTERNAL HEMORRHOIDS 

Internal hemorrhoids are dilated vascular spaces of the internal 
hemorrhoidal plexus in the submucosal layer of the upper anal 
canal and lower rectum. Normally, the submucosa of the upper 
anal canal has three distinet vascular cushions—along the left 
lateral, right anterior, and right posterior wall. 204 It is postulated 
that these anal cushions aid in anal continence. The pathogen- 
esis of hemorrhoids is multifactorial. With age, the connective 
tissue tethering the mucosa to the submucosa and muscular 
layer of the anal canal becomes lax. With excessive straining 
during defecation, prolapse of anal canal mucosa occurs, 
leading to congestion of vascular cushions and internal hemor¬ 
rhoids. Pathologically, internal hemorrhoids appear as thick- 
walled submucosal veins, with accompanying arteries and 
dilated capillaries. Abundant arteriovenous anastomoses are 
present. 

Hemorrhoids (piles) are extremely common and can cause 
brisk rectal bleeding, biood staining on toilet tissue, or painful 
swelling. With strangulation of hemorrhoids, mucosal infarc- 
tion, necrosis, and superinfeetion may occur. Internal hemor¬ 
rhoids may also be a complication of distal rectal carcinoma. 
Internal hemorrhoids are not varicose veins, and their incidence 
is not inereased in patients with portal hypertension. Hemor¬ 
rhoids are frequently diagnosed by digital examination, anos- 
copy, and flexible sigmoidoscopy. 

Internal hemorrhoids have a varying radiographic appear- 
ance. 205,206 When mild lobulation of anorectal folds (the 
columns of Morgagni) extends less than 3 cm from the radio¬ 
graphic anorectal junetion, radiographic diagnosis of internal 


Figure 62-21 Radiation-induced proctitis. 

A. There is mural thickening with submucosal 
edema and hyperenhancement of the rectum in 
this patient with acute radiation proctitis 
undergoing therapy for rectal cancer. B. In a 
different patient with chronic radiation proctitis, 
there is a long segment of narrowing in the 
rectosigmoid demonstrated on this barium enema 
examination. The presacral space is also widened. 
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Figure 62-22 Radiographic appearance of internal hemorrhoids. A. Lobulated folds. Mild lobulation of anorectal folds ( arrowheads ) that 
extends less than 3 cm above the anorectal junction is a typical radiographic finding for internal hemorrhoids. B. "Bunch of grapes." Three 
smooth-surfaced polyps ( arrows ) are clustered above the anorectal junction. This radiographic appearance is typical of internal hemorrhoids. 

C. Solitary polyp. A smooth-surfaced polyp ( arrow) projects from mildly lobulated columns of Morgagni. This is a nonspecific radiographic 
appearance that requires endoscopy. D. Submucosal mass. A smooth-surfaced mass (arrow) with relatively abrupt angulation to the colonic 
contour is typical of a submucosal mass. Although this is a typical radiographic appearance of internal hemorrhoids, other submucosal rectal 
masses include lymphoid polyps and solitary rectal ulcers. E. Masslike internal hemorrhoid. A large mass ( arrows ) in the distal rectum has a focally 
irregular surface pattern. This huge internal hemorrhoid cannot be distinguished from other rectal masses, such as carcinoma or cloacogenic 
carcinoma. Endoscopy and biopsy are necessary. F. Multiple polypoid folds. Large polypoid folds ( arrows ) with a nodular surface pattern in the 
distal rectum. Although these radiographic findings are typically seen with internal hemorrhoids, they may also be caused by solitary rectal ulcer 
syndrome, various forms of proctitis, or an unusual infiltrating tumor. 

hemorrhoids is confident (Fig. 62-22A). Another diagnostic 
appearance of internal hemorrhoids is a cluster of smooth- 
surfaced polyps smaller than 1 cm abutting the anorectal junc¬ 
tion (Fig. 62-22B). Internal hemorrhoids may have nonspecific 
appearances as well, including a solitary polyp (Fig. 62-22C); 
solitary submucosal mass (Fig. 62-22D); mass (Fig. 62-22E); 
or large, infiltrative lobulated folds extending more than 3 cm 
from the anorectal junction (Fig. 62-22F). Internal hemor¬ 
rhoids seen as solitary polyps cannot be distinguished from 
inflammatory, benign, or neoplastic rectal polyps. Internal 


hemorrhoids appearing as large, lobulated infiltrative folds 
extending more than 3 cm above the anorectal junction are 
indistinguishable from proctitis or infiltrating neoplasm. 2 6 

RECTAL VARICES 

Rectal varices are a rare cause of lower GI bleeding and are 
usually seen in patients with portal hypertension. Rectal varices 
have been associated with adhesions. 207,208 Radiologically, 
smooth serpiginous folds course along the rectal mucosa 
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(Fig. 62-23). When seen in profile, rectal varices may appear as 
small, smooth-surfaced submucosal nodules. Like esophageal 
varices, rectal varices may change in size and shape with luminal 
distention. 209 

CLOACOGENIC (BASALOID) CARCINOMA 

The transitional epithelium of the anal canal contains squa- 
mous, transitional, and stratified columnar epithelium, as well 
as scattered gobiet cells. Various neoplasms of controversial 
origin arise in this transitional epithelium. The transitional 
zone has features of urothelium and squamous epithelium con- 
sistent with a cloacogenic origin. Hence, many tumors in this 
region were previously termed cloacogenic carcinomas. However, 
the transitional zone also has features suggesting that it is an 
area in which metaplasia and reserve cell hyperplasia occur, 
similar to the transitional zone in the uterine cervix or transi¬ 
tional zone at the esophagogastric junction. 211 Thus, it has also 
been postulated that tumors in this region are caused by dys- 
plasia and, hence, carcinoma arising in squamous metaplasia 
and reserve cell hyperplasia. For example, homosexual men 
have a high incidence of anal transitional cell carcinoma and 
squamous cell carcinoma in this region. These tumors may be 
related to venereally transmissible agents, such as oncogenic 
viruses, carcinogens in lubricants and cleansers, or mechanical 
irritation. 212 Tumors at the anorectal junction have been 
described by a wide variety of names, including squamous cell 
carcinoma, basaloid carcinoma, transitional cell carcinoma, 
mucoepidermoid carcinoma, adenoid cystic carcinoma, and 
verrucous carcinoma. Basaloid carcinoma and cloacogenic car¬ 
cinoma are probably equivalent terms. Most tumors, however, 
have a mixture of growth patterns, including basaloid areas, 
transitional cell carcinomas with squamous differentiation, 
adenoid cystic carcinoma, and mucoepidermoid carcinoma. 
The most common tumor of the anal canal is adenocarcinoma 
of the rectal mucosa invading the anal canal. 

Cloacogenic (basaloid) carcinoma has no distinctive clinical, 
gross pathologic, or radiologic features. Patients usually 


complain of rectal bleeding, rectal pain, or a change in bowel 
habits. These tumors may be flat, infiltrative, annular, or ulcer- 
ative lesions, with rolied horders. Radiographically, the tumor 
may appear as a submucosal mass with a smooth or ulcerated 
surface (Fig. 62-24), broad-based sessile polyps, or infiltrative 
lesions (Fig. 62-25). 211,212 

Metastases occur in approximately 50% of patients to the 
sacral lymph nodes, internal and common iliac lymph nodes, 
and superficial inguinal lymph nodes. Venous drainage and 
hematogenous metastasis are to both the inferior vena cava and 
the portal system. Five-year survival in patients with basaloid 
carcinoma is approximately 50%. 212 

RECTAL MUCOSAL PROLAPSE SYNDROMES 

Chronic prolapse of rectal mucosa may result in chronic 
inflammation, ulceration, and hyperplastic reparative response. 
During defecation, rectal mucosa passing inferiorly through 
a contracted puborectalis sling may experience trauma, espe- 
cially along the anterior and anterolateral wall. Chronic intus- 
susception may also result in mucosal damage. The mucosal 
response to chronic defecatory problems results in a Spectrum 
of syndromes, including solitary rectal ulcer syndrome, colitis 
cystica profunda, hypertrophied anal papilla, and inflamma- 
tory cloacogenic polyp. 213 A similar histologic response may 
be seen with prolapsing internal hemorrhoids and prolapsing 
colostomies. 213 

Solitary rectal ulcer syndrome is an uncommon, chronic 
benign condition. The term solitary ulcer syndrome is a misno- 
mer because multiple small ulcers may be present, or the colon 
may not be grossly ulcerated at all. Although the syndrome is 
typically seen in young adults, it may occur at any age. Patients 
commonly complain of rectal bleeding, rectal pain, and passage 
of mucus. At sigmoidoscopy, single or multiple well-demarcated, 
shallow ulcers may be found on the anterolateral or anterior 
wall of the distal half of the rectum. 214 An ulcer may not be 
visible; rather, the mucosa may appear diffusely erythematous, 
friable, or even polypoid. 214 



Figure 62-23 Rectal varices. 

A. Spot radiograph of the distal 
rectum shows the en face 
appearance of rectal varices as 
serpentine folds etched in white 
(small arrows). In profile, smooth 
lobulated folds disrupt the 
contour of the bowel, extending 
from the anorectal junction 
proximally ( large arrows). B. In 
another patient, spot radiograph 
of the proximal rectum shows 
serpentine folds etched in white 
(short arrows). In profile, a valve 
of Houston is expanded by a 
smooth, lobulated submucosal 
process compatible with a rectal 
varix ( long arrows). (From Rubesin 
SE, Saul SH, Laufer I, et al: 

Carpet lesions of the colon. 
RadioGraphics 5:537-552, 1985.) 
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Figure 62-24 Cloacogenic 
carcinoma. A. Lateral spot view 
of the rectum shows a dominant, 
large submucosal mass (large 
arrows ) indenting the anterior 
wall of the midrectum. Diffuse 
infiltration of the remainder of 
the distal rectum is manifested by 
smooth narrowing of the distal 
rectum (small arrows). B. Supine 
view of the distal rectum shows 
diffuse narrowing of the rectal 
ampulla and a diffusely irregular 
contour (arrows). 



Pathologically, the mucosa is mildly inflamed. The glandular 
epithelium may be hyperplastic, occasionally showing villous 
formation, which may even be mistaken for villous adenoma. 119 
The muscularis mucosae is disorganized, and there may be 
extension of the smooth muscle of the muscularis mucosae into 
the lamina propria. When mucin-filled giands become cystically 
dilated, a diagnosis of localized colitis cystica profunda may be 
made. 213 Solitary rectal ulcer syndrome and colitis cystica pro¬ 
funda have been confused with villous adenoma or infiltrating 
adenocarcinoma. However, the glandular epithelium is not dys- 
plastic in solitary rectal ulcer syndrome and colitis cystica 
profunda. 

The radiographic Åndings are variable. 215 The rectal mucosa 
may appear normal in up to 50% of cases. 216 Diffuse, finely 
nodular mucosa in the distal rectum may be seen, correlating 
with the friable erythematous mucosa seen at proctoscopy (Fig. 
62-26). A focal small ulcer may be found on the anterior or 
anterolateral wall. Redundant prolapsing mucosa may appear 
as a polypoid mass. Localized colitis cystica profunda may have 
the appearance of a submucosal mass (Fig. 62-27). The valves 
of Houston may be markedly enlarged with a nodular contour. 
Rarely, a stricture may be seen. 

Functional Disorders of the Colon 

IRRITABLE BOWEL SYNDROME 

Epidemiology 

Irritable bowel syndrome (IBS) is one of the most common yet 
least understood conditions encountered in clinical practice. It 


is characterized by altered bowel habits and abdominal pain in 
the absence of detectable structural abnormalities. It occurs 
with surprising frequency in the general population, as high as 
14% in one series, and accounts for one third to one half of 
outpatient referrals to gastroenterologistsr IBS ranks close to 
the common cold as a leading cause of absenteeism from work 
because of illness. 218 The symptoms of IBS begin before the age 
of 35 years in 50% of patients, and 40% of patients are 35 to 50 
years of age. Female patients outnumber male patients 2:1, and 
the disease is more common in white and Jewish populations 
than in persons of color. 219 

Clinical Findings 

The clinical findings in irritable syndrome include the 
following: 

1. Abdominal pain relieved by defecation or associated with 
a change in frequency or consistency of stool 

2. Disturbed defecation associated with two more of the 
following: altered stool frequency, altered stool form 
(loose and watery or hard), and altered stool passage 
(straining or urgency, feeling of incomplete evacuation, 
passage of mucus) 

3. Bloating or feeling of abdominal distention 

Between 25% and 50% of IBS patients complain of dyspep¬ 
sia, nausea and vomiting, and heartburn, suggesting that a 
portion of the gut other than the colon may be involved. 219 

Pathophysiology 

Although extensive clinical and laboratory investigations have 
failed to discover any microbiologic, histologic, or biochemical 
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Figure 62-25 Cloacogenic 
carcinoma. A. Lateral view of the 
rectum demonstrates the 
infiltrative pattern of cloacogenic 
carcinoma. The anterior wall of 
the rectum is moderately 
flattened and lobulated (short 
arrows ), and thick nodular folds 
cross the rectum (long arrows). 
The rectal mucosa is relatively 
smooth. Focal circumferential 
extension of tumor around the 
rectum is seen as flattening of 
the posterior rectal wall (open 
arrow). B. Prone view of the 
rectum shows mild inbowing and 
irregularity of the contour of the 
lateral walls of the rectum (long 
arrows ) and thick nodular folds 
en face (short arrows). 


abnormalities in patients with IBS, evidence suggests that this 
disorder is caused by abnormal myoelectric and motor activi- 
ties in the gut. The myoelectric rhythm of the colon in normal 
patients has a frequency of 6 cycles/min; most patients with 
IBS have a predominant frequency of 3 cycles/min. Patients 
with IBS also have an abnormal gastrocolic reflex, such that 
the postprandial increase in colonic spike activity and intra- 
luminal pressure is delayed by 30 to 60 minutes. Patients 
with IBS have a lower threshold for pain and for induction 
of spastic colonic contraction during rectal distention. It is 
postulated that this abnormal response is mediated through 
the autonomic nervous system, as in patients with diffuse 
esophageal spasm. This exaggerated motor response to colonic 
distention may explain why patients with spastic colons have 
symptoms when even small amounts of gas or stool are 
present. 217 

Recordings of small bowel motility in ambulatory patients 
with IBS show a high incidence of abnormal activity during 
waking hours. There are frequent episodes of clustered con- 
tractions that occur at 0- to 9-minute intervals, and these 
are often associated with abdominal pain and discomfort. 218 
Superimposed on these myoelectric abnormalities are envi- 
ronmental factors such as stress and diet, which can also 
alter motility. 


Diagnostic Procedures 

IBS is a diagnosis of exclusion, and there is always a nagging 
fear about missing an organic lesion. In the young patient, 
inflammatory bowel disease is the primary concern. In patients 
older than 40 years, the risk of occult colon cancer is such that 
complete evaluation of the colon by CT colonography, double- 
contrast barium enema, or colonoscopy is indicated. 

There are no typical features of IBS on barium enema 
studies, which are usually normal in these patients. Some 
authors have reported a correlation between exaggerated haus- 
tral markings and scybalous (pellet-like) stool. Regions of 
hypertonicity and spasm, sigmoid myochosis, and diverticula 
have also been associated with IBS, but these fmdings can be 
present in patients without IBS and absent in patients with 
classic IBS. Clearly, the role of radiology in IBS is to exclude 
structural abnormalities such as inflammatory bowel disease, 
strictures, and cancer. 219 

Therapy 

The first step in therapy of IBS is to reassure the patient and 
explain the functional nature of this disorder. Foods that can 
cause symptoms (e.g., caffeine) are eliminated from the diet. 
Artificial sweeteners, legumes, carbonated beverages, and foods 
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Figure 62-26 Solitary rectal ulcer syndromer solitary ulcer. 

An irregular barium collection (open arrow) 1 cm in diameter is 
surrounded by a radiolucent halo of edema. Also note mild 
granularity of the distal rectal mucosa and focal submucosal mass 
effect ( solid arrow). 

of the cabbage family are proscribed. Dietary fiber and bulking 
agents are given because they have been shown to lower pres¬ 
sure in the sigmoid colon. Antispasmodic agents such as tine¬ 
ture of belladonna and dicyclomine (Bentyl) are also helpful. 
When diarrhea is the presenting symptom, antidiarrheal agents 
such as loperamide (Imodium) can be used during periods of 
stress. 

CHRONIC CONSTIPATION 

Most patients with chronic constipation respond to simple 
dietary and, if necessary, medical therapy consisting of natural 
bulk-forming laxatives and stool softeners. 220,221 Anatomic dis- 
orders must be ruled out by colonoscopy, CT colonography, or 
double-contrast barium enema; metabolic, endocrine, drug- 
induced, and neurologic causes must be exeluded by careful 
history, physical, and laboratory examinations. Functional eval- 
uation of the colon and anorectum is generally reserved for 
patients who do not respond to initial therapy and express 
continued dissatisfaction with their bowel movements. 221 The 
causes of constipation are listed in Boxes 62-2 and 62-3. 

Colorectal Transit Studies 

The transit of stool through the colon is evaluated by following 
the progression of swallowed radiopaque markers on radio- 
graphs over several days. Patients ingest 20 small radiopaque 



Figure 62-27 Solitary rectal ulcer syndrome: colitis cystica 
profunda. Two smooth-surfaced, polypoid, submucosal-appearing 
masses ( arrows ) are seen in the distal rectum. These masses were 
caused by mucus-filled, epithelium-lined cysts in the submueosa 
(colitis cystica profunda). (From Levine MS, Piccolello M, Sollenberger 
LC, et al: Solitary rectal ulcer syndrome: A radiologic diagnosis? 
Gastrointest Radiol 11:187-193, 1986.) 

markers with breakfast food. These markers (Sitzmarks) are 
commercially available. Abdominal radiographs are taken at 
24-hour intervals until all the markers are evacuated or until 7 
days pass. If markers are still present, films are obtained at days 
10 and 15 to reduce the radiation received by the patient. 221 

The large bowel is divided into three segments (the right 
colon, left colon, and rectosigmoid) by the spinous process, and 
imaginary lines are drawn from L5 to the left iliae crest and 
pelvic outlet (Fig. 62-28). Sample transit time studies are illus- 
trated in Figure 62-29. 

With this test, colonic inertia can be distinguished from 
normal transit with outlet obstruction. In the latter case, ano- 
rectal manometry and defecography are then required. Surpris- 
ingly, many studies are normal, and many of these patients have 
major psychologic factors influencing their symptoms. 

Anorectal Manometry 

Anorectal manometry is performed to characterize sensory and 
motor funetion of the gut, such as rectal sensation and visco- 
elasticity. Rectal distention produced by a rectal balloon nor¬ 
mally initiates a reflex that contracts the external anal sphineter 
and relaxes the internal anal sphineter. Loss of this reflex sug¬ 
gests Hirschsprungs disease, which must be confirmed by 
biopsy. Severe idiopathic constipation is usually accompanied 
by impaired rectal sensation to balloon distention. Paradoxic 
contraction of the external sphineter and pool relaxation of 
the internal sphineter during defecation are often associated 
with constipation. An overall compliant rectum in combination 
with sensory loss may interfere with the normal urge to 
defecate. 220 
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Figure 62-28 Colon transit study. Plain film demonstrates 
radiopaque markers. For the purpose of counting, the colon is 
divided into three segments—left colon, right colon, and 
rectosigmoid. 


Evacuation Proctography 

Evacuation proctography (defecography) permits dynamic 
evaluation of the defecation process. It assesses the anorectal 
angle and status of the puborectalis sling and can diagnose 
rectal prolapse, rectal intussusception, rectoceles, obstructive 
enteroceles, and abnormal perineal descent. This test is 
especially important if there is manometric or electromyo- 
graphic evidence of hyperactive rectosigmoid junction, abnor¬ 
mal anorectal motility, or anismus and clinical evidence of 
descending perineum syndrome, prolapse, and the solitary 
rectal ulcer syndrome. Chapter 52 is devoted to a discussion of 
this procedure. 222 

The combination of transit studies, anorectal manometry, 
and evacuation proctography can often identify the type 
and cause of constipation, which greatly assists further 
therapy. 

NONOBSTRUCTIVE MEGACOLON 

Chronic constipation may be caused by a mechanical obstruc¬ 
tion (e.g., carcinoma, stricture) or may be of functional origin, 
as in bedridden older patients or those with improper bowel 
habits. In Chagas’ disease, destruction of the colonic myenteric 
plexuses by the protozoan Trypanosoma cruzi causes striking 
elongation and dilation, especially of the rectosigmoid and 
descending colon. Acquired nonobstructive megacolon in 
adults can also be found in patients with severe neurologic or 
psychologic disorders and in patients with abnormal colonic 
motility (e.g., myxedema, infiltrative disease, such as amyloi- 
dosis and scleroderma, narcotic drugs). Regardless of the 
underlying cause, plain abdominal radiographs and CT scans 
demonstrate a tremendously dilated tortuous colon and rectum 
filled with a large fecal residue. 223 


Colon 





Days 


Figure 62-29 Abnormal colon transit studies. Diagram depicts 
characteristic transit patterns of 20 radiopaque markers through the 
colon during an 8-day period in three groups of constipated patients. 
With normal transit (red circles ), the markers disappear rapidly from the 
colon. With colon inertia ( green circles ), there is prolonged transit 
through the right and left colon segments with delayed appearance in 
the rectosigmoid. With outlet obstruction ( triangles ), transit is normal in 
the right and left colon but there is stagnation of the rectosigmoid. 
(From Wald A: Colonic transit and anorectal manometry in chronic 
idiopathic constipation. Arch Intern Med 146:1713-1716, 1986.) 


Incomplete evacuation of feces over a prolonged period can 
result in the formation of a fecal impaction—a large, firm, 
immovable mass of stool in the rectum that may cause large 
bowel obstruction. Fecal impactions most commonly develop 
in older, debilitated, or sedentary persons. They can occur in 
patients who have been inactive for long periods (e.g., because 
of myocardial infarction, traction), narcotic addicts, patients on 
large doses of tranquilizers, and children with megacolon or 
psychologic problems. 224 

The symptoms of fecal impaction usually consist of vague 
rectal fullness and nonspecific abdominal discomfort. A 
common complaint is overflow diarrhea, the uncontrolled 
passage of small amounts of watery and semiformed stool 
around a large obstructing impaction. In bedridden older 
patients, it is essential that this overflow phenomenon be rec- 
ognized as secondary to fecal impaction rather than perceived 
as true diarrhea. 

Intestinal myopathy patients have aperistalsis of the esopha- 
gus with low pressure of the lower esophageal sphincter, a vari¬ 
able degree of dilation and dysmotility of the stomach, 
duodenum, small bowel, and colon, and ureteral and biadder 
enlargement. 225 ' 227 
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COLLAGEN VASCULAR DISORDERS 

Colonic involvement in scleroderma occurs less frequently 
than is observed in the esophagus and small bowel. Patchy 
smooth muscle atrophy and fibrotic replacement cause wide- 
mouthed diverticula at the weakened sites. These are true 
diverticula that contain all three layers of bowel wall. The 
smooth muscle is replaced by connective tissue, however. These 
smooth and wide diverticula retain barium on the postevacu- 
ation films. 226 

The normal postprandial gastrocolic reflex is decreased in 
scleroderma patients. This colonic dysmotility may be clinically 
latent early in disease and manifest only with further smooth 
muscle atrophy. Similarly, manometric studies have shown 
decreased pressure of the smooth muscle internal anal sphincter 
and abnormal relaxation after rectal distention. The external 
anal sphincter, which is skeletal muscle, responds appropriately. 
Manometric studies have shown a correlation between the 
relaxation of the lower esophageal sphincter and dysfunction of 
the internal anal sphincter in patients with scleroderma. Symp¬ 
toms from colonic involvement are nonspecific, but decreased 
motility causes constipation and may result in impaction of 
fecal contents. 228 

Benign pneumoperitoneum can be seen in patients with 
scleroderma and may be asymptomatic for years. The cause 
is probably slow passage of bowel gas through minute or 
microperforations in colonic or small bowel sacculations. 
Clinically symptomatic and significant bowel perforations 
may occur in scleroderma from stercoral ulcerations, bowel 
impactions, and focal vasculitis. These usually require sur- 
gical intervention. It may not be possible to differentiate 
clinically benign pneumoperitoneum from that caused by 
perforation. 228 

Systemic lupus erythematosus can cause a variety of abdom- 
inal problems—peritoneal serositis, pancreatitis, ascites, and 
enteritis. There is a small vessel arteritis of the small bowel and 
colon that causes ischemia, which leads to edema, hemorrhage, 
mucosal ulceration, and, ultimately, necrosis and perforation. 
The radiologic Åndings are those expected with hemorrhage 
and ischemia—ileus, thumbprinting, pneumatosis intestinalis, 
and pseudo-obstruction. The radiologic Åndings may be indis- 
tinguishable from those of ischemia, hemorrhage, or inAamma- 
tory bowel disease. Aspirin and corticosteroids are used in the 
therapy of lupus, and these drugs often aggravate the underly- 
ing GI disease. 226 

DIABETES 

Constipation is the most common GI symptom of the diabetic 
patient, and it appears to be directly related to autonomic neu- 
ropathy. Only 29% of patients without neuropathy symptoms 
are constipated. This Agure increases to 88% in patients with 
Ave symptoms of neuropathy. Constipation typically is inter- 
mittent and alternates with diarrhea in almost one third of 
patients. Fecal impaction may be sufAciently severe to produce 
mechanical obstruction. This autonomic neuropathy leads to 
the loss of the postprandial gastrocolic response, similar to that 
observed in patients with intestinal pseudo-obstruction. This is 
explained pathophysiologically by the inAammatory changes 
demonstrated in the autonomic ganglia; the cholinergic post- 
ganglionic neurons are intact, with a normally responsive 
smooth muscle. 204,226 


Pneumatosis Intestinalis 

Gas in the bowel wall (pneumatosis intestinalis) can exist as an 
isolated entity or in conjunction with a broad Spectrum of 
disease of the GI tract or respiratory system. In primary pneu¬ 
matosis (about 15% of cases), no respiratory or other gastroin- 
testinal abnormality is present. Primary pneumatosis usually 
occurs in adults and involves mainly the colon. Secondary 
pneumatosis intestinalis (about 85% of cases) more commonly 
affects the small bowel and is associated with a wide variety of 
preexisting disorders. In the primary form, gas collections 
usually appear cystic; in the secondary type, a linear distribu¬ 
tion of gas is generally seen. 

PRIMARY INTESTINALIS 

Primary pneumatosis intestinalis is a relatively rare benign con- 
dition characterized pathologically by multiple thin-walled, 
noncommunicating, gas-Alled cysts in the subserosal or submu- 
cosal layer of the bowel. The overlying mucosa is entirely 
normal, as is the muscularis. The appearance of radiolucent 
clusters of cysts along the contours of the bowel is diagnostic 
of primary pneumatosis intestinalis. On barium examinations, 
the Alling defects are seen to lie between the lumen (outlined 
by contrast material) and the water density of the outer wall of 
the bowel. 

The radiographic pattern of pneumatosis can simulate that 
of more severe GI conditions. Small cysts may be confused 
with tiny polyps. Larger cysts can produce scalloped defects 
simulating inAammatory pseudopolyps or the thumbprinting 
seen with intramural hemorrhage. At times, the cysts of pneu¬ 
matosis intestinalis concentrically compress the lumen, produc- 
ing gas shadows that extend on either side of the bowel contour, 
surrounding a thin, irregular stream of barium and simulating 
the appearance of an annular carcinoma. To differentiate pneu¬ 
matosis intestinalis from these other conditions, it is important 
to note the striking lucency of the gas-Alled cysts in contrast 
to the soA tissue density of an intraluminal or intramural 
lesion. Other distinguishing factors are the compressibility of 
the cysts on palpation and the not infrequent occurrence of 
asymptomatic pneumoperitoneum. Primary pneumatosis 
intestinalis (Fig. 62-30) usually requires no treatment and 
resolves spontaneously. 229 

SECONDARY INTESTINALIS 

Secondary pneumatosis intestinalis usually reAects GI disease 
with bowel necrosis. In infants, pneumatosis intestinalis sug¬ 
gests an underlying necrotizing enterocolitis, which occurs 
primarily in premature or debilitated infants, usually affects 
the ileum and right colon, and has a very low survival rate. 
This condition is characterized by a frothy or bubbly appear¬ 
ance of gas in the wall of the diseased bowel loops. The 
appearance often resembles fecal material in the right colon. 
However, it must be remembered that although this feces-like 
appearance is normal in adults, it is always abnormal in pre¬ 
mature infants. The gas in the wall of the colon in necrotizing 
enterocolitis is probably related to mucosal necrosis and sub- 
sequent passage of intraluminal gas into the bowel wall. This 
may be complicated by intraluminal gas-forming organisms 
that also penetrate the diseased mucosa to reach the inner 
layers of the intestinal wall. Dissection of air into the 
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Figure 62-30 Primary 
pneumatosis cystoides 
intestinalis. A. Coronal 
reformatted image from a CT 
colonography study in an 
asymptomatic outpatient shows 
multiple intramural cystic 
lucencies. B. Axial imaging in 
another asymptomatic patient 
demonstrates multiple large 
gas-filled cysts ( arrows ), which 
produced scalloped defects in 
the transverse colon. 



Figure 62-31 Secondary 
pneumatosis intestinalis. 

A. Coronal reformatted image in 
a patient with bowel ischemia 
shows linear intramural lucencies 
in the right colon. Gas is seen 
within the mesenteric vessels 
( arrow ) as well. B. Linear 
pneumatosis (arrow) is seen in 
the ascending colon in this 
relatively asymptomatic patient 
undergoing targeted therapy 
with imatinib for a gastric 
gastrointestinal stromal tumor. 


intrahepatic branches of the portal vein is an ominous prog- 
nostic finding. 2 " 0 

In adults, secondary pneumatosis intestinalis (Fig. 62-31) 
suggests bowel necrosis caused by mesenteric arterial or venous 
thrombosis. Secondary pneumatosis intestinalis may be related 
to mucosal ischemia, as in strangulating obstructions, or to 
mucosal destruction by infectious organisms or powerful cor- 
rosive agents. 

Secondary pneumatosis intestinalis may also develop in 
the absence of necrosis of the bowel wall. Any lesion of the 
GI tract that results in mucosal ulceration or intestinal obstruc¬ 
tion (obstructive bowel disease) can cause secondary pneu¬ 
matosis intestinalis. Gas in the bowel wall is an uncommon 
complication of GI endoscopy. Severe obstructive pulmonary 
disease can also be associated with the development of pneu¬ 
matosis intestinalis. Partial bronchial obstruction and coughing 
presumably cause alveolar rupture, with gas dissecting along 
peribronchial and perivascular tissue planes into the medi- 
astinum. Gas then enters the retroperitoneal area via the 


hiatus of the esophagus and aorta, from which it dissects 
between the leaves of the mesentery to eventually reach sub- 
serosal and submucosal locations in the bowel wall. 231 232 

Patients undergoing molecular targeted therapy with agents 
such as imatinib, sunitinib, bevacizumab, sorafenib, cetuximab, 
and erlotinib may develop pneumatosis, perforation, and fistula 
formation. These patients may be relatively asymptomatic, with 
these complications fo und during routine cancer follow-up 
imaging. Most patients with these therapy-associated intestinal 
complications can be treated conservatively after discontinua- 
tion of molecular targeted therapy. 2 232 

Other Colon Abnormalities 

DIVERSION COLITIS 

Diversion colitis is a nonspecific inflammation in a segment of 
colon that has been surgically isolated from the fecal stream by 
placement of a proximal colostomy or ileostomy. It is unknown 
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whether lack of contact of the distal colonic segment to feces 
somehow deprives the colonic mucosa of necessary exposure to 
enteric bacteria, bacterial by-products, or nutrients. Conversely, 
it is conceivable that diversion colitis results from stasis within 
the inactive segment, causing excessive mucosal exposure to 
unrecognized intraluminal toxins. Radiographically, diversion 
colitis resembles ulcerative or Crohns colitis with punctate or 
aphthoid ulcerations, which may produce a diffuse, granular 
mucosal appearance in severe or long-standing cases. Isolated 
inflammatory polyps or diffuse mucosal nodularity may 


BEHgETS SYNDROME 

Beh^et s syndrome is a systemic inflammatory disease involving 
a triad of uveitis, oral ulcers, and genital ulcers, as well as 
involvement of the central nervous system, joints, kidneys, skin, 
and GI tract. It is unclear whether the cause of this disorder is 
viral, allergic, environmental, or autoimmune. 237 

Abdominal pain occurs in up to 75% of patients, and the 
clinical course can be complicated by diarrhea, malabsorption, 
bleeding, perforation, fistulas, and toxic megacolon. Ulcerations 
tend to involve the terminal ileum, cecum, and ascending colon, 
simulating Crohns disease and some infectious colitides. 
Diffuse colonic involvement can mimic ulcerative colitis. 238 

The barium enema appearance of Beh^et’s disease varies 
from mild proctitis to pancolitis with multiple discrete ulcers 
and inflammatory polyposis. Aphthoid ulcerations and skip 
lesions are typical. The ulcers in Beh^et s syndrome tend to be 
larger and deeper than those in Crohns colitis, leading to a 
higher incidence of perforation and hemorrhage. 239,240 

AMYLOIDOSIS 

As in other parts of the bowel, amyloidosis involving the colon 
can produce a broad Spectrum of radiographic abnormalities. 
Narrowing and rigidity of the colon, especially in the rectum 
and sigmoid colon, can result from direct deposition of amyloid 
within the mucosal and muscular layers of the bowel or can be 
secondary to extensive amyloid deposition in biood vessel walls 
and subsequent ischemic colitis. The resulting thickening of the 
bowel with effacement of haustral markings can closely simu- 
late the radiographic appearance of chronic ulcerative colitis. 
Less commonly, amyloidosis can produce an acute ulcerating 
process, single or multiple discrete colonic fllling defects, or an 
appearance simulating the thumbprinting seen with ischemic 
colitis. 241244 

CATHARTIC COLON 

Cathartic colon is caused by the prolonged use of stimulant 
or irritant cathartics (e.g., castor oil, phenolphthalein, cascara, 
senna, podophyllum). The radiographic appearance of cathar¬ 
tic colon is similar to that of burned-out chronic ulcerative 
colitis. In contrast to ulcerative colitis, however, the absent or 
diminished haustral markings, bizarre contractions, and incon- 
stant areas of narrowing primarily involve the right colon (Fig. 
62-32). In severe cases, the left side of the colon can also be 
affected, although the sigmoid colon and rectum usually appear 
normal. The mucosal pattern is linear or smooth; ulcerations 
are not seen. The ileocecal valve is frequently flattened and 
gaping, simulating the backwash ileitis seen in ulcerative colitis. 



Figure 62-32 Cathartic colon. Contractions with irregular areas 
of narrowing are seen in the right colon, and there is a paucity of 
haustra in the transverse colon. 

Shortening of the ascending colon can be severe but, unlike 
the rigidity of the tubular bowel in chronic ulcerative colitis, 
the shortened segment in a cathartic colon remains remarkably 
distensible. Inconstant areas of narrowing of the bowel lumen 
can be seen at fluoroscopy and on radiographs of patients 
with cathartic colon. These pseudostrictures primarily involve 
the hepatic flexure, vary in length, have a concentric lumen 
with tapering margins, and often disappear during a single 
examination. 245 24 

URTICARIA 

A characteristic mucosal pattern of large, round or polygonal, 
raised plaques in a grossly dilated bowel was first described as 
an allergic reaction of the colonic mucosa to medication. This 
so-called colonic urticaria predominantly involves the right 
colon, can be seen without concomitant cutaneous lesions, and 
regresses once the offending medication is withdrawn. 248 

A pattern similar to colonic urticaria has been reported in 
several other conditions for which the common denominator 
seems to be submucosal edema. In herpes zoster, an exanthema- 
tous neurocutaneous disorder secondary to reactivation or 
reinfection by a large poxvirus, colonic mucosal blebs infre- 
quently appear as multiple small, discrete, polygonal filling 
defects, with sharp angular margins (Fig. 62-33). These blebs 
correspond morphologically and temporarily to the vesicular 
phase of the cutaneous lesion and are segmentally arrayed in a 
corresponding or noncorresponding dermatome. In Yersinia 
colitis, submucosal edema is caused by an alteration in vascular 
permeability. A similar radiographic pattern has also been 
observed in patients with submucosal colonic edema secondary 
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to obstructing carcinoma, cecal volvulus, ischemia, colonic 
ileus, and benign colonic obstruction. 249 

COLITIS CYSTICA PROFUNDA 

Colitis cystica profunda is a rare benign disease in which large, 
mucous epithelium-lined cysts up to 2 cm in diameter form in 
the submucosal layer of the colon. These cysts are usually seen 
in the rectum and pelvic colon, and usually only a short segment 
of colon is involved. Colitis cystica profunda is associated with 
solitary rectal ulcer syndrome and rectal prolapse, as well as 
other proctitides. This suggests that these cysts are formed when 
surface mucosa is implanted into the colonic submucosa during 
the healing phase of an ulcerative inflammatory process. Because 
these cells cannot be shed into the lumen and mucus cannot be 
discharged, a cystic mass develops. 250,251 

Patients with colitis cystica profunda present with hema- 
tochezia, passage of mucus or pus per rectum, diarrhea, con- 
stipation, tenesmus, and rectal, sacral, or abdominal pain. On 
barium studies, multiple, irregular, rectal filling defects sug- 
gesting adenomatous polyps are seen. Barium filling clefts 
between these polyps can simulate mucosal ulcerations. Isch- 
emic colitis can be mimicked when sufficient scalloping of 
the colon occurs. 252,253 

As with solitary rectal ulcer syndrome, conservative treat- 
ment is the initial approach. Surgery to correct rectal pro¬ 
lapse may lead to resolution of cysts in certain patients 



Figure 62-33 Colonic urticaria. Raised polygonal plaques are 
present in the ascending colon in this patient with Yersinia colitis. 


with refractory symptoms and rectal prolapse evident on 
defecography. 254 ' 256 

DIARRHEA 

In Western countries, most cases of diarrhea are self-limited 
(Box 62-4) and seldom come to radiologic attention. When the 
diarrhea persists (Box 62-5), radiology plays an important part 
in diagnosis. Radiologic Åndings, however, must be interpreted 
in view of clinical and laboratory fmdings. There are three 
fundamental types of diarrhea—osmotic, secretory, and 
inflammatory. 

Osmotic Diarrhea 

Osmotic diarrhea usually occurs as a result of malabsorption or 
ingestion of certain Chemicals in which a high osmotic load is 
presented to the gut. Small bowel series and enteroclysis are 
superb means of demonstrating causes of malabsorption, such 
as sprue, amyloidosis, mastocytosis, intestinal lymphangiecta- 
sia, intestinal anastomoses, small bowel diverticula, and abnor¬ 
mal motility, which predispose to bacterial overgrowth. Chronic 


BOX 62-4 MAJOR CAUSES OF ACUTE DIARRHEA* 


INFECTIONS (INCLUDING TRAVELERS' DIARRHEA) 

Bacterial 

Campylobacter species 

Clostridium difficile 

Escherichia coli (ET, El, EH, 0157:H7) 

Salmonella enteroceles 
Shigella species 

Parasitic and Protozoal 

Entamoeba histolytica 
Giardia lamblia 
Cryptosporidium 
Cyclospora 

Viral 

Adenovirus 
Norwalk virus 
Rotavirus 

Fungal 

FOOD POISONING 

Bacillus cereus 
Clostridium perfringens 
Salmonella species 
Staphylococcus aureus 
Vibrio species 
Shigella species 
Campylobacter jejuni 
Escherichia coli 
Yersinia enterocolitica 
Listeria monocytogenes 

OTHER CAUSES 

Medications 

Recent ingestion of large amounts of poorly absorbable sugars 
Intestinal ischemia 
Fecal impaction 
Pelvic inflammation 

From Schiller LR, Sellin JH: Constipation. In Feldman M, Friedman 
LS, (eds): Gastrointestinal and Liver Disease , 9th ed. Philadelphia , 
Saunders, 2010, pp 211-232. 

*(<2-3 wk duration). 
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BOX 62-5 MAJOR CAUSES OF CHRONIC DIARRHEA 


NO PREVIOUS WORK-UP 

Irritable bowel syndrome 

Inflammatory bowel disease 

Ischemic bowel disease 

Chronic bacterial or mycobacterial infection 

Parasitic and fungal infection 

Radiation enteritis 

Malabsorption syndromes 

Medications 

Alcohol 

Intestinal lymphoma 
Colon cancer 
Villous adenoma 
Diverticulitis 

Previous surgery (e.g., gastrectomy, vagotomy, intestinal resec- 
tion, cholecystectomy) 

Endocrine causes 
Hyperthyroidism 
Hypothyroidism 
Addison's disease 


Diabetes mellitus 

Pheochromocytoma 

Ganglioneuroma 

Fecal impaction 

Heavy metal poisoning 

Epidemic idiopathic chronic diarrhea 

PREVIOUS WORK-UP FAILED TO REVEAL DIAGNOSIS 

Surreptitious laxative abuse 

Defective anal continence masquerading as severe diarrhea 

Microscopic colitis (with or without subepithelial collagen) 

Previously unrecognized malabsorption 

Pseudopancreatic cholera syndrome 

Idiopathic chronic diarrhea 

Neuroendocrine tumor 

Systemic mastocytosis 

Amyloidosis 

Idiopathic bile acid malabsorption 
Food allergy 


From Schiller LR, Sellin JH: Constipation. In Feldman M, Friedman LS, (eds): Gastrointestinal and Liver Disease, 9th ed. Philadelphia, Saunders, 
2010, pp 211-232. 

*(>4-wk duration). 


pancreatitis, cystic fibrosis, the Shwachman-Diamond syn¬ 
drome, and other causes of pancreatic insufficiency have char- 
acteristic appearances on imaging studies that can specifically 
establish the cause of the diarrhea. 25 

Secretory Diarrhea 

Secretory diarrhea stimulates intestinal secretion or inhibits 
absorption. Enterotoxins produced by certain infections, 
certain irritant laxatives, metals, and toxins, and tumors that 
elaborate secretagogues, such as vasoactive intestinal polypep- 
tide (pancreatic cholera), are major causative factors in 
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Radiologists are often asked to evaluate the postoperative colon 
to exclude complications such as fistula, dehiscence, stricture, 
and abscess formation. Radiologists are also called on to assess 
the colon in the asymptomatic patient for anastomotic healing 
or resolution of inflammatory disease before a colostomy is 
closed. The radiologist must be familiar with the details of the 
surgical procedure, terminology, and individual surgeons mod- 
ifications to render an intelligent consultation. The major surgi¬ 
cal procedures performed on the colon are discussed in this 
chapter. Although there is increasing use of the laparoscopic 
approach to colonic surgeries, the structural end results are 
similar to those of their open counterparts. The minute intra- 
operative technical details have been well described in classic 
surgical textbooks. 1 ' 4 

Segmental Resection 

Segmental resection entails surgical removal of a diseased 
segment of the colon. Colonic continuity is usually restored 
with an end-to-end colocolic or ileocolic anastomosis (Figs. 
63-1 and 63-2). The latter is created for patients who undergo 
resection of the cecum or right colon. In some patients, the 
anastomotic line may be seen as a short-segment, ringlike 
indentation during contrast examination of the colon (Fig. 
63-3), but in many patients the site of the anastomosis may not 
be discernible unless defined by surgical Staples. Currently, most 


surgeons use stapling devices rather than traditional hand-sewn 
anastomoses to reestablish bowel continuity. The stapling units 
usually create a uniform ring of Staples. Disruption of the ring 
on a plain film of the abdomen may indicate disruption of the 
anastomosis. A segmental resection may be performed in con- 
junction with an upstream diverting ileostomy or colostomy 
(see later). 

Prior to colostomy takedown, the surgeon may request a 
preoperative examination of the anastomosis to ensure integ- 
rity. In terms of technique, the examination is performed after 
placement of a rectal tube or Foley catheter into the rectum, 
with instillation of water-soluble contrast material under fluo- 
roscopy. The examination should focus on the region of the 
anastomosis, with imaging performed in multiple projections 
and with the patient in a variety of positions. In particular, 
the examination should be performed with a mild degree of 
stress to the anastomosis. For example, rather than performing 
an examination of a sigmoid anastomosis entirely in the recum- 
bent position, a high-pressure view of the sigmoid in a right 
posterior oblique and/or reverse Trendelenburg position should 
be performed. This will create a column of contrast at the 
level of the anastomosis, potentially revealing a leak that could 
be missed if the contrast flowed past the anastomosis in a 
low-pressure position (left posterior oblique and Trendelen¬ 
burg position). 

Side-to-Side Enterocolic Anastomosis 

A side-to-side enterocolic anastomosis (Fig. 63-4) may be 
created when a diseased segment of distal small bowel (as in 
Crohns disease or radiation enteritis) is bypassed or when the 
length of the functional small bowel is shortened for treatment 
of morbid obesity. Currently, this procedure is rarely performed 
in isolation. Surgeons prefer to resect rather than bypass small 
bowel involved by Crohns disease. Gastric restrictive surgeries, 
including gastric stapling and Roux-en-Y gastric bypass, are 
much preferred over a small bowel bypass procedure as therapy 
for morbid obesity (see Chapter 35). 

Colostomy 

A colostomy is a colocutaneous opening, or stoma, created 
to decompress a colonic obstruction or divert the fecal stream 
away from the distal colon. Diverting colostomies may be 
performed to protect a distal anastomosis that has recently 
been created and requires time to heal or to direct the fecal 
stream away from a segment of distal colon that is too inflamed 
to be resected at the time of the initial operation. If the 
surgeon elects to resect the diseased segment, he or she may 
choose to perform an end-to-end anastomosis and divert the 
fecal stream with a temporary colostomy. The colon proximal 
to the stoma is often evaluated radiographically to rule out 

1133 




1134 SECTION VII Colon 



Figure 63-1 Segmental sigmoid resection and end-to-end 
colocolic anastomosis. Foreshortening of the sigmoid colon may or 
may not be apparent radiographically, depending on the length of 
colon resected. 



Figure 63-2 lleal-transverse colonic anastomosis. The small bowel 
proximal to the anastomosis (long arrow) has an abnormal 
appearance with pseudohaustra (short arrows ) and dilation, an 
appearance known as colonization. 



Figure 63-3 Postoperative deformity after closure of prior 
diverting colostomy. A prominent short-segment annular constriction 
(arrow) is present in the transverse colon with intact mucosa. Serosal 
metastatic disease can have the same appearance. 



Figure 63-4 Side-to-side enterocolic anastomosis. Evaluation of 
the colon proximal to the anastomosis may be technically difficult 
because of preferential filling of the distal small bowel. 
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additional colonic lesions, whereas the distal colon is evalu- 
ated to assess the status of a distal anastomosis or a previously 
inflamed segment. 

Stomal creation is associated with a number of complica- 
tions. Necrosis may occur if the biood supply is compromised 
by tension or compression during formation of the stoma. The 
stoma may become detached from the abdominal wall and 
migrate into the abdominal cavity. With stomal recession, it 
may remain attached to the abdominal wall but retract into 
the abdomen, causing inflammation of the surrounding skin. 
The bowel may also prolapse or intussuscept through the stoma. 
When they occur, parastomal hernias may contain small or, 
rarely, large bowel that passes through an enlarged fascial defect 
adjacent to the stoma. The hernia may remain in the subcu- 
taneous tissues (Fig. 63-5) or may protrude externally beside 
the stoma. In obese patients, these hernias can be difficult to 
detect clinically but are readily apparent on abdominal com- 
puted tomography (CT) scans. Parastomal hernias can result 
in bowel obstructions and can be difficult for the surgeon to 
repair. Parastomal hernias causing stomal obstruction or dys- 
function may be intermittent. When examining a stoma at 
fluoroscopy, tangential views should be obtained with and 
without a Valsalva maneuver to elicit bowel herniation into a 
parastomal hernia. Stomal ulceration may occur because of 
mechanical irritation from the stomal appliance. The choice of 
colostomy depends on whether it is to be permanent or tem- 
porary, the patient s body habitus, previous operations, and the 
surgeons preference. 

END-COLOSTOMY 

An end-colostomy may be performed as a definitive procedure 
in patients with distal rectal carcinoma or as part of a two-stage 
procedure for diverticulitis. The stoma is usually in the left 
lower quadrant, and the descending colon or residual sigmoid 
colon is the portion that forms the stomal opening. This pro¬ 
cedure is often performed in association with the Hartmann 



Figure 63-5 Parastomal hernia. Large parastomal hernia ( arrows ) 
containing unobstructed small bowel in this patient status total 
proctocolectomy and end-ileostomy for Crohn's disease. 


procedure to close off the rectal stump, so only one stoma is 
present. 

LOOP COLOSTOMY 

A loop colostomy is usually performed for the following indica- 
tions: (1) as a temporary procedure to relieve an acute obstruc¬ 
tion of the distal colon or to protect a new distal colonic 
anastomosis; and (2) as a permanent procedure for unresectable 
advanced lesions. A loop of transverse or sigmoid colon is 
brought to the surface of the abdominal wall, sutured in place 
on the outside, and then opened up, creating afferent and effer- 
ent stomas. The mucosa connecting the two stomal openings is 
the posterior wall of the colon. Patients are usually aware of 
which stoma produces feces and are able to direct the radiolo¬ 
gist to examine the correct portion of the colon. 

DOUBLE-BARRELED COLOSTOMY 

A double-barreled colostomy is created when the colon is 
divided completely and the two cut ends are sewn side by side 
to each other, but this type of colostomy is rarely performed. 
This type of stoma also has two openings, and the patient can 
usually tell which one is the productive orifice. This procedure 
is chosen because the stoma can be closed without reentering 
the abdomen. The apposed common walls are cut, and the 
stoma closes spontaneously, or the margins of the two stomal 
openings can be pursed together with minimal suturing under 
local anesthesia. 

DIVIDED COLOSTOMY AND MUCOUS FISTULA 

A divided colostomy and mucous fistula operation creates two 
separate colostomies—one for the proximal colon, creating an 
efferent or productive stoma, and one for the distal colon, creat¬ 
ing an afferent stoma (Fig. 63-6). From the afferent stoma, the 



Figure 63-6 Typical diverting transverse colostomy. This 
demonstrates a fecal stoma, mucous fistula stoma, and end-to-end 
sigmoid anastomosis. 
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Figure 63-7 Rectal deformity caused by prior abscess and 
drainage. Examination performed because of a family history of 
colonic carcinoma demonstrates a short, annular constriction ( arrows ) 
in the midrectum that was not present on an examination performed 
6 years earlier. Endoscopy showed normal mucosa in the contracted 
segment. Additional history was obtained before ordering further 
studies. An intervening appendectomy at another institution 4 years 
earlier required postoperative transrectal drainage of a perirectal 
abscess. This case represents residual deformity from that abscess 
and its treatment. 



Figure 63-8 lleal-ascending colonic anastomosis. This procedure is 
performed after resection of a right colonic tumor or ileocecal 
Crohn's disease. 


colon carries only mucus to the rectum; this stoma has been 
called a mucous stoma or mucous fistula. This procedure is not 
commonly performed but may be chosen to ensure that no fecal 
debris enters the distal colon. 

At 6 to 8 weeks, the colon is usually reexamined before 
closing the diverting colostomy to ensure that there is no leakage 
and that regional inflammatory changes have subsided. When 
the colon is evaluated to exclude a fistula, a single-contrast 
rather than a double-contrast barium enema study should be 
performed. Barium is safe to use in the asymptomatic patient 
because extravasation, when it occurs, has a well-formed sinus 
tract, and barium does not enter the peritoneal cavity. Also, 
barium has contrast characteristics superior to those of water- 
soluble contrast agents, which may not be sufficiently dense and 
can become diluted in such a tract, making it difficult to visual- 
ize tiny tracts during fluoroscopy of organs low in the bony 
pelvis. 

After diversion of the fecal stream with a colostomy, the 
distal colon may have an abnormal appearance when examined 
before closure. The unused segment of the colon may appear 
nondistensible and may have an abnormal mucosal pattern, 
with nodularity and lymphoid follicular hyperplasia. 5 This con- 
dition is known as diversion colitis. The apparent absence of 
distensibility is probably the result of chronic lack of distention, 
and the mucosal irregularity is likely secondary to adherent 
mucus in a contracted and unprepared colon. Patients may be 
asymptomatic; this entity likely represents a radiographic phe- 
nomenon rather than a true colitis. With restoration of the fecal 
stream after closure of the colostomy, the morphologic features 
of the colon return to normal unless underlying colonic inflam¬ 
matory disease is present. A deformity may be created at the site 
of the previous colostomy and may cause radiographic confu- 
sion when the history is not correlated with the radiographic 
examination. The appearance is variable and may resemble that 
of a polypoid filling defect, smooth or nodular annular lesion, 
or submucosal or serosal process (see Fig. 63-3). Any colonic 
operative or endoscopic procedure may also produce a persis- 
tent deformity that can mimic disease (Fig. 63-7). Careful 
review of the patient s history should prevent a misdiagnosis. 

Cecostomy 

Cecostomy is a surgical procedure in which an opening is 
created in the cecum to relieve cecal distention produced by 
intestinal pseudo- obstruction, pro fo und paralytic ileus, or, 
rarely, distal obstruction (e.g., tumor, cecal volvulus). It is a 
temporizing or palliative measure in acutely ill patients and in 
those who would not tolerate a definitive but more prolonged 
right hemicolectomy and ileal ascending colonic anastomosis 
(Fig. 63-8) or resection of a distal colonic obstructive process. 
A tube is placed in the cecum and brought to the abdominal 
surface to relieve colonic distention. A cecostomy may be per¬ 
formed by the surgeon, interventional radiologist, or gastroen- 
terologist. A definitive surgical procedure can later be performed 
when the patient’s condition permits. 

Low Anterior Resection 

Low anterior resection, performed for carcinoma of the 
proximal rectum and midrectum, entails resection of the recto- 
sigmoid and anastomosis of a cuff of the proximal colon to the 
distal rectum below the peritoneal reflection. It involves an 
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anastomosis deep within the pelvis and may be difficult to 
perform. The surgeon must determine how low a resection to 
perform; this decision depends on the patient’s body habitus, 
nature of the lesion to be resected, and skili of the surgeon. 
Depending on the amount of residual rectum, a straight 
colorectal anastomosis or pouch to rectal anastomosis may be 
performed (see later, “Proctectomy and Coloanal Anastomo¬ 
ses”). Stapling devices greatly facilitate the technical perfor- 
mance of low anterior resection. A temporary, protective 
diverting ileostomy or colostomy may be created in conjunction 
with this procedure. 

Preoperatively, the surgeon may wish to obtain a procto- 
scopic measurement or radiographic estimation of the distance 
from the anal canal to the lesion. Postoperatively, the status of 
the anastomosis may require evaluation with a water-soluble 
contrast enema before closure of the ostomy. The examination 
is performed with a gently placed 12F Foley or small-caliber red 
rubber catheter that is taped onto the adj acent gluteal skin; 
inflation of the balloon could disrupt the anastomosis. Leakage 
from a low anastomosis within the pelvis may produce a pelvic 
abscess, perirectal abscess, or colovaginal fistula (Fig. 63-9). 

Proctectomy and Coloanal 
Anastomoses 

A proctectomy with coloanal anastomosis is a means of remov- 
ing the rectum while preserving colonic continuity and anal 
sphincter function. This is performed primarily in patients with 
rectal carcinoma involving the mid and lower thirds of the 
rectum. Total mesorectal excision is preformed to reduce the 
risk of local recurrence. The tumor is excised with a relatively 



Figure 63-9 Rectovaginal fistula. Contrast material is identified in 
the vagina (open arrow). Surgical clips (solid arrow) seen posteriorly 
define the level of the anastomosis and level of the fistula. 


short distal margin while preserving the anal sphincter. Previ- 
ously, the colon was reattached to the anus via a straight colo¬ 
anal anastomosis, but the current procedure of choice is the 
colonic J-pouch anastomosis (Fig. 63-10). This has improved 
functional outcome over a straight anastomosis, particularly in 
the first postoperative year. 6,7 The technique involves folding the 
distal aspect of the residual colon upon itself and dividing the 
septum to create a reservoir for fecal material. The pouch is 
hand-sewn or stapled directly to the anus. A diverting colos¬ 
tomy or ileostomy may also be performed. Similar to other 
colonic anastomoses, the surgeon may request a water-soluble 
contrast examination prior to ileostomy takedown (Fig. 63-11). 



Figure 63-10 Colon J pouch. A segment of distal colonic is folded 
upon itself, divided, and anastomosed to the anus, creating a 
reservoir for fecal material after low anterior resection. 



Figure 63-11 Colon J pouch. This is the normal appearance of a 
colon J pouch on a retrograde water-soluble contrast study 
performed prior to takedown of a diverting ileostomy. 









1138 SECTION VII Colon 



Figure 63-12 Colon J pouch leak and inflammation. CT scan of 
the pelvis in a patient status postproctectomy and colon J pouch for 
a low rectal cancer shows a leak and presacral inflammation at the 
blind-ending stump of the J pouch ( arrowhead ) that was not detected 
prior to ileostomy takedown. 


Another surgical technique in patients with difficult anatomy 
is the coloplasty pouch. This involves a longitudinal incision in 
the descending colon, which is then closed transversely. This 
creates a pouch that may be technically easier to anastomose to 
the anus in patients with a narrow pelvis. Early studies indicated 
a higher rate of anastomotic leaks, particularly at the distal end 
of the incision, but improved functional results compared with 
a straight coloanal anastomosis. 8,9 

All types of coloanal anastomoses can be complicated by 
anastomotic leaks and associated abscesses (Fig. 63-12). 



Figure 63-13 Closed rectal pouch. This line drawing shows a 
Hartmann pouch with a terminal ileostomy. 


to be unsafe and is usually performed with complicated diver- 
ticulitis, but may also be performed for other indications, 
including colon and rectal cancers, inflammatory bowel disease, 
and trauma. Bowel continuity can subsequently be reestab- 
lished by a colorectal anastomosis. In some patients, however, 
the surgeon may elect not to reestablish continuity for medical 
or technical reasons. The blind pouch normally may contain 
fecal debris, inspissated mucus, or enteroliths. Polyps or car- 
cinoma can also develop in this segment. 11 Patients may be 
asymptomatic until the tumor has become far advanced. 
Although the classic Hartmann pouch involves only a portion 
of the rectum, in practice the pouch may be much longer and 
include part or all of the sigmoid colon. A Hartmann pouch 
may also be created after total colectomy and creation of an 
ileostomy for Crohn’s disease or ulcerative colitis. 

Mucous Fistula 


Abdominoperineal Resection 

Lesions involving the anal sphincter complex usually require an 
abdominoperineal resection. In this procedure, the rectum and 
anal sphincter complex are removed via an abdominal and peri- 
neal approach, with creation of a permanent colostomy. Major 
radiologic complications are related to abdominal or pelvic 
abscesses. 10 Colostomy complications can also arise, similar to 
those discussed earlier. 

Hartmann Procedure 

During the Hartmann procedure, a tumor or segment of 
sigmoid diverticulitis is resected, an end colostomy is created, 
and the distal rectal stump is closed by stapled sutures or sewn 
by hånd (Fig. 63-13). The resulting Hartmann pouch becomes 
a blind segment of colon from the anus to the sealed stump. 
The procedure is used when a primary reanastomosis is thought 


Rather than closing off the rectal stump, a rectosigmoid stoma 
or mucous fistula may be created by bringing out the proximal 
cut end of the distal sigmoid colon or rectum, which results in 
a stoma that produces only mucus. The distal colon extends 
from the stoma of the mucous fistula distally to the anus. 

Appendectomy 

Appendectomy is a procedure in which the appendix is tied 
at its junction with the cecum and is resected. The stump is 
ligated and inverted. Occasionally, this operation may produce 
a sizable, smooth polypoid defect at the base of the cecum 
(Fig. 63-14). A history of appendectomy and the typical loca¬ 
tion of the defect at the apex of the cecum should help prevent 
a mistaken diagnosis of cecal polyp. Nodularity, mucosal 
disruption, or a location away from the cecal apex should 
arouse suspicion that it is a true polyp requiring colonoscopic 
evaluation. 
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Heal Pouch-Anal Anastomosis 

Ileal pouch-anal anastomosis is performed in patients who 
have ulcerative colitis (see Chapter 57) or familial polyposis 
(see Chapter 61 ). 12,1 " It is an alternative to proctocolectomy 
that offers the potential for nearly normal defecation through 
an intact anus. Careful radiographic and clinical evaluation of 
the patient to exclude Crohn s disease is essential. Patients with 
Crohn’s disease may not tolerate extensive pelvic surgery, and 
perineal fistulas and sinus tracts, inflammation of the pouch, 
and anastomotic strictures may develop. The procedure consists 
of colectomy, mucosal proctectomy, and creation of a small 
bowel reservoir. The colon and most of the rectum are removed, 
leaving the distal portion of the rectum in place. The mucosa 
is dissected from this rectal remnant, leaving a cuff of denuded 
rectum with intact muscularis propria, based on the concept 
that the intact sensory innervation of this segment enables 
the patient to sense bowel distention and have the urge to 


\ 



Figure 63-14 Appendiceal stump deformity. A broad-based 
defect ( arrows ) at the apex of the cecum is caused by a previous 
appendectomy. Most appendectomies produce minimal or no 
deformity of the cecum. 


defecate. Although bowel movements may be increased in fre- 
quency, patients may need to defecate no more often than 
they normally urinate. Some patients have nocturnal soiling, 
but the quality of life of patients who had ulcerative colitis is 
greatly enhanced, and the risk of developing colonic carcinoma 
is eliminated. 

The most common pouch is a J pouch, although an S or side- 
to-side (Fonkalsrud) pouch may be created (Fig. 63-15). The J 
pouch is formed when the distal ileum is closed and the ileum is 
doubled on itself, forming a J configuration. The apposed walls 
of the two limbs are stapled to each other, and the two segments 
are opened, creating a pouch that has the volume of two limbs 
(Fig. 63-16). The Staples delineate the length of the pouch. The 
pouch is placed into the rectal cuff, a hole is created at the apex 
of the pouch, and the pouch is stapled to the anal mucosa. 

The S pouch is created by apposing and suturing three limbs 
of the distal ileum to each other. The common walls are opened, 
creating a pouch with the diameter of three segments of small 
bowel. This pouch and the Fonkalsrud pouch have an efferent 
limb that is brought into the rectal cuff, and its mucosa is 
sutured to the dentate line of the anal canal. 

The Fonkalsrud pouch is created by resecting a segment of 
the distal ileum. This segment is placed next to another loop of 
ileum, and a side-to-side anastomosis is created. 

The ileal pouch-anal anastomosis procedure is usually per¬ 
formed in two stages. The first stage consists of a total col¬ 
ectomy, creation of the pouch and pouch-anal anastomosis, 
and creation of a protective diverting ileostomy. The second 
stage is ileostomy closure, which is performed after a period 
of 6 to 8 weeks, allowing suture lines to mature. Before closure, 
the surgeon examines the anorectum. If the anorectum is 
normal, a barium enema is performed to rule out small leaks 
from the pouch staple lines or pouch-anal anastomosis. If the 
clinical examination is abnormal, the barium enema is delayed 
or CT is performed. Abscesses tend to occur later and are hest 
seen on CT examination. 

A three-stage procedure may be required when the patient 
is weakened by fulminant colitis and is receiving high-dose cor- 
ticosteroid therapy. The first stage consists of creation of a 
simple ileostomy, colectomy, and Hartmann closure of the 
rectum. The second stage is performed several months later, 
when healing and recovery of electrolyte and endocrine integ- 
rity have occurred (usually after corticosteroid withdrawal). 
The remainder of the rectum is resected, mucosal proctectomy 
is performed, and a pouch with pouch-anal anastomosis is 
created. The third stage is closure of the ileostomy 6 to 8 weeks 
later. 



Figure 63-15 Three major types of ileal pouch-anal anastomosis. A. J pouch. B. S pouch. C. Side-to-side (Fonkalsrud) pouch. 
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Figure 63-16 Normal J-pouch reservoir before closure of the 
diverting ileostomy. Note the long J-pouch appendage (top solid 
arrow) and the efferent limb (open arrow) leading from the ileostomy 
to the pouch. In this supine oblique view, air is present (bottom solid 
arrow) in the anterior portion of the pouch at the pouch-anal 
anastomotic region. Contrast material should be positioned at the 
pouch-anal anastomosis by placing the patient in a 45-degree erect 
position or turning the patient toward the prone position until air is 
displaced by contrast material. 


Any of the complications that attend all major abdominal 
operations may develop after ileal pouch-anal anastomosis, 
including abscesses, ileus, or small bowel obstruction. 14,15 The 
small bowel mesentery limits mobility of the ileum, and the 
small bowel may have to be manipulated extensively to create 
the ileal pouch-anal anastomosis. This manipulation may con- 
tribute to the prolonged ileus seen in some patients. Small bowel 
obstruction may develop in the immediate postoperative period, 
in the period between creation of the pouch and closure of the 
ileostomy, or at any time during the remainder of the patient’s 
life. A mesenteric hematoma may occur if small mesenteric 
vessels rupture because of manipulation of or prolonged tension 
on the mesentery. The superior mesenteric artery syndrome can 
develop if tension placed on the mesentery in an attempt to 
position the pouch in the lowest portion of the pelvis retracts 
the superior mesenteric artery against the aorta. 15,16 Prophylactic 
release of the small bowel mesentery at the ligament of Treitz, 
mesenteric lengthening incisions, and judicious suturing and 
resection of stretched branch mesenteric vessels facilitate mobi- 
lization of the terminal ileal pouch into the pelvis. 1 

Although leakage may occur from the suture lines of the 
pouch (Fig. 63-17), this complication usually occurs at the ileal 



Figure 63-17 Pouch leak. Leakage (arrow) from a J-pouch reservoir 
with a presacral fistula and collection. 


pouch-anal anastomosis (Figs. 63-18 and 63-19). Anteroposte- 
rior, oblique, and lateral views of the distended, gas-free pouch 
in a 30- to 45-degree upright position must be obtained low 
enough to include the ileal pouch-anal canal junction. CT scans 
may also depict pouch leaks (Fig. 63-20). Leakage from the 
pouch or from the ileal pouch-anal anastomosis requires that 
closure of the diverting ileostomy be postponed until healing 
of the leak has been confirmed. Small leaks and collections may 
be treated by endoscopic drainage, suturing, or antibiotic 
therapy if they do not resolve spontaneously. 18 A small length 
of closed reflected ileum often is not incorporated into the J 
pouch, termed the J-pouch appendage (Fig. 63-21; see also Fig. 
63-16). This appendage may leak, may be long enough to twist 
and necrose, or may simulate leakage (see Fig. 63-21). 19 The S 
pouch and Fonkalsrud pouch have efferent limbs that pass from 
the pouch to the anus. These pouches, when distended with 
fecal contents, may compress the efferent limb and interfere 
with pouch emptying. Some patients with this condition 
succeed in emptying their pouch by self-catheterization. 

Patients who tolerate the complete procedure may return 
with so-called pouchitis, complaining of tenesmus and diarrhea 
and, rarely, with bleeding, fever, arthralgias, and other systemic 
symptoms. Endoscopic examination of the pouch may 
reveal redness and ulceration. 22 Pouchitis is not associated with 
consistent radiographic Åndings, and its cause is unknown. 

With time, accommodation of the small bowel to the pouch 
leads to an increased capacity and small bowel dilation, which 
can simulate small bowel obstruction on abdominal radio- 
graphs. When clinical and radiographic Åndings are confusing, 
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Figure 63-18 Pouch leak. Leakage from the J-pouch-anal 
anastomosis of a J-pouch reservoir is seen. Leakage from any anal 
anastomosis has a typical chevron appearance resulting from tracking 
of the extravasated contrast material between the rectal cuff and the 
pouch or efferent limb inserted into the cuff. (From Kremers PW, 
Scholz FJ, Schoetz DJ Jr, et al: Radiology of the ileoanal reservoir. 
AJR 145:559-567, 1985.) 



Figure 63-20 CT scan of pouch leak. CT scan with oral and IV 
contrast depicts a leak ( arrows ) at the pouch-anal anastomosis on this 
coronal reformatted image. 



Figure 63-19 Chevron configuration of ileoanal anastomotic leak. Diagrammatic illustration of the mechanism of extravasation from a 
pouch-anal anastomosis. Right, Mucus (or contrast material) passes from the point of disruption ( short curved arrow) and courses between the 
pouch and the cuff of rectum, producing the chevron configuration seen in Figure 63-18. Purulent material eventually dissects beyond the cuff 
and spilis ( long curved arrow ) into the perirectal soft tissues. (From Kremers PW, Scholz FJ, Schoetz DJ Jr, et al: Radiology of the ileoanal 
reservoir. AJR 145:559-567, 1985.) 
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Figure 63-21 Pseudoleakage. This appearance is commonly seen with a J-pouch reservoir in which there is incomplete filling of the J-pouch 
appendage and represents a potential radiographic pitfall. A. Traces of contrast material ( arrows ) appear to extravasate from the proximal 
posterior part of the J-pouch reservoir. B. Additional spot image with further distention shows contrast material surrounded by a faintly visible 
suture line ( arrows ) just anterior to the sacrum. The lateral view also demonstrates the anterior position of the lower portion of the pouch, which 
traps air in the supine position, impairing visualization of the J pouch-anal anastomosis. (From Kremers PW, Scholz FJ, Schoetz DJ Jr, et al: 
Radiology of the ileoanal reservoir. AJR 145:559-567, 1985.) 



Figure 63-22 Colonic stent. A. Normal appearance of stent with central waistlike narrowing. B. Recurrent large bowel obstruction with 
migrated colonic stent currently located in distal rectum. Note the absence of waistlike narrowing. 


enteroclysis or retrograde small bowel enema examination may 
be required to rule out mechanical obstruction. 

Occasionally, patients post-pouch procedure for ulcerative 
colitis return years later with symptoms and are found by radi- 
ography to have small bowel Crohns disease. Further review of 
the original pathology may show sparse granulomas in the colon. 

Colonic Stents 

Colonic stents are sometimes placed for treatment of large bowel 
obstruction. 23,24 These procedures are usually palliative and are 


performed in patients with colon cancer or obstructing colonic 
metastases whose condition is deemed unresectable or who are 
unable to tolerate definitive resection. On occasion, stents are a 
temporal bridge to definitive colonic resection, avoiding emer- 
gency surgery. Obstructing lesions are traversed with a guide 
wire, and metallic stents are deployed to relieve the obstruction. 
Postprocedural radiographs demonstrate waistlike midstent 
narrowing that indicates satisfactory placement across the stric- 
ture (Fig. 63-22A). The most common complications of colon 
stent placement seen on radiographic studies include perfora- 
tion, stent migration (Fig. 63-22B), and recurrent obstruction. 25 
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Feces 

Mucus strands 
Oil droplets 

Ingested foreign bodies 
Air bubbles 

Neoplasms and Tumors 

Multiple adenomatous polyps 
Hemangiomas 

Familial adenomatous polyposis 
Cronkhite-Canada syndrome 
Disseminated gastrointestinal polyposis 
Juvenile polyposis coli 
Turcot's syndrome 
Neurocrest and colonic tumors 
Ruvalcaba-Myhre-Smith syndrome 
Lymphoma 
Metastases 

Multiple adenocarcinomas 
Cowden's syndrome 
Leukemic infiltration 
Blue nevus syndrome 
Neurofibromas, neurofibromatosis 

INFLAMMATORY DISORDERS 

Ulcerative colitis 
Crohn's disease 
Diversion colitis 
Colitis cystica profunda 
Malacoplakia 
Behpet's syndrome 


Solitary Colonic Filling Defects 


BENIGN TUMORS 

Hyperplastic polyp 
Adenomatous polyp 
Villous adenoma 
Villoglandular polyp 
Hamartoma 
Peutz-Jeghers polyp 

Spindle cell tumor (lipoma, gastrointestinal stromal tumor, fibroma, 
neurofibroma, cystic lymphangioma) 

Traumatic neuroma 
Carcinoid tumor 

MALIGNANT TUMORS 

Carcinoma 
Lymphoma 
Metastases 
Kaposi's sarcoma 

INFECTIOUS DISORDERS 

Ameboma 

Tuberculosis 

Mucormycoma 

Periappendiceal abscess 

Diverticular abscess 

Schistosomiasis (polypoid granuloma) 

Ascaris lumbricoides (bolus of worms) infection 
Intramural hematoma 

INFLAMMATORY DISORDERS 

Colitis cystica profunda 
Solitary rectal ulcer syndrome 
Foreign body perforation and abscess 
Crohn's disease 


INFECTIOUS DISORDERS 

Pseudomembranous colitis 
Amebiasis 
Schistosomiasis 
Trichuriasis 

Strongyloides infection 
Cytomegalovirus infection 
Ascariasis 
Herpes zoster 

MISCELLANEOUS DISORDERS 

Lymphoid follicular pattern 
Nodular lymphoid hyperplasia 
Hemorrhoids 
Diverticula 

Pneumatosis intestinalis 

Cystic f i brosis 

Endometriosis 

Colonic varices 

Amyloidosis 

Hemangiomas 

Urticaria 


MISCELLANEOUS DISORDERS 

Endometrioma 

Intussusception 

Bezoar 

Suture granuloma 
Inverted appendiceal stump 
Hypertrophied anal papilla 
Stool, vegetable material 
Amyloidosis 
Varix, hemorrhoid 


Mosaic-Submucosal Edema Pattern 


Obstructive colon cancer 
Colonic urticaria 
Herpes zoster 
Ischemia 
Cecal volvulus 
Colonic ileus 
Yersinia infection 
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64-4 Segmental Colonic Narrowing 


MALIGNANT DISORDERS 

Primary adenocarcinoma 

Metastases 

Kaposi's sarcoma 

Lymphoma 

Carcinoma 

Carcinoid 

Direct spread from renal, duodenal, pancreatic, ovarian tumor 

INFLAMMATORY DISORDERS 

Crohn's disease 
Ulcerative colitis 
Cathartic colon 
Caustic colon 
Retractile mesenteritis 
Typhlitis 

Solitary rectal ulcer syndrome 

INFECTIOUS DISORDERS 

Amebiasis 
Schistosomiasis 
Strongyloides infection 
Tuberculosis 
Gonorrheal proctitis 

Chlamydia infection (lymphogranuloma venereum) 

Herpes zoster 
Cytomegalovirus infection 
Bacillary dysentery 
Actinomycosis 

Giant anorectal condyloma acuminatum 
Pericolic abscess 

VASCULAR DISORDERS 

Ischemic colitis 
Radiation colitis 
Intramural hematoma 

MISCELLANEOUS DISORDERS 

Pancreatitis 

Pelvic lipomatosis 

Endometriosis 

Amyloidosis 

Adhesive band 

Postoperative deformity 

Myochosis 


Causes of Large Bowel Obstruction in an Adult 


INFLAMMATORY DISORDERS 

Diverticulitis 

Inflammatory bowel disease 
Retractile mesenteritis 

INFECTIOUS DISORDERS 

Ascaris bolus 

Chagas' disease 

Amebiasis 

Schistosomiasis 

Actinomycosis 

Tuberculosis 

EXTRINSIC BOWEL LESIONS 

Adhesions 
Hernias 
Volvulus 
Endometriosis 
Neoplasms 
Appendiceal abscess 
Tubo-ovarian abscess 
Distended biadder 

NEOPLASTIC LESIONS 

Adenocarcinoma of the colon 

Lymphoma 

Spindle cell tumor 

Gastrointestinal stromal tumor 

Carcinoid 

Metastases 

VASCULAR DISORDERS 

Intramural hematoma 
Vascular occlusion, infarction 

OBTURATION OF LUMEN 

Bezoar 
Gallstone 
Enterolith 
Fecal impaction 
Foreign body 
Intussusception 

MISCELLANEOUS DISORDERS 

Amyloidosis 

Colonic pseudo-obstruction 


64 _ 5 Annular "Apple-Core" Colonic Lesion 


Carcinoma 

Diverticulitis 

Chronic Crohn's disease 
Chronic ulcerative colitis 
Ischemic colitis 

Chlamydia infection (lymphogranuloma venereum) 

Lymphoma 

Tuberculosis 

Villous adenoma 

Helminthoma 

Ameboma 
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Intestinal Pseudo-Obstruction: Ogilvie's Syndrome 


DRUG REACTION 


NEUROMUSCULAR DISORDERS 


Phenothiazine 

Antidepressants 

Morphine 

Antiparkinsonian 

PARALYTIC ILEUS 

Hypokalemia 
Pancreatitis 
Pneumonia 
Myocardial infarction 
Trauma 


Parkinson's disease 
Chagas' disease 
Myotonic dystrophy 

MISCELLANEOUS DISORDERS 

Amyloidosis 

Sprue 

Scleroderma 
Retractile mesenteritis 
Vitamin D deficiency 


ENDOCRINE DISEASE 

Myxedema 

Diabetes 

Hypoparathyroidism 

Pheochromocytoma 


64-8 Colon Distention Without Obstruction 


PARALYTIC ILEUS 

TRAUMA 

After operation 

Spinal cord injury 

Peritonitis 

Intramural hematoma 

Appendicitis 

Lower rib injury 

Pancreatitis 

Retroperitoneal hemorrhage 

ELECTROLYTE IMBALANCE 

URINARY TRACT DISORDERS 

Hypokalemia 

Ureteral colic 

Hypochloremia 

Renal failure, uremia 

Calcium abnormality 

Urine retention 

ENDOCRINE DISORDERS 

COLLAGEN-VASCULAR DISEASE 

Diabetes 

Scleroderma 

Adrenal insufficiency 

Dermatomyositis 

Myxedema 

Polyarteritis nodosa 

Hypoparathyroidism 

Kawasaki's syndrome 

NEUROMUSCULAR DISORDERS 

ACUTE THORACIC DISEASE 

Hirschsprung's disease 

Myocardial infarction 

Parkinson's disease 

Multiple sclerosis 

Congestive heart failure 

Riley-Day syndrome 

MISCELLANEOUS DISORDERS 

Amyotonia congenita 

Chronic constipation 

Chagas' disease 

Chronic laxative, cathartic abuse 

Aerophagia 

DRUG THERAPY 

Mesenteric infarction 

Morphine, L-dopa, chlorpromazine, benztropine, atropine. 

Shock 

propantheline bromide 

Septicemia 

Hexamethonium 

Toxic megacolon 

Cystic fibrosis 

Amyloidosis 


Large Bowel Obstruction in a Newborn 


Hemia, incarcerated, internal orexternal 

Congenital stenosis or atresia 

Hemia, incarcerated, internal orexternal 

Hirschsprung's disease 

Imperforate anus 

Rectal atresia 

Intussusception 

Midgut volvulus with malrotation 
Small left colon syndrome 
Megacystis-microcolon syndrome 
Intraluminal web, diaphragm, or band 
Duplication 


64-10 Intestinal Obstruction in a Postneonatal Child 


Hirschsprung's disease 
Imperforate anus with fistula 
Hemia 

Appendicitis 
Duplication 
Intussusception 
Midgut volvulus 
Tuberculosis 
Cystic f i brosis 
Crohn's disease 
Fecal impaction 
Foreign body, bezoar 
Ascaris bolus 
Neoplasm 
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TAB LE 

64-11 


Toxic Megacolon 


TAB LE 

64-14 


Coned Cecum 


Bacillary dysentery 
Pseudomembranous colitis 
Ulcerative colitis 
Crohn's disease 
Ischemic colitis 
Amebic colitis 
Bacillary dysentery 
Typhoid fever 
Cholera 

Strongyloidiasis 
Campylobacter colitis 
Pseudomembranous colitis 
Behget's disease 


64-12 Enlarged lleocecal Valve 


Normal variant 
Crohn's disease 
Amebiasis 

Fatty infiltration, lipoma 

Intussusception 

Villous adenoma 

Adenocarcinoma 

Lymphoma 

Yersinia enterocolitis 

Actinomycosis 

Cathartic abuse 

Tuberculosis 

Typhoid fever 

Intramural hematoma 

Anisakiasis 

lleocolic prolapse 

Carcinoid 

Lymphoid hyperplasia 


Crohn's disease 

Amebiasis 

Appendicitis 

Carcinoma of the cecum 

Ulcerative colitis 

Diverticulitis 

Cathartic abuse 

Actinomycosis 

Tuberculosis 

Metastasis 

Anisakiasis 

Typhoid fever 

Yersinia enterocolitis 

Cytomegalovirus infection 

Typhlitis 

Radiation therapy 

South American blastomycosis 


64-15 Cecal Filling Defects 


Appendiceal lesions 

Metastases (pancreas, ovary, colon, stomach) 

General causes of colonic filling defects 

Intussusception of appendix, Meckel's diverticulum, lymphoma, 
distal ileum 
Diverticulitis 
Endometriosis 
Solitary benign ulcer 
Adherent fecalith (cystic fibrosis) 

Burkitt's lymphoma 
Ameboma 

Lipomatous ileocecal valve 


64-13 Appendiceal Lesions 


After operation (inverted stump, adhesions) 
Abscess 

Acute appendicitis 
Calculus, fecalith 
Crohn's disease 
Metastasis 

Intussusception, invagination 

Endometrial implantation 

Mucocele 

Myxoglobulosis 

Adenocarcinoma 

Spindle cell tumor 

Carcinoid tumor 

Diverticulosis 

Amebiasis 

Ascariasis 

Ulcerative colitis 

Tuberculosis 

Lymphoma 

Trichuriasis 

Typhoid fever 


64-16 Gas ’ n t * ie C°l° n Wa H 


Ischemic colitis 
Necrotizing enterocolitis 
Pseudomembranous colitis 
Toxic megacolon 
Large bowel obstruction 
Inflammatory bowel disease 
Molecular targeted therapy 


64-17 Pneumatosis Cystoides Coli (Non-Necrotizing) 


Colonoscopy 

Colonic irrigation or enema 

Pneumomediastinum with abdominal extension 

Emphysema, asthma 

Molecular targeted therapy 

Scleroderma 

Dermatomyositis 

Juvenile rheumatoid arthritis 

Pyloric obstruction 

Imperforate anus 

Hirschsprung's disease 

After operation (intestinal bypass) 

Blunt abdominal trauma 
Cystic fibrosis 

Peptic ulcer with intramural perforation 
Hydrogen peroxide enema 
Inflammatory bowel disease 
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64-18 Fistula Involving the Colon 


INFLAMMATORY DISORDERS 

Crohn's disease 
Diverticulitis 
Biliary fistula 

Peptic ulcer, marginal ulcer 

Aspirin, nonsteroidal anti-inflammatory drugs 

Pancreatitis 

INFECTIOUS DISORDERS 

Actinomycosis 

Pelvic inflammatory disease 

Tuberculosis 

Amebiasis 

Chlamydia infection (lymphogranuloma venereum) 
Appendiceal abscess 
Renal abscess 

MALIGNANT DISORDERS 

Adenocarcinoma of the colon 

Lymphoma 

Metastasis 


64-21 Colonic Thumbprinting 


VASCULAR DISORDERS 

Occlusive vascular disease 

Intramural hemorrhage (anticoagulants, bleeding diathesis) 
Traumatic intramural hematoma 
Hemolytic uremic syndrome 
Hereditary angioneurotic edema 

INFLAMMATORY DISORDERS 

Ulcerative colitis 
Crohn's disease 
Retractile mesenteritis 

INFECTIOUS DISORDERS 

Amebiasis 
Schistosomiasis 
Cytomegalovirus infection 
Strongyloidiasis 
Pseudomembranous colitis 
Typhlitis 

Staphylococcus colitis 
Anisakiasis 


MISCELLANEOUS DISORDERS 

After operation 
Ischemic colitis 
Infarction 

Foreign body (pin, bone, toothpick) 
Abdominal trauma 
latrogenic trauma 


64-19 Rectovaginal Fistula 


INFLAMMATORY DISORDERS 

Crohn's disease 
Diverticulitis 

NEOPLASTIC DISORDERS 

Carcinoma of the rectum 
Carcinoma of the cervix 
Carcinoma of the vagina 

INFECTIOUS DISORDERS 

Chlamydia infection (lymphogranuloma venereum) 

Appendiceal abscess 

Tubo-ovarian abscess 

Actinomycosis 

Schistosomiasis 

Tuberculosis 


NEOPLASTIC DISORDERS 

Lymphoma 

Hematogenous metastases 

MISCELLANEOUS DISORDERS 

Amyloidosis 

Endometriosis 

Diverticulosis or diverticulitis 
Mesenteric or peritoneal lesions 
Pneumatosis cystoides coli 


64-22 l- ar 9 e Lymphoid Follicles 


INFLAMMATORY DISORDERS 

Crohn's disease 

Behpet's syndrome 

Nodular lymphoid hyperplasia 

INFECTIOUS DISORDERS 

Campylobacter colitis 
Yersinia colitis 
Amebic colitis 
Herpes colitis 
Salmonella colitis 
Shigella colitis 
Tuberculosis 


TRAUMA 

Extern al 
Sexual 
Puerperal 
latrogenic 


NEOPLASTIC DISORDERS 

Lymphoma 

Adenocarcinoma 

Adenoma 

Leukemia 


MISCELLANEOUS DISORDERS 

Endometriosis 
Radiation therapy 
Foreign body 

Imperforate anus or other cloacal anomaly 


IMMUNOLOGIC DISORDERS 

AIDS 

Immunoglobulin E deficiency 


64-20 double Tracking in the Sigmoid Colon 


Carcinoma of the colon 
Crohn's disease 
Diverticulitis 


Aphthoid Ulcerations 


Crohn's disease 
Yersinia enterocolitis 
Amebic colitis 
Behget's disease 
Ischemic colitis 


TAB LE 

64-23 


Lymphoma 
Salmonella colitis 
Shigella colitis 
Herpes colitis 
Cytomegalovirus colitis 
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64-24 Ulcerative Colonic Lesions 


INFLAMMATORY DISORDERS 

Ulcerative disorders 

Crohn's disease 

Caustic colitis 

Behpet's syndrome 

Diversion colitis 

Solitary rectal ulcer syndrome 

Diverticulitis 

Pancreatitis 

Stercoral colitis 

INFECTIOUS DISORDERS 

Pseudomembranous colitis 
Amebiasis 

Campylobacter colitis 
Schistosomiasis 
Shigel losis 
Tuberculosis 
Gonorrhea 
Staphylococcal colitis 
Yersinia colitis 

Chlamydia infection (lymphogranuloma venereum) 

Herpes zoster 

Herpes simplex 

Rotavirus infection 

Cytomegalovirus infection 

Strongyloidiasis 

Histoplasmosis 

Candidiasis 

Actinomycosis 

Mucormycosis 

VASCULAR DISORDERS 

Ischemic colitis 
Uremic colitis 

Hemolytic uremic syndrome 

MALIGNANT DISORDERS 

Carcinoma 
Lymphoma 
Leukemic infiltration 
Gastrointestinal stromal tumor 

MISCELLANEOUS DISORDERS 

Drug-induced colitis (corticosteroids, antibiotics, chemotherapy) 
Inorganic mercury poisoning 
Chemical (paraldehyde) proctitis 
Amyloidosis 


64-25 Smooth Colon 


Ulcerative colitis Amyloidosis 

Crohn's disease Radiation colitis (late) 

Cathartic or enema abuse Schistosomiasis 

Ischemic colitis (late) 


64-26 Pericolic Abscess 


Diverticulitis 
Appendicitis 
Crohn's disease 

Perforated primary or metastatic neoplasm 

Tubo-ovarian abscess 

Pancreatitis 

Trauma 

Foreign body perforation 
Ischemic colitis 
Amebiasis 
Schistosomiasis 
Helminthoma 

Chlamydia infection (lymphogranuloma venereum) 

Actinomycosis 

Tuberculosis 

Renal infection 


64-27 Widened Presacral Space 


Normal variant 

INFLAMMATORY DISORDERS 

Ulcerative colitis 
Crohn's disease 
Retroperitoneal fibrosis 
Pelvic lipomatosis 
Colitis cystica profunda 
Chemical (paraldehyde) proctitis 

INFECTIOUS DISORDERS 

Presacral abscess 

Diverticulitis 

Appendicitis 

Tuberculosis 

Amebiasis 

Chlamydia infection (lymphogranuloma venereum) 

Presacral abscess (diverticular, appendiceal) 

Gonorrheal proctitis 

TUMORS 

Primary rectal tumors (adenocarcinoma, lymphoma, sarcoma, 
cloacogenic carcinoma) 

Invasion by adjacent tumors (biadder, prostate, ovary, cervix, 
myeloma) 

Sacral or coccygeal neoplasm (osteogenic sarcoma, 
chondrosarcoma, giant cell tumor) or teratoma 
Neurogenic tumors (chordoma, neurofibroma, schwannoma) 
Lipoma 

Multiple myeloma 
Sacral metastases 
Ovarian cyst or neoplasm 

VASCULAR DISORDERS 

Hematoma 
Radiation fibrosis 

Inferior vena cava obstruction (pelvic edema) 

Hemorrhoidal injection 

MISCELLANEOUS DISORDERS 

Urinoma 

Lymphocele 

Inguinal hernia with rectal traction 
Cushing's disease 
Sacral fracture 
Duplication (tailgut) cyst 
Amyloidosis 
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table Anterior Indentation on the 
64-28 Rectosigmoid Junction 


Peritoneal metastases (stomach, colon, pancreas, ovary, Blumer 
shelf) 

Extrinsic invasion from prostate, uterus, biadder, vagina, 
neoplasms 
Abscess 
Hematoma 
Ascites 

lliac artery aneurysm 

Pelvic lipomatosis, retroperitoneal fibrosis 

Lymphadenopathy 

Surgical sling repair 

Lymphocele 

Hematocolpos 


table Congenital Syndromes Associated 
64-29 with Colonic Malrotation 


Marfan's syndrome 
Mobile cecum 
Prune-belly syndrome 
Asplenia or polysplenia 
Trisomy 21 

Thoracoabdominal wall defect 
Eagle-Barrett syndrome 
Cornelia de Lange's syndrome 
Abdominal heterotaxy 


Mural Thickening of the Colon on Computed 
Tomography, Ultrasound, and Magnetic 
Resonance Imaging 


NEOPLASMS 

Carcinoma 
Lymphoma 
Polyposis syndromes 
Metastases 

Gastrointestinal stromal tumor 

INFLAMMATORY DISORDERS 

Ulcerative colitis 
Crohn's disease 
Behpet's disease 
Diverticulosis, diverticulitis 
Typhlitis 

INFECTIOUS DISORDERS 

Pseudomembranous colitis 

Amebic colitis 

Any infectious colitis 

MISCELLANEOUS DISORDERS 

Intussusception 
Hematoma 
Low-protein States 


TABLE 

64-30 


64-31 "Bull's-Eye" Lesions 


Metastases (especially melanoma) 

Kaposi's sarcoma 
Lymphoma 
Carcinoma 
Carcinoid 

Ulcerating submucosal tumor (e.g., leiomyosarcoma) 


64-32 Microcolon 


Meconium ileus 
Heal atresia 

Megacystis-microcolon-hypoperistalsis syndrome 
Colonic atresia 
Hirschsprung's disease 


64-33 Colon Cutoff Sign 


Acute pancreatitis 
Ischemic colitis 
Colon obstruction 
Mesenteric thrombosis 


table Classification Scheme for Mural Thickening 
64-34 0 f the Gastrointestinal Tract 



White Gray Target Target Gas 

water fat 
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Historical Perspective 

The practice of medicine has been transformed by computed 
tomography (CT). In recognition of the importance of this 
technique, Cormack and Hounsfield were awarded the Nobel 
Prize in 1979 for their role in its development. 1 The first 
clinical CT unit was placed at Atkinson Morley Hospital in 
England on October 1, 1971. 1 Each image took 4 minutes to 
be acquired, and 2 days were needed to reconstruct the series. 
The clinical importance of CT was immediately appreciated; 
by 1976, 22 companies were manufacturing CT scanners, and 
in 1979, more than 1000 scanners were in use throughout 
the world. Since then, there has been continuous and dramatic 
improvement in both spatial and temporal resolution as a 
result of advances in both hardware and software design, par- 
ticularly the development of helical and multidetector helical 
CT and dual-energy CT. 

Creating the Computed 
Tomography Image 

The fundamental concept of CT is to use multiple projections 
of an object to reconstruct the internal structure of that object. 2,3 
The creation of a CT image can be divided into three steps. Data 


acquisition involves the actual exposure to radiation (scanning 
of the patient) with the creation of raw data; image reconstruc¬ 
tion involves processing of the raw data into a numerical matrix 
revealing the internal structure; and image display involves con- 
verting the numerical data matrix to a gray-scale image. Each 
of these is discussed with conventional CT, and then the changes 
created by the advent of helical and multidetector helical CT 
are described. 

DATA ACQUISITION 

An x-ray tube and an opposing array of detectors as well as the 
associated electronics are mounted on a track or frame called a 
gantry. The x-ray tube produces a fan-shaped beam of x-rays 
that interact with the patient by absorption or scattering; some 
of the x-rays pass through the patient to interact with the detec- 
tor array. During data acquisition, the tube and detectors rotate 
around the patient, and the detectors repeatedly measure the 
amount of x-ray energy transmitted through the patient. The 
amount of x-ray energy received by the detector and the gantry 
angle at the time of the measurement are recorded (Fig. 65-1). 
Typically, the detector array contains 500 to 1000 detectors, each 
of which is sampled approximately 1000 times per revolution. 3 
Each line of this information reflects the summation of the 
attenuation coeffkients of all structures in that x-ray path. The 
entire data set forms the “raw data” from which an image 
is reconstructed. Conventional or incremental scanning is 
obtained by performing a series of individual scans during sus- 
pended respiration. After each scan, the patient breathes; the 
table is advanced; and in most machines, the tube and detector 
apparatus rewinds to begin another scan. 4 

IMAGE RECONSTRUCTION 

From the raw data, a digital image is created. A variety of tech- 
niques can be used to accomplish this; these rely on the prin¬ 
ciples of back projection, iterative formulas, or analytic formulas, 
either with or without Fourier transformation. 5 The result is a 
matrix of numbers; in general, a 512 x 512 matrix is used in 
abdominopelvic CT. Each number in this matrix is called a 
pixel, or picture element. Each pixel corresponds to a volume 
of tissue or voxel within the patient; the average density of the 
tissue within the voxel is represented by the pixel value. The 
difference in attenuation of the contents of a voxel relative to 
water is defined as the CT attenuation number and expressed 
in Hounsfield units (HU). 6 

IMAGE DISPLAY 

This digital image or number matrix is converted to a visual 
format for interpretation. A gray scale is used with the densest 

1155 




1156 SECTION VIII General Radiologic Principles for Imaging and Intervention of the Solid Viscera 


Figure 65-1 Three sample positions of data 
measurement in obtaining a single image. Data are 
collected from approximately 1000 positions during each 
revolution. At each position, measurements are obtained 
from each detector in the array; although the example 
shows 16 detectors, in actuality 500 to 1000 are used. The 
entire group of measurements forms the raw data used to 
reconstruct the internal structure of the scanned object. 
(Modified from Sprawls P: Physical Principles of Medical 
Imaging. Gaithersburg, Md, Aspen, 1987.) 



Computer 

memory 


materials, such as bone (highest HU), being assigned lighter 
shades, whereas the least dense, such as air (most negative HU), 
are assigned darker shades. A problem arises in that display 
devices are limited to demonstrating approximately 60 shades 
of gray, and the human eye may distinguish as few as 30 shades; 
the 4096 CT numbers cannot be simply mapped without con- 
version. The wide range of numbers is converted for display by 
window width and level Controls. The window level specifies the 
centering of the gray scale, and the choice of width specifies the 
numbers over which the gray scale is to extend. For example, if 
the window level is set to 0 and the width is set to 500, every 
pixel number below 250 will be black and every pixel greater 
than 250 will be white; if there are 50 shades of gray, each would 
be assigned a range of 10 numbers with the middle gray used 
for the numbers adj acent to 0. 

Helical Computed Tomography 

Helical or spiral CT involves a continuous rotation of the gantry 
as the patient is advanced at a steady rate through it, dispensing 
with the discrete steps of data acquisition in conventional CT. 4,7 
This continuous rotation creates a volume set of raw data that 
must then be segmented to create planar images. Introduced in 
1989, the technology was rapidly accepted and distributed. The 
major advantages of helical scanning include rapid acquisition, 
unlimited ability to obtain overlapping images without increased 
radiation exposure, high-quality multiplanar reconstruction, 
and absence of respiratory misregistration. 8 

Helical CT introduced several unique new concepts that the 
physician must understand. The first reflects the relationship 
between the speed of the table and the speed of the gantry. This 
is described as the pitch and is defined as the table feed per 
360-degree tube revolution divided by the width of the colli- 
mated beam (Fig. 65-2). When the patient’s movement is equal 
to the beam collimation, the pitch is 1. Increasing the pitch 
allows increased coverage in the z direction but with some 
increase in image noise. Use of pitches greater than 1 also 
decreases the radiation dose to the patient. 7 

A second important new concept introduced by helical 
CT is that of reconstruction increment and overlapping 


Pitch = 1:1 


1 



I 0 I 1 I 2 | 3 I 4 | 5 I 6 I 7 | 8 I 9 |10|111 ) 


Pitch = 2:1 


1 



Figure 65-2 Concept of pitch (table increment per revolution of 
the gantry over collimation). Pitch of 1:1 (top). The table increment 
is a constant 1 cm/s with a collimation of 1 cm. Pitch of 2:1 ( bottom ). 
The table increment is 2 cm/s with the 1-cm collimation. Advantages 
of pitches greater than 1 include increased coverage (20 cm versus 
10 cm in this example with a 10-second acquisition) and decreased 
radiation exposure. However, there is increased noise and slice profile 
broadening with increased pitches. In clinical scanning of the 
abdomen, pitches of 1.3 to 2.0 are frequently used with single- 
detector helical CT. (Modified from Zeman RK, Fox SH, Silverman PM, 
et al: Flelical [spiral] CT of the abdomen. AJR Am J Roentgenol 
160:719-725, 1993.) 


reconstructions. As with conventional CT, once the scan has 
been obtained, the image thickness cannot be changed. However, 
because the data acquisition is continuous, the location of the 
image center along the z-axis may be altered. This has two 
practical applications: it allows overlapping reconstructions for 
use in postprocessing without any increase in radiation dose to 
the patients, and it reduces volume averaging effect, which may 
lead to improved detection of small lesions 9 (Fig. 65-3). 

The demand to scan faster continued despite the dramatic 
improvement resulting from helical CT. This demand was met 
by increasing the rotational speed of the gantry and increasing 
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Overlapping reconstruction 


No overlap 



Figure 65-3 Use of overlapping images with helical CT. A small 
lesion may be difficult to visualize because of volume averaging 
effects if it is centered between two adjacent images [upper 
examplé), where the "nodule" is centered between the top and 
bottom images. With the use of a 50% overlap, the nodule would be 
well visualized on the middle of the three images (lower examplé). 
There is no additional scanning time or radiation exposure to the 
patient. 


the number of slices obtained with each revolution. 10 Rotation 
speed has been reduced to a fraction of a second, with most 
high-end scanners having speeds of less than 0.5 s/rotation. 
Increasing the number of slices obtained per revolution was the 
next evolution of CT technology: multidetector helical CT 
(MDCT), also called multidetector-row CT and multislice CT. 11 

Multidetector Computed Tomography 

MDCT machines segment the detector array along the z-axis of 
the patient, allowing multiple rows of data in this plane to be 
obtained simultaneously. Elscint (Haifa, Israel) introduced the 
first MDCT machine, a dual-slice unit, in 1992. However, it was 
not until several manufacturers introduced four-channel 
machines in 1998 that the technology exploded. The technology 
behind MDCT is fascinating but largely beyond the scope of 
this chapter. Several reviews and hooks have been published 
to which the interested reader is referred. 1215 As with other 
improvements in CT technology, the major advantage of mul¬ 
tiple detector rows is an increase in performance that can be 
used to shorten scan duration, to increase scan range, and to 
improve resolution. In imaging of the solid abdominal organs, 
radiologists have exploited both the improved resolution and 
speed afforded by this new technology. 16 A signifkant portion 
of the performance gain has been used to obtain images of 
the organs multiple times during a single bolus of contrast 
material. 17 

In discussing MDCT, it is important to distinguish between 
the number of channels and the number of detector rows. For 
example, manufacturers and radiologists often refer to 4-row or 
16-row MDCT; however, this is a misnomer, and referring to 
4-channel or 16-channel MDCT is more accurate. The number 
of data channels determines the number of data streams that 
can be acquired simultaneously from the detector. The number 
of detector rows is the number of segmented detectors in the 
z-axis; this number is often greater than the number of chan¬ 
nels 18 (Fig. 65-4). However, as the number of channels increases, 
this discrepancy decreases. 



Figure 65-4 Differentiation of channel from row. Four-channel, 
16-row MDCT. In this example, the blue and light purpie boxes 
represent the 16 detector rows. The x-ray beam is collimated to 
expose the central eight rows. The radiation information obtained 
from each pair of central detector rows is combined electronically 
behind the detector to create four data streams, one for each of the 
four channels. Common usage is to refer to this as four-row MDCT, 
meaning four-channel MDCT. 


Another important new concept must be considered with 
MDCT: acquisition thickness versus image thickness. Before 
MDCT, image thickness was an acquisition parameter. Once 
this was chosen and the patient was scanned, it could not be 
altered. However, with multidetector machines, image thickness 
is a reconstruction parameter; that is, one can change the image 
thickness after the patient has been scanned. Various recon- 
structed section widths are available; the number of choices 
varies by the manufacturer. An image cannot be created with 
an image width thinner than the acquisition collimation. As 
long as the raw data are available, additional images can be 
created at a different thickness. 

MDCT has been used in imaging of the solid abdominal 
organs in several ways. There has been a reduction in slice width 
and scan acquisition time for routine abdomen and pelvis 
imaging. Scanning of a single organ, such as the liver or the 
pancreas, at multiple times during the rapid administration of 
intravenous contrast material (multiphase studies) is much 
easier to accomplish than on single-detector helical CT and has 
become part of the routine armamentarium of the radiologist. 
Finally, the use of very thin images during the arterial phase of 
injection has become helpful in CT angiography, often com¬ 
bined with routine images of the organ of interest. 

Dual-Energy Computed Tomography 

Dual-energy CT (DECT) is an emerging technology that prom- 
ises to add a new dimension to CT imaging. Its Utility is based 
on the principle that the attenuation of each element varies by 
the energy of the x-ray used to image it. The relationship 
between x-ray attenuation and x-ray energy is not linear. Rather, 
because of the photoelectric effect, attenuation spikes when the 
energy of the x-ray is at or just above the k-shell binding energy 
of the element. This energy level is known as the k-edge. The 
k-edge varies from element to element but increases with the 
atomic number of the element. DECT takes advantage of this 
phenomenon by imaging the patient at two different tube 
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Figure 65-5 Increased attenuation of iodine at 80 kVp compared with 140 kVp. Two axial contrast-enhanced images of the abdomen 
obtained at the same time at 140 kVp (A) and 80 kVp (B). Note the increased attenuation of the aorta and solid organs on the 80-kVp image 
resulting from the increased attenuation of iodine at 80 kVp. When measured, the attenuation of the aorta increased from 420 to 835 HU. The 
attenuation of the pancreas increased from 119 to 184 HU. 


voltages. This is accomplished either by rapidly switching the 
tube voltage of a single x-ray tube as it rotates aro und the 
patient (rapid switching DECT) or by imaging the patient with 
a pair of x-ray tubes and detectors oriented at 90 degrees to each 
other (dual-source DECT). The lower tube voltage is most com- 
monly 80 kVp, and the higher voltage is 140 kVp. Whereas the 
energy of the x-rays emitted by the x-ray tube is a Spectrum of 
varying energies, the lower the tube voltage, the lower the 
average energy of the Spectrum . 20 

By determining the attenuation of a voxel at two different 
tube voltages, DECT has several potential benefits. The first 
is increased sensitivity to iodinated contrast media. When 
imaging at 80 kVp, a larger portion of the x-ray Spectrum is 
near the k-edge of iodine (33.2 keV). Therefore, the attenua¬ 
tion of iodine is greater than at higher tube voltages. This 
increases the sensitivity of the detection of iodinated contrast 
media (Fig. 65-5). 19 Unfortunately, imaging at 80 kVp generates 
inherently noisier images than those obtained at a higher tube 
voltage. This disadvantage is mitigated by blending the noisy 
80-kVp image with the “cleaner” 140-kVp image to create an 
acceptable image quality. 21 This increased sensitivity to contrast 
media has been shown to increase the conspicuity of hyper- 
vascular lesions in the liver and hypovascular lesions in the 
pancreas. 20 

DECT also has the ability to detect certain substances on the 
basis of their differing attenuation at different x-ray energies. 
With respect to gastrointestinal imaging, there have been inves- 
tigations into use of DECT to detect and to quantify hepatic 
iron and fat stores. 22 24 In addition, DECT has been used to 
detect iodine and to create iodine-only images that aid in lesion 
detection. Conversely, DECT has also been used to create virtual 
unenhanced images by removing the iodine from a single-pass 
contrast-enhanced DECT. These two techniques allow detec¬ 
tion of lesion enhancement without the need for a noncontrast 
CT scan. 21 

Dosimetry and Dose Reduction 

There has been a significant increase in both the public and 
professional awareness of radiation dose in medical imaging. 25 
As CT is a procedure of relatively high dose and is used for 
a widening array of applications, it has received a large share 
of the attention. 26 CT scanning is now the highest single 


contributor to human-made radiation exposure to the popu¬ 
lation. 26 The National Radiological Protection Board in Great 
Britain estimated that in 1999, although only 4% of diagnostic 
procedures were CT scans, they contributed to 40% of overall 
medical radiation exposure. 27 Unfortunately, calculating the 
radiation dose in CT is complex, leading to difficulty in pro- 
viding simple answers to questions of dose. Important prin¬ 
ciples include the following: the dose is administered only to 
a certain volume of the body, not to the entire patient; the 
dose can vary considerably from scanner to scanner and from 
image to image, depending on the technical parameters set; 
and the percentage of the dose delivered centrally compared 
with the skin do se is much greater with CT than with con- 
ventional radiography. 2,3 

Absorbed dose is the energy absorbed per unit mass; it is 
measured in the SI unit gray (Gy). Fundamental CT absorbed 
dose descriptors include volume CT dose index (mGy), which 
reflects the average radiation dose within a scan volume, and 
dose-length product (mGy-cm), which reflects the radiation 
dose over the entire scan length. One or both of these values is 
displayed on the operator console of newer CT machines. 

The other descriptor of importance is the effective dose 
(mSv), which estimates biologic risk. Effective dose may be 
calculated by multiplying the dose-length product by a conver- 
sion factor that is based on the body part being scanned and 
the size of the patient. For an adult, the conversion factor for 
abdominal CT is 0.15. 29 The effective dose is almost always the 
number a clinician or patient wants to know when they ask 
what the radiation dose of a CT examination is. Typical effective 
dose values for abdominopelvic CT scans range from 8 to 
16 mSv. 26,30 It is often helpful to remember that the range of 
backgro und radiation in the United States is 1 to 10 mSv, with 
an average of about 3.6 mSv. Several excellent reviews are avail- 
able for those interested in further information." 1 " 

Several strategies exist to reduce radiation exposure due to 
CT both at the population level and during a given CT exami¬ 
nation. Emphasis by the radiologist on performing a CT exami¬ 
nation only to provide clinically useful information that will 
affect the course of treatment is the first step in reducing CT 
use as a population. Optimizing the study to answer the clinical 
question the first time avoids radiation from repeated CT 
studies. Limiting scan length to the area of interest also avoids 
excess radiation. Finally, consideration of alternative imaging 
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modalities, such as ultrasound and magnetic resonance (MR), 
which do not use ionizing radiation, is also important. 

In performing a given study, there are several parameters that 
may be adjusted to reduce the dose to the patient. The key 
tradeoff involved is between radiation dose and image quality. 
In general, parameters that reduce radiation exposure to the 
patient also reduce the number of photons that reach the detec- 
tor. This reduced sample size increases statistical noise, which 
is manifested as reduced image quality. Therefore, it is impor¬ 
tant for the radiologist to understand that although the highest 
possible image quality is desirable, it often comes at the expense 
of increased radiation exposure. 

Three key parameters that influence both radiation dose and 
image quality are the tube current-time product, tube voltage, 
and pitch. The tube current-time product measured in 
milliampere-seconds (mAs) is the product of the tube current 
and the time of rotation. Peak tube voltage (kVp) measured in 
kilovolts (kV) is the voltage applied to the x-ray tube. Decreases 
in current-time product result in a linearly proportional 
decrease in radiation dose. However, this results in an increase 
in image noise proportional to the inverse of the square root of 
the decrease in current-time product (e.g., a reduction in half 
of the current-time product would result in a l/V.5 = 1.41 or a 
41% increase in image noise). 34 Similarly, a decrease in tube 
voltage results in reduced radiation dose at the expense of 
increased noise and other artifacts. 34 Finally, pitch is inversely 
proportional to radiation dose and directly proportional to 
image noise. 34 

Although there is no agreed on value of these parameters 
that will produce the optimal image, they may be adjusted to 
yield the lowest radiation dose possible while still achieving 
diagnostic image quality in a given clinical scenario. One of the 
most important factors to take into account is the patient’s size. 
Smaller pediatric patients will require a lower tube current-time 
product, depending on their size." 5 Conversely, the obese adult 
patient will often require an increased tube current-time 
product and tube voltage for a diagnostic image to be obtained. 36 

Reconstructed slice thickness is another factor that may 
influence radiation dose. As discussed before, with MDCT, a 
given CT data set may be reconstructed at varying slice thick- 
nesses. However, for a given data set, a thinner reconstruction 
will have more noise than a thicker one. Conversely, given a 
desired level of image noise, a thinner reconstruction will 
require a higher dose than a thicker one. 3 

CT scanner manufacturers have recently implemented a 
feature known as automated exposure control, which attempts 
to simplify the process of optimizing dose reduction. With 
automated exposure control, the operator sets an image quality 
parameter, the tube voltage, and the desired slice thickness. 
Then, as the gantry rotates around the patient, the scanner 
modulates the tube current such that the lowest necessary 
current is used to obtain the desired image quality. Determining 
what represents acceptable image quality may be difficult as 
image quality parameters vary between manufactures, and indi- 
vidual radiologists interpret image quality differently. 34 However, 
as this technology becomes more commonplace, automated 
exposure control should become increasingly useful to limit 
radiation dose in CT. 

One additional dose reduction technique on the horizon is 
iterative reconstruction. Iterative reconstruction is an alterna¬ 
tive reconstruction algorithm that requires less radiation expo¬ 
sure than filtered back projection to generate images of similar 


quality. The details of this algorithm are beyond the scope of 
this text. However, the main limitation of iterative reconstruc¬ 
tion is that it is a computationally intensive technique that 
results in long reconstruction times. Although this is an old 
technique that was used to reconstruct the first CT images, this 
limitation caused it to fail out of favor. Recent increased interest 
in reduction of radiation exposure combined with increasing 
computational processing power has renewed interest in this 
method. Methods that combine traditional filtered back projec¬ 
tion with iterative reconstruction have been found to reduce 
radiation do se by as much as 25% to 40% while maintaining 
image quality and acceptable reconstruction times. 38 Recent 
research reports 57% to 88% dose reduction with use of a pure 
form of iterative reconstruction (model-based iterative recon¬ 
struction), albeit with long reconstruction times and some loss 
of image quality. However, with increasing computation 
power and improving algorithms, iterative reconstruction holds 
great promise for dose reduction in CT. 

Intravenous Contrast Principles 

Iodine-based intravenous contrast material is routinely used in 
CT of the solid abdominal organs. When it is properly used, 
such contrast material improves lesion detection and character- 
ization. However, when it is used improperly, contrast material 
can actually decrease lesion detection. 3 In the early days of 
conventional CT, abdominal enhancement was described as 
consisting of three phases: bolus, nonequilibrium, and equilib- 
rium. 40,41 Whereas these phases are no longer as critical in pro- 
tocol planning as they were with conventional CT, scanning of 
the liver should be completed before the equilibrium phase, 
which generally begins about 90 to 120 seconds after injection. 42 
This could be relevant when either patient or technical prob¬ 
lems cause an unplanned increase in the scan delay. 

With helical CT and MDCT, enhancement characteristics of 
abdominal structures have been more completely studied 43 (Fig. 
65-6). The early arterial phase is a common name given to the 
period when a significant amount of contrast material is in the 



- Arterial Early arterial phase 

........... Arterial venous enhancement Late arterial phase 

- Arterial parenchymal Portal venous phase 

enhancement 

Figure 65-6 Phases of enhancement. The curves display the 
density of arteries, arterial parenchymal enhancement (such as in 
hypervascular tumors or the pancreas), and portal venous 
enhancement of the liver. The boxes demonstrate the timing of 
acquisition of each phase for a hypothetical scanner. Each of the 
three phases is acquired while contrast enhancement difference is 
greatest between the desired structure and other structures. 
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arterial system but little or no contrast material is in the venous 
system or organs. In the abdomen, this generally occurs 15 to 
25 seconds after the initiation of injection in most patients. The 
late arterial phase describes the time when contrast material is 
entering hypervascular tumors and vascular organs in signifi- 
cant amounts; this is generally 30 to 45 seconds after the begin¬ 
ning of the injection. Some have termed this the portal inflow 
phase , as contrast material is generally seen in the portal vein 
also but not in the hepatic veins; however, the enhancement of 
the liver parenchyma in this phase is primarily due to hepatic 
arterial flow. Finally, the period from 50 to 80 seconds after the 
injection is referred to as th e portal venous phase and is the time 
during which the liver is maximally enhanced; this delay reflects 
the predominant portal venous supply of the liver. Contrast 
material reaches the liver through the portal vein only after it 
traverses the mesentery and bowel. This phase has also been 
called the hepatic parenchymal phase and the hepatic venous 
phase. 43 

Iodinated contrast material is available in varying concentra- 
tions. Sixty percent iodine concentrations (300 mg/mL) are 
most commonly used for abdominal applications. However, 
varying concentrations have been studied, with a recent trend 
in use of higher concentrations. 44 One rationale for use of 
higher concentrations (350 to 370 mg/mL available in the 
United States, 400 mg/mL elsewhere) is the ability to get a 
greater number of iodine atoms into the organ of interest with 
the same injection rate. 45 Lower injection rates may be safer and 
easier to use. 46 Use of higher concentrations has been shown to 
improve detection of hypervascular hepatocellular carcinoma 
compared with preparations of 300 mg/mL. 4/ 

Injection of contrast material should always be performed 
with a power injector. This ensures that the desired injection 
rates and timing are achieved. Both the rate at which the con¬ 
trast material should be administered and the length of the scan 
delay (time from initiation of the injection of the contrast agent 
to time of initiation of scanning) have been studied exten- 
sively. 48 As the rapidity of acquisition increased with helical CT 
and MDCT, a complete reevaluation of contrast agent admin¬ 
istration strategies has been required. 42 Before helical CT, the 
greatest concern was administration of the contrast agent to 
maximize the time to equilibrium phase to allow scan comple¬ 
tion before equilibrium began. This is now easily accomplished, 
and the focus has been on determining the strategies to maxi¬ 
mize visualization of various normal and pathologic structures 
at certain points of enhancement. 

There are two additional questions to be answered with 
regard to intravenous administration of contrast material: the 
amount and method of administration. All currently used 
iodine-based contrast agents distribute rapidly into the extra- 
cellular space. Thus, the enhancement of vessels and organs 
depends not only on the dose but also on the rate of injection 
and the length of time from the beginning of the injection to 
imaging (scan delay) (Fig. 65-7). 

The dose of contrast material administered depends on 
scanner type and the specific organ of interest. Because of the 
various concentrations available, dose is best considered in 
grams of iodine. The increased speed of helical CT and MDCT 
has allowed dose reductions when the primary purpose of 
contrast is vascular opacification. However, adequate opacifica- 
tion of the hepatic parenchyma to optimize detection of focal 
lesions probably is not as dependent on speed; it has been 
recommended that a minimum dose of 38 g (125 mL of a 



Time 


Figure 65-7 Phases of enhancement with demonstration of 
timing differences based on machine type. If a series of images 
through the liver is desired at peak parenchymal enhancement, the 
scan delay will vary with the length of time the scanner takes to image 
the entire organ. Shown are two examples: a four-channel MDCT 
scanner that requires 10 seconds to scan the liver and a single- 
channel helical scanner that requires 30 seconds to complete the 
images. 


300 mg/mL formulation) should be used with helical scan¬ 
ning. 49 For general parenchymal organ imaging, a dose of 120 
to 150 mL of 300 to 370 mg/mL contrast material is generally 
used. 50 

The volume of contrast material administered to adults 
undergoing CT has routinely been held constant regardless of 
the patients size. By adjustment of the dose according to the 
patient s weight, a lower overall amount of contrast material 
may be used, creating a cost savings while maintaining image 
quality. A weight-based dose of 1.5 mL/kg was fo und acceptable 
in most patients for routine survey examinations. 51 

In general, contrast material is injected at relatively high 
rates to obtain rapid opacification of vessels and organs and to 
avoid imaging during the equilibrium phase. The degree of 
enhancement and the time of maximum enhancement are both 
directly related to the injection rate. 2 Rates for routine abdomi¬ 
nal studies generally are 2 to 3 mL/s; this is adequate to image 
the abdomen during the portal venous phase of enhancement. 
With multiphasic imaging, a more rapid bolus helps separate 
the different phases; for example, with a higher rate, a greater 
volume of contrast material is administered to obtain a high 
degree of hepatic arterial enhancement in the liver before portal 
venous contamination begins/ Rates for hepatic examinations 
generally range from 3 to 6 mL/s. 

The scan delay is defined as the time between the initiation 
of injection and the initiation of image acquisition. The delay 
chosen depends primarily on the phase of enhancement one 
wishes to image. Routine abdominal studies are ideally per¬ 
formed during the portal venous phase; CT angiographic 
images are obtained during the early arterial phase and hepatic 
parenchymal arterial studies during the late arterial phase. 
The scan delay also depends on how fast the scanner is—one 
must consider the contrast enhancement at the end of the 
scan as well as at the beginning. Ideally, the scan is centered 
at the peak of the desired phase. Thus, with the slowest scan- 
ners, one might have to begin before the ideal opacification 
is reached to ensure that at the end of the scan, the 
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enhancement phase is still appropriate; conversely, with the 
fastest scanners, the delay is greater to center the acquisition 
at the desired enhancement peak (Fig. 65-7). The optimal 
scan delay depends on the injection rate and volume admin- 
istered; when the rate is changed, the delay may require adjust- 
ment as well. 54 ' 57 

The terminology used to describe the administration of con- 
trast material in CT varies in the literature, by local custom, and 
with the organ of interest. Multiphase studies are usually 
referred to by the number of series obtained after the injection 
of contrast material; for example, “biphasic” CT of the liver 
usually includes two contrast-enhanced scans; it may or may 
not include a precontrast scan. If a precontrast scan were 
included, some would term this a triphasic examination, 
whereas others would not. 

As the science of contrast agent administration has pro- 
gressed, patient-dependent factors have become more obvious. 
Most institutions use nearly the same technique for most adult 
patients. However, differences in cardiac output, weight, time 
from last meal, and fluid status affect the actual enhancement 
obtained on the images. 58,59 In an effort to tailor the examina¬ 
tion to the specific patient, bolus tracking systems are available 
that initiate scanning when the optimal enhancement has been 
reached. 60,6 In general, these systems use a series of low-dose 
scans obtained at a single location within the abdomen. A 
region of interest cursor is placed on the aorta or liver, and 
a threshold density level is set. After the beginning of the 
contrast agent administration, scans are obtained every second 
or so until the density measured within the region of interest 
reaches a threshold value. At that time, the diagnostic scan 
is begun. 

Another technique becoming more popular, particularly 
with the use of 64-channel CT machines and in CT angiogra- 
phy, is the use of a “saline chaser.” This was originally described 
with a technique of placing both the contrast agent and saline 
in one injector chamber, but now dual-bore (one piston for the 
contrast agent and one for the saline) injectors are available as 
well. 62 The saline serves two functions: it increases the efficiency 
of the contrast agent used as no contrast material will remain 
in the tubing or in the peripheral circulation of the arm at the 
end of the injection, and it maintains high concentrations of 
contrast material in the circulation longer by preserving the 
bolus shape. This in turn has been used to decrease the total 
dose of contrast material administered. 63 

Other intravenous contrast agents are being explored, pri- 
marily to image the liver with the goal of improving lesion 
detection and characterization. These contrast agents target 
either the reticuloendothelial system (Kupffer cells) or hepato- 
cytes. However, iodine is the only intravenous agent currently 
used routinely in abdominopelvic CT. 

Interpretation Principles 

The conventional approach to CT interpretation is based on 
“hard-copy” film. A number of forces have changed interpreta¬ 
tion from a film-based environment to a“soft-copy” or monitor- 
based environment. The number of images obtained in 
abdominal studies is climbing as multidetector techniques 
allow the creation of more (usually thinner) images. Multiple 
phase acquisitions and use of multiplanar reformations have led 
to the creation of even more images. Filming this number of 
images is not practical. Picture archiving and Communications 


system (PACS) methods have helped manage these images as 
well as allowed enterprise-wide simultaneous visualization of 
images with central secure data storage. 

Certain principles are the same with both film and monitor 
interpretation. Images should be displayed with window width 
and level settings appropriate for differentiation of solid- 
containing, fluid-containing, and air-containing structures 
(body window: level = 40-70, width = 380-550). Many radiolo- 
gists find narrower width (liver window: level = 60-80, width = 
125-150) images of the upper abdomen helpful, and viewing of 
these Windows is suggested to aid in identification of lesions 
with minimal density difference from normal liver. 64,65 Varieties 
of measurements are made to clarify findings and to include 
objective data in the radiology report. Regions of interest are 
created to obtain the average density of the contents inscribed 
to help lesion characterization. Size measurements on helical 
data sets are accurate in the axial, longitudinal, or z-axis. 66 Bidi¬ 
mensional measurements are made by determining the longest 
single diameter, then the longest dimension that is perpendicu- 
lar to the first. 67 

Image Postprocessing 

One of the most important advantages of helical acquisition is 
that a true volume data set is obtained. This allows several 
postprocessing options. The most basic option is planar refor¬ 
mations in the sagittal and coronal planes. These may be helpful 
in a variety of circumstances. For example, in attempting to 
delineate the origin of a mass, coronal or sagittal reformations 
may better demonstrate a fat plane separating the mass from an 
adjacent organ. In addition, certain structures, such as small 
vessels or the common bile duet, are often more readily assessed 
in the sagittal or coronal plane. 

Curved planar reformations are another postprocessing 
option in which a single image is created representing the 
anatomy along a curved line. This is useful in depicting biliary 
and pancreatic ductal anatomy and the relationship of tumor 
to these structures. Curved planar reformation is also useful in 
depicting stenosis, thrombosis, and aneurysms in vascular 
structures. 68 In addition, the ability to depict complex anatomy 
on a single image is appreciated by referring clinicians. 68 

Maximum intensity projection renderings generate images 
in which each pixel represents the highest attenuation voxel in 
a slab of tissue of a set thickness. This slab can be oriented in 
any plane. Maximum intensity projection reformations are 
often used with CT angiography to aid in evaluating small 
vascular structures that are accentuated by this technique. They 
are also used in surgical planning to help resolve questions of 
vascular anatomy and the relationship of tumor with adj acent 
vasculature. 69 

Minimum intensity projection renderings conversely gener¬ 
ate images in which each pixel represents the lowest attenuation 
voxel in a slab of tissue of a set thickness. Minimum intensity 
projection images are useful in evaluating low-attenuation 
structures, such as the pancreatic duets and the biliary tree. 70 

Volume rendering encompasses a wide array of techniques 
in which a three-dimensional model of the structures of interest 
is created. With respect to the imaging of the solid organs, it is 
mainly used with CT angiography to depict vessels. Volume 
rendering is used in conjunction with maximum intensity pro¬ 
jection in addressing questions of vascular anatomy and the 
relationship of vessels to adjacent tumor. 69 It is therefore useful 
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for surgical planning before liver transplantation, liver dona¬ 
tion, partial hepatectomy, and partial pancreatectomy. 

Volumetry is another postprocessing technique used to cal- 
culate the volume of a structure. The structure may be outlined 
manually or automatically at a workstation over contiguous 
slices throughout its entire volume. The workstation software 
then calculates the estimated volume of the structure. Estima- 
tion of tumor volume may be useful in assessing response to 
treatment. 1 Volumetry has also proved useful in presurgical 
planning before living related liver donation to estimate the 
volume of the donated liver and the remaining liver after dona¬ 
tion. 2 It is also useful in planning before partial hepatectomy 
to estimate liver volume after resection. 

These are just some of the more common available postpro¬ 
cessing options. Some, such as multiplanar reformations, may 
be performed routinely, whereas others are performed only for 
certain indications. They are often of great Utility to the refer- 
ring clinician as they may depict anatomy and pathology in a 
manner more easily interpreted by the nonradiologist. 

Scanning Protocols 

Exact scanning protocols depend on many variables, including 
the clinical indication, patient-related factors such as weight 
and venous access, and scanner type and manufacturer. Scan¬ 
ning protocols should be tailored for the specific clinical indica¬ 
tion. 4 Some basic principles are provided here from which 
exact CT protocols may be derived. 

ABDOMINOPELVIC SURVEY 

Survey examinations of the abdomen are often obtained for 
conditions such as abdominal pain, possible abscess, or malig- 
nant disease. For general survey examinations, the study is best 
performed with both oral and intravenous contrast material 
unless it is contraindicated. 7 The use of 5-mm-thick images 
obtained every 5 mm through the abdomen is standard. An 
injection of 125 mL of intravenous contrast material is used 
with an injection rate of 3 mL/s. A scan delay of 70 seconds is 
used for most patients. Approximately 900 mL of oral contrast 
material is used for most patients, if they can tolerate the enteric 
intake. However, acquisition section thickness may range from 
0.5 to 2.5 mm. The images created for interpretation are usuallv 
thicken from 3 to 5 mm . 76 

As long as the raw data are still in the scanner memory, 
additional thinner images can be created later if needed. One 
should be cognizant of the length of time of the injection versus 
scanning speed. This is usually an issue only in patients with 
poor intravenous access requiring lower injection rates. For 
example, if the injection rate is reduced to 1.5 mL/s, the injec¬ 
tion will last about 90 seconds. Depending on the acquisition 
collimation and gantry rotation speed, a scan initiated at 70 
seconds could be complete before all the intravenous contrast 
material has entered the abdominal circulation. To avoid this, 
one may increase the delay, slow the scanner, or reduce the 
volume of contrast material. Sample abdominopelvic survey 
protocols may be found in Table 65-1. 

COMPUTED TOMOGRAPHY OF THE LIVER 

Specific CT techniques to better evaluate the liver have become 
routine with helical CT and especially MDCT (Table 65-2). 


Abdominal CT Survey Protocols 



4-Slice 

16-Slice 

64-Slice 

Intravenous contrast 
agent (300 mg/mL)* 

125 mL 

125 mL 

125 or 100 mL 
+ 50 mL 
saline chaser 

Injection rate 

2-3 ml_/s 

2-3 ml_/s 

2-4 ml_/s 

Scan delay 

60-70 s 

60-70 s 

60-70 s 

Detector collimation 

2.5-5 mm 

1 -1.5 mm 

0.5-0.625 mm 

Image thickness 

5 mm 

5 mm 

5 mm 


Oral and intravenous contrast agents should be used unless 
contraindicated. 

*Other concentrations of the contrast agent may be used; the volume 
can be adjusted to keep grams of iodine constant. 


Conventional CT cannot be used for specific hepatic imaging 
protocols. Whereas certain principles of hepatic CT imaging 
exist, the specific techniques used will vary slightly by the exact 
indication. Specific protocols may focus on lesion characteriza- 
tion, screening for hepatocellular carcinoma in high-risk indi- 
viduals, evaluation of cholangiocarcinoma, or preoperative 
staging and planning. In addition, there are also special tech¬ 
niques involving catheter angiography with CT. 

The general principle from which most specific protocols 
are derived is based on the dual biood supply of the liver. 
The normal liver receives approximately 25% of its biood 
supply from the hepatic artery and 75% from the portal vein. 
The hepatic arteries will receive contrast material after a periph- 
eral venous injection first, generally beginning at 15 to 25 
seconds, depending on injection rate and the patient’s circula¬ 
tion time. 78 Contrast material reaches the portal venous system 
later as it must first traverse the mesenteric vessels and bowel 
capillaries. The portal vein begins to enhance about 35 to 40 
seconds after the injection of contrast material begins. Finally, 
at about 60 to 70 seconds, contrast material is identified in the 
hepatic veins. 

In contrast to the hepatic parenchyma, most hepatic tumors 
are supplied by the hepatic artery exclusively. The appearance 
of a focal hepatic mass depends on its vascularity and the delay 
after administration of contrast material. 7 ' Hepatic tumors that 
are hypervascular are generally best seen on late arterial phase 
images, which are obtained near the end of the phase of exclu- 
sive enhancement of the liver by the hepatic arteries, that is to 
say, when the contrast material just reaches the portal vein, at 
about 35 to 40 seconds (Fig. 65-8). Images obtained at this time 
have been referred to in the literature as arterial, late arterial, or 
portal venous inflow images. 7 ' Hepatic tumors that are hypo- 
vascular are generally best seen when there is good opacification 
of the liver by both the hepatic artery and portal vein, but before 
the onset of equilibrium. This is at 60 to 70 seconds and is 
identified by contrast material in the hepatic veins. Images 
obtained at this time may be varyingly referred to as portal 
venous, parenchymal, or hepatic venous phase images. However, 
these tumors may not be visualized during earlier phases (Fig. 
65-9). This is because the hypovascular tumor receiving a large 
amount of contrast material may become isodense to the hyper¬ 
vascular liver, which is receiving contrast material from only a 
portion of its biood supply. The exact timing of each phase 
in a particular patient may be determined by a test bolus 
technique. 7 
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Hepatic CT Protocols 




4-Slice 

16-Slice 

64-Slice 

Precontrast images 

Detector collimation 

5 mm 

1.5 mm 

0.5-0.625 mm 


Image thickness 

5 mm 

5 mm 

5 mm 

Injection 

Contrast volume (300 mg/mL) 

125 mL 

125 mL 

125 mL 


Injection rate 

3-4 mL/s 

3-4 mL/s 

3-4 ml_/s 


Scan delay 

15 s 

15 s 

15 s 

Early arterial phase* (CT angiography) 

Detector collimation 

1 -1.25 mm 

0.75 mm 

0.5-0.625 mm 


Image thickness 

2 mm 

1 mm 

1 mm 


Scan delay 

30 s 

30 s 

30 s 

Late arterial phase (arterial, portal venous inflow) 

Detector collimation 

1-2.5 mm 

0.75 mm 

0.5-0.625 mm 

Image thickness 

2-4 mm* 

2 mm* 

2 mm* 


Scan delay 

60-70 s 

70 s 

70 s 

Portal venous phase (hepatic venous, parenchymal) 

Detector collimation 

5 mm 

1.5 mm 

0.5-0.625 mm 

Image thickness 

5-7 mm 

2-5 mm 

2-5 mm 


Scan delay 

10-20 min 

10-20 min 

10-20 min 

Delayed phase* 

Detector collimation 

5 mm 

0.75 mm 

0.5-0.625 mm 

Image thickness 

5-7 mm 

2-5 mm 

2-5 mm 


For most indications, three phases are chosen, generally precontrast, late arterial, and portal venous phases. Early arterial images may be 
performed if desired for surgical planning, and delayed phase images are generally added in evaluation of cholangiocarcinoma. 

*With single channel, cannot be combined with arterial phase. Positive enteric contrast material should not be used; neutral or negative enteric 
contrast material may be administered. A 50% image overlap should be used (reconstruction interval equal to half of image thickness). 
*Thinner slice images with a softer kernel are created for use in maximum intensity projection and volume rendering angiographic images. 

*For use in identification or evaluation of cholangiocarcinoma. 



Figure 65-8 Biphasic liver examination of a hypervascular metastasis. A. On this late arterial phase image, a 1-cm hypervascular metastasis 
is identified in the medial segment of the left lobe (long arrow). Note that portions of the hepatic artery (short arrow) are well seen and contrast 
material is just entering the portal vein (asterisk). B. On this portal venous phase image obtained at the same location as in A, the lesion cannot 
be easily identified (asterisk). 



Figure 65-9 Biphasic liver examination of a hypovascular metastasis. A. On this late arterial phase image in a patient with metastatic colon 
cancer, no hepatic lesion can be identified. B. On the portal venous phase image obtained at the same location, the hypovascular metastasis on 
the lateral segment of the left lobe is easily seen (arrow). 
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The specific acquisition collimation, pitch, gantry rotation, 
and table speed will vary by scanner type and manufacturer. In 
general, these parameters are adjusted such that each phase can 
be accomplished within a 10- to 15-second breath hold. Increas- 
ing pitch decreases the radiation dose but increases image noise; 
in general, pitch should vary from 0.75 to 1.5 for most protocol 
phases. The reconstruction interval is generally equal to the 
image thickness, resulting in contiguous images, with the excep- 
tion of early arterial images to be used for CT angiographic 
reconstruction, in which the reconstruction interval is generally 
50% of the image thickness. 

The usefulness of precontrast images has been the subject of 
some debate. Proponents note the increased sensitivity for 
certain malignant lesions. Precontrast images can also be 
helpful in the identifkation of focal calcifications. Detractors 
focus on the relatively small incremental advantages compared 
with the additional cost and radiation exposure. 81 Acquisition 
collimation is also generally kept relatively large and image 
thickness is usually kept at 3 to 5 mm (see Table 65-2). 

Early arterial phase images can be separately obtained for 
three-dimensional reconstructions of the upper abdominal and 
hepatic arterial trees for use in surgical planning. When these 
are desired, a high rate of injection (4-6 mL/s) is important. As 
thin an acquisition collimation and as rapid a gantry speed as 
possible are used. If three-dimensional reconstructions are 
anticipated, positive oral contrast material should not be given 
as it interferes with reconstructions. 

Late arterial phase images are used for identifkation of 
hypervascular lesions as well as for lesion characterization. 43 
This requires high injection rates of 4 to 6 mL/s to get adequate 
amounts of iodine into the liver before portal venous contami- 
nation. With higher concentrations of contrast material, slightly 
slower injection rates introduce the same amount of iodine per 
unit time. Acquisition thickness ranges from 2.5 mm on 4- 
channel units to 0.5 mm on 64-channel units. The general prin¬ 
ciple used is to obtain as thin of a collimation as possible that 
will allow completion of the scan before a large amount of 
contrast material has entered the liver through the portal vein. 
This allows excellent spatial resolution that can be exploited to 
evaluate the arterial tree during this phase, negating the need 
for early arterial images. Image thickness of 2.5 to 5 mm may 
be used. Thinner images may help with identifkation of small 
vessels; however, one study demonstrated no improvement in 
the detection of hypervascular hepatocellular carcinoma with 
images thinner than 5 mm. 82 

Portal venous phase images are obtained with parameters 
similar to those used for routine survey examination of the 
abdomen. MDCT is begun at 60 to 70 seconds with an acquisi¬ 
tion collimation of 0.5 to 5 mm, depending on the number of 
channels. With MDCT, the image thickness is generally larger 
than the collimator thickness, usuallv 3 to 5 mm. Results from 
several studies comparing different image thickness have had 
varying results. A studv of small lesions fdefmed as <10 mm) 
found that 2.5-mm image thickness was more sensitive than 5-, 

7.5-, or 10-mm image thickness. 83 However, a later study com¬ 
paring images of 5-, 3.75-, and 2.5-mm thickness showed no 
improvement in detection of small metastases with the thinner 
image thickness, possibly because of increased noise on the 
thinner images. 84 Linally, one must consider that 80% of small 
(10 mm) liver lesions in patients with known malignant neo- 
plasms are benign, and differentiation of small benign lesions 
from small malignant lesions can be difficult or impossible. 85 It 


is possible that in evaluating for small and very small metasta¬ 
ses, an approach different from the routine anatomic one, such 
as perfusion imaging, will be required. 86 

Delayed scanning can be performed at 10 to 20 minutes after 
the injection, particularly for the detection or evaluation of 
cholangiocarcinoma. 87,88 At this time, contrast material persists 
in fibrous, dense structures but is decreasing in concentration 
in most tissues because of renal excretion. Such a delayed acqui¬ 
sition generally would have the same parameters as the portal 
venous phase sequence. 

If bolus tracking or a test bolus is used to optimize timing 
of the study, the region of interest may be placed over the upper 
abdominal aorta and a trigger of 100 HU may be used. Lor the 
late arterial phase, a delay of 16 seconds from the trigger is 
recommended. Lor the portal venous phase, a delay of 50 
seconds from the trigger is recommended. 89 If delayed scanning 
to assess for cholangiocarcinoma is to be performed, timing of 
the delayed phase based on the test bolus or bolus tracking is 
not necessary. 

A significant challenge in liver imaging is imaging of sick 
patients with decreased liver perfusion. This includes patients 
with cirrhosis, cardiac dysfunction, and portal vein thrombosis. 
These comorbidities are common in patients undergoing liver 
imaging. These patients may have decreased enhancement of 
the liver parenchyma in the portal venous phase that may 
obscure hypovascular liver lesions. This effect may be partially 
mitigated by the use of contrast media with higher concentra¬ 
tion of iodine or higher volumes of contrast material. 90 

Additional specialized hepatic CT imaging techniques exist 
but are not routinely used at most institutions. Delayed images 
at 6 hours after injection demonstrate focal lesions as slightly 
hypodense as the liver is slightly increased in density because 
of active excretion of the contrast material by the hepatocytes 
into the bile. 91 CT angiography and CT portography employ 
the use of an arterial catheter placed in the hepatic, splenic, 
or superior mesenteric artery. Images are obtained either during 
the direct arterial opacification of the liver (CT hepatic angi¬ 
ography) or during the first pass of contrast material through 
the portal venous system of the liver (CT arterial portogra¬ 
phy). 92 93 These techniques have been shown to be most sensitive 
for focal lesion detection; however, most comparisons predate 
MDCT. 94 

COMPUTED TOMOGRAPHY OF THE PANCREAS 

MDCT scanners have improved pancreatic imaging because of 
reduced acquisition time, ability to image during multiple 
phases of enhancement, and excellent multiplanar image recon¬ 
structions. MDCT imaging of the pancreas is based on the 
enhancement pattern of the pancreas in its normal and diseased 
States. Noncontrast images can be helpful in identifying pancre¬ 
atic calcifications and calcifkd common bile duet stones. 
However, full MDCT evaluation of the pancreas requires the 
use of intravenous contrast material. Water or negative oral 
contrast media may be used to distend the stomach and duo- 
denum to make it easier to evaluate for gastric and duodenal 
wall lesions. Compared with positive oral contrast agents, nega¬ 
tive oral contrast agents do not mask possible radiopaque stones 
in the common bile duet or pancreatic calcifications. 95 Sample 
pancreatic CT protocols may be found in Table 65-3. 

Contrast-enhanced CT pancreatic imaging is based on 
multiple parameters, such as iodine concentration, contrast 
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material volume, and injection rate. The maximum iodine 
dosage should not exceed 35 to 45 g. 96 Achieving high-contrast 
pancreatic enhancement is possible by increasing the injection 
rate or the concentration of iodine in the intravenous contrast 
material while keeping the total iodine dose constant. If the 
injection rate of the contrast material and the total iodine dose 
are constant, the use of higher concentration contrast media 
significantly improves pancreatic enhancement compared 
with lower concentration contrast media. 97 As a result, high- 
concentration intravenous contrast media improve pancreatic 
lesion detection. A weight-based approach to administration of 
intravenous contrast media may also be used to optimize the 
iodine dose. An iodine dose of 550 mg/kg can be used for both 
pancreatic and vascular enhancement, which translates into 1.8 
to 2.0 mL/kg, depending on the iodine concentration in the 
contrast media. 98 

Precontrast CT of the upper abdomen is first performed 
with 5- to 10-mm slice thickness to cover the pancreas. Subse- 
quent contrast-enhanced imaging of the pancreas has three 
possible phases: the early arterial phase, the pancreatic phase 


(also known as the delayed arterial phase), and the portal 
venous phase. 99 

The early arterial phase is obtained approximately 20 seconds 
after the bolus administration of 125 to 150 mL of contrast 
medium, injected at a rate of 4 to 5 mL/s. This is almost a purely 
arterial phase with little if any pancreatic enhancement. This 
phase, although it is not always obtained, allows assessment of 
the arterial tree in relation to pancreatic disease and may be 
useful in surgical planning. 100 However, there may not be 
enough contrast material present within the pancreas for iden- 
tification of hypervascular or hypovascular lesions. 100101 

The pancreatic (delayed arterial) phase is acquired nearly 35 
to 40 seconds after administration of the contrast medium. The 
scan extends from the level of the diaphragm to the inferior 
aspect of the duodenum with 2-mm slice thickness. During this 
phase, there is peak enhancement of the pancreas and good 
opacification of the arterial vascular system. 102 Images obtained 
in the pancreatic phase can be particularly helpful in identifying 
both hypervascular and hypovascular pancreatic lesions or vas¬ 
cular involvement by tumor or inflammation 103 (Fig. 65-10). 


^_3 Pancreatic CT Protocols 



4-Slice 

16-Slice 

64-Slice 

Precontrast* ,f 

Detector collimation 

5 mm 

1.5 mm 

0.5-0.625 mm 


Image thickness 

5 mm 

5 mm 

5 mm 

Injection 

Contrast volume (300 mg/mL) 

125 mL 

125 mL 

125 mL 


Injection rate 

4-6 mL/s 

4-6 ml_/s 

4-6 ml_/s 

Arterial phase (CT angiography) 

Scan delay 

15 s 

15 s 

15 s 


Detector collimation 

1 -1.25 mm 

0.75 mm 

0.5-0.625 mm 


Image thickness 

1.25 mm 

1 mm 

1 mm 

Parenchymal phase* ,§ 

Scan delay 

35-45 s 

35-45 s 

35-45 s 


Detector collimation 

2.5 mm 

0.75 mm 

0.5-0.625 mm 


Image thickness 

2-3 mm 

2 mm 

2 mm 

Portal venous phase 

Scan delay 

60-70 s 

70 s 

70 s 


Detector collimation 

5 mm 

0.75 mm 

0.5-0.625 mm 


Image thickness 

5-7 mm 

2-3 mm 

2-3 mm 


Up to four phases may be obtained through the pancreas; however, most institutions perform only three (choosing either the arterial phase or 
parenchymal phase) to limit radiation dose. Enteric contrast agents should be neutral or negative. 

*Most useful in evaluating patients with chronic pancreatitis or biliary obstruction; not generally used for routine mass evaluation. 
f This may be restricted in the z-axis to cover only the pancreas. 

*ln many circumstances, this can also be used for vascular assessment and reconstructions (CT angiography) with minimal venous contamination. 

The raw data can be reconstructed into an additional data set with image thickness equal to detector collimation and with 50% overlap. 

§ ln cases of known or suspected hypervascular pancreatic tumor (i.e., neuroendocrine), this phase can be expanded to include the liver for 
assessment for metastasis. 

"Generally includes the entire abdomen. 



Figure 65-10 Patient with symptoms and laboratory abnormalities consistent with an insulinoma. A. Image obtained during the 
pancreatic phase clearly demonstrates the hypervascular tumor ( arrow ) in the pancreatic head adjacent to the superior mesenteric vein. B. The 
tumor is almost impossible to identify on the portal venous phase image obtained at the same level. *, superior mesenteric vein. 
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The portal venous phase is acquired at 70 to 80 seconds after 
the administration of the contrast medium. For the portal 
venous phase, an acquisition is performed covering the entire 
upper abdomen with 2.5- to 5-mm slice collimation. Portal 
venous phase images improve visualization of the hepatic 
parenchyma, hypovascular hepatic metastases, and involvement 
of venous structures by tumor. 

If a bolus tracking or test bolus technique is used, the region 
of interest is placed over the aorta just above the pancreas and 
a threshold of 50 to 100 HU is used to trigger the study. With 
this technique, scanning for the arterial phase begins 8 seconds 
after the trigger, the pancreatic phase starts 25 seconds after the 
trigger, and the portal venous phase begins 50 seconds after the 
trigger. 89 

Future Directions 

The history of CT has been one of continuous improvement, 
usually measured in resolution and speed. Several significant 
leaps forward have occurred, most notably the introduction of 
helical and multidetector technologies. Although one major 
goal, the isotropic voxel, has been achieved with 64-channel 
machines, the demand for continued improvement persists. 

Whereas machines with even greater numbers of channels 
have been developed, the pursuit of speed and anatomic detail 
is only one avenue of future development and one that has led 
to its own set of questions. How can the new larger data sets 
generated by these machines be interpreted efficiently? With the 
potential for thousands of images to be generated for a single 
examination, what are the optimal reformations of the CT data 
set that will maximize efficiency of interpretation without sac- 
rificing the diagnostic accuracy of the examination? Finally, 
what are we to make of those small Åndings of questionable 
clinical significance that are now being revealed with the 
improved anatomic detail offered by modern CT (e.g., the small 
pancreatic cystic lesion)? 


Another area of future development is in the techniques 
that provide the radiologist with information beyond anatomy 
and attenuation. DECT is in its early stages, and although a 
few applications of abdominal imaging have been conceived, 
this is an area of active investigation that has the potential to 
provide the radiologist with increased contrast sensitivity as 
well as potentially clinically relevant information about the 
Chemical composition of the tissue being imaged. Another 
area of active interest is the development of perfusion CT in 
the abdomen and pelvis, particularly of the liver. Follow- 
ing the pathway of many CT innovations, this technique is 
becoming increasingly important in neuroradiology, and appli¬ 
cations in the body (where cardiac and respiratory motion as 
well as greater z-axis coverage presents additional challenges) 
may not be far behind. Perfusion is an area of great research 
interest that may have practical clinical benefits as well. Com- 
parison with MR perfusion techniques will have to be made, 
particularly in light of the potentially high radiation dose of 
perfusion CT. 

Finally, the central issue facing CT is that of radiation. As 
the number of CT examinations performed annually continues 
to increase and the radiation dose from these examinations 
increases as well, CT faces increasing scrutiny from public 
health officials, the media, and the general public. In the near 
future, CT will surely remain the predominant cross-sectional 
imaging modality, but in the long run, concerns about the 
effects of radiation as well as the increasing availability of 
MR and improvements in ultrasound have the potential to 
decrease the dominance of CT in the imaging armamentarium. 
As might be expected, manufacturers have stepped up to the 
plate, offering techniques such as automated exposure control 
and iterative reconstruction as described earlier. Improvements 
in these techniques as well as the development of new hard¬ 
ware- and software-based techniques to decrease radiation 
dose will be crucial to maintaining the long-term relevance 
of CT. 
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Ultrasound is an ideal modality for examination of the solid 
abdominal viscera. It is relatively inexpensive and portable and 
does not require the use of potentially harmful ionizing radia¬ 
tion or contrast agents. It enables real-time examination and 
can be used in the emergency department and by the bedside 
in the wards. Continual improvements in ultrasound technol- 
ogy and computing during the six decades since medical ultra¬ 
sound was first developed have ensured that it remains the 
first-choice modality for many applications within the abdomen. 
Ultrasound has several advantages over computed tomography 
(CT) and magnetic resonance imaging (MRI), including cost 
(and hence ease of access), real-time imaging, portability, lack 
of ionizing radiation, and absence of contraindications, 
although the cross-sectional modalities are often complemen- 
tary. Further advances in ultrasound technology will ensure that 
it retains a central role in abdominal imaging for the foreseeable 
fut ure. 

The first use of medical ultrasound was documented in 
Austria in 1942 by Karl Dussik, who imaged the ventricles of 
the brain and brain tumors. Another pioneer of medical ultra¬ 
sound, Ian Donald in Glasgow, built on innovations in the helds 
of sonar, radar, and ultrasonic haw detection in metals to image 
uterine hbroids and ovarian cysts. He also published a paper 
entitled “The Investigation of Abdominal Masses by Pulsed 
Ultrasound” in 1958. 1 Several technologic innovations were 
necessary to drive ultrasound forward as the commonplace 
medical imaging technique we know today. The hrst static arm 
commercial medical scanners were marketed in the 1960s, but 
the technique was slow and the machines were cumbersome. 
Real-time scanners soon replaced static arm scanners. These 
early scanners used the A-mode technique, in which the ampli¬ 
tude of returning echoes along a single line was displayed on an 
oscilloscope screen. Later B-mode compound scan images were 
composed of only black and white. Gray-scale imaging improved 


interpretation and is now the standard for abdominal imaging. 
The development of the transistor and later the integrated 
Circuit improved signal generation and amplihcation. All 
modern machines now employ digital signal processing tech- 
niques, and improvements in the design and manufacture of 
probes have allowed the development of compact, robust, and 
versatile probes for a variety of applications. 

The real-time nature of imaging with ultrasound lends itself 
particularly well to problem solving. Movement with respira¬ 
tion can be examined, tubular structures can be followed, and 
structures can be examined in different planes. Ultrasound can 
aid interventional procedures, such as hne-needle aspiration, 
core biopsy, and drain placement, and it is the modality of 
choice for guiding interventional procedures within the abdom¬ 
inal solid organs, 2 although on occasion it may be necessary to 
supplement it with fluoroscopy, CT, or MRI. However, the real¬ 
time nature of ultrasound requires competence on the part of 
the ultrasonographer or sonologist performing the examina¬ 
tion. Although the examination is performed in real time with 
up to 60 frames per second, only a fraction of these are saved 
as representative images for future review. Thus the experience 
of the operators is important because they will decide on the 
images to store. Picture archiving and storage (PACS) systems 
have enabled more still images to be stored without incurring 
the cost of printing film and may also allow the storage of cine 
loops to show dynamic processes. 

Ultrasound enables biood flow to be easily demonstrated 
without the need for nephrotoxic contrast agents, and neither 
the patient nor the operator is exposed to harmful ionizing 
radiation. The ability of ultrasound to differentiate between 
solid and cystic structures is a particular strength. 

Basic Physics 

Medical ultrasound uses short pulses of sound waves that are 
transmitted and received by the transducer (Fig. 66-1). A cou- 
pling gel is used to facilitate the transmission of sound waves 
to and from the probe. This matches the acoustic impedance of 
the probe to that of tissue and eliminates air gaps between the 
probe and the skin. The basic element of most current trans¬ 
ducers is a piezoelectric crystal that emits a sound wave when 
a voltage is applied to it (transmission) and generates a voltage 
when the reflected sound wave returns to it (reception). The 
voltages produced by each crystal on receiving reflected sound 
waves are converted into digital signals by an analog to digital 
signal converter and processed by the ultrasound machine to 
form the image. Future transducer designs may use alternative 
methods of transducer construction, 3 but the principles of 
sound wave generation and reception will remain the same. The 
probe contains multiple crystals arranged in a strip or a grid. 
There are typically 128 individual crystals within a transducer 
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Figure 66-1 Components of an ultrasound transducer. The crystal 
element has piezoelectric properties. (From Curry TS, Dowdey JE, 
Murry RC: Christensen's Physics of Diagnostic Radiology, 2nd ed. 
Philadelphia, Lea & Febiger, 1990, p 328.) 



Figure 66-2 Hepatic cirrhosis. Superficial aspect of the liver 
scanned with a 7-MHz linear transducer showing nodular surface due 
to cirrhosis. 


array, and they can be independently activated; this allows the 
ultrasound beam to be electronically steered and focused. 
Earlier designs used mechanical devices to steer and focus the 
beam, but these have largely been superseded by electronic Con¬ 
trols. The best resolution of an image is within the focal zone, 
and focusing allows the focal zone to be varied according to the 
area of interest being examined. The beams of array transducers 
can be focused on both transmit and receive. Some transducers 
allow multiple focal zones to be selected to increase the effective 
focal zone, but this will reduce the frame rate or temporal reso¬ 
lution of the scan. 

Several factors have to be taken into account in considering 
the most appropriate choice of transducer for a given applica- 
tion. Modern transducers suitable for abdominal imaging 
include linear arrays, curved linear arrays, and sector scanners. 
Linear arrays (typically 7-12 MHz) provide excellent resolution 
at the expense of penetration and held of view. They are ideal 
for superficial lesions or for examining the surface of abdominal 
viscera, such as the liver (Fig. 66-2). The held of view can be 
extended by the use of trapezoidal imaging (Fig. 66-3) or com¬ 
pound (or extended held of view) imaging, in which the probe 
is moved across a structure and the ultrasound machine “stitches 
together” the images to produce a panoramic image. This is 
useful for large superficial lesions, such as soft tissue tumors 
(Fig. 66-4). Curved linear (or curvilinear) arrays are less effec¬ 
tive for the examination of superficial structures but provide 
better penetration (because of their lower frequencies) and a 
wider held of view. Sector scanners have a limited role in routine 
abdominal ultrasound but do provide a wide held of view with 
a small footprint, which can be useful when access is limited, 
for example, in examining the pediatric abdomen. A compro- 
mise must be reached between penetration and resolution, 
which are inversely proportional. Raising the frequency of the 
transmitted ultrasound pulse will improve resolution because 



Figure 66-3 Trapezoid scan. A trapezoid scan area can be selected 
with some linear transducers to extend the field of view but maintain 
the resolution of a high-frequency linear transducer. 


of shortening of the wavelength, but it will also decrease the 
penetration as high frequencies are attenuated more than low 
frequencies are (attenuation of the sound wave is proportional 
to frequency). Many modern transducers allow the operator to 
vary the transmitted frequency within a certain range without 
having to change probes, for example, from 1 to 5 MHz for a 
typical curvilinear probe. Most modern ultrasound machines 
will select the transmitted frequency on the basis of the user’s 
selection of presets, optimizing the image for detail or resolu¬ 
tion (high frequency) or penetration (low frequency). 
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Figure 66-4 Extended field of view demonstration of abdominal 

wall desmoid tumor. C Fat/Soft Tissue 


SPECULAR REFLECTION 


Refracted 
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Figure 66-5 Specular versus nonspecular echoes. Specular 
reflectors are large interfaces that must be close to the perpendicular 
of the beam path for the reflected wave in many directions. Some of 
the wave returns to the transducer. (From Sarti DA: Diagnostic 
Ultrasound: Text and Cases, 2nd ed. Chicago, Year Book Medical, 
1987, p 10.) 




□ Soft Tissue/Soft Tissue 



1 % 


Figure 66-6 Sound wave transmission and reflection. The 

percentages of sound transmission and reflection at different 
interfaces (A-D) are illustrated. This is for the amplitude of a wave. 
(From Sarti DA: Diagnostic Ultrasound: Text and Cases, 2nd ed. 
Chicago, Year Book Medical, 1987, p 8.) 


Sound waves interact with the tissues of the body in three 
main ways: reflection, absorption, and scatter. The terminology 
used to describe ultrasound findings is a description of the 
brightness of the structure; the more sound energy reflected 
back to the transducer, the brighter the object on the image. 
Objects are described as hypoechoic (darker than adj acent 
structures), isoechoic (the same brightness as adjacent struc- 
tures), or hyperechoic (brighter than adjacent structures). 
Anechoic structures appear black and indicate fluid. Internal 
echoes may be caused by debris, septations, or artifacts. Often 
the liver is chosen as a reference in the abdomen, but care must 
be taken to ensure that the reference organ is of normal reflec- 
tivity and not abnormal due to fatty infiltration, for example. 
The amount of energy reflected back to the transducer depends 
on several factors. The simplest form of reflection occurs when 
sound waves encounter a flat interface perpendicular to the 
beam with a large disparity in the velocity of sound between 
the adjacent tissues; this is termed a specular reflector and will 
appear as a well-defined bright line (Fig. 66-5). Smaller inter¬ 
faces (0.1-1 mm in diameter) may cause scattering in all direc¬ 
tions. Only a small fraction of the transmitted energy is returned 
to the probe, but when multiple such structures are present, the 
interference pattern between echoes produces a visible texture. 


This process is responsible for the ultrasound appearance of 
liver, spleen, and kidney parenchyma. 

Sound waves propagate through tissues at different veloci- 
ties, and when there is an interface between different tissues, the 
sound may be reflected or refracted (just as light may be reflected 
or refracted by a prism of glass). The greater the difference in 
velocity between the adjacent tissues, the greater proportion is 
reflected (if the incident angle of the beam is large) or the more 
the beam is refracted (if the incident angle of the beam is 
smaller) (Fig. 66-6). 

Recent Developments 

Ultrasound machines continue to rapidly evolve with the intro- 
duction of new technology. Although the principles of physics 
remain the same, manufacturers have developed new methods 
of probe construction, ultrasound generation, and postprocess- 
ing algorithms. Often these are assigned brand-specific trade- 
marked titles that may be rather opaque to the user. 

Many ultrasound machines now allow the user to select a 
real-time compound imaging mode, whereby the area to be 
examined is insonated from several different directions by 
electronic beam steering for transmission and reception. The 
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displayed image is an average of the images derived from dif- 
ferent insonation angles. This has been shown to improve 
overall image quality, to increase lesion conspicuity, and to 
reduce artifact. 4 However, it does reduce the frame rate and can 
lead to image blurring if the transducer or the subject is moving. 

A recent development that is now standard on most machines 
is tissue harmonic imaging. “Conventional” imaging without 
harmonics is known as fundamental imaging because only the 
fundamental transmitted frequency is used for transmission 
and reception. Tissue harmonic imaging was originally pro¬ 
posed for use with an ultrasound contrast agent, but it has been 
shown to improve visualization of abdominal structures without 
the use of contrast agents. 5,6 The shape of the transmitted wave- 
form changes as a sound wave is propagated through tissue, 
particularly in the focal zone, where the intensity is high. Tissues 
resist compression more than expansion. This is termed non- 
linear behavior. The waveform of the reflected pulse is altered 
and contains higher frequencies than the transmitted pulse. The 
higher frequencies are multiples of the transmitted fundamen¬ 
tal frequency, called harmonic frequencies. At present, it is 
usually the second harmonic (twice the fundamental frequency) 
that is used for imaging, but higher multiples may also be used. 
The fundamental frequencies are electronically filtered out after 
reception, leaving only the harmonic frequencies. The har¬ 
monic frequencies travel through the tissues only once on the 
return to the probe and therefore are attenuated half as much 
as an identical frequency transmitted and received by the probe. 
There is less scatter, particularly in obese patients, in whom 
subcutaneous fat and superficial muscle layers cause scatter and 
attenuation of the fundamental frequencies, which may cause a 
haze of echoes, degrading the image on fundamental imaging. 
Artifacts such as side and grating lobe artifacts that degrade 
fundamental images are also reduced because the weak side 
and grating lobes are not powerful enough to produce har¬ 
monic frequencies. The images are clearer, and tissue harmonic 
imaging may improve diagnostic ability in challenging patients. 
Phase inversion imaging also exploits the nonlinear behavior of 
tissues but employs a different technique from frequency-based 
tissue harmonic imaging. 8,9 Two pulses are sent with 180-degree 
phase difference. If the pulse is reflected in a linear fashion, the 
reflected waves will cancel each other out. If the waves are 
reflected in a nonlinear fashion, the waves will not cancel out 
and are used to form the image. Phase inversion harmonic 
imaging reduces the frame rate because of the need to transmit 
twice as many pulses, but the spatial resolution is better than 
that of frequency-based tissue harmonic imaging. 

Three-dimensional and four-dimensional ultrasound appli- 
cations are established in obstetric ultrasound, 10 but their value 
is yet to be proved in abdominal imaging. 1 Improvements in 
processing and probe technology have made real-time three- 
dimensional volume rendered and multiplanar reconstruction 
imaging possible. An acquisition of a volume of data in a fashion 
akin to helical CT allows retrospective reconstruction of multi¬ 
planar reconstruction views and surface rendered images. 

Doppler Ultrasound 

The examination of biood flow with Doppler techniques is a 
valuable addition to real-time gray-scale abdominal ultrasound. 
The wavelengths of a transmitted sound pulse and the received 
pulse differ when sound waves are reflected from a moving 
surface. The wavelength shortens when the reflector is moving 



Figure 66-7 Color Doppler ultrasound scan showing normal flow 
in the left and right branches of the portal vein. Red represents 
flow toward the transducer, and blue, flow away from the transducer. 


toward the transducer and lengthens when it is moving away. 
The change in wavelength is accompanied by a change in fre¬ 
quency and phase and is termed the Doppler effect. The Doppler 
frequency (or phase) shift is measured, and the velocity and 
direction of biood flow can be calculated. One method of dis- 
playing the information is as color flow, in which a color map 
of flow is superimposed on a gray-scale real-time image. Con- 
vention dictates that biood flow toward the transducer is red 
and biood flow away from the transducer is blue, although 
the operator may invert this. Color flow Doppler is used in 
the abdomen to examine the arterial tree, the portal venous 
system, and the systemic veins (Fig. 66-7). It may also be used 
to examine vascularity within the solid organs, for example, 
within or surrounding a mass lesion. The box displaying the 
color information can be resized and moved to include different 
parts of the image. A compromise between the color box size 
and the refresh rate of the image must be reached as an increased 
color box size will slow down the refresh rate of the image. 

Power Doppler is a similar technique, but the total power of 
the reflected Doppler signal is displayed. There are no velocity 
data and therefore no indication of the direction of flow, but 
there are some advantages of power Doppler over color flow 
Doppler in certain situations. 12 Power Doppler is more sensitive 
to slow flow and, unlike color Doppler, can display flow that is 
almost perpendicular to the beam. Background noise appears 
as brightly colored speckles in color Doppler that can be dis- 
tracting, whereas in power Doppler the background noise is 
dark, allowing higher gains to be used. It is thus a useful tech¬ 
nique when the demonstration of low flow is needed but the 
direction of flow is not important. 

The waveform and the direction of flow in vessels may 
change in disease States, such as portal hypertension. Pulsed- 
wave Doppler displays the flow velocity as a waveform, and this 
is often combined with gray-scale imaging as duplex imaging 
(Fig. 66-8). The flow is measured in a small sample volume that 
can be placed on the region of interest. The operator can adjust 
the position and the size of the sample volume. If quantitative 
measurement of flow is required, a correction has to be made 
as the Doppler beam is at an angle to the biood flow. The angle 
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Figure 66-8 Color and 
pulsed-wave Doppler 
examination of the liver 
illustrating normal flow in the 
middle hepatic vein. 


between the biood flow and the interrogating Doppler beam 
should be kept as small as possible; it is not possible to obtain 
a reliable Doppler velocity measurement if this angle exceeds 
60 degrees. 13 This quantitative data can be used to assess vascu- 
lar resistance, for example, within a transplanted liver. 

Ultrasound Contrast Media 

Conventional ultrasound does have some limitations in the 
detection and characterization of liver lesions. Alternative 
cross-sectional imaging techniques, such as CT and MRI, have 
often been used to complement ultrasound to overcome these 
limitations. Ultrasound contrast agents have been developed to 
increase the sensitivity of ultrasound to small liver lesions and 
to improve the characterization when lesions are detected on 
the basis of their perfusion properties. The first-generation 
ultrasound contrast agents were based on air-filled bubbles and 
required high acoustic pressures (high mechanical index) to 
break the bubbles. Contrast enhancement was short-lived. 
Second-generation contrast agents are now available. These 
form small bubbles filled with gases other than air, such as 
sulfur hexafluoride, 14 and allow real-time scanning at a low 
mechanical index depicting the different phases of biood flow, 
which is particularly useful in the liver. The appearances of a 
lesion in arterial, portal venous, and sinusoidal phases (15-35, 
35-90, and 90-240 seconds, respectively) can be observed. 15 

Most modern ultrasound machines include technology that 
will allow imaging with contrast agents, but an estimated 60% 
of ultrasound machines currently in use worldwide do not have 
the capability. 16 The contrast agent is administered through an 
intravenous cannula as a rapid bolus followed by a saline flush. 
The area is then scanned continuously to depict the different 
vascular phases, and the images are often recorded as a cine clip 
to allow later playback. Repeated injections of contrast agent are 
possible, if necessary, as the agents are of low toxicity. 17 

The detection of subcentimeter liver metastases is improved 
when contrast media are used. 18 Contrast media can also be 
useful in differentiating benign from malignant tumors and 
characterizing the lesions. 1 It has been suggested that a con¬ 
trast agent should also be used in the assessment of abdominal 
trauma, 21 in which it may be added to the FAST (focused assess¬ 
ment with sonography in trauma) protocol. 22 

The use of ultrasound contrast agents remains highly vari¬ 
able, despite some encouraging clinical results. This is due to 


many factors, including workflow issues, availability of suitable 
ultrasound machines, and remuneration. It seems unlikely that 
they will become a method of choice for characterization of 
liver lesions, as some proponents suggest. 23 

Ultrasound Artifacts 

The sonologist should be familiar with common artifacts to 
minimize their effect on image quality and to avoid confusion 
with significant pathologic changes, 24 although some of the 
processes described as artifacts can be helpful in interpreting 
images. 

Several assumptions are made in forming an ultrasound 
image. It is assumed that the ultrasound beam travels in a 
straight line from the probe and in the body. The velocity of the 
sound wave is assumed to be constant on the path, and the 
received echoes are assumed to have traveled in a straight line 
back to the probe. If any of these assumptions are incorrect, an 
artifact will be produced. 

If the ultrasound wave is propagated through a substance 
with reduced attenuation compared with the surrounding 
tissues, the region beyond it will appear brighter or more echo- 
genic. This is due to the faet that a time gain compensation 
funetion is applied to the image, whereby the received echoes 
are amplified proportional to the time interval between pulse 
transmission and echo reception. The sound wave is attenuated 
as it passes through a structure, and the reflected echoes are also 
attenuated on their return to the transducer. If time gain com¬ 
pensation were not applied, deeper structures would appear 
unacceptably dark. If a structure, for example, a fluid-filled cyst, 
transmits sound waves effeetively with little attenuation, the 
tissue beyond the cyst will appear brighter than equivalent adja- 
cent tissue (Fig. 66-9). This phenomenon is called acoustic 
enhancement, and it is an important feature of fluid-filled 
lesions. Conversely, if a structure attenuates more than the sur¬ 
rounding tissue, tissues beyond it will appear darker and lie 
within the acoustic shadow. This is typical of solid lesions (Fig. 
66-10). A very reflective surface, such as bone or air, will reflect 
the ultrasound beam and appear as a bright line with a very 
dark shadow beyond (Fig. 66-11). The ability to differentiate 
between solid and cystic lesions is an important strength of 
ultrasound. Gas collections and gas within the bowel tend to 
produce “dirty” shadows, which are less clear than the shadows 
produced by a solid lesion such as a calculus. 25 
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Figure 66-9 Simple hepatic cyst. Note the lack of perceptible wall, 
the anechoic contents, and the posterior acoustic enhancement. 



Figure 66-10 Multiple solid hepatic lesions from metastatic 
neuroendocrine tumor. Note the hypoechoic rims, echoes within the 
lesions, and lack of posterior enhancement, differentiating them from 
cystic structures. 



Figure 66-11 Single large gallstone. Note the bright anterior 
surface due to strong reflection and the posterior acoustic shadow. 


Reverberation artifacts are a common source of image deg¬ 
radation that may mask disease. They occur when sound waves 
bounce back and forth between a strong interface and the trans¬ 
ducer. As the reflections increase the length of the path, the 
artifact is seen deep to the interface. Such artifacts are com- 
monly seen in the superficial aspect of the urinary biadder or 
in the near held of the liver. 

Large specular reflectors, such as the air-pleura interface at 
the diaphragm, can produce artifactual structures to appear 
beyond them. As an example, the sound wave passes through 
the structure, such as a lesion in the liver, on the transmission 
path. Part of the sound wave is reflected back to the transducer 
and produces the appearance of the lesion in the correct loca¬ 
tion, but some passes through the lesion and is then reflected 
back toward the transducer by the right pleural-aerated lung 
interface acting as reflector. These sound waves will arrive at the 
transducer later than the “true” echoes from the liver lesion, and 
thus the artifactual structure will be placed deeper in the body 
on the display, beyond the reflecting surface. Common exam- 
ples include liver lesions reflected posterior to the right hemi- 
diaphragm (Fig. 66-12) and apparent pelvic masses reflected 
posterior to gas-containing loops of bowel in the pelvis. 

If there are two or more reflectors close to each other, the 
sound waves may bounce back and forth between them and 
produce a comet-tail or ring-down artifact. Ring-down is an 
ultrasound artifact that appears as a solid streak or a series of 
parallel bands radiating away from the causative structure, 
which appears as bands of bright lines posterior to the reflector, 
the lines becoming shorter and less intense the deeper they are. 
Examples of causative structures include Rokitansky-Aschoff 
sinuses within the gallbladder wall (Fig. 66-13), gas in the biliary 
tree (Fig. 66-14), and surgical clips. Color Doppler will show a 
twinkle artifact analogous to a comet tail. 

Refraction occurs when there is an oblique interface between 
tissues with different acoustic velocities. This is most commonly 
seen when the beam passes through the rectus muscles and can 



Figure 66-12 Mirror image artifact. Hemangioma (arrow) within 
the right lobe of the liver reflected in the right pleura-lung interface 
(the bright line curving superior to the liver) to produce an apparent, 
artifactual lesion in the right lung base. 
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Figure 66-13 Comet-tail or ring-down artifact. Comet-tail artifact 
( arrow ) arising from strongly reflective small cholesterol crystals in 
Rokitansky-Aschoff sinuses in the anterior galIbladder wall. 



Figure 66-14 Intrabiliary gas. Gas in the biliary tract after 
endoscopic sphincterotomy, producing bright linear shadows with 
posterior ring-down artifact. 


produce duplication of deeper structures. Movement of the 
probe eliminates the artifact. 

Liver 

Ultrasound of the liver is one of the most common examina- 
tions in a general ultrasound practice. Information can be 
gained about the liver echotexture in diffuse liver disease, and 
focal liver lesions can be characterized as cystic or solid. It 
may be used as an alternative or an adjunct to CT, and ultra¬ 
sound is frequently used to guide needle biopsy and drainage 
procedures. 

It is important to ensure that all segments of the liver are 
examined. Representative images are captured and recorded on 
film or a PACS system, but these serve only to demonstrate key 
anatomic structures or selected views of pathologic Åndings. 


The operator makes use of the dynamic nature of real-time 
ultrasound to differentiate between normal and abnormal. The 
person reporting static images must therefore be satisfied that 
the operator has covered the entire liver and has sufficient expe- 
rience to recognize pathologic changes. A cross section of a 
fluid-filled structure, such as a hepatic vein, may have similar 
appearance to a cystic lesion on a static image; but in real 
time, it can be followed by sweeping the transducer from side 
to side or turning the transducer through 90 degrees, and the 
tubular nature is appreciated in longitudinal section. A sweep¬ 
ing motion may also make subtle areas of altered echogenicity 
more apparent. 

Appreciation of the anatomy of the liver is important for 
ensuring adequate coverage of the liver and for localizing 
lesions. The porta hepatis is the point at which the portal vein 
and hepatic artery enter the liver and the common hepatic duet 
leaves the liver. The plane of the porta hepatis lies approximately 
transversely. The portal vein divides into leff and right branches 
before entering the liver itself; the anatomy of the hepatic artery 
is subject to mueh variation but always lies anterior to the portal 
vein. The artery lies medial to the common hepatic duet; in 90% 
it passes posterior to the duet, but in 10% it passes anteriorly. 
The right portal vein passes laterally in the liver before dividing 
into anterior and posterior branches; the left passes anteriorly 
and superiorly in a C shape. 

The vascular structures of the liver are important in dividing 
the liver into the hepatic segments as defined by Couinaud, 26,27 
which enables accurate localization and assessment of the 
resectability of lesions, although the system is based on the fetal 
rather than on the adult pattern of circulation. Segment I is the 
caudate lobe, which receives biood from both the right and left 
portal veins; it also drains into the inferior vena cava (IVC) 
through its own short veins (often not visible on ultrasound). 
It is often spared in early diffuse liver disease, such as cirrhosis, 
or in hepatic vein occlusion (Budd-Chiari syndrome). Seg¬ 
ments II and III are supplied by the left portal vein and divided 
by the plane of the left hepatic vein. Segment IV corresponds 
to the quadrate lobe and is separated from segments II and III 
by the umbilical fissure. A plane between the IVC posteriorly 
and the gallbladder fossa anteriorly divides the left and right 
lobes of the liver and corresponds to the line of the middle 
hepatic vein. The plane of the right branch of the portal vein 
may be used to divide segment IV into IVa superiorly and IVb 
inferiorly. The right lobe of the liver consists of segments V to 
VIII. The plane of the anterior and posterior branches of the 
right portal vein divides the right lobe into superior (VIII ante¬ 
rior and VII posterior) and inferior (V anterior and VI poste¬ 
rior) segments. The right hepatic vein divides the anterior from 
the posterior segment. The use of segments to describe liver 
anatomy has become more important with inereasing correla- 
tion between different cross-sectional modalities and the use of 
interventions such as segmental resection and radiofrequency 
ablation of focal hepatic lesions (Fig. 66-15). 

As the liver is a large organ, a systematic approach to its 
assessment with ultrasound is required to show representative 
images of the liver segments. The patient is initially positioned 
supine, although it may be necessary to rotate the patient onto 
the left side or into the left posterior oblique position during 
the examination. The patient is asked to take a deep breath in 
and to hold it as inspiration will move the liver and spleen 
caudally, making them more amenable to examination from the 
subeostal position. If it is not possible to image the entire liver 





1176 SECTION VIII General Radiologic Principles for Imaging and Intervention of the Solid Viscera 



Figure 66-15 Segments of the liver as described by Couinaud. 

(From Meire H, Cosgrove D, Dewbury K, Farrant P: Clinical 
Ultrasound: A Comprehensive Text—Abdominal and General 
Ultrasound, vol 1, 2nd ed. London, Churchill Livingstone, 2001, p 167.) 


from a subcostal transducer position, an intercostal approach 
may be necessary. This is best achieved with the patient in a left 
posterior oblique or left lateral decubitus (left side down) posi¬ 
tion. The liver should be thoroughly assessed in both transverse 
and longitudinal planes with acurvilinear transducer (5-1 MHz). 
Before any images are taken, the liver is quickly surveyed in both 
the longitudinal and transverse planes with a maximum sector 
width. This gives the operator an opportunity to view the liver 
parenchyma! character istics and to adjust the system settings 
accordingly to optimize the image, to check for any masses or 
cysts and abnormal liver contour and abnormal areas of echo- 
genicity to determine whether the scan will be intercostal or 
subcostal, and to determine if there is hepatomegaly or a Riedel 
lobe and therefore take additional images to document this. 

The transducer is obliquely positioned and angled subcos- 
tally toward the patient s right shoulder. With a continuous 
sweeping motion, the transducer is moved from the most lateral 
portion of the right lobe of liver through to the porta hepatis. 
When the most lateral portion of the left lobe of liver has been 
visualized, the transducer is rotated 90 degrees clockwise into a 
transverse position. The transducer is then angled in a cranial 
direction from a subcostal position to visualize beyond the 
superior portion of the left liver lobe. From this position, the 
transducer is moved caudally through the superior portion to 
the inferior aspect of the left liver lobe. This transverse scan is 
repeated on suspended inspiration throughout the whole liver, 
fmishing at the inferior aspect of the right liver lobe. As soon 
as this general liver survey is over, the transducer is returned to 
the initial oblique position and angled subcostally toward the 
patients right shoulder. 

With the transducer in a sagittal orientation, the patient 
inhales and the depth of the image is adjusted so that the most 
lateral aspect of the right liver lobe dorne and the diaphragm 
are shown. Adjusting the gain and time gain compensation to 
optimize the image will ensure an even distribution of echoes 
from the near held to the far held, thus giving the liver its 
normal homogeneous echotexture. If the liver is of a heteroge- 
neous echotexture, this must be shown with careful adjustment 
of the gain and time gain compensation. The liver echogenicity 



Figure 66-16 A linear transducer (7-12 MHz) probe was used to 
examine this cholangiocarcinoma metastasis (*) close to the surface of 
the liver. Linear transducers have better near-field resolution but are 
limited in their penetration. They are therefore suited to superficial 
lesions. 


should be compared with that of the right kidney and an image 
recorded including both in one view. The liver parenchyma is 
normally less echogenic than the kidney. If the liver is more 
echogenic than the kidney, it may be due to fatty infiltration of 
the liver parenchyma. The transducer is moved more medially 
until the IVC is visualized with the caudate lobe anterior and 
posterior to it. The portal triad (portal vein, hepatic artery, and 
common bile duet) is demonstrated at the porta hepatis. Medial 
to this is the gallbladder fossa, the ligamentum venosum, and a 
complete view of the caudate lobe. The left lobe including the 
left hepatic vein is then imaged. 

From the longitudinal position, the transducer is rotated 90 
degrees clockwise into a transverse position. The left lobe of 
the liver is imaged to show the left hepatic vein and the left 
portal vein. The next image is of the left, main, and right hepatic 
veins draining into the IVC. These are imaged in gray scale 
and with color Doppler to show nonobstructed venous flow. 
The next image should document the ligamentum venosum 
and caudate lobe. Overall gain and time gain compensation 
adjustment may be required to adequately visualize the caudate 
lobe as it may appear hypoechoic compared with the rest of 
the liver because of attenuation of the ultrasound beam by the 
left portal vein or the liver fissures. The hockey stick-shaped 
bifurcation of the main portal vein (MPV) into the left and 
right branches should then be imaged. The right lobe, including 
the right branch of the portal vein and the right hepatic vein, 
is examined. 

A higher frequency linear probe (8-4 MHz) may be used to 
examine the surface of the liver for nodularity or superficial 
lesions (Fig. 66-16). Fine surface nodularity in cirrhosis appears 
as a broken line on the surface of the liver. 28 

Any masses, cystic lesions, or abnormal liver areas that are 
discovered during the scan are imaged separately in both the 
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Figure 66-17 Nonocclusive thrombus in the right portal vein. Nonocclusive thrombus in the right portal vein (calipers in A) seen on 
gray-scale (A) and color Doppler (B) images. 


longitudinal and transverse planes and characterized. They 
should be labeled according to the liver segment. Measurements 
should be taken and the lesions interrogated with color Doppler 
or power Doppler to check for unusual vascularity or mass 
effects on adjacent liver parenchyma. Image optimization of 
liver cysts can be achieved by reduction of the sector width, 
adjustment of the focal zone to the level of the cyst, write-zoom 
magnification, and removal of spatial compounding imaging to 
show the enhanced through-transmission of the ultrasound 
beam. 

The hepatic vasculature should also be interrogated with 
color and pulsed Doppler. Color flow will give an indication of 
the direction of flow (which should be toward the liver), and 
thrombus may be apparent as fllling defects (Fig. 66-17). The 
MPV should be assessed coronally and sagittally with the patient 
in the leff lateral decubitus position. The coronal approach 
allows visualization of the longitudinal axis of the MPV. Normal 
portal venous flow is of low velocity toward the liver with a 
gentie respiratory variation (Fig. 66-18). In portal hypertension, 
the flow may become “to and fro,” then reversed (Fig. 66-19). 
The pulsatility of the MPV flow is assessed with spectral 
Doppler; the mean velocity in the fasted State is between 15 and 
18 cm/s, which increases by 50% to 100% after eating. 29 The 
pulsed-wave sample volume is placed within the lumen of the 
MPV (before it bifurcates into the right and left branches) on 
a longitudinal view of the MPV without including the vessel 
wall and ensuring that the Doppler angle between the axis of 
the MPV and the Doppler beam is always less than 60 degrees. 
The velocity scale should be adjusted to improve sensitivity. The 
waveform of normal hepatopetal flow is monophasic flow 
toward the liver. As portal hypertension develops, the flow may 
become biphasic (forward flow in systole and reverse flow in 
diastole), then eventually reverse (hepatofugal). 

Hepatofugal MPV flow is indicative of severe portal hyper¬ 
tension, and the common cause of this is liver cirrhosis. If hepa¬ 
tofugal portal vein flow is identified, recanalization of the 
umbilical vein and other portosystemic shunts may occur, and 
evidence of this should be sought (Fig. 66-20). The remainder 
of the abdomen should be examined, looking for splenomegaly 
and ascites. Hepatofugal flow may alternatively be due to occlu- 
sion of the MPV by thrombus or a mass. Multiple small tortu- 
ous vessels may be seen around the thrombosed MPV in 
cavernous transformation of the portal vein. 
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Figure 66-18 Color and pulsed-wave Doppler examination of the 
right portal vein showing normal flow. 



Figure 66-19 Color and pulsed-wave Doppler examination of the 
right portal vein showing reversed flow in a patient with cirrhosis and 
portal hypertension. 


The sagittal approach allows the measurement of the diam¬ 
eter of the MPV at the porta hepatis where the MPV enters the 
liver. This is achieved by positioning the transducer just inferior 
to the xiphisternum and scanning subcostally. The diameter of 
the portal vein is measured at the point where it crosses the IVC 
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Figure 66-20 Dilated recanalized umbilical vein seen on an 
extended field of view image heading from the liver toward the 
umbilicus. 



Figure 66-21 Fold in the neck of the gallbladder. This may cast a 
shadow and simulate calculi in the transverse plane. 


(i.e., between the intrahepatic portion and the portal conflu- 
ence). The measurement of the MPV is performed on the 
B-mode image; the calipers are positioned perpendicular to the 
vessel to exclude the echogenic portal vein walls and to measure 
only the portal vein lumen. This is performed while the patient 
is maintaining gentie respiration. A measurement greater than 
13 mm is considered abnormal. 30 

The hepatic artery should normally not exceed 6 mm in 
diameter, but it may enlarge in cases of alcoholic hepatitis or 
cirrhosis. 31 The hepatic venous flow is normally triphasic, but 
the waveform may be altered by right-sided heart failure (which 
may also cause dilation of the veins), or thrombosis may occur. 
The thrombus may be isoechoic with liver parenchyma and 
missed unless the hepatic veins are deliberately sought, and 
color flow may help visualize hypoechoic or isoechoic throm¬ 
bus. Occlusion of the veins may lead to Budd-Chiari syndrome 
with the development of congestive hepatopathy. 

Gallbladder and Biliary Tract 

Ultrasound has long been accepted as an excellent method of 
examining the gallbladder and the biliary tract. 32 It is often 
performed with examination of the liver and pancreas, but a 
focused study of the gallbladder and biliary tree is occasionally 
performed, for example, immediately before elective cholecys- 
tectomy to determine the need for bile duet exploration. 

The patient should fast before the examination to ensure 
adequate distention of the gallbladder. A 5-1 MHz curved linear 
array probe is sufficient for most examinations, but a higher 
frequency transducer (9-4 MHz) can be used to assess the 
fundus in some slimmer patients or children. Tissue harmonic 
imaging may be useful to demonstrate the gallbladder and 
biliary tree, 33 although care is needed with use of tissue har- 
monics as it will remove reverberation artifacts from the gall¬ 
bladder lumen in the near held and may also obscure fine 
calculi or “sludge.”The patient is placed supine initially, although 
the patient should be rolied into a right anterior oblique or leff 
lateral decubitus position during the course of the examination. 
This maneuver will help unfold the gallbladder, allowing it to 
shift from being embedded on the visceral surface of the right 


liver lobe to a more accessible midline position. It also allows 
further assessment of the neck. The movement from supine to 
left lateral decubitus position will cause any mobile stones or 
sludge to move into the new gravity-dependent position. Erect 
positioning should be performed to look for mobile gallstones; 
it may also be necessary to visualize the distal common bile duet 
through a water-filled stomach and duodenum. It should also 
be noted if the patient has any tenderness over the gallbladder 
during the scan (positive sonographic Murphy’s sign). 

The transducer is placed in the right midclavicular line in a 
parasagittal orientation and the long axis of the gallbladder is 
sought. Long-axis views are supplemented with short-axis 
views, and the entire gallbladder should be inspected. Sus- 
pended inspiration will help move the gallbladder caudally, and 
intercostal views may be useful. The size, shape, and position of 
the gallbladder are highly variable, but a diameter of more than 
5 cm is considered abnormal and indicates a distended gallblad¬ 
der. It is commonly pear shaped, with the neck found near the 
porta hepatis and the fundus in a fossa on the undersurface of 
the right lobe of the liver; but it may be found in an intrahepatic 
position or on a mesentery, and the fundus may reach the right 
iliae fossa, especially in the elderly. The fundus of the gallblad¬ 
der may be folded (the phrygian cap); maneuver s to unfold the 
fundus include further fasting to distend the gallbladder and 
placement of the patient in the left lateral position. The wall is 
usually thin and uniform, and bile should appear hypoechoic. 
Particular attention should be paid to the neck of the gallblad¬ 
der because stones may collect there in the supine position. 
Failure to demonstrate the gallbladder may be due to prior 
cholecystectomy, nonfasting State, calculous disease, shadowing 
or reverberation from the near wall of the gallbladder, or con- 
genital absence of the gallbladder. 34 

Gallstones will appear as echogenic structures with distal 
acoustic shadowing. They are highly variable in size and shape 
and will usually move if the patient is rolied unless they are 
impacted in the neck of the gallbladder. A higher frequency 
transducer may be used to look for small stones in a superficial 
gallbladder. False positives include folds in the wall of the gall¬ 
bladder, which can be differentiated from stones by turning the 
transducer through 90 degrees (Fig. 66-21) or by repositioning 
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the patient, and loops of echogenic bowel indenting the poste- 
rior wall of the gallbladder, which on peristalsis may cast a dirty 
shadow, unlike the clean shadow of a gallstone. A wall-echo- 
shadow pattern may be seen when a contracted gallbladder is 
full of calculi 35 (Fig. 66-22). Polyps are echogenic but less echo¬ 
genic than stones; they do not cast distal acoustic shadows and 
are not mobile. They may be single or multiple, and most are 
benign. The probability of malignancy increases with the size 
of the polyp (most malignant polyps are more than 10 mm in 
diameter), age, and the presence of gallstones and if there are 
fewer than three polyps. 36 ' 38 

The wall of the gallbladder may be generally thickened 
(>2 mm) in acute cholecystitis, but this is not a specific sign. 39 
It may also occur in the postprandial State and in other condi- 
tions including ascites, hypoalbuminemia, and hepatitis. Other 
signs of acute cholecystitis are gallbladder wall edema (Fig. 
66-23), positive sonographic Murphy’s sign, and pericholecystic 



Figure 66-22 The wall-echo-shadow complex seen when a 
gallbladder full of calculi contracts. This may be confused for an 
echogenic gas-filled segment of bowel. 



Figure 66-23 Transverse view of the gallbladder fundus showing a 
thickened edematous gallbladder wall. 


fluid. Focal gallbladder wall thickening may be seen in adeno- 
myomatosis, gallbladder carcinoma, and metastatic deposits. 
The gallbladder hils and drains by the cystic duet, which joins 
the common hepatic duet to form the common bile duet after 
a variable distance. The exact level at which this occurs is often 
not visible, and the extrahepatic bile duet may be referred to as 
the common duet when it is not clear where the cystic duet joins 
the common hepatic duet to form the common bile duet. 

The biliary tree should be examined both within the liver 
and in the extrahepatic course. Normal intrahepatic bile duets 
more peripheral than the left and right hepatic duets are usually 
not visualized even with modern equipment. When the intra¬ 
hepatic bile duets are dilated, they can be recognized adj acent 
to the portal venous branches (which are visible even when of 
normal caliber and can be recognized by their echogenic horders 
due to the presence of adj acent fat); this appearance has been 
likened to a double-barreled shotgun. The dilation may be 
generalized if the obstruction is central at the porta or distally 
within the common duet, or it may be localized to a segment 
or lobe if there is a more proximal obstruction. A more patchy 
distribution of dilation may be seen where a diffuse process 
affeets the bile duets, such as diffuse cholangiocarcinoma. An 
attempt should be made to follow the extrahepatic common 
duet to the ampulla of Vater if possible. Shadowing from bowel 
gas may obscure the mid and distal duet, but changing of the 
patient’s position, use of the gallbladder as an acoustic window, 
or ingestion of water can improve visualization. This is particu- 
larly important when proximal dilation of the biliary tract is 
encountered and the level and cause of the obstruction are 
sought. Calculi within the distal duet and pancreatic head 
masses are common causes of distal common bile duet obstruc¬ 
tion. The common duet is measured close to the porta just distal 
to the point at which the right hepatic artery crosses between 
the portal vein and the duet (Fig. 66-24). The duet then con- 
tinues in the free edge of the lesser omentum to the head of the 
panereas and the sphineter of Oddi, and the diameter of the 
duet increases in the extrahepatic section before tapering in 
the head of the panereas. The normal caliber varies with age but 
should be less than 5 mm in adults. 41 The duet does dilate with 



Figure 66-24 Normal hepatoduodenal ligament anatomy. Normal 
common duet showing the right hepatic artery Crossing between the 
common hepatic duet (anterior) and the portal vein (posterior). 
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age, and the upper limit of normal should be increased to 8 mm 
in the elderly. If the patient has a dilated duet before cholecys- 
tectomy, the duet may not return to normal diameter postop- 
eratively, and a diameter of up to 10 mm may be considered 
normal after cholecystectomy. 42,43 

Pancreas 

Ultrasound examination of the pancreas can be a useful tech- 
nique, 44 but views of the pancreas can be limited by overlying 
bowel gas. Improved views may be obtained by displacing gas- 
filled loops of bowel by pressure, sitting the patient up, or 
administering gasless fluid and scanning the pancreas through 
the fluid-filled stomach. The pancreas has an oblique transverse 
lie and is divided into the head (including the uncinate process), 
the neck, the body, and the tail. The head is situated to the 
right of the midline in the C of the duodenum. The uncinate 
process passes posteriorly and medially behind the superior 
mesenteric vein (Fig. 66-25). The neck of the pancreas connects 
the body to the tail anterior to the superior mesenteric artery 
and vein. The body then passes transversely and slightly crani- 
ally, and the tail ends in the splenic hilum. For the whole organ 
to be adequately assessed, the curvilinear 5-1 MHz transducer 
is positioned obliquely from the left upper quadrant to the 
right iliae fossa, inferior to the xiphisternum (Fig. 66-26). 
Sweeping the transducer cranially, then caudally will allow a 
full assessment of the head and uncinate process to check for 
masses, focal changes in echotexture, prominent lymph nodes, 
and any peripancreatic fluid. The tortuous splenic artery passes 
along the superior margin of the pancreas, whereas the splenic 
vein follows a straight course posterior to the giand and is a 
useful landmark. The splenic vein joins the superior mesenteric 
vein to form the portal vein posterior to the neck; the uncinate 
process may pass posterior to this junetion. The normal outline 
of the pancreas is slightly lobular, and if the echogenicity of 
the giand is compared with the liver parenchyma, it is normally 
slightly more echogenic than the liver; but obviously care must 
be taken if the echogenicity of the liver is abnormal, for 
example, in fatty infiltration. The pancreas may also become 
more echogenic with fatty infiltration. The uncinate process 



Figure 66-25 Normal pancreas. Transverse view of the pancreas 
illustrating the normal uncinate process (U) passing posterior to the 
superior mesenteric vein. 


and the posterior part of the head may be relatively hypoechoic 
(Fig. 66-27), and this should not be confused with a tumor. 45 
The main pancreatic duet may be visualized in normal indi- 
viduals, but the diameter in the head should not exceed 3 mm. 
Dilation of the duet should prompt a search for an obstructing 
lesion. 

Acute panereatitis is a common condition often associated 
with gallstones or a history of aleohol use. There may be no 
abnormalities on ultrasound or CT for 24 to 48 hours. Areas of 
the giand then become swollen and edematous, manifested by 
hypoechoic areas on ultrasound. The duet can be obstructed by 
the swelling, leading to ductal dilation. Fluid collections may be 
seen in the peripancreatic retroperitoneal space or in the lesser 
sac. A search should always be made for gallstones as a treatable 
cause of panereatitis, and elective cholecystectomy after the 
panereatitis has resolved may prevent further episodes. Com- 
plications of panereatitis include pseudocyst and pseudoaneu- 
rysm formation. Chronic panereatitis may produce an enlarged 
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Figure 66-26 Transverse view of normal pancreas. The probe has 
been angled obliquely to include the tail of the pancreas, which 
passes laterally and cranially. 



Figure 66-27 Hypoechoic uncinate process of the pancreas. This 
is a normal variant seen in up to 25% of patients. 
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Figure 66-28 Left basal pleural effusion seen above the 
diaphragm. There is also some ascites adjacent to the spleen. 



Figure 66-29 Splenomegaly in a patient with cirrhosis and portal 
hypertension. Note also the dilated splenic vein branches at the 
splenic hilum. 


giand in the early stages; in the later stages, shrinkage, calcifica- 
tions, and increased echogenicity are more common. Duet 
strictures and diktions are seen, often with calculi, and are 
characteristic of the disease but are better demonstrated with 
panereatography. 

Pancreatic adenocarcinoma most commonly arises in the 
head and may cause diktion of the common bile duet and 
the pancreatic duet. The tumors are typically hypoechoic but 
attenuating and can be detected when they are as small as 
1 cm in diameter. Endoscopic or intraoperative ultrasound 
may be used to improve lesion detection and characterization. 
The reduced need for penetration enables the use of higher 
frequencies and hence better resolution. Other tumors found 
in the panereas include intraductal papillary mueinous tumors 
and endocrine tumors (of which insulinoma is the most 
common). 

Spleen 

The spleen is well protected by the lower left ribs, and this 
can pose a challenge to the ultrasonographer. The patient is 
placed in the right posterior oblique or right lateral decubitus 
position, and the spleen is scanned from the subeostal or 
intercostal approach. The spleen moves caudally on inspiration, 
and often this movement can be used to achieve a thorough 
examination of the entire spleen through a single intercostal 
space by a combination of breathing instructions to the patient 
and a sweeping movement of the transducer. The subphrenic 
space above the spleen should be examined for collections, 
and a left pleural effusion can often be seen above the dia¬ 
phragm (Fig. 66-28). The spleen moves anterior to the left 
kidney on inspiration, a faet that should be borne in mind 
when attempting to establish the origin of a mass in the left 
upper quadrant. 

The echotexture of the spleen is homogeneous; it is normally 
slightly hyperechoic compared with the kidney and isoechoic 
with the liver. The outer surface is smooth and convex, whereas 
the visceral surface is concave and may show indentations for 
the adjacent organs. The splenic artery and vein enter and leave 


the spleen at the hilum, which is found on the visceral surface. 
Accessory spleens are common (10% of subjects in autopsy 
series) and are often seen in the region of the hilum or within 
the lienorenal ligament or the gastrosplenic ligament. They are 
rounded or oval, measuring 1 to 2 cm in diameter, and isoechoic 
with spleen. 46 Vessels can often be traced from the splenic artery 
and vein to the accessory spleen. 47 It is important to differenti- 
ate accessory spleens from lymph nodes or masses; in patients 
undergoing splenectomy for hematologic disease, the presence 
of accessory spleens should be carefully doeumented before 
surgery. On occasion, the spleen may have a long vascular 
pedicle and is described as wandering. 48 It may then be found 
in locations other than the left upper quadrant and is prone to 
torsion. 

Assessment of splenic size by physical examination is inac- 
curate and requests for evaluation with imaging are common. 
A single ultrasonic measurement of splenic length has been 
shown to be an accurate predictor of splenic volume, 49 and 
ultrasound is cheaper and more accessible than CT scanning 
without the risks of ionizing radiation. The longitudinal diam¬ 
eter of the spleen should measure less than 11 cm. 50 There are 
many causes of diffuse splenic enlargement, including infeetion, 
liver disease, portal hypertension, lymphoma and other meta- 
static and primary neoplasms, hematopoietic disease, and 
splenic vein thrombosis (Fig. 66-29). 

Ultrasound may be used to detect free fluid in an unstable 
trauma patient, and although large splenic lacerations may be 
visible, the sensitivity of ultrasound to splenic injuries (even 
with the use of contrast agents) is unacceptably low. 51 CT is the 
investigation of choice in the acute setting. In the nontraumatic 
setting, focal splenic lesions are divided into cystic and solid 
lesions. Cystic lesions may be congenital, infeetious (echinococ- 
cal), or secondary to trauma. Solid lesions may be benign or 
malignant. Splenic hemangiomas and hamartomas can be dif- 
ferentiated by the presence of vascular flow on Doppler imaging. 
Infarcts are typically peripheral, wedge shaped, and hypoechoic 
in the acute stage but later may become hyperechoic. Common 
malignant solid lesions include primary lymphoma and metas¬ 
tases. These are typically hypoechoic. 52,53 
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Magnetic resonance imaging (MRI) is frequently used as a 
problem-solving tool for the evaluation of disease processes 
throughout the body and is a powerful imaging modality to 
characterize disease in the solid abdominal organs. With wide- 
spread availability, technologic advances, and inereasing famil- 
iarity of ordering physicians and radiologists alike, MRI is 
becoming the modality of choice for parenchymal lesion detec- 
tion, anatomic localization, and lesion characterization. MRI 
has high spatial and temporal resolution without exposure to 
ionizing radiation, allowing accurate imaging on a wide Spec¬ 
trum of patients, including pregnant women and children. 

Various technologic advances in MRI have been made in 
recent years, including inereased magnetic strength, improved 
coil technology, and advanced imaging sequences. The purpose 
of this chapter is to discuss commonly used imaging sequences 
and protocols as well as recent developments in advanced 
sequences in MRI of the abdomen. An all-encompassing 
summary of each pathologic diagnosis in the abdomen is 
beyond the scope of this chapter; the chapter reviews solid 
abdominal organ lesions and pathologic processes in which 
MRI is crucial for accurate diagnosis and characterization. 

Magnetic Resonance 
Imaging Technique 

FIELD STRENGTH 

Of the recent advances in MRI, the most significant is the 
inereasing magnetic held strength. The most common field 
strengths in clinical use in MRI are 1.5T and 3.OT. Higher mag¬ 
netic field strengths allow inereased longitudinal magnetization 
and signal intensity, resulting in inereased signal-to-noise ratio 


(SNR). The resulting inereased SNR can be used to inerease 
spatial resolution or to decrease imaging acquisition time, 
allowing improved imaging. 

There are disadvantages to higher magnetic field strengths. 
Higher purchasing prices in addition to higher maintenance 
prices are among the disadvantages. Reduced TI contrast sec- 
ondary to lengthening of TI is a limitation of higher magnetic 
field strengths. Inereased susceptibility from magnetic field 
inhomogeneity, patient motion, and Chemical shift are also a 
disadvantage of higher magnetic field strengths. 

SURFACE COILS 

For imaging of the abdomen, the goal is to maximize SNR for 
a large area of interest, and a multichannel phased-array body 
coil is typically used. Flexible coils are used to maintain the 
contour of the torso, which allows high-resolution imaging of 
the abdomen and pelvis. Phased-array coils allow parallel 
imaging, in which each channel has its own receiver, and the 
multichannel system inereases the number of receiver coils. 
Advances in phased-array coil technology have resulted in 
inereased SNR and improved image quality, faster scan time, 
and larger scan area. 

Other body parts, such as the rectum or the female pelvis, 
can be imaged with a phased-array body coil that covers a 
smaller field of view with high-resolution images. Intraluminal 
coils are also used to image pelvic organs such as the prostate 
giand, yielding images with high SNR and high resolution. 
Anatomy, extracapsular extension, perivascular invasion, and 
lymphadenopathy can be readily assessed by MRI of the 
prostate. 

MAGNETIC RESONANCE SEQUENCES 

The basic MR sequences employed in imaging of solid abdomi¬ 
nal organs are fairly standard. These include axial and coronal 
T2-weighted images with and without fat suppression, diffusion- 
weighted images with apparent diffusion coefficient (ADC) 
maps, in- and out-of-phase gradient-echo images, and dynamic 
contrast-enhanced three-dimensional TI gradient-echo images 
with fat saturation. Two- and three-dimensional free-breathing 
navigator-triggered magnetic resonance cholangiopancreatog- 
raphy (MRCP) sequences may also be obtained if clinically 
indicated. Additional sequences, such as balanced fast field echo 
or fast imaging employing steady-State acquisition sequences, 
can be obtained for evaluation of vascular anatomy, delineation 
of bowel and mesentery, and quantification of fat by T2*. 

Single-shot T2-weighted images are rapidly acquired, heavily 
T2-weighted images that are useful for evaluating fluid and 
structures with short T2 values. The benefit of this sequence is 
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the speed with which images are acquired; however, the contrast- 
to-noise ratio is not as high as in other T2-weighted fast spin- 
echo sequences. Axial T2 fast spin-echo sequences with fat 
suppression have the benefit of increased liver-to-spleen con- 
trast and are useful for detection of lesions. Lymph nodes are 
also easily detected on this sequence. PROPELLER (periodically 
rotated overlapping parallel lines with enhanced reconstruc- 
tion) is a fast imaging technique whereby a fraction of k space 
is acquired in each frame. Each imaging acquisition in a PRO¬ 
PELLER sequence acquires a rectangular portion of k space, 
with each acquisition acquiring images through the k space 
center, and can reduce artifact from respiratory motion 
(Lig. 67-1). Other T2-weighted sequences, such as the three- 
dimensional turbo spin-echo sequence known as SPACE 
(sampling perfection with application-optimized contrast with 
different flip-angle evolutions), have been developed to decrease 
image acquisition times. With this sequence, the acquired 
images serve as a data set that can be used to create postpro- 
cessed reformatted images in axial, coronal, and sagittal planes. 
The SPACE sequence decreases the number of T2-weighted 
image acquisitions and can potentially replace two-dimensional 
T2-weighted images. 

Diffusion-weighted imaging with varying diffusion gradient 
strengths has become important for evaluating malignant 
neoplasms and inflammatory conditions. 1 The principle of 
diffusion-weighted imaging is based on random motion of 
microscopic water molecules and diffusion of water in body 
tissues. Diffusion of water molecules is based on cell membrane 
integrity and tissue cellularity. Diffusion-weighted imaging pro- 
vides functional information about tissue cellularity along with 
the AD C values, which are calculated from diffusion-weighted 
imaging data. An increase in the number of cells in conditions 
such as primary malignant neoplasms, metastases, and infec- 
tion or abscesses leads to crowding of extracellular spaces and 
further restriction of water molecules. 

Tl-weighted in-phase and opposed-phase gradient-echo 
images are useful for detection of focal and diffuse hepatic 
steatosis, but the T2* effects and susceptibility artifact are also 
useful components of this sequence. There is signal loss on the 
opposed-phase images at water-fat interfaces, resulting in the 
India ink artifact or fat-water cancellation artifact, whereby a 
sharply defined black rim is seen at water-fat interfaces. Water 
and fat protons precess at different frequencies, and in spin- 
echo sequences, a 180-degree refocusing pulse causes the 
protons to be in phase when the echo is acquired; however, 
gradient-echo images lack the 180-degree refocusing pulse. 
Focal and diffuse hepatic steatosis is manifested as loss of signal 


on the opposed-phase images (Fig. 67-2). The dual gradient- 
echo images also provide information by T2* effects, whereby 
hepatic parenchymal storage diseases, such as hemochromatosis 
and hemosiderosis, decrease in signal intensity with the longer 
time to echo secondary to continued transverse magnetization 
decay (Fig. 67-2). Susceptibility artifacts result from held inho- 
mogeneities occurring at interfaces of materials with varying 
magnetic susceptibility, such as metallic objects, gas-filled 
bowel, and pneumobilia (Fig. 67-3). The difference in preces- 
sion rates of fat and water protons is proportional to the mag¬ 
netic held strength and is 3.5 ppm or 225 Hz at 1.5T. At 3T, the 
difference in precession rates is 450 Hz, and the protons are out 
of phase at 1.1 ms, 3.4 ms, 5.6 ms, and so forth, whereas the 
protons are in phase at 2.2 ms, 4.5 ms, 6.7 ms, and so forth. 
Acquiring the out-of-phase image at a short time interval of 
1.1 ms followed by the in-phase image at 2.2 ms can be chal- 
lenging, and the second- or third-order echo may need to be 
obtained. The DIXON method uses the TI in-phase and 
out-of-phase images to mathematically calculate “fat-only” and 
“water-only” images, which is particularly useful in areas with 
high magnetic susceptibility (Fig. 67-4). 

Dynamic contrast-enhanced three-dimensional Tl-weighted 
gradient-echo images with fat saturation sequences are helpful 
in assessing for the presence of enhancement as well as charac- 
teristic enhancement patterns of certain lesions. Dynamic 
imaging with arterial, portal venous, equilibrium, and delayed 
phases is useful for evaluation of all upper abdominal organs, 
including the liver, spleen, pancreas, adrenal giands, and kidneys. 
Images are performed with a breath hold of approximately 15 
to 20 seconds. Subtraction images are obtained by subtracting 
the images made before the administration of gadolinium 
from the dynamic contrast-enhanced images and are helpful in 
assessing for the presence and degree of enhancement. 

Two- and three-dimensional free-breathing navigator- 
triggered MRCP sequences have excellent spatial and temporal 
resolution. Accurate assessment of the hepatobiliary and pan- 
creatic duets with MRCP has replaced endoscopic retrograde 
cholangiopancreatography (ERCP) and percutaneous transhe- 
patic cholangiography as the initial study of choice in the evalu¬ 
ation of hepatobiliary and pancreatic duets. 

MAGNETIC RESONANCE CONTRAST AGENTS 

Multiple MR contrast agents are currently in use. They can be 
categorized into hve classes: extracellular, hepatobiliary, reticu- 
loendothelial, biood pool, and combined agents. 6 A complete 
list and thorough review of the mechanism of action and side 


Figure 67-1 Respiratory 
motion artifact. A. Axial T2 
image with fat saturation is 
degraded secondary to 
respiratory motion. B. Rapid 
acquisition PROPELLER technique 
reduces artifact from respiratory 
motion. 
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Figure 67-2 Hepatic steatosis and hemochromatosis. Axial gradient-echo in-phase (A) and opposed-phase (B) images show loss of signal 
intensity on the opposed-phase image, consistent with hepatic steatosis. The liver lesion in the left lobe is a hemangioma with surrounding focal 
fatty sparing. In a different patient, axial in-phase (C) and opposed-phase (D) images demonstrate decreased signal on the in-phase images, with 
the longer echo time reflecting the T2* shortening in a patient with hemochromatosis. 




Figure 67-3 MR susceptibility artifacts. Axial 
CT with intravenous administration of contrast 
material (A) demonstrates surgical clips in the 
right lobe of the liver from a prior wedge 
resection. Susceptibility artifact from the surgical 
clips is seen as low intensity on the axial 
opposed-phase image (B); it "biooms" and is 
exaggerated in size on the in-phase image 
(C) with the longer echo time. 
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Figure 67-4 DIXON sequence. 

Axial TI in-phase image 
(A) demonstrates an oval area in 
segments IV and V that decreases 
in signal on the opposed-phase 
image (B), consistent with focal 
fat. On the axial fat-only image 
(C), the focal fat is hyperintense 
relative to liver parenchyma 
compared with low signal on 
the water-only image (D). 



effects are beyond the scope of this chapter; however, the indica- 
tions for and MR techniques used to enhance these agents are 
briefly reviewed. 

Extracellular agents such as gadopentetate dimeglumine 
(Magnevist) have been in use for the longest time clinically. 
These agents are distributed in the extracellular space; 20 mL is 
administered and nearly entirely excreted by the kidneys. 6 

Hepatobiliary agents such as gadoxetic acid (Eovist) are 
taken up by hepatocytes and excreted through the biliary system, 
which causes the liver, biliary duets, and hepatocyte-containing 
lesions to be T1 hyperintense. 3 ' 6 The average dose is 0.025 mmol/ 
kg for approximately 10 mL, and there is aro und 50% hepatic 
and 50% renal exeretion. The delayed hepatobiliary phase 
ranges from 10 minutes to hours, which is significantly shorter 
compared with the combined agent gadobenate dimeglumine 
(MultiHance). 6 

Biood pool agents stay intravascular for a longer time com¬ 
pared with the extravascular agents and are used for angiogra- 
phy. 2 3 Although use of biood pool agents is limited in imaging 
of solid abdominal organs, it is listed here for completeness. 

Combined agents have extracellular, biood pool, and 
hepatobiliary character istics. Gadobenate dimeglumine (Multi¬ 
Hance) is taken up by hepatocytes, and 5% of the administered 
dose is excreted in bile; the remaining 95% is excreted renally. 
A limitation of this agent is that the hepatobiliary phase occurs 
approximately 1 to 2 hours after ingestion of the contrast agent, 
which is significantly longer compared with hepatobiliary 
agents. 2,6 

Imaging of Abdominal Organs 

A complete summary of each pathologic diagnosis in the 
abdomen is beyond the scope of this chapter, and as such, this 


chapter reviews solid abdominal organ lesions for which classic 
MRI characteristics are diagnostic. MRI features are crucial 
for narrowing the differential diagnosis and making accurate 
diagnoses. 

LIVER 

The three most common benign hepatic lesions encountered 
are cavernous hemangiomas, focal nodular hyperplasia (FNH), 
and hepatic adenomas. FNH and adenomas share imaging 
characteristics but can be accurately differentiated by various 
MR sequences and contrast agents. FNH can also be differenti¬ 
ated from fibrolamellar hepatocellular carcinoma (HCC) on the 
basis of MR characteristics. 

Cavernous Hemangiomas 

Cavernous hemangiomas, the most common primary liver 
tumor, occur in 20% of the general population. 7 9 On histologic 
examination, hemangiomas are composed of large blood-filled 
vascular channels of varying sizes and shapes. 7 Typically, they 
are solitary and small; however, multiplicity can occur, and 
giant cavernous hemangiomas can be larger than 20 cm. On 
imaging, hemangiomas have characteristic appearances. On 
ultrasound (US), hemangiomas are focal, homogeneous, and 
echogenic and can have varying appearances, depending on the 
degree of background hepatic steatosis, which can be easily 
assessed on MRI. MRI shows typical features of hemangiomas, 
which include TI hypointensity and marked T2 hyperintensity; 
on the dynamic contrast-enhanced images, hemangiomas have 
peripheral nodular enhancement with progression in a centrip¬ 
etal distribution (Fig. 67-5). 7 ' 9 Flash-filling hemangiomas can 
be seen, in which the entire lesion homogeneously enhances in 
the arterial phase. In addition, the very bright T2 hyperintense 
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signal has a high sensitivity (100%) and specificity (92%) for 
differentiation of hemangiomas from hep atic metastases. 

Focal Nodular Hyperplasia 

FNH is the second most common benign hepatic tumor after 
hemangiomas. It is an aggregate of hepatocytes that form in 
response to a “central scar,” which represents an underlying 
vascular malformation or clusters of biood vessels and bile 
duets. 10 FNH is hypointense to isointense on Tl-weighted 
images and isointense to mildly hyperintense on T2-weighted 
images with a T2 hyperintense scar. 7 After the administration 
of gadolinium, there is brisk, homogeneous, and intense arterial 
enhancement of the lesion with the exception of the central scar, 
which has gradual delayed enhancement (Fig. 67-6). 

Approximately 20% of FNH cases are atypical and do not 
have characteristic imaging features/ The three subtypes 
include telangiectatic FNH, FNH with cytologic atypia, and 
mixed hyperplastic and adenomatous FNH, all of which do 
not possess the central vascular malformation and are often 
challenging to diagnose on imaging. 7,9 These three nonclassic 
FNH types have bile duets and some degree of normal hepa¬ 
tocytes, allowing uptake and exeretion of hepatobiliary contrast 
agents. 

The delayed enhancement of the central scar helps differen- 
tiate FNH from fibrolamellar HCC, which is an uncommon 
type of HCC. Fibrolamellar HCC usually is manifested as a large 
heterogeneous TI hypointense and T2 hyperintense mass, and 
a majority (80%) of fibrolamellar HCCs contain a true central 
scar (Fig. 67-7). 9 In contradistinction to FNH, the central scar 
is a true scar that is T2 hypointense and demonstrates minimal 
or no enhancement after gadolinium administration. 9 
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Figure 67-5 Hepatic hemangioma. Axial arterial 
phase image (A) illustrates a hypointense lesion 
in segment II with peripheral nodular and 
discontinuous enhancement that progressively 
filis on portal venous (B) and 3-minute delayed 
(C) images consistent with a hemangioma. 


Hepatic Adenoma 

Hepatic adenomas are rare benign tumors containing well- 
differentiated hepatocytes with few or no biliary duets. Most 
adenomas are single, and 90% of adenomas occur in women. 
On the basis of recent pathologic and genetic evaluation 
of hepatic adenomas, four subtypes of adenomas have been 
developed: inflammatory hepatocellular adenoma, hepatocyte 
nuclear factor la (HNF-la)-mutated hepatocellular adenoma, 
p-catenin-mutated hepatocellular adenoma, and unclassi- 
fied. 8,11 ' 14 Each type should be considered a different entity 
because imaging appearances as well as management options 
vary according to the subtype. 

Inflammatory adenomas were previously known as telan¬ 
giectatic adenomas or telangiectatic FNH. This subtype com- 
monly occurs in young women taking oral contraceptive 
medications and obese patients. On MRI, inflammatory adeno¬ 
mas are TI isointense to mildly hyperintense and T2 diffusely 
intense to hyperintense. Tl-weighted in-phase and opposed- 
phase gradient-echo images show little or no loss of signal. 
After the administration of gadolinium, inflammatory adeno¬ 
mas enhance on the arterial phase and persist on the portal 
venous and delayed phases (Fig. 67-8 ). 8 Two complications 
of hepatic adenomas are intratumoral bleeding and develop- 
ment of HCC. Bleeding occurs in 25% to 50% of adenomas, 
and tumors larger than 5 cm are at inereased risk for bleed¬ 
ing and rupture. Inflammatory adenomas have the highest 
risk of bleeding of all subtypes. 

HNF-la-mutated hepatocellular adenoma accounts for 
30% to 35% of all adenomas and is the second most common 
subtype. This subtype occurs almost exelusively in women, with 
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Figure 67-6 Focal nodular 
hyperplasia. Axial T2 fat- 
saturated image (A) demonstrates 
a T2 isointense lesion with a 
central T2 hyperintense "scar." 
After the administration of 
gadolinium, axial fat-saturated 
images in 25-second (B), 
70-second (C), and hepatobiliary 
(D) delayed phases show brisk, 
homogeneous, and intense 
arterial enhancement of the lesion 
with the liver parenchyma. 



Figure 67-7 Fibrolamellar 
hepatocellular carcinoma. Axial 
T2 fat-saturated image (A) shows 
a mildly T2 hyperintense lesion 
that is large and with a true 
central scar. Axial dynamic images 
after the administration of 
gadolinium (B-D) show early 
heterogeneous arterial 
enhancement with minimal or no 
enhancement of the true central 
scar. 
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Figure 67-8 Inflammatory hepatic adenoma. 

Axial T2 fat-saturated image (A) shows a T2 
hyperintense lesion in segment VI, which 
enhances on the arterial phase (B) and persists 
on the 180-second delayed phase (C). 


the majority of patients taking oral contraceptive medications. 
Estrogens in these medications have been postulated to cause 
somatic mutations in HNF-la adenomas, and inactivation of 
HNF1A gene results in nonfunctioning HNF-la protein, which 
subsequently promotes proliferation of hepatocytes and lipo- 
genesis with impaired fatty acid regulation in hepatocytes, 
resulting in fat deposition within the hepatocytes. On MRI, 
HNF-la-mutated hepatocellular adenomas are TI hyperin¬ 
tense to isointense and T2 isointense to slightly hyperintense; 
after the administration of contrast material, there is moderate 
arterial enhancement with no persistent portal venous or 
delayed phase enhancement. 8 Diffuse signal loss on out-of- 
phase gradient recalled echo images is seen because of intracel- 
lular steatosis, with sensitivity and specificity as high as 85% 
and 100%, respectively. HNF-la-mutated hepatocellular ade¬ 
nomas, even lesions larger than 5 cm, have minimal risk of 
bleeding, and there is minimal or no risk for development of 
HCC. 

p-Catenin-mutated hepatocellular adenoma accounts for 
10% to 15% of all adenomas. This subtype occurs more com- 
monly in men and is associated with exogenous testosterone 
use, familial adenomatosis polyposis, and glycogen storage 
disease. There is overexpression of the glutamate-ammonia 
lipase gene, resulting in elevated levels of glutamine synthetase, 
which has been used recently in immunohistochemical analysis 
for definitive diagnosis. This subtype has homogeneous or het- 
erogeneous TI and T2 hyperintense signal, depending on the 
presence of biood and necrosis. These lesions enhance intensely 
on the arterial phase, with variable persistence on the portal 
venous and delayed phases. The imaging appearance can be 
confused with that of HCC. This subtype has the highest risk 
of malignant transformation, with an overall risk of 5% to 10% 


as the p-catenin pathway is involved in the pathogenesis of 
HCC. Other risk factors for malignant transformation are male 
sex, glycogen storage disease, tumors larger than 5 cm, and 
exogenous anabolic steroid use. 

Focal and Diffuse Steatosis 

Various manifestations of fatty infiltration include focal, patchy, 
and diffuse. 15,16 Focal fat deposition and focal fat sparing can be 
mistaken for a focal hepatic lesion. 15 MRI is helpful in differen- 
tiating a true hepatic lesion from focal fat deposition and focal 
fat sparing, particularly the Tl-weighted in-phase and opposed- 
phase gradient-echo images. Focal fat deposition is lower in 
intensity on the opposed-phase images compared with the 
in-phase images and has high signal on the DIXON fat-only 
images (see Fig. 67-4). In contradistinction, focal fat sparing 
does not decrease in intensity on the opposed-phase images but 
instead appears hyperintense relative to the surrounding hepatic 
steatosis. 

Another helpful differentiating imaging feature is the loca¬ 
tion, which typically is in the gallbladder fossa, in the medial 
aspect of the left hepatic lobe, along the falciform ligament, 
and in the central aspect of segment IV. 15 Also, no mass 
effect is seen on adjacent structures or hepatic parenchyma, 
and biood vessels course through areas of focal hepatic ste¬ 
atosis and focal fat sparing. The presence of normal enhancing 
liver is helpful in accurate diagnosis of focal fat and focal 
fat sparing. 

Diffuse hepatic steatosis involves a majority of the hepatic 
parenchyma, and on MRI, the liver intensity decreases on the 
opposed-phase images relative to the in-phase images (see Fig. 
67-2A, B). 15,16 Rather than appearing as focal hepatic signal 
abnormality, the entire hepatic parenchyma is diffusely involved. 
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Cholangiocellular Origin Lesions 

MRI is extremely helpful in diagnosing and characterizing 
lesions of cholangiocellular origin, including simple hepatic 
cysts, biliary hamartomas, peribiliary cysts, biliary cystadenoma, 
and biliary cystadenocarcinoma. MRCP sequences are useful 
to assess the relationship of these lesions to the biliary tree. 

Simple hepatic cysts are lined by biliary epithelium and 
originate from precursor microhamartomas/ Cysts are usually 
round, well defined, and larger than 1 cm, and they can be 
single or multiple. Multiple simple hepatic cysts may be seen in 
adult polycystic kidney disease. On MRI, simple hepatic cysts 
have classic imaging characteristics with TI hypointensity, T2 
hyperintensity, and no associated enhancement. 

Biliary hamartomas are also known as von Meyenburg com- 
plexes. They represent rare benign malformations of the biliary 
system secondary to failed involution of embryonic biliary 
duets. 7 Hamartomas are usually numerous, subeentimeter, well- 
defined TI hypointense, T2 hyperintense, nonenhancing lesions 
with no connection to the biliary tree (Fig. 67-9A). 

Peribiliary cysts are benign cystic diktions of obstructed 
giands around the biliary duet walls. Inflammation and dis- 
turbed periportal circulation lead to giand obstruction and 
result in peribiliary cyst formation. These lesions are typically 
associated with cirrhosis with portal hypertension and portal 
vein thrombosis. Peribiliary cysts are usually multiple TI 
hypointense, T2 hyperintense tubular structures coursing along 
the bile duets (Fig. 67-9B). They typically have smooth walls 
with no internal components, and they do not communicate 
with the biliary system. 

Biliary cystadenoma, a rare benign cystic neoplasm, is a pre¬ 
cursor to the malignant form of biliary cystadenocarcinoma. 71 
A majority of these lesions originate from the intrahepatic bile 


duets and are complex, multiloculated, cystic masses with 
enhancing internal septations (Fig. 67-9C). The MRI Åndings 
are variable, depending on the internal composition of the 
lesion, specifkally if the lesion is composed of mueinous or 
serous fluid. The presence of enhancing nodular septations in 
the lesion is suggestive of the malignant biliary cystadenocarci¬ 
noma. These tumors tend to recur after complete surgical 
excision, and biliary cystadenomas can undergo malignant 
degeneration even after years of stability. 

Cirrhosis and Hepatocellular Carcinoma 

Cirrhosis is associated in up to 90% of patients with HCC and 
is characterized by irreversible disruption of the normal hepatic 
architecture with fibrosis and hepatic nodules. 6,18 ' 23 The most 
common causes of cirrhosis worldwide, in order of decreasing 
frequency, are hepatitis C virus, hepatitis B virus, aleohol, and 
nonalcoholic steatohepatitis; in the United States and Europe, 
the most common cause of cirrhosis is aleohol. Hepatitis B and 
C inerease the risk of HCC 20 times, and the rate of HCC 
development once a diagnosis of cirrhosis is made is 1% to 4% 
per year. 

The development of HCC is a multistep continuous carci- 
nogenic process whereby multiple alterations lead to malignant 
transformation of the hepatocyte. 6,18 ' 23 The hepatocarcinogen- 
esis has been arbitrarily divided for diagnostic and practical 
purposes. There are two types of hepatocellular nodules, regen¬ 
erative and dysplastic nodules. Regenerative nodules result from 
proliferation of hepatocytes and supporting stroma, leading to 
nodular transformation of hepatic parenchyma with no fibrous 
septations between the nodules. These nodules can be mono- 
acinar or multiaeinar and can also be micronodular (<3 mm) 
or macronodular (>3 mm). Dysplastic nodules result from 
hepatocyte proliferation with abnormal growth or dysplasia, 




Figure 67-9 MR Spectrum of biliary disease. 

A. Single maximum intensity projection MRCP 
image shows numerous, subeentimeter, well- 
defined TI hypointense, T2 hyperintense, 
nonenhancing lesions with no connection to the 
biliary tree consistent with biliary hamartomas. 

B. Maximum intensity projection MRCP image in a 
different patient illustrates cystic lesions coursing 
along the bile duets in a patient with cirrhosis 
consistent with peribiliary cysts. C. Coronal T2 
image in a third patient shows a complex, 
multiloculated, cystic mass; a mueinous 
cystadenoma was confirmed on surgical resection. 
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with derangement of normal architecture and cellular atypia. 
HCC is a malignant neoplasm with hepatocellular differentia¬ 
tion and development of neoangiogenesis with progressive loss 
of portal venous biood flow and increased arterial vascularity. 

Cirrhosis on imaging is characterized by atrophy and hyper- 
trophy of certain segments, liver contours, presence of hepatic 
nodules, fibrotic and fatty changes, and signs of portal hyper¬ 
tension. The right lobe of the liver and the medial segment 
of the left hepatic lobe (segment IV) atrophy, whereas the 
caudate and lateral segments of the left hepatic lobe (segments 
II and III) hypertrophy. The liver contour tends to be nodular, 
although this may not be apparent in all cirrhotics, and there 
is widening of the fissures between lobes and segments. Regen¬ 
erative nodules are seen, and diffuse lacelike bands of fibrosis 
may be present; diffuse or geographic areas of fatty change 
have also been seen in cirrhosis. Signs of portal hypertension, 
including splenomegaly, enlargement of the portal vein, pres¬ 
ence of varices (gastric, splenic, esophageal, caput medusae), 
and peribiliary cysts, are present in varying degrees in cirrhotic 
patients. 

MRI has revolutionized the diagnostic and treatment impli- 
cations involved in the care of cirrhotic patients. 18 22 MRI can 
accurately characterize cirrhosis-associated liver nodules, with 
the critical role being early detection of HCC. The MRI 
examination is easily and accurately reproducible, allowing 
staging of HCC, planning of treatment options, and assess- 
ment of response to treatment. HCC is T2 hyperintense with 
avid arterial enhancement that shows washout or becomes 
hypointense relative to the surrounding liver on the delayed 
phase (Fig. 67-10). 

Regenerative nodules are TI variable, T2 hypointense, and 
after the administration of gadolinium, these nodules are 
usually isointense to surrounding parenchyma as they maintain 


hepatocellular function. Dysplastic nodules have variable 
imaging appearances that overlap with both regenerative 
nodules and HCC. Low-grade dysplastic nodules are usually 
T2 hypointense, in contradistinction to high-grade dysplastic 
nodules, which have high signal on T2. Low- and high-grade 
dysplastic nodules have variable TI signal intensity but usually 
have TI high signal. Also, low-grade dysplastic nodules share 
enhancement patterns with regenerative nodules, and high- 
grade dysplastic nodules share enhancement patterns with 
HCC, but low- and high-grade dysplastic nodules typically 
enhance as much as hepatic parenchyma. Siderotic nodules are 
characterized by high iron content and can be either regenera¬ 
tive or dysplastic nodules. On MRI, siderotic nodules are low 
TI and T2 because of magnetic susceptibility from local held 
inhomogeneities. It is difficult to differentiate regenerative sid¬ 
erotic nodules from dysplastic siderotic nodules on imaging. 

A dysplastic nodule may contain a focus of HCC and have a 
nodule-in-nodule appearance. The dysplastic nodule has low 
T2 signal, and after the administration of gadolinium, a focus 
of arterial enhancement is visualized, resulting in the so-called 
nodule-in-nodule appearance. HCC appearance on MRI 
depends on the size and grade of the malignant neoplasm. Small 
HCCs are less than 2 cm and are classified into early and pro- 
gressed categories. Early HCCs are TI hyperintense and T2 
hypointense to isointense with relative hypoenhancement on 
the arterial phase but are hypointense on the portal venous 
phase. The arterial hypovascularity is thought to be secondary 
to decreased portal venous vascularity but insufficient arterial 
supply. The use of hepatobiliary contrast agents increases the 
detection of these early HCCs, in which normal hepatocytes will 
have enhancement, whereas the HCC will not enhance and will 
be hypointense. However, well-differentiated early HCCs may 
have residual hepatocyte function and have uptake of contrast 



Figure 67-10 Hepatocellular carcinoma. 

Coronal T2 image (A) illustrates a 3.5-cm mildly T2 
hyperintense lesion in segment VI of the liver that 
enhances on the arterial phase (B) and has washout 
on the portal venous phase (C) with pseudocapsular 
enhancement. 
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material, with false-negative results. Progressed HCCs are less 
of a diagnostic dilemma in that they are well-defined, small TI 
isointense and T2 moderately hyperintense nodular lesions 
with avid arterial enhancement and washout on the portal 
venous and delayed phases. On the basis of the new Organ 
Procurement and Transplantation NetWork policy for liver 
transplantation, small HCCs can be diagnosed on imaging 
alone if the lesion is at least 1 cm and less than 2 cm with arte¬ 
rial enhancement and washout on portal venous or delayed 
phase and has peripheral rim enhancement. Large lesions 
between 2 and 5 cm must have arterial enhancement and either 
washout on portal venous or delayed phase or peripheral rim 
enhancement or growth by 50% or more on serial imaging less 
than 6 months apart. 

Iron Depositional Disease 

Hemochromatosis can be primary, originating from a genetic 
disorder causing increased intestinal absorption of iron, or sec- 
ondary, which is related to transfusions or chronic disease. Iron 
is normally stored in hepatocytes and in the reticuloendothelial 
cells, but excess iron can act as a catalyst of hydrogen peroxide 
into free radicals, resulting in cellular damage. MRI can nonin- 
vasively quantify the amount of iron in the liver and assess for 
response to treatment with high sensitivity and specificity. 
Primary hemochromatosis follows a hepatic parenchymal 
deposition pattern whereby iron is deposited in hepatocytes, 
then spread to the remainder of the liver, pancreas, thyroid, and 
cardiac tissue. Secondary hemochromatosis follows a reticulo¬ 
endothelial deposition pattern whereby cells of the reticuloen¬ 
dothelial system of the liver, bone marrow, and spleen 
accumulate iron. Because the iron is not deposited in the hepa¬ 
tocytes, there is no associated tissue damage with secondary 
hemochromatosis. In advanced cases of secondary hemochro¬ 
matosis, the iron deposition may exceed the storage capacity of 
the reticuloendothelial cells and may result in parenchymal 
deposition. 

Hemochromatosis can be accurately and quickly diagnosed 
with MRI because of the shortening of TI and T2 as well as the 
T2* shortening due to held inhomogeneities caused by super- 
paramagnetic effects of iron. 24 On Tl-weighted in-phase and 
opposed-phase gradient-echo images, there is diffuse decreased 
intensity on images with the longer echo time, which is usually 
the in-phase images on 1.5T MRI (see Fig. 67-2C, D). This effect 
is due to the increased sensitivity to held inhomogeneities on 
the longer echo time sequence from increased T2* effect. Iron 
quantification can readily be performed with MRI with a high 
degree of accuracy on routine Tl-weighted in-phase and 
opposed-phase gradient-echo images and T2* imaging. 24,25 

BILE DUCTS AND GALLBLADDER 

US is the initial imaging study of choice in the evaluation 
of gallbladder disease because of the high sensitivity and 
specificity. However, there are limitations of US, including 
operator dependence and degradation of image quality in 
obese patients. An increasing role of MRI has evolved with 
improved technology and faster acquisition times whereby 
MRI is a valuable imaging complement to US and computed 
tomography (CT). 28 ' 31 MRI pro vides a comprehensive and 
detailed assessment of the biliary tree, including anatomic 
evaluation as well as disease processes, and is an established 
alternative to ERCP. 28 ' 31 


Cholelithiasis and Choledocholithiasis 

Cholelithiasis is the concretion of bile in the biliary system, of 
which there are two types: cholesterol stones (75%-80%) and 
pigmented stones (20%-25%). Gallstones can form from cho¬ 
lesterol supersaturation; risk factors include obesity, pregnancy, 
rapid weight loss, high-fat diet, female gender, and advanced 
age. Gallstones can also form secondary to decreased gallblad¬ 
der motility, which leads to crystallization of bile and predis - 
poses to stone formation; risk factors include rapid weight loss, 
use of total parenteral nutrition, pregnancy, and oral contracep- 
tive use. Pigmented stones can be of the black stone variety, 
which is caused by increased unconjugated bilirubin from 
chronic hemolytic States, or brown stones, which are associated 
with recurrent cholangitis or parasitic infections. 

Stones within the intrahepatic and extrahepatic biliary tree 
can be primary, which form within the biliary duets, or second¬ 
ary, whereby stones from the gallbladder migrate into the 
common bile duet. Predisposing factors of primary choledo¬ 
cholithiasis include parasitic infections or recurrent cholangitis, 
congenital abnormalities, and prior surgery. 

MRI accurately and consistently detects gallstones, which are 
best appreciated on T2-weighted images, where they appear as 
multiple filling defeets in a gallbladder filled with T2 hyperin¬ 
tense bile. 28 MRI can also differentiate the types of gallstones 
because both cholesterol and pigmented stones are T2 hypoin- 
tense; however, pigmented stones are higher in TI signal com- 
pared with cholesterol stones, and they also have a larger range 
of signal intensities. 30 MRI and MRCP heavily T2-weighted 
sequences also detect choledocholithiasis with a high sensitivity 
and specificity (>95%); the stones are seen as filling defeets 
within the bile duets (Fig. 67-11). 28 33 

Acute Cholecystitis 

Acute cholecystitis is one of the most common causes of hos¬ 
pital admission from the emergency department and is the most 
common complication of cholelithiasis; up to 95% of cases are 
associated with gallstones. US is the traditional imaging modal- 
ity of choice for gallbladder disease in patients thought to have 
acute cholecystitis. MRI is inereasingly used in the emergency 
setting, given the faster acquisition sequences and improved 
technology. Imaging of suspected cases of acute cholecystitis 
assists in planning of immediate or delayed cholecystectomy 
and of the surgical approach (laparoscopic or open). MRI is 
particularly useful in clinically and sonographically equivocal 
cases of acute cholecystitis, with sensitivities up to 95% and 
specificities up to 89%, 29 and in the assessment of the bile duets 
for possible choledocholithiasis. MRI and MRCP performed 
within 24 hours of arrival to the emergency department provide 
additional information in the evaluation of acute biliary disease, 
particularly with equivocal or inconclusive sonographic Ånd¬ 
ings. 29 MRI has a sensitivity of 95% and specificity of 90% for 
diagnosis of acute cholecystitis. 

MRI findings of uncomplicated acute cholecystitis include 
the presence of a gallstone usually impacted in the gallbladder 
neck or cystic duet, gallbladder distention (transverse diameter 
>4 cm), wall thickening (>3 mm), abnormal T2 hyperintensity 
mural thickening and edematous stratification, wall hyperemia, 
and pericholecystic fluid. 28 ' 31 MRI has excellent tissue contrast 
that inereases the detection of gallbladder wall edema and 
pericholecystic fluid, which is manifested as T2 hyperintensity 
around the gallbladder (Fig. 67-12). A highly specific sign 
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Figure 67-11 Cholelithiasis and choledocholithiasis. Coronal MRCP image (A) shows multiple filling defects within the gallbladder and bile 
duets, which were confirmed at ERCP (B). 




Figure 67-12 Acute cholecystitis. Coronal 
T2 (A) and axial T2 with fat saturation 
(B) images show mild gallbladder wall 
thickening and pericholecystic fluid. After 
the administration of gadolinium, axial 
fat-saturated image (C) demonstrates 
hyperemia in the gallbladder fossa ( arrow ). 


(specificity of 70%) for acute cholecystitis is transient enhance- 
ment of the pericholecystic liver parenchyma seen immediately 
after the administration of gadolinium; this is thought to be 
secondary to reactive hyperemia of the hepatic parenchyma 
surrounding the acutely inflamed gallbladder. 

Complications of acute cholecystitis are seen in up to 40% 
of cases and include gallbladder perforation with pericholecys¬ 
tic abscess formation, gangrenous cholecystitis, emphysema- 
tous cholecystitis, hemorrhagic cholecystitis, and perforation 
with bilioenteric fistula formation. 31 Most complications can 


be readily identified by MRI with the exception of emphysema- 
tous cholecystitis, for which CT is the best imaging modality to 
detect air within the gallbladder lumen and wall. 

Gallbladder Carcinoma 

Gallbladder malignant disease is the most common biliary tree 
carcinoma and the fifth most common gastrointestinal neo- 
plasm. 30,34 The prognosis is poor, with an estimated patient 
survival time of 3 months after diagnosis and a 5% 5-year sur- 
vival rate. 34 At the time of initial presentation, there is usually 
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advanced disease with infiltration into the adjacent liver paren - 
chyma and lymph node metastases. The thin gallbladder wall 
and the continuity of the connective tissue around the gallblad¬ 
der with that of the liver allow invasion of the hepatic paren- 
chyma and lymphatics. A majority of the cases (approximately 
90%) are associated with gallstones, probably secondary to 
chronic inflammation; other risk factors include porcelain gall¬ 
bladder and long common pancreatic-biliary channel. 

Focal or diffuse gallbladder wall thickening of more than 
1 cm is seen in early gallbladder malignant disease; however, the 
typical imaging appearance is an infiltrating mass in the gall¬ 
bladder fossa. The mass is TI isointense to hypointense and T2 
heterogeneously hyperintense compared with adj acent liver, 
which enhances after the administration of gadolinium. Intra- 
hepatic biliary dilation, best seen on MRCP images, may be seen 
secondary to hepatic duet compression direetly by the tumor, 
direct invasion by the tumor, or lymphadenopathy, and MRCP 
images are helpful in localizing the site of obstruction. In cases 
in which the gallbladder is indistinet and replaced diffusely with 
neoplasm, the presence of gallstones within the mass can be 
helpful in making the diagnosis (Fig. 67-13). 

In 25% of cases, an intraluminal polypoid mass is confined 
to the muscle layer. These cases are associated with a better 
prognosis compared with the diffusely infiltrating pattern of 
malignant disease. The polypoid masses are TI isointense, 
T2 hyperintense compared with liver, and the mass projects 
into the gallbladder lumen. After the administration of gado¬ 
linium, the polypoid masses enhance early with prolonged 
enhancement. 

Cholangiocarcinoma 

Cholangiocarcinoma, a primary malignant neoplasm arising 
from the biliary epithelium, is the second most common 
primary hepatic tumor after HCC. 35,36 The peak age prevalence 
is in the sixth to seventh decades; risk factors include cho- 
ledochal cysts, primary sclerosing cholangitis, familial pol¬ 
yposis, chronic infeetion, and congenital hepatic fibrosis. Most 
cases (95% of cases) are histologically adenocarcinoma. Chol¬ 
angiocarcinoma can be anatomically classified as intrahepatic, 
including central and peripheral, or extrahepatic. Central 
intrahepatic cholangiocarcinoma arises from the hepatic 
duet bifurcation and proximal common hepatic duet, whereas 
peripheral intrahepatic tumors involve the second-order 
bile duets. Tumor growth has been described as polypoid 


(intraductal), infiltrative (periductal), or exophytic (mass 
forming); infiltrating central intrahepatic tumors (Klatskin 
tumors) have been subelassified according to the Bismuth- 
Corlette classification. 

On MRI, mass-forming cholangiocarcinomas are TI hypoin¬ 
tense to isointense and have variable T2 signal, depending on 
the amount of tumoral fibrosis, hemorrhage, and necrosis. 
After gadolinium administration, the masses have little arterial 
enhancement with inereased progressive enhancement on the 
delayed phases owing to the presence of fibrosis and central 
tumoral necrosis and desmoplastic response (Fig. 67-14). 
Smaller tumors may demonstrate homogeneous and avid arte¬ 
rial enhancement that persists on subsequent phases because of 
the absence of fibrosis. Intraductal tumors are TI hypointense 
to isointense with mild T2 hyperintensity with heterogeneous 
enhancement. On MRCP sequences, the area of biliary ductal 
narrowing with upstream ductal dilation can be readily detected 
to localize and to characterize the tumor. 

PANCREAS 

MRI is a valuable imaging tool to assess a wide Spectrum 
of pancreatic disease. 38 Specific morphologic features and 
signal intensity characteristics allow diagnosis of pathologic 
processes such as acute and chronic panereatitis, adenocar¬ 
cinoma, neuroendocrine tumors, microcystic and macrocystic 
cystadenoma, serous cystadenoma, intraductal papillary muei- 
nous neoplasms, and solid pseudopapillary neoplasms (or 
solid and papillary epithelial neoplasms). Ductal anatomy 
and pathologic processes can be readily assessed on MRCP 
with sensitivity similar to that of ERCP. The panereas has 
inherent high signal on Tl-weighted images and enhances 
maximally during the pancreatic arterial phase around 15 to 
20 seconds, subsequently becoming isointense on later dynamic 
contrast-enhanced images. 

Acute Panereatitis 

Acute panereatitis is an acute inflammatory process involving 
the pancreatic parenchyma and surrounding organs. The diag¬ 
nosis is made by clinical and laboratory Åndings; however, 
imaging is used to confirm the diagnosis and to detect compli- 
cations. CT is the most common imaging modality used, but 
MRI has an inereasing role, particularly because patients with 
acute panereatitis tend to be younger and require multiple 



Figure 67-13 Gallbladder adenocarcinoma. Coronal CT (A) and axial post-gadolinium fat-saturated (B) images demonstrate a large 
heterogeneous mass originating in the gallbladder fossa. Calcified gallstones within the center of the mass are seen on the CT image. 
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Figure 67-14 Cholangiocarcinoma. Axial arterial (A) and portal venous (B) phase images after the administration of gadolinium show a mass in 
the atrophied right lobe of the liver with associated biliary dilation and capsular retraction. The mass enhances minimally on the arterial phase, 
with progressively increasing enhancement on the portal venous phase. 


examinations. 38-42 Moreover, advances in MRI technology allow 
excellent pancreatic imaging and detection of associated com- 
plications, such as necrosis, fluid collections, and vascular com- 
plications including thrombi and pseudoaneurysms. 39-41 Causes 
of acute pancreatitis include alcohol, gallstones, metabolic 
abnormalities, infection, trauma, and medications. 

Anatomic variations of the pancreatic duet, including pan- 
creas divisum and a long common pancreatic-biliary channel, 
have been associated with acute pancreatitis 42 and can readily 
be assessed with MRCP. Pancreas divisum is the most common 
congenital anomaly; the ventral and dorsal pancreatic buds do 
not fuse, and the ventral duet (duet of Wirsung) drains the 
ventral anlage and the dorsal duet (duet of Santorini) drains a 
majority of the pancreas, which empties into the minor pap illa. 
Pancreas divisum is detected on MRCP with high sensitivity 
and specificity. The presence of a long common channel 
(>15 mm) allows reflux of bile into the pancreatic duet, result¬ 
ing in acute pancreatitis. 

Typical MRI findings of acute pancreatitis are focal or diffuse 
enlargement of the pancreas with heterogeneous areas of low 
TI signal and high T2 signal and normal homogeneous or 
slightly heterogeneous enhancement. 40 Peripancreatic strand¬ 
ing in mild acute pancreatitis is best seen on TI as peripancre¬ 
atic hypointensity; in more severe pancreatitis, T2-weighted 
images show peripancreatic T2 hyerpintensity. 5 

Necrotizing pancreatitis occurs in 20% to 30% of cases and 
inereases the mortality associated with acute pancreatitis. There 
are three types according to the revised Atlanta classifkation 
system: pancreatic parenchymal necrosis, peripancreatic necro¬ 
sis, and combined pancreatic parenchymal necrosis with peri¬ 
pancreatic necrosis; these types can be sterile or infeeted. 
Assessment of the extent of necrosis is important as there is a 
correlation with overall prognosis. Areas of necrosis on T2 
sequences are low intensity, but when liquefied, necrosis is T2 
hyperintense. Necrosis is best depicted on post-gadolinium 
images as areas of decreased enhancement. 

Pancreatic and peripancreatic collections can be seen in 
acute pancreatitis. 39,40 Acute collections are classified as acute 
pancreatic fluid collection (APFC) if there is no necrosis or 
acute necrotizing collection (ANC) if necrosis is present. 
With time, after 4 weeks, acute pancreatitis without necrosis 
and APFC are associated with pseudocysts, whereas pancreatic 


necrosis and ANC are associated with walled-off necrosis. On 
MRI, APFC has liquefied components and conforms to ana¬ 
tomic boundaries around the pancreas with no discernible 
wall, which are TI hypointense and T2 hyperintense. With 
time, APFC may develop into pseudocysts, which are unilocular 
encapsulated fluid collections with TI hypointensity and T2 
hyperintensity. ANC is a persistent collection of fluid and 
necrotic material that replaces pancreatic parenchyma after 
necrotizing pancreatitis. ANC over time develops into walled- 
off necrosis, which is heterogeneous on MRI due to the pres¬ 
ence of nonliquefied necrotic pancreatic parenchyma and 
necrotic fat. 

Vascular complications of acute pancreatitis include venous 
thrombus formation and pseudoaneurysms. Venous thrombi 
are the most common vascular complication of acute pancre¬ 
atitis and affeet the splenic, superior mesenteric, and portal 
veins; on MRI, thrombi are best seen on post-gadolinium 
images. Pseudoaneurysms are caused by biood vessel wall weak- 
ening from the proteolytic enzymes and most frequently involve 
the splenic, pancreaticoduodenal, and gastroduodenal arteries. 
Pseudoaneurysms are readily detected on post-gadolinium 
images and opacify during the early arterial phase. Pseudoan¬ 
eurysms can rupture, with resulting peripancreatic hemor- 
rhagic fluid collections that are high signal on TI due to 
methemoglobin with a T2 hypointense hemosiderin rim. MRI 
has the benefit of persistent signal abnormalities compared 
with CT. 

Pancreatic Cystic Lesions 

Accurate characterization of pancreatic cystic lesions is crucial 
to create a differential diagnosis and to guide subsequent treat - 
ment, and MRI has been shown to be the optimal imaging 
modality for complete assessment. 43 Pancreatic cystic lesions 
can be primary, such as pseudocysts, serous cystadenomas, 
and mueinous lesions, including mueinous cystadenoma, cyst- 
adenocarcinoma, and intraductal papillary mueinous neo- 
plasms; or they can be cystic changes in a solid neoplasm, 
including adenocarcinoma, neuroendocrine tumors, and solid 
pseudopapillary neoplasms (or solid and papillary epithelial 
neoplasms). 43-46 

Serous cystadenomas are benign cystic neoplasms composed 
of numerous small cysts, typically less than 1 cm, that are 
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separated by fibrous septa radiating from a central scar. 45 These 
neoplasms occur in older women, typically older than 65 years, 
and are typically incidentally found. On MRI, these lesions 
appear as a cluster of small T2 hyperintense cysts with thin 
enhancing fibrous septa separating the cysts; a central calcified 
scar with signal void may be seen. There is no connection to the 
main pancreatic duet (Fig. 67-15). 43,45 

Mucinous cystadenomas are thick-walled, uniloculated or 
multiloculated cystic masses in the pancreatic body or tail that 
are lined by mucin-producing columnar epithelium with no 
communication to the pancreatic duets. Most are incidentally 
found in women. Mucinous cystadenomas have malignant 
potential and are surgically resected. 43 On MRI, these lesions are 
uniloculated or multiloculated, with signal intensity that follows 
simple fluid despite the presence of muein, and are TI hypoin- 
tense and T2 hyperintense, although intrinsic TI hyperintense 
signal has been described (Fig. 67-16). 43 The thick wall has 
enhancement in the delayed phases because of the presence of 
fibrosis, and the internal septa enhance. Intracystic nodular soft 
tissue components suggest the presence of invasive carcinoma- 
tous components. Mucinous cystadenocarcinomas have intra¬ 
cystic nodular soft tissue components in a mucinous cyst with 
surrounding ovarian-type stroma. 

Intraductal papillary mucinous neoplasms (IPMNs) are 
mucin-producing tumors arising from the epithelial lining of 
the main or side branch pancreatic duets. 43 The pancreatic 
ductal epithelial cells are transformed into neoplastic muein, 
producing cells that form papillary projections, and the excess 
muein results in cystic dilation of the duets (Fig. 67-17). At 
ERCP, spillage of muein into the ampulla of Vater is classically 


seen. 43 An association between IPMN and concomitant pan¬ 
creatic ductal adenocarcinoma and pancreatic ductal adeno- 
carcinoma arising from IPMN has been described, both of 
which are thought to have favorable biologic behavior or to 
be diagnosed at an earlier stage. 43,47,48 IPMNs are classified as 
involved with the main pancreatic duet or isolated to the side 
branch duets, which has important implications because 60% 
to 70% of main duet IPMNs have invasive carcinoma, as 
opposed to 20% of side branch IPMNs containing invasive 
carcinoma. 4 " 49 MRI is the imaging modality of choice in the 
evaluation of IPMNs to determine the location and type of 
the lesion. Main duet IPMNs have focal or diffuse enlargement 
of the main pancreatic duet, and although chronic panereatitis 
can be manifested with diffuse enlargement of the pancreatic 
duet, helpful differentiating imaging features are associated 
parenchymal changes in chronic panereatitis with TI hypoin- 
tensity and delayed contrast uptake secondary to fibrosis. 
Multiple dilated side branch T2 hyperintensities are seen in 
side branch IPMNs. Enhancing and nodular soft tissue com¬ 
ponents in IPMNs are suggestive of concomitant adenocarci¬ 
noma, which can arise from the IPMN or at a different site 
along the pancreatic duet. 

Pancreatic Solid Lesions 

Solid pancreatic lesions include pancreatic adenocarcinoma, 
neuroendocrine tumors, solid pseudopapillary neoplasms (or 
solid and papillary epithelial neoplasms), and metastases, all of 
which have different appearances on MRI. As described previ- 
ously, these masses may have cystic components from tumor 
degeneration. 


Figure 67-15 Pancreatic 
serous cystadenoma. Axial 
T2 fat-saturated MR image 
(A) demonstrates a cluster of 
small T2 hyperintense cysts 
with thin septations. No 
communication or dilation of the 
main pancreatic duet is visualized 
on the maximum intensity 
projection MRCP image (B). 



Figure 67-16 Pancreatic 
mucinous cystadenoma. Axial 
post-gadolinium fat-saturated 
(A) and axial T2 (B) images show 
a lobulated TI hypointense and 
T2 hyperintense lesion in the 
pancreatic tail. There are 
thick-walled septations, which 
enhance. 
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Pancreatic Adenocarcinoma 

Pancreatic adenocarcinoma is the most common malignant 
neoplasm of the pancreas and arises from the ductal epithelium. 
Pancreatic adenocarcinoma carries a very poor prognosis with 
a 5-year survival rate of approximately 6%. 50, It is often locally 
progressed at the time of diagnosis. 

The normal pancreatic parenchyma is TI hyperintense; 
however, adenocarcinoma will appear as an irregular TI 
hypointense mass relative to normal pancreas on Tl-weighted 
fat-suppressed images because of an intense fibrotic, desmo- 
plastic reaction. After the administration of contrast material, 
adenocarcinomas usually have less enhancement on the arterial 
phase and occasionally demonstrate delayed enhancement. 
Diffusion-weighted imaging and AD C reconstruction maps 
are particularly helpful in detecting small adenocarcinomas 
as pancreatic adenocarcinomas exhibit restricted diffusion, 
probably attributable to the associated fibrosis, with high signal 
on diffusion-weighted imaging with associated low AD C 
valuesA Pancreatic ductal abrupt obstruction with upstream 
dilation is commonly seen, which can be readily assessed on 
MRCP images, and the common bile duet is usually dilated 
with an abrupt termination, resulting in the so-called double 
duet sign. 
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Figure 67-17 Mixed main and side branch IPMN. Maximum 
intensity projection MRCP image demonstrates a multilobulated cystic 
mass in the uncinate process that has a direct connection to the main 
pancreatic duet, which is dilated. 


Neuroendocrine Neoplasms 

Pancreatic neuroendocrine neoplasms are rare; neuroendocrine 
carcinoma accounts for 1% to 2% of all pancreatic tumors, but 
the incidence has inereased as a result of inereased detection. 53 
Pancreatic neuroendocrine neoplasms are tumors that arise 
from neuroendocrine cells and include a range of tumors. They 
can be funetioning or nonfunetioning; the two most common 
types are insulinomas and gastrinomas. Funetioning tumors 
tend to be small at presentation, in contradistinction to non¬ 
funetioning tumors, which are larger with possible venous inva¬ 
sion and metastatic lesions. Like adenocarcinoma, these lesions 
have low signal intensity on T1-weighted fat-suppressed images. 
Lesions are hyperintense on T2 with hyperenhancement on the 
arterial phase, which is one of the typical MRI features. Preop- 
erative MRI assists in accurate diagnosis and may be helpful in 
determining tumor stage and grade. 53 

Solid Pseudopapillary Neoplasms 

Solid pseudopapillary neoplasms are rare, accounting for 1% of 
all pancreatic neoplasms, and have a low malignant potential. 43 
They typically occur in young women (average age of 30 years). 
On imaging, these lesions are well-defined, heterogeneous, large 
masses with central cystic areas of T2 hyperintensity from 
tumor degeneration. These masses can be completely solid with 
mild T2 high signal, whereas masses that are mostly cystic are 
T2 hyperintense. Thick enhancing capsule of enhancing soft 
tissue is usually seen on post-gadolinium images. 

ADRENAL GLANDS 

The most valuable MRI sequence in imaging of the adrenal 
giands is Chemical shift Tl-weighted in-phase and opposed- 
phase gradient-echo imaging. This sequence is particularly 
useful in determining the presence of fat within adrenal lesions. 
Fat-containing adrenal masses can be classified into two groups: 
lesions with intravoxel fat, such as adenomas; and lesions with 
macroscopic fat, such as myelolipomas. 54 Pheochromocytomas 
have typical MRI characteristics, but not all lesions have diag- 
nostic features. 

Adrenal Adenoma 

Adrenal adenomas are the most common lesions found in the 
adrenal giands. 5 The presence of intracellular fat is diagnostic 
of adrenal adenomas, and this can be accurately detected on the 
opposed-phase gradient-echo image (Fig. 67-18). 54,55 A 20% 



Figure 67-18 Bilateral adrenal 

adenomas. Axial TI in-phase 
image (A) shows bilateral adrenal 
nodules that decrease in signal 
on the opposed-phase sequence 
(B), consistent with fat-containing 
adenomas. 
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decrease in signal intensity on the opposed-phase image com- 
pared with the in-phase image is diagnostic of an adrenal 
adenoma. Adenomas typically have homogeneous enhance- 
ment in the early arterial phase with more than 50% washout 
on the delayed phase images. 

Myelolipoma 

Myelolipomas are rare benign tumors of the adrenal giand 
and account for 7% to 15% of incidentally found adrenal 
masses. 54 Myelolipomas are composed of adipocytes and hema- 
topoietic tissue (myeloid and erythroid cells) and are non- 
functioning. 54,56 A tumor with a major fat component is found 
on diagnostic MRI, and on the basis of the MR appearances, 
myelolipomas can be categorized into three main categories. 56 
Myelolipomas can be homogeneous and TI hyperintense with 
intermediate T2 signal, suggestive of a large fat component; 
heterogeneous mass with TI hyperintense foci, corresponding 
to foci of fat, and T2 hyperintense foci, which have mixed fat 
and myeloid components; and nodules that are TI hypointense 
and T2 hyperintense compared with liver, corresponding to 
lesions composed of predominantly myeloid components. 
Adrenal myelolipomas rarely spontaneously rupture, resulting 
in hemorrhage. 

Pheochromocytoma 

Pheochromocytomas are tumors arising from chromaffin cells 
of the adrenal medulla. Most pheochromocytomas, approxi- 
mately 90%, arise from the adrenal giand; the remaining 10% 
of lesions are extra-adrenal and arise along the sympathetic 
chain. On MRI, pheochromocytomas are intensely T2 hyperin¬ 
tense, the so-called light bulb sign, and enhance intensely. 
Approximately 33% of pheochromocytomas do not have the 
light bulb sign and instead are heterogeneous on T2-weighted 
images. Pheochromocytomas are the tumors with the “rule of 
lOs” or the “10% tumor”; 10% are extra-adrenal, 10% are famil- 
ial, 10% are malignant, 10% are bilateral, and 10% occur in 
children. 

KIDNEYS 

MRI is helpful in diagnosis, in assessing enhancement of 
renal lesions, and in determining the presence of intralesional 
fat. ! Different lesions in the kidneys, including cysts, angio- 
myolipoma, oncocytoma, renal cell carcinoma (RCC), and 
transitional cell carcinoma (TCC), have characteristic MRI 
findings. 57 ’ 58 


Renal Cysts 

Renal cysts are common and are present in 20% to 30% of the 
middle-aged adult population. Simple renal cysts are ro und, 
homogeneously hypointense on TI and T2 hyperintense, with 
imperceptible walls that do not enhance. Complicated cysts can 
be hemorrhagic, infected, or proteinaceous, which would alter 
the signal characteristics accordingly. 

Angiomyolipoma 

Angiomyolipomas are benign renal tumors composed of biood 
vessels, smooth muscle, and fatty components and are the most 
common benign renal tumor; 90% of angiomyolipomas are 
unilateral and single, whereas the remaining 10% are multiple 
and bilateral and associated with tuberous sclerosis complex. A 
renal mass containing fat on imaging is diagnostic of an angio¬ 
myolipoma; however, 5% do not have detectable fat. On MRI, 
these lesions follow fat signal on all sequences, and the most 
reliable method of detecting bulk fat is to compare images 
before and after application of a fat-suppressed pulse sequence 
(Fig. 67-19). 

Oncocytoma 

Oncocytoma is a benign renal tumor composed of eosinophilic 
epithelial cells arising from collecting duets; it is the second 
most common benign renal tumor next to angiomyolipoma. A 
central stellate fibrosis with compressed biood vessels is known 
as the central scar and is seen in approximately half of the cases. 
These lesions are TI isointense to hypointense and slightly T2 
hyperintense compared with renal cortex. The central scar is 
manifested as a stellate area of low TI intensity and high T2 
signal. 

Renal Cell Carcinoma 

RCC is a malignant tumor of the renal tubular epithelium. 
It projects from the cortical surface and deforms the renal 
cortex (Fig. 67-20). The subtypes of RCC include clear cell 
(70%), papillary (10%-15%), granular cell (7%), chromo- 
phobe cell (5%), sarcomatoid (2%), and collecting duet 
(<1%). MRI appearances vary by the subtype, but the most 
common, clear cell, has TI isointense signal relative to 
renal parenchyma with inereased T2 signal. Clear cell RCC 
has areas of low signal on opposed-phase images indicating 
the presence of fat, which is seen in 60% of tumors. 
Marked enhancement in viable areas of tumor is seen. Pap¬ 
illary RCC is the second most common subtype and has 



Figure 67-19 Bilateral renal angiomyolipoma. Axial TI images without (A) and with fat saturation (B) show bilateral small TI hyperintense 
lesions that drop in signal on the fat-saturated sequences, confirming the presence of intralesional fat. 
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Figure 67-20 Renal cell carcinoma. Axial 
T2 image (A) illustrates a large exophytic 
heterogeneous T2 isointense lesion in the upper 
pole of the right kidney. On the axial (B) and 
coronal (C) post-gadolinium images, an 
intraluminal thrombus is visualized extending from 
the right renal vein into the inferior vena cava. 



Figure 67-21 Biadder transitional cell carcinoma. Axial T2 (A) and axial TI post-gadolinium (B) images show a large, homogeneously 
enhancing T2 heterogeneous mass arising from the left side of the biadder, extending toward the left pelvic side wall, and closely approximating 
the left external iliac artery and vein. 


low T2 signal with low levels of enhancement after gado- 
linium administration. 

Transitional Cell Carcinoma 

TCC most commonly occurs in the biadder but accounts for 
90% of all tumors arising from the urothelium lining the renal 
pelvis. Of the two subtypes, papillary and nonpapillary, papil- 
lary TCC is more common. TCC tends to be multifocal and can 
involve the entire collecting system. TCC is TI isointense to the 
renal medulla and can infiltrate the renal sinus; it is seen as a 
filling defect on T2-weighted images because of the high signal 
T2 intensity of urine (Fig. 67-21). TCCs are hypoenhancing 


masses, but avid enhancement may occur, and a focal filling 
defect that has enhancement is highly suggestive of a TCC. MRI 
is also helpful in assessing renal vein or inferior vena cava tumor 
extension. 

Summary 

MRI is a commonly used imaging modality, particularly in the 
evaluation of solid abdominal organs. With the increasing use of 
MRI, familiarity with imaging sequences and technique is imper¬ 
ative. In addition, knowledge of and familiarity with typical MRI 
features of various solid organ pathologic processes are crucial. 
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In this chapter, we discuss fluorine-18-deoxyglucose positron 
emission tomography (FDG PET) and positron emission 
tomography/computed tomography (PET/CT) of the solid 
parenchymal organs of the abdomen and highlight in particular 
the advantages and pitfalls of hepatopancreatobiliary, splenic, 
and adrenal PET imaging. 

Gallbladder and Biliary Tract 

The gallbladder and biliary tract are essentially indistinguish- 
able from the liver because of minimal physiologic FDG activity 
in these structures. 

CHOLANGIOCARCINOMA 

Several studies have shown that FDG PET has a 90% or greater 
sensitivity for primary cholangiocarcinoma. However, the 
accuracy of FDG PET for detection of cholangiocarcinoma 

1202 


appears to be dependent on the anatomic location, growth 
pattern, and pathologic characteristics. Studies have shown that 
the sensitivity of FDG PET for detection of intrahepatic chol¬ 
angiocarcinoma is relatively higher than that for perihilar and 
extrahepatic tumors (Fig. 68-1). For example, Corvera and 
associates 5 found that the sensitivity of PET for detecting intra¬ 
hepatic cholangiocarcinoma was 95% compared with only 69% 
for extrahepatic cholangiocarcinoma. Petrowsky and colleagues 6 
and Lee and coworkers also found that the sensitivity for 
detecting intrahepatic cholangiocarcinoma was higher than 
that for extrahepatic cholangiocarcinoma (93% vs 55% and 
100% vs 78%, respectively). Furthermore, Moon and colleagues 4 
found that the site of the primary tumor affected sensitivity of 
FDG PET; the sensitivity of FDG PET was lower for perihilar 
tumors compared with intrahepatic and common bile duet 
cancers (83% vs 91%, 91%). Moreover, in cases of perihilar 
tumors, the sensitivity of PET was lower than that of CT (83% 
vs 92%). Yamada and coworkers 8 also concluded that the sensi¬ 
tivity for the detection of hilar cholangiocarcinomas was less 
than that for the detection of intrahepatic and extrahepatic 
cholangiocarcinoma (78% vs 100% and 84%, respectively). 
However, Reinhardt and associates 9 were able to differentiate 12 
patients with extrahepatic cholangiocarcinoma from 8 patients 
without cholangiocarcinoma by PET/CT with a delayed timing 
of FDG uptake and a maximum standardized uptake value 
(SUV max ) cutoff of 3.6. 

The diagnostic accuracy of FDG PET in cholangiocarci¬ 
noma is also related to the growth pattern of the tumor. 
Anderson and coworkers 10 reported a sensitivity of 85% for 
nodular morphology but only 18% for infiltrating morphol- 
ogy. Kato and associates 11 similarly found that 11 of 13 tumors 
(85%) found to be a tumoral mass in the bile duet on CT 
were identified on PET, whereas only 4 of 11 infiltrating-type 
tumors (36%) were detected by PET. The diagnostic accuracy 
of FDG PET may also differ on the basis of the histopatho- 
logic Åndings. Fritscher-Ravens and coworkers 12 found that 
whereas all true-positive PET results were seen in the tubular 
type of cholangiocarcinoma with a high amount of tumor 
cells and only low production of mueus, false-negative PET 
results were observed in three patients with mueinous 
adenocarcinoma. 

Cholangiocarcinoma is a well-documented malignant com- 
plication of primary sclerosing cholangitis (PSC). The average 
prevalence of cholangiocarcinoma in PSC is approximately 
10%. 13 The detection of cholangiocarcinoma in patients with 
PSC remains challenging, despite improvements in morpho- 
logic imaging. Alkhawaldeh and colleagues 14 found that by 
using the SUV max cutoff of more than 3.9 in patients with PSC 
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Figure 68-1 Cholangiocarcinoma. A. Contrast-enhanced CT demonstrates an ill-defined area of low attenuation in the right lobe of the liver 
( arrow). Note is also made of a biliary stent. B. This area demonstrates increased FDG avidity on PET/CT ( arrow). Cholangiocarcinoma was 
confirmed on biopsy. 


and suspected cholangiocarcinoma, FDG PET/CT had a sensi- 
tivity, specificity, and accuracy of 94%, 83%, and 91%, respec- 
tively. However, an earlier study by Fevery and coworkers 15 
found that PET is not reliable in the diagnosis of cholangiocar¬ 
cinoma in patients with PSC as there were two false-positive 
and one false-negative results in the 10 patients in their study. 

The resectability of cholangiocarcinoma depends on its 
regional and distant spread. Advances in surgery have increased 
the likelihood of achieving local disease control. Accurate 
staging is critical for surgical planning and also to prevent 
unnecessary surgical intervention in those with advanced 
disease. Compared with CT, PET has been found to have a 
higher specificity but lower sensitivity in the diagnosis of 
regional lymph node metastases. 6,11,16,17 Another study found 
that FDG PET could detect lymph node metastases undetected 
by CT and changed the treatment plan in a significant number 
of cases. 4 With regard to distant metastases, several studies have 
demonstrated the high accuracy of FDG PET in the detection 
of unsuspected distant metastasis. 4,10,17,18 This revealing of oth- 
erwise undetected distant metastases has also been shown to 
play a significant role in clinical decision-making. 

For the detection of recurrent cholangiocarcinoma, PET/CT 
may be beneficial in detecting disease recurrence for which 
anatomic imaging can be limited because of distortion and 
fibrotic changes after surgery. Jadvar and colleagues 19 assessed 
the role of PET/CT in detecting recurrence after surgery and 
found a sensitivity and specificity of 94% and 100% for PET/ 
CT compared with 82% and 43% for CT alone. 

PET/CT may have a role in predicting survival in patients 
with cholangiocarcinoma undergoing treatment. Zhu and 
associates 20 found that a decrease in SUV max after treatment of 
advanced biliary tract cancers with combined gemcitabine, 
oxaliplatin, and bevacizumab was associated with disease 
control and an increase in progression-free and overall survival. 
Furthermore, Haug and coworkers 21 found that changes in 
SUV max , SUV mean , and metabolically active tumor volume at 3 
months after yttrium 90 ( 90 Y) radioembolization for intrahe- 
patic cholangiocarcinoma were able to predict patient outcome. 

GALLBLADDER CARCINOMA 

FDG PET has been found useful in the characterization of 
gallbladder lesions (Fig. 68-2). Koh and associates, 22 in a study 


of 16 patients, found that FDG PET had a sensitivity of 68% 
and a specificity of 88%. In another case series of 16 patients 
by Rodriguez-Fernandez and coworkers, 23 in which SUV in 
the gallbladder of more than 2.5 was considered positive for 
neoplasm, FDG PET was found to have a sensitivity of 80% 
and a specificity of 82%. In a study by Oe and colleagues, 24 
PET had a sensitivity of 75% and a specificity of 100% in 
distinguishing between malignant and benign gallbladder wall 
thickening. 

Nishiyama and coworkers 25 found that delayed FDG PET 
was more helpful than early FDG PET for evaluating malig¬ 
nant lesions because of increased lesion uptake and increased 
lesion-to-background contrast. When a threshold of SUV ear i y 
of 4.5, SUV delayed of 2.9, and retention index of -8 were 
chosen as arbitrary cutoffs for differentiating between malig¬ 
nant and benign conditions, sensitivity increased from 83% 
to 96% and 100% for delayed imaging and combined early 
and delayed imaging, respectively. However, few centers 
perform delayed FDG PET scanning, in large part because 
of workflow logistics. 

Lee and coworkers 7 found that in 16 patients with gallblad¬ 
der cancer, PET/CT detected 14 cases (88%), whereas multide- 
tector CT identified 15 cases (94%). In a study by Corvera and 
associates, 5 FGD PET/CT identified 100% of the 15 primary 
gallbladder carcinomas left in situ. In a study by Petrowsky and 
colleagues, 6 PET/CT detected each primary or recurrent gall¬ 
bladder cancer (100%), whereas contrast-enhanced CT identi¬ 
fied tumor in only 10 of 14 patients (71%). 

In patients diagnosed with incidental gallbladder cancer 
after cholecystectomy for presumed benign disease, PET/CT 
may be a useful tool for the selection of patients for potentially 
curative treatment and may help reduce the number of patients 
undergoing nontherapeutic reexploration. 

The presence of distant metastases in biliary tract cancers 
is associated with poor survival, regardless of treatment. It 
is therefore important to detect distant metastases so that 
surgery is offered only to those who may benefit from it. A 
study by Albazaz and colleagues 18 on the clinical impact of 
FDG PET/CT in management decisions found that PET/CT 
had a major impact on management in 39% of cases in 
patients with gallbladder cancer, including upstaging of 27% 
of the scans performed for initial staging. Corvera and associ¬ 
ates 5 also found that among patients with gallbladder cancer, 
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Figure 68-2 Gallbladder 
carcinoma. A. Contrast- 
enhanced CT demonstrates focal 
thickening of the inferior wall of 
the gallbladder (arrow). B. This 
region demonstrated increased 
FDG avidity on PET (arrow), 
without evidence of distant 
metastases. This was confirmed 
as gallbladder carcinoma on 
surgical resection. 












PET changed management in 23% by showing metastatic 
disease not seen on other imaging, preventing futile and 
unnecessary explorations. 

FDG PET/CT has a role to play in the detection of recurrent 
gallbladder carcinoma. Kumar and colleagues 28 found that 
FDG PET/CT had a sensitivity of 98% and a specificity of 
90% in detecting tumor recurrence. They also concluded that 
when comparable conventional imaging (contrast-enhanced 
CT, MRI) was available, PET/CT had a better sensitivity for the 
detection of recurrence. 

Interestingly, FDG PET/CT may also have a role in risk strat- 
ification of patients with gallbladder polyps. A study by Lee and 
colleagues 29 found that visual grading, polyp SUV max cutoff of 
2.14, and polyp-to-liver ratio cutoff of 1.14 yielded accuracy of 
80%, 78%, and 84%, respectively, in diagnosis of malignant 
gallbladder polyps in the 1- to 2-cm size range. 

PITFALLS 

FDG PET must be interpreted carefully in patients with PSC 
and patients with other biliary strictures as biliary stents, known 
granulomatous disease, or other benign inflammatory condi- 
tions may accumulate FDG. In the cases of gallbladder cancer, 
false-positive FDG PET results have been reported with 


xanthogranulomatous cholecystitis, 2 " tuberculoid granuloma- 
tosis of the gallbladder, 23 and adenomyomatosis. 23,30 

Liver 

At the standard image acquisition of approximately 1 hour after 
FDG administration, hepatic activity is usually mildly intense 
with a relatively uniformly mottled appearance. 

HEPATOCELLULAR CARCINOMA 

Well-differentiated hepatocellular carcinoma (HCC) has a high 
level of glucose-6-phosphatase, which results in dephosphory- 
lation of FDG-6-phosphate and thus low FDG accumulation 
compared with poorly differentiated HCC, which has a low level 
of glucose-6-phosphate and tends to be FDG avid. 31 Because of 
the variable glucose metabolism of HCC, FDG PET has shown 
mixed Utility in the detection of HCC. Initial studies on PET- 
only scanners reported a detection rate of primary untreated 
HCC of 50% to 70%. 31 ' 33 A more recent study on PET/CT for 
the detection of primary HCC reported a sensitivity of 61%. 34 
The investigators also found that advanced tumor stage, portal 
vein thrombosis, large tumors, and multiple tumors were sig- 
nificantly associated with positive FDG PET/CT results. With 
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respect to the size of the lesion, the sensitivity was 27%, 48%, 
and 93% for index lesions measuring 1 to 2 cm, 2 to 5 cm, and 
more than 5 cm, respectively. 

Even though the sensitivity of FDG PET has been fo und to 
be lower than that of other imaging modalities, it still plays an 
important role in management and prognosis. The detection of 
extrahepatic metastases, although rare, can significantly affect 
management. Kawaoka and associates 35 compared the efficacy 
of PET/CT with CT for the detection of extrahepatic metastases 
(lung, lymph node, and bone) and found that CT was more 
sensitive than PET/CT for the detection of lung metastases and 
performed equally well for nodal metastases; however, bone 
metastases were more accurately detected by PET/CT. The three 
PET false-negative lung metastases in the study were less than 
8 mm. Sugiyama and coworkers 36 found a similar pattern, in 
which the detection rate of FDG PET was 83% for extrahepatic 
metastases larger than 1 cm but only 13% for lesions of 1 cm 
or less. 

Shiomi and coworkers 37 found that the SUV ratio (SUV ratio 
of tumor to nontumor in the liver) correlated with tumor 
volume doubling time and that the cumulative survival rate 
could be predicted on the basis of the SUV ratio. Kawamura 
and associates 38 also found that the SUV ratio was associated 
with survival, with people with SUV ratio of more than 1.6 
having a lower survival rate. Another study found that patients 
with tumor SUV of more than 7 had a significantly lower 
median survival time (4 vs 15 months). 3 Hatano and col- 
leagues 40 evaluated the role of preoperative PET in predicting 
the prognosis of patients after resection. In patients with SUV 
ratio of more than 2, the overall survival was significantly 
shorter than in those with a lower SUV ratio (182 vs 2310 days). 
Seo and coworkers 41 had similar results, concluding that the 
overall survival and disease-free survival were significantly 
lower in the high SUV ratio gro up (>2) compared with the low 
SUV ratio group. 

HCC is one of the major indications for liver transplanta¬ 
tion; however, appropriate patient selection can be difficult. A 
study of 43 patients with HCC who underwent PET before liver 
transplantation found that patients with advanced PET-negative 
tumors and patients with HCC meeting the Milan criteria had 
a comparable 3-year survival rate (80% vs 94%). 42 The HCC 
recurrence rate in this study was 50% in the PET-positive group 
compared with 3.8% in the PET-negative group. Another study 
by Lee and colleagues 43 attempted to evaluate FDG PET as a 
prognostic factor in predicting HCC recurrence after liver 
transplantation. They found that the ratio of tumor SUV max to 
normal liver SUV max was the most significant parameter for the 


prediction of tumor recurrence, with a cutoff value of 1.15. 
Among the tumor recurrence patients, 93% had a value of 1.15 
or more, whereas just 18% of the nonrecurrence patients had a 
value of 1.15 or more. The 1- and 2-year recurrence-free sur¬ 
vival rates were significantly different between the two groups. 

Patients with HCCs that are nonresectable or those awaiting 
transplantation can be treated with ablation or embolization. 
PET has been shown to play a role in monitoring response to 
such treatments. Torizuka and coworkers 44 found that after 
transarterial chemoembolization, increased or similar FDG 
uptake relative to normal liver was suggestive of residual viable 
tumor, whereas decreased or absent FDG uptake indicated 
more than 90% necrosis. Paudyal and coworkers 45 found that 
after radiofrequency ablation, PET detected recurrence earlier 
than CT and had a higher overall detection rate (92% for PET 
vs 75% for CT). Han and colleagues 46 found that PET/CT was 
valuable in patients who had unexplained serum a-fetoprotein 
elevation after either transarterial chemoembolization or radio¬ 
frequency ablation and a normal multiphasic CT scan. 

For patients with advanced-stage HCC or with disease pro¬ 
gression after locoregional therapy, treatment options are 
limited. However, studies have recently demonstrated survival 
benefit with sorafenib for patients with advanced HCC. PET/ 
CT may have a role in monitoring of patients treated with 
sorafenib and for predicting response to treatment. A report of 
two patients with positive FDG PET at baseline found that a 
PET scan early after the start of treatment seemed to be a prom- 
ising technique for monitoring early response. 47 A more recent 
study by Lee and colleagues 48 concluded that the degree of FDG 
uptake on baseline PET scan significantly correlated with overall 
survival and progression-free survival for such patients receiv- 
ing sorafenib treatment. 

METASTASES 

Metastatic disease accounts for the majority of malignant 
hepatic lesions. The presence of liver metastases often guides 
the management of patients and is one of the main determi¬ 
nants of survival. FDG PET has been shown to be highly 
sensitive in detecting liver metastases (Fig. 68-3). Delbeke and 
coworkers' 3 found that FDG PET detected all liver metastases 
larger than 1 cm from a number of different primary tumors. 
A meta-analysis by Kinkel and associates 49 found that at equiva- 
lent specificity, FDG PET was the most sensitive noninvasive 
imaging modality for the diagnosis of hepatic metastases from 
cancers of the gastrointestinal tract. Another meta-analysis 
by Bipat and colleagues 50 concluded that FDG PET had 



Figure 68-3 Liver metastasis. 

A. Contrast-enhanced CT 
demonstrates an ill-defined area 
of low attenuation adjacent to 
the fissure for the falciform 
ligament ( arrow ), which was 
previously attributed to focal 
fat. B. However, PET/CT 
demonstrates increased FDG 
avidity (arrow), consistent with a 
metastasis in this patient with a 
history of colon cancer. 
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significantly higher sensitivity on a per-patient basis compared 
with CT and MRI, but not on a per-lesion basis, in patients with 
colorectal liver metastases. 

Hepatic resection is the most effective therapy for a subset 
of patients with liver metastases; however, strict selection crite- 
ria are paramount as there is no survival benefit if residual 
disease remains after hepatectomy. Arulampalam and col- 
leagues 51 found that preoperative FDG PET in patients with 
colorectal liver metastases altered management in 39% of 
patients, with avoidance of unnecessary surgery being the most 
common change. A study by Fernandez and colleagues 52 found 
that use of FDG PET to assess patients with colorectal liver 
metastases being considered for partial hepatectomy was associ- 
ated with excellent postresection 5-year survival. 

Complete surgical resection is the best chance of cure in 
patients with liver metastases. However, in some patients, this 
is not feasible because of location of the tumor, multifocality, 
or insufficient functional liver reserve. In these cases, local abla- 
tive techniques may have a role to play. PET may have a role in 
follow-up of patients who underwent ablation (Fig. 68-4). 
Donckier and coworkers 53 compared PET and CT in 28 meta- 
static tumors 1 week, 1 month, and 3 months after radiofre- 
quency ablation. The PET scan performed at 1 week found 
residual disease in 4 cases that was not identified on any of the 
CT scans at 1 week, 1 month, and 3 months. 

Radioembolization with 90 Y microspheres has emerged as a 
palliative treatment for hepatic metastases of various tumors. 


Szyszko and colleagues 54 performed a study evaluating the role 
of PET compared with Response Evaluation Criteria in Solid 
Tumors (RECIST) in early response assessment after 90 Y radio¬ 
embolization in 21 patients. They found that 86% of patients 
demonstrated decreased PET activity at 6 weeks, whereas only 
13% showed a partial response in the size of tumor on CT scan. 
A study by Haug and coworkers 55 in 58 patients with breast 
cancer metastases treated with 90 Y radioembolization found 
that PET/CT performed 3 months after treatment was the 
strongest predictor of survival (67 weeks in responders vs 43 
weeks in nonresponders). Furthermore, they found that a pre- 
treatment SUV max of more than 20 was associated with a sig¬ 
nificantly shorter median survival than was SUV max of 20 or less 
(21 vs 52 weeks). Another study comparing FDG PET/CT 
with RECIST and tumor density criteria found that PET/CT 
significantly predicted progression-free survival (the median 
progression-free survival in patients with a partial response was 
12 months compared with 5 months in those with stable 
disease), whereas RECIST and tumor density criteria did not. 56 

During the last few years, the addition of biologic agents 
(anti-epidermal growth factor receptor antibodies and anti- 
vascular endothelial growth factor antibodies) to conventional 
chemotherapy has increased overall survival in patients with 
metastatic colorectal cancer; it also has improved response rates 
and can render unresectable liver metastases resectable. A report 
by Bertolini and coworkers 57 found that patients with nonopti- 
mally resectable colorectal metastases treated with FOLFOX 



Figure 68-4 Recurrent hepatic tumor. Contrast-enhanced CT demonstrates an ill-defined low-attenuation lesion in the periphery of the liver 
(A, arrow), which demonstrated increased FDG avidity on PET (B, arrow). Biopsy confirmed a metastasis from colon cancer, which was treated 
with radiofrequency ablation. Contrast-enhanced CT 1 month after ablation demonstrated a nonenhancing low-attenuation ablation zone 
(C, arrow), which is photopenic on PET (D, arrow), consistent with treatment response. Contrast-enhanced CT 9 months after ablation 
demonstrates a low-attenation area adjacent to the ablation zone (E, arrow), which demonstrated increased FDG avidity (F, arrow). Findings 
are consistent with local recurrence. 
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(folinic acid, fluorouracil, oxaliplatin) and bevacizumab who 
achieved at least 1 unit reduction in SUV max had longer 
progression-free survival (median progression-free survival of 
22 vs 14 months). Another study found that low follow-up 
SUV max and complete metabolic response were favorable prog- 
nostic factors in patients with metastatic colorectal cancer who 
underwent liver surgery with curative intent after neoadjuvant 
chemotherapy with bevacizumab. 58 

LYMPHOMA 

Primary hepatic lymphoma is defined as a lesion or lesions 
confined to the liver only without the involvement of any other 
organ or lymph nodes; it is extremely rare, representing less 
than 1% of all extranodal lymphomas. It usually is manifested 
as a solitary mass (Fig. 68-5) or as multiple discrete masses. 59 
Rarely, the disease is manifested as diffuse involvement of the 
liver. 60 Case reports have found the lesions to be hypermetabolic 
on PET/CT. 61 ’ 62 

PITFALLS 

Causes of false-negative FDG PET findings include small size 
of lesion, underestimation of uptake, misregistration of foci, 
and recent completion of chemotherapy. Underestimation of 
FDG uptake and misregistration of foci are caused by the physi- 
ologic motion of the liver during emission scans. False-positive 
findings for malignant changes on PET have also been reported. 
Causes include intrahepatic abscess and benign inflammatory 
lesions, such as regenerative nodules in a cirrhotic liver. 

Spleen 

There is usually slightly less FDG uptake in the normal spleen 
than in the liver. 

LYMPHOMA 

Splenic involvement in lymphoma can be primary or second- 
ary; secondary splenic lymphoma is much more common. The 
spleen is involved in one third of all Hodgkin s lymphoma and 
30% to 40% of non-Hodgkins lymphoma at presentation. 
Primary splenic lymphoma is defined as lymphomatous involve¬ 
ment of the spleen with or without splenic hilar lymphade- 
nopathy and is rare, accounting for 1% to 2% of all lymphomas 
at presentation. 63 The two patterns of splenic lymphomatous 
infiltration on FDG PET/CT are a diffusely FDG-avid spleen, 


with more FDG activity than in liver and normal bone marrow 
and often with a normal CT appearance (Fig. 68-6), and solitary 
or multiple FDG-avid splenic lesions. 64 A study has found the 
sensitivity and specificity of CT, PET, and PET/CT for identifi- 
cation of splenic involvement at initial staging in lymphoma 
to be 91% and 96%, 75% and 99%, and 100% and 95%, 
respectively. 65 

Primary nonhematopoietic tumors of the spleen are 
extremely rare. They may arise from the sinus epithelium 
(angiosarcoma and hemangioendotheliomas) or from connec- 
tive tissue (spindle cell sarcoma and fibrosarcoma). 

METASTASES 

Splenic metastases are encountered in 2.3% to 12.9% of post- 
mortern examinations in cancer patients; melanoma and lung, 
breast, and ovarian cancer are the most common malignant 
neoplasms to metastasize to the spleen (Fig. 68-7). Metser and 
associates 66 found that the sensitivity, specificity, positive pre- 
dictive value, and negative predictive value of FDG PET/CT in 
differentiating benign from malignant solid splenic lesions in 
patients with and without malignant disease were 100%, 100%, 
100%, and 100% versus 100%, 83%, 80%, and 100%, respec¬ 
tively. They also concluded that in patients with known malig¬ 
nant disease, an SUV threshold of 2.3 correetly differentiated 
benign from malignant lesions with sensitivity, specificity, posi¬ 
tive predictive value, and negative predictive value of 100%, 
100%, 100%, and 100%, respectively. They also found that in 
patients without known malignant disease, false-positive results 
were due to granulomatous disease. 

PITFALLS 

Increased splenic activity can be seen in the post-therapy period, 
especially after hematopoietic stimulants, and can limit the 
evaluation of splenic involvement by lymphoma or can result 
in a false-positive finding. However, associated diffuse symmet- 
ric FDG uptake in bone marrow of the axial skeleton can suggest 
hematopoietic stimulation instead of true splenic lymphoma¬ 
tous involvement. 63 

Most benign solid splenic lesions, such as hamartomas 
and hemangiomas of the spleen, are not expected to dem- 
onstrate abnormal FDG uptake. However, some benign lesions 
exhibit abnormal uptake of FDG, most commonly splenic 
abscess and active granulomatous disease involving the spleen. 
Conversely, non-FDG-avid tumors, such as some renal and 
thyroid cancers, may metastasize to the spleen. Therefore, 



Figure 68-5 Hepatic 
lymphoma. A. Contrast- 
enhanced CT demonstates a 
solitary, large, low-attenuation 
lesion in the liver ( arrow ) 
adjacent to the gallbladder. 

B. PET/CT demonstrates the 
increased FDG avidity of the 
lesion. Percutaneous biopsy 
confirmed lymphoma. 
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Figure 68-6 Splenic lymphoma. A. PET scan demonstrated abnormal increased FDG avidity in the spleen compared with the liver, consistent 
with lymphoma. B. PET scan 1 month after chemotherapy demonstrates resolution of increased FDG avidity consistent with treatment response. 



Figure 68-7 Splenic metastasis. A. Contrast-enhanced CT demonstrates a low-attenuation mass in the spleen ( arrow ). B. This splenic mass 
demonstrates increased FDG avidity on PET/CT. Findings are consistent with a splenic metastasis in a patient with known colon carcinoma. The 
apparent focal area of FDG uptake in the periphery of the liver (arrow) without a CT correlate is due to misregistration from excreted FDG in the 
right renal collecting system. 


when a non-FDG-avid splenic lesion is encountered, the CT 
portion of the PET/CT study should be assessed for potential 
non-FDG-avid malignant lesions. 67 

Pancreas 

Minimal physiologic uptake is identified in the pancreas on 
PET/CT. The average SUV max for normal pancreas is calculated 
as 2.7 ± 1.3 (range, 1.8-5.1). 68 


PANCREATIC ADENOCARCINOMA 

The role of imaging in patients with suspected pancreatic cancer 
is to depict lesions and to determine whether tumors are resect- 
able. Pancreatic adenocarcinoma usually is manifested as an 
area of increased uptake (Fig. 68-8); however, it may demon- 
strate a low level of FDG uptake or no uptake based on the 
degree of desmoplastic response and tumor biology. 69 Irrespec- 
tive of size, the SUV max is typically higher in malignant lesions, 
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Figure 68-8 Pancreatic adenocarcinoma. A. Contrast-enhanced CT demonstrates a 2-cm mass in the head of the pancreas ( arrow) with a stent 
in the adjacent common bile duet. B. PET demonstrates inereased FDG avidity in the mass (arrow). Endoscopic biopsy confirmed pancreatic 
adenocarcinoma. 


and therefore FGD PET may be useful in depicting small pan¬ 
creatic lesions (<2 cm) and those that are isoattenuating to 
adjacent normal pancreatic parenchyma, which are difficult to 
detect at CT. Okano and associates reported sensitivities of 
100% for FDG PET and 40% for contrast-enhanced CT for 
depicting lesions smaller than 2 cm. Delbeke and coworkers 71 
demonstrated that FDG PET had a higher sensitivity, specificity, 
and accuracy than CT in diagnosis of pancreatic carcinoma 
(92%, 85%, and 91% for FDG/PET vs 65%, 61%, and 65% for 
CT, respectively). In another study, Lemke and colleagues 73 
compared the diagnostic value of CT, PET, and PET/CT fusion 
in 104 patients with pancreatic cancer and reported that the 
image fusion improved the sensitivity of detection of malignant 
disease from 77 % (CT) and 84% (PET) to 89% (image fusion). 
Kauhanen and associates 73 found that diagnostic accuracy of 
FDG PET/CT for pancreatic malignant disease was 89% com¬ 
pared with 76% and 79% for multidetector CT and magnetic 
resonance imaging, respectively. Buchs and colleagues 74 con- 
cluded that enhanced PET/CT seemed to be superior to unen- 
hanced PET/CT in the detection of pancreatic cancer, with the 
sensitivity of enhanced PET/CT being 96% compared with 72% 
for unenhanced PET/CT and the specificity being 67% versus 
33 %. 

To determine the resectability of the tumor, it is crucial that 
the presence or absence of metastasis be determined and that 
the degree of venous (superior mesenteric vein and portal vein) 
involvement and relationship to adjacent arteries (superior 
mesenteric artery, celiac axis, hepatic artery, gastroduodenal 
artery) be evaluated. 5 Strobel and coworkers 76 concluded that 
contrast-enhanced PET/CT was significantly superior to PET 
alone for the preoperative assessment of cancer resectability, 
and there was a trend for enhanced PET/CT to be superior to 
unenhanced PET/CT. PET and unenhanced PET/CT both had 
sensitivities of 100%, but PET alone had specificity of 44%, 
whereas unenhanced PET/CT had 56% specificity. Contrast- 
enhanced PET/CT was superior to unenhanced PET/CT with a 
sensitivity of 96% and a specificity of 82%. Regarding the pres¬ 
ence of nodal metastases (N stage), FDG PET/CT has been 
found to have a sensitivity of 30% to 42%, whereas sensitivity 
for distant metastases (M stage) has been found to be 88% to 
94%. 73,77 

FDG PET/CT may also have a role in planning the radiation 
held in patients with pancreatic cancer. A study by Topkan and 


coworkers 78 in 14 patients undergoing radiation planning for 
unresectable pancreatic cancer found that the addition of PET 
resulted in an average 30% inerease in gross tumor volume 
in 5 patients. Another role for FDG PET/CT is in predicting 
pathologic response to preoperative chemoradiation therapy 
(CRT). Kittaka and associates 79 found that a better pathologic 
response can be expected in pancreatic cancer patients who 
have a high pre-CRT SUV (>4.7) and a high regression index 
(>0.46), determined by 1 - post-CRT SUV/pre-CRT SUV. 

FDG PET/CT has also been shown to have a role in the 
diagnosis of recurrent pancreatic cancer. Sperti and coworkers 80 
found that tumor relapse after pancreatic cancer resection was 
detected by CT in 35 patients and by PET in 61 of 63 patients 
with recurrence and that PET results influenced treatment 
strategies in 44% of patients. Casneuf and associates 81 con¬ 
cluded that in assessing for recurrence, the sensitivity (90%) 
and accuracy rate (92%) were highest for PET and PET/CT, 
whereas CT yielded a lower sensitivity (80%). A study by Ruf 
and colleagues 82 demonstrated that 96% of local recurrences 
were detected by PET compared with 39% by CT or MRI. Asagi 
and colleagues 7 found that enhanced PET/CT correctly detected 
local recurrence in all of the 11 cases of recurrence, whereas 
enhanced CT detected only 7 of 11 cases. 

CYSTIC NEOPLASMS 

Cystic neoplasms of the pancreas encompass a wide range 
of pathologic conditions from benign lesions to malignant, 
potentially malignant, and borderline tumors. Sperti and 
coworkers 83 found that FDG-avid intraductal papillary muei- 
nous neoplasms are frankly malignant or invasive, and con- 
versely, FDG-negative lesions may be benign, borderline 
malignant, or noninvasive malignant. Other studies have found 
that by use of a cutoff SUV of 2.5, it was feasible to dif- 
ferentiate between benign and malignant intraductal papillary 
mueinous neoplasms. 84 ' 86 

PITFALLS 

Serum glueose levels can affeet FDG PET findings. One study 
found that FDG PET has better sensitivity (86%) for pancreatic 
tumor depiction in patients who are euglycemic than in those 
with elevated glueose levels (42%). 8 False-positive results can 
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be due to inflammation or infection (Fig. 68-9), inflammatory 
pseudotumor, pancreatic tuberculosis, chronic pancreatitis, and 
focal high-grade dysplasia. 88 

Adrenal Giands 

Adrenal incidentalomas are found in approximately 4% to 10% 
of all CT examinations in the general population 89 ; 80% of 
incidentally found adrenal masses in healthy individuals and 
40% to 57% of adrenal incidentalomas in those with a known 
primary malignant neoplasm are benign. 90 The normal adrenal 
giand is usually barely visible on FDG PET, and normal mild 
FDG uptake in the location of the giands can be visible on 
the coregistered CT scan of a combined PET/CT scan. The 
maximum SUVs of normal adrenal giands range from 0.95 to 
2.46. 91 

METASTASES 

An adrenal lesion is usually considered malignant if its intensity 
is higher than that of liver; however, because the average mean 
SUV of the liver is 1.5 to 2.0, physiologic adrenal uptake may 
be in the range of malignant lesions in some cases. Jana and 
colleagues 92 reported 93% sensitivity and 96% specifkity with 


use of lesion activity higher than liver uptake as a criterion for 
malignancy (Fig. 68-10). Metser and coworkers 93 found that 
when 3.1 was used as a cutoff for SUV max , PET/CT had a sensi¬ 
tivity and specifkity of 98.5% and 92% in the differentiation of 
malignant from benign lesions. Watanabe and coworkers 94 con- 
cluded that the adrenal-to-liver SUV ratio is the best parameter 
for differentiation of adrenal metastases from adenomas; use of 
an adrenal-to-liver SUV ratio cutoff value of 1.37 yielded a 
sensitivity of 96% and specifkity of 100%. A meta-analysis by 
Boland and colleagues 95 found that FDG PET had 97% sensitiv¬ 
ity and 91% specifkity in the differentiation between malignant 
and benign adrenal disease. 

ADRENOCORTICAL CARCINOMA 

Adrenocortical carcinoma is the most common primary malig¬ 
nant neoplasm of the adrenal cortex but still accounts for less 
than 5% of all adrenal incidentalomas. Groussin and cowork¬ 
ers 96 found that with use of a cutoff value above 1.45 for adrenal- 
to-liver SUV max ratio, the sensitivity and specifkity to distinguish 
adrenal adenoma from adrenocortical carcinoma were, respec- 
tively, 100% and 88%. Becherer and colleagues 97 evaluated FDG 
PET in patients with known adrenocortical carcinoma and 
reported that FDG PET had a sensitivity and specifkity of 100% 



Figure 68-9 Infection simulating recurrent pancreatic adenocarcinoma. A. PET/CT in a patient 9 months after a Whipple procedure for 
ampullary carcinoma demonstrates soft tissue with increased FDG avidity surrounding the superior mesenteric vessels ( arrow ). Focal uptake in the 
renal parenchyma bilaterally is secondary to misregistration of excreted isotope in the renal collecting system bilaterally. Note is also made of 
increased FDG uptake in the duodenum ( arrowhead ). Percutaneous biopsy found actinomycosis. Infection is one of the causes of pancreatic FDG 
PET/CT false-positive findings. B. PET/CT after treatment with intravenous penicillin demonstrates resolution of FDG avidity. 



Figure 68-10 Adrenal metastasis from lung cancer. A. Contrast-enhanced CT demonstrates a 2.9-cm left adrenal nodule (arrow) that is 
incompletely characterized. B. PET/CT demonstrates increased FDG avidity in the nodule. Percutaneous biopsy was positive for adenocarcinoma 
from a lung primary. 
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Figure 68-11 Adrenal 
lymphoma. A. Contrast- 
enhanced CT demonstrates 
essentially normal-appearing 
bilateral adrenal giands. B. PET 
scan demonstrates increased 
FDG avidity in the giands 
bilaterally (arrow indicating right 
uptaké). Percutaneous biopsy of 
the left adrenal giand confirmed 
lymphoma. 



Figure 68-12 Adrenal 

adenoma. A. Contrast-enhanced 
CT demonstrating a 2.2-cm left 
adrenal nodule (arrow) that is 
incompletely characterized. 

B. Left adrenal nodule 
demonstrates increased FDG 
avidity, greater than that of the 
liver, on PET/CT. On resection, 
this was shown to be an 
adenoma; 5% of adrenal 
adenomas may show increased 
FDG uptake falsely positive for 
malignancy as was evident in this 
case. 


and 95%, respectively. The addition of PET detected additional 
lesions compared with anatomic imaging in 30% of patients 
and modified treatment in 20%. Patients with initial complete 
surgery have a high risk of relapse within the first 2 years of 
follow-up. One study found that 38% of patients with local 
relapses were detected with PET/CT and not with CT, which led 
to change in treatment in three of these hve patients. They also 
found that the intensity of FDG uptake (SUV max ) and the FDG 
uptake volume were significantly associated with survival. 98 

PHEOCHROMOCYTOMA 

Pheochromocytomas are relatively rare catecholamine-secreting 
neuroendocrine tumors that arise from the chromaffin calls 
of the adrenal medulla. Shulkin and coworkers" compared 
FDG PET with metaiodobenzylguanidine (MIBG) scintigraphy 
for the detection of pheochromocytomas. They found that for 
benign pheochromocytomas, MIBG scintigraphy had a sensi- 
tivity of 83%, whereas FDG PET had a sensitivity of 58%. 
However, for malignant pheochromocytomas, MIBG scintig¬ 
raphy had a sensitivity of 88% and FDG PET had a sensitivity 
of 82%. Although MIBG scintigraphy had a better sensitivity 
than FDG PET, all of the MIBG-negative lesions showed avid 
FDG uptake. A more recent, large prospective study in patients 
with pheochromocytomas and paragangliomas found that 
primary tumors are equally well identified by FDG PET/CT 
and 123 I-MIBG single photon emission computed tomography 
(SPECT), currently the standard imaging modality. The inves- 
tigators also found that metastases are better detected by FDG 


PET than by 123 I-MIBG SPECT, with sensitivities of 80% and 
49%, respectively. 100 

LYMPHOMA 

Primary adrenal lymphomas are rare and typically bilateral, 
homogeneous, and infiltrating, with the enlarged adrenal giands 
tending to maintain their overall shape (Fig. 68-11). Secondary 
adrenal involvement has been reported in 1% to 4% of affected 
patients. PET/CT has been found to be valuable in distinguish- 
ing nonfunctioning adrenal neoplasms or hyperplasia from 
lymphomatous involvement. 90 

PITFALLS 

Both false-positive and false-negative adrenal FDG PET Ånd¬ 
ings have been reported. Causes of false-positive results include 
significant FDG uptake in some adrenal adenomas (Fig. 68-12), 
adrenal endothelial cysts, and inflammatory and infectious 
lesions. Increased FDG uptake in the suprarenal or retrocrural 
region due to brown fat may mimic an adrenal lesion and 
is another pitfall of PET; however, such patients should be 
readily recognized as they have the characteristic brown fat 
pattern of FDG uptake in the neck and mediastinum. Adrenal 
metastatic lesions with hemorrhage or necrosis, small meta- 
static lesions, and metastases from non-FDG-avid primary 
tumors, such as pulmonary bronchoalveolar carcinoma and 
carcinoid tumors, may be causes of false-negative PET adrenal 
Åndings. 101 
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Diffusion-weighted magnetic resonance imaging (MRI) was 
introduced into clinical practice in the mid-1990s, primarily in 
brain imaging because of its exquisite sensitivity to detect isch- 
emic infarcts. In the past decade, technical advancements have 
allowed the technique to be translated to body imaging, and 
abdominal diffusion-weighted imaging (DWI) is now well 
established. The clinical applications of abdominal DWI are 
both oncologic and nononcologic; the oncologic applications 
have been especially helpful. 

DWI provides a contrast mechanism for the qualitative and 
quantitative assessment of tissues. The technique is comple- 
mentary to and in some situations a viable alternative to 
gadolinium-enhanced MRI. Abdominal DWI does not require 
contrast media to be administered, yet it frequently highlights 
pathologic processes visible on contrast-enhanced techniques 
with increased conspicuity. The technique allows disease detec- 
tion and assessment beyond that achievable by morphologic 
imaging alone. 

This chapter discusses the principles of DWI, technical 
implementation, image interpretation, clinical applications, 


and potential pitfalls of the technique as applied to imaging of 
the abdomen. 

Principles of Diffusion-Weighted 
Imaging 

At its most fundamental level, DWI uses an imaging sequence 
that probes the microscopic mobility of water. The true diffu¬ 
sion coefficient of water is a measure of the effective displace- 
ment of water molecules per unit time, which is a random 
process (brownian motion) and is temperature dependent. 
Conceptually, it may be useful to consider the diffusion coeffi¬ 
cient as a reflection of the freedom of movement of water 
molecules in a particular volume. 

Several biophysical mechanisms can alter the random 
brownian motion of water molecules in tissues. These include 
cellular density, cell membrane integrity, cellular structural 
organization, and the presence of macromolecules that bind to 
water. 1 The term apparent diffusion coefficient (ADC) represents 
the observed diffusion constant as the water molecules in tissues 
are modified by these biophysical interactions. 

The image contrast on diffusion-weighted images is based 
on the differences in the diffusivity of water molecules. For 
example, tumor tissues exhibit low water diffusivity (or 
“impeded diffusion”) because of the relatively high density of 
cellular membranes. This increases the frequency of water 
proton-cell membrane interactions, which thus impedes water 
mobility. By contrast, a simple cyst containing water only would 
show high diffusivity as there are no barriers to water diffusion 
(Fig. 69-1). 

OBSERVING AND MEASURING WATER 
DIFFUSION WITH MAGNETIC 
RESONANCE IMAGING 

The quantification of diffusion with MRI on current clinical 
systems is based on experiments by Stejskal and Tanner in 
thel960s. 2 The introduction of a pair of symmetric gradients 
before and after the 180-degree refocusing pulse of a conven- 
tional T2-weighted spin-echo sequence “sensitizes” the sequence 
to water motion (Fig. 69-2). Static water spins dephased by 
the first gradient lobe would experience a complete rephasing 
by the second gradient lobe, thereby maintaining their signal. 
However, moving water spins will be in a different position 
at the time of the second lobe and thus not be rephased by 
the same degree, resulting in signal attenuation. Thus the pres¬ 
ence of water diffusion is observed as signal loss on DWI. The 
greater the displacement of water molecules (i.e., the higher 
their diffusivity), the greater will be the degree of signal 
attenuation. 
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Figure 69-1 Diffusion of water molecules within schematized 
voxels of interest. A. Free diffusion. Water molecules (small blue 
circles ) have relatively unimpeded motion in a hypocellular 
environment, with the majority of the molecules diffusing freely within 
the extracellular space. The voxel would return a high apparent 
diffusion coefficient. B. Restricted diffusion. In a hypercellular 
environment, such as within viable tumor, water molecules encounter 
frequent collisions with cell membranes. This impedes the free 
movement of water molecules, which is quantified as a low apparent 
diffusion coefficient within the voxel. 
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Figure 69-2 Stejskal-Tanner diffusion-weighted spin-echo MR 
pulse sequence diagram. The time line for the phase-encoding 
gradient is omitted to simplify the diagram. Two symmetric 
diffusion-sensitizing gradients (red) are inserted before and after the 
180-degree radiofrequency (RF) refocusing pulse. The diffusion 
sensitivity or b value of the sequence is determined by G, amplitude; 
5, duration of the sensitizing gradient; and A, time between the two 
sensitizing gradient lobes. EPI, Echo planar imaging. 


A b factor of zero (b = 0 s/mm 2 ) indicates no diffusion 
weighting, and the image is analogous to a T2-weighted image. 
In the abdomen, lower b values applied often range from 50 to 
150 s/mm 2 ; higher b values typically range between 500 and 
1000 s/mm 2 . DWI in the abdomen is usually performed with 
use of at least two b values, a lower and a higher b value. To 
calculate the quantitative AD C value, the relative signals of each 
voxel at different b value are mathematically fitted by an expo- 
nential function according to the following equation: 

ADC = ln(S 1 /S 0 )/(b 1 -b 0 ) 

where S 0 is the signal intensity with the b value of 0 and Si is 
the signal intensity with b value = b (this equation assumes the 
repetition time and echo time are held constant). A graphic 
representation of this formula is shown in Figure 69-3A. 

INTRAVOXEL INCOHERENT MOTION MODEL 

In certain organs such as the liver, the measured signal declines 
sharply with increasing diffusion weighting over the lower 
range of b values (typically 0-100 s/mm 2 ); the signal then atten- 
uates more gradually with further increase in the b values. This 
biexponential behavior of signal attenuation is attributed to 
intravoxel incoherent motion (IVIM), 3 in which intravascular 
microcapillary perfusion generates a pseudodiffusion effect at 
low b values. Thus, in calculating ADC values, the inclusion of 
these low b values can result in overestimation of tissue diffusiv- 
ity. At higher b values, the pseudodiffusion effect is largely 
negated, and estimation of tissue diffusivity in tissues with sig¬ 
nificant tissue perfusion may be more reliable if the lower b 
values are excluded. However, the more sophisticated approach 
is to apply the biexponential IVIM model to the data fitting, 
from which the pseudodiffusion coefficient (D*), perfusion 
fraction (f), and tissue diffusion coefficient (D) are derived 
(Fig. 69-4). Both D* and f reflect tissue perfusion and can 
vary independently. 

The contribution of microcapillary perfusion may be con- 
sidered in quantitative DWI analysis and is more significant in 
certain organs and pathologic processes. However, the Utility 
of IVIM-based quantitative metrics is still largely confined 
to research, 4 as accurate estimation of the perfusion-sensitive 
parameters can be challenging, particularly in lesions with 
inherently low vascular perfusion. Furthermore, there is cur- 
rently a lack of commercial software for data analysis. Nonethe- 
less, emerging observations suggest that in well-conducted 
studies with sufficient image signal-to-noise ratio (SNR) and 
in diseases or organs with significant perfusion effects, IVIM 
analysis may provide additional information to aid disease 
characterization. 


As with any MR sequence, the image contrast on DWI results 
from a combination of different tissue magnetic properties. In 
DWI, as this is significantly affected by water diffusion, the term 
diffusion weighted is used. However, the image contrast is influ- 
enced by both the underlying sequence (usually a T2-weighted 
sequence with a relatively long repetition time) and the strength 
of the diffusion weighting, which is given by the b value (diffu¬ 
sion weighting factor). The b value on a clinical scanner is 
usually altered by changing the amplitude of the diffusion sen¬ 
sitizing gradient, although it may be possible to vary the gradi¬ 
ent duration and time interval between the paired gradients. 


Technical Considerations 

IMAGE ACQUISITION AND 
SEQUENCE OPTIMIZATION 

DWI sequences for clinical imaging of the abdomen are avail- 
able on most current 1.5T and 3.0T MRI scanners. As in any 
MR sequence, tradeoffs between image spatial resolution, image 
SNR, and scan duration are often made, depending on the clini¬ 
cal indication. The technique that is most widely applied is 
single-shot fat-suppressed spin-echo echo planar imaging 
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Figure 69-3 A. Graph schematic of measured signal intensities (in logarithmic scale) over the range of b values illustrating the concept of 
apparent diffusion coefficient (ADC). The ADC value represents the slope of the line that describes this relationship within each voxel. A voxel 
within a cyst would show greater signal attenuation with each incremental increase in the b value, resulting in a high measured ADC (steeper 
slope). The signal attenuates less sharply as the b value increases within voxels containing a tumor microenvironment, which corresponds to a 
lower ADC (more gentie slope). B. Series of diffusion-weighted images of the liver showing the marked signal attenuation of a cyst (arrow) as 
the b value increases. The tumor deposits ( arrowheads ) show more gradual signal attenuation and are conspicuous on the b800 image because 
of a relatively higher lesion-to-background contrast. Derived ADC map shows the higher ADC of the cyst represented by high signal intensity, 
compared with the lower ADC of the tumor represented by low signal intensity. 


(SS-EPI). The primary merit of this technique is the speed of 
acquisition (with subsecond acquisitions of the entire k-Space), 
but the sequence is prone to low SNR as well as ghosting, image 
distortion, blurring, and susceptibility artifacts. 5 Other k-space 
acquisition techniques, such as multishot EPI DWI, turbo spin- 
echo DWI, and radial schemes of k-space acquisition (PROPEL- 
LAR DWI), may have potential to reduce some of the artifacts 
associated with the SS-EPI technique but are not widely 
implemented. 

The underlying principles that guide imaging parameter 
selection in SS-EPI should be optimized for good SNR and 
reduction of artifacts. It is beyond the scope of this chapter 
to discuss the broader MR principles that affect image SNR 
and artifacts, but a few points that are particularly relevant 
to EPI DWI are mentioned here. First, fat suppression is rou- 
tinely used to reduce the large Chemical shifts in EPI and to 
increase the dynamic range of DWI images. This can be 
achieved either by inversion recovery (e.g., short tau inversion 
recovery) technique, which gives more uniform fat suppression 
but less SNR, or with Chemical fat-selective saturation (e.g., 
spectral selected attenuation with inversion recovery or Chemi¬ 
cal shift selective imaging), which yields better SNR but is 
more susceptible to magnetic held inhomogeneities. Second, 
the echo time should be minimized as this increases the SNR; 
the repetition time should be sufficiently long to avoid TI 
saturation effects (at least three to hve times that of the TI 
relaxation time of the imaged tissue). Use of a simultaneous 
gradient scheme (e.g., tetrahedral encoding or three-scan trace) 
allows the echo time to be reduced. Third, the number of 
signal averages can be increased to achieve better SNR, although 
at a cost of increased scan time. Some scanners allow the 


number of averages performed to vary with the b value, with 
more averages performed for SNR-poor high-b value DWI 
images. Last, parallel imaging should always be applied for 
body DWI as it shortens the echo train lengths, thereby reduc- 
ing susceptibility and held inhomogeneity-related artifacts as 
well as reducing the acquisition time (Tables 69-1 and 69-2). 
The reader is referred to the review article by Koh and associ- 
ates 6 for a more detailed discussion of the technical parameters 
that influence the imaging quality of EPI DWI images. 

COMPENSATION FOR PHYSIOLOGIC MOTION 

Unlike in the brain, which is a reasonably static organ, several 
physiologic processes create motion-related phase artifacts in 
the abdomen that degrade image quality. This includes coherent 
movement, such as respiratory motion and bowel peristalsis, 
and noncoherent motion, such as cardiac pulsation. 

Strategies to overcome artifacts arising from respiratory 
motion include breath-hold DWI, respiratory or navigatør 
triggered/controlled DWI, and free-breathing DWI with mul¬ 
tiple signal averages. Of these three techniques, breath-hold 
SS-EPI DWI of the abdomen is the fastest to perform, with 
coverage of the entire liver or abdomen over two breath-holds, 
each lasting approximately 20 seconds. The images retain good 
anatomic detail and are not degraded by respiratory averaging. 
However the major drawback is the lower SNR of the source 
data, which imposes limits on the acceptable spatial resolution 
(typically wider section thicknesses of 8 to 10 mm) and the 
maximum b value used (as higher b factors decrease the SNR). 
Fewer b values are obtained with this technique because 
of the limited number of b-value acquisitions that can be 
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Figure 69-4 Graph schematic shows calculation of diffusion 
parameters by intravoxel incoherent motion (IVIM) analysis. Plot 
shows the logarithm of the signal intensity for each image voxel 
acquired at the same anatomic position across the range of b values 
applied. A biexponential behavior of signal attenuation is observed 
because of the different predominant processes at low and high b 
values causing signal attenuation. D* represents the slope at the 
range of low b values (typically 0-100 s/mm 2 ). The more rapid loss of 
signal (steeper slope) at lower b values is attributed to the dominant 
effect of microcirculatory perfusion, producing a pseudodiffusion 
effect. D represents the slope at the range of high b values (more 
than 100 s/mm 2 ). The more gradual decline in signal at this portion 
of the curve reflects true diffusivity effects. Note that a higher 
concentration of data points is acquired in the lower range of b 
values to improve the accuracy of the calculation of D*. (Modified 
from Koh DM, Collins DJ, Orton MR: Intravoxel incoherent motion in 
body diffusion-weighted MRI: Reality and challenges. AJR Am J 
Roentgenol 196:1351-1361, 2011.) 


accommodated within a breath-hold. Breath-holding tech- 
niques may also be more sensitive to susceptibility and pulsa¬ 
tion artifacts. 1 

Respiratory or navigatør triggered/controlled techniques 
synchronize data acquisition with respiratory movement, and 
data are acquired only within a certain period of the respiratory 
cycle (usually the expiratory phase). The advantages of this 
method include better subjective image quality, higher SNR, 
higher lesion-to-liver contrast ratio, and more precise AD C 
quantification compared with breath-hold DWI. 7,8 However 
acquisition times are increased substantially (up to 5 to 6 
minutes), and ADC measurements may be less reproducible 
compared with breath-hold and free-breathing DWI. 9 In addi¬ 
tion, the technique may result in pseudo-anisotropy artifacts 
related to the gated image acquisition. 10 

In free-breathing EPI DWI, signal averaging from multiple 
acquisitions of the same imaging volume produces images with 
high SNR. Thin slice partitions (4-5 mm) are possible, and this 
allows multiplanar reconstructions of reasonable quality. A 
larger number of b values can be accommodated, which enables 
evaluation of ADC as well as IVIM parameters of lesions. 
However, image acquisition time is longer compared with 


table List of Recommended Optimizations of Echo 

69-1 Planar Diffusion-Weighted Imaging 


Problem Solution 


Poor signal-to- 
noise ratio 


Poor fat 
suppression 
and Chemical 
shift artifact 
Eddy current 
artifacts 
(geometric 
distortion, 
image 
shearing) 
Nyquist (N/2) 
ghosting 


Use shortest echo time available 
Echo time can be reduced with the following 
techniques : 

Parallel imaging (maximum 2x) 

Simultaneous gradient application scheme 
(e.g., three-scan trace) 

Increase of receiver bandwidth 
Use of monopolar gradient scheme 
Use multiple averages (maximum 6) 

Choose larger voxel size (increase field of view, 
smaller matrix, increase section thickness) 
Choose lower b values 
Image at higher field (3T) 

Optimize receiver bandwidth 
Use nonchemical selective fat suppression 
scheme (e.g., shorttau inversion recovery) 
Increase receiver bandwidth 
Use combination fat suppression schemes at 3T 
Optimize/increase receiver bandwidth 
Use of bipolar gradient scheme 
Use of parallel imaging 
Simultaneous gradient application scheme 


Decrease receiver bandwidth 


table Typical Scan Parameters Used to Perform 
6 9_2 Abdominal Diffusion-Weighted Magnetic 
Resonance Imaging 


Parameter Value 


Single-shot spin-echo echo 
planar imaging 
Axial 


Pulse sequence 

Imaging plane 
Field of view, mm 
Matrix size 

Repetition time (TR), ms 
Echo time (TE), ms 
Echo planar imaging factor 
Parallel imaging factor 
Number of signals averaged 
Section thickness, mm 
Direction of motion-probing 
gradients 

Receiver bandwidth 
Fat suppression 

b value, s/mm 2 
Breathing technique 
Acquisition time 


380x380 

150x256 

14,000 

72 

150 

2 

4 

5 

3-scan trace 
1800 Hz/pixel 

Short tau inversion recovery 
(inversion time, 180 ms) 

0, 100, 900 
Free breathing 
4 minutes 30 seconds 


breath-hold imaging (in the region of 3 to 6 minutes to cover 
the liver), and signal/volume averaging may result in subopti- 
mal characterization of lesion heterogeneity, especially for 
smaller lesions. Even allowing for the presence of motion, ADC 
measurements in free-breathing DWI have been shown to be 
robust and comparable or even superior to breath-hold DWI. 9 

Cardiac pulsation results in spin dephasing, which is most 
prominent in the structures immediately inferior to the heart, 
such as the left lobe of the liver, resulting in severe signal loss 
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and overestimation of AD C. 11 Cardiac gating seems intuitive to 
reduce cardiac motion effects in the liver, but some authors have 
found it difficult to find a phase of the cardiac cycle that yields 
diffusion-weighted images free of signal dropout artifact. 12 
Moreover, the combination of respiratory and cardiac gating 
will significantly prolong scan time to clinically unfeasible 
levels. Low-b value images are less prone to cardiac motion- 
induced signal loss and are therefore invaluable for lesion detec- 
tion in susceptible areas. 13 

Bulk motion from bowel peristalsis can be reduced by 
administration of antiperistaltic drugs (e.g., hyoscine butylbro- 
mide and glucagon). However, these are not routinely admin- 
istered for the evaluation of the upper abdominal viscera. 

CHOICE OF b VALUES 

There is no clear consensus on the precise number and magni- 
tude of b values that should be used for abdominal DWI. Con- 
siderations include the target organ being evaluated, the image 
SNR, and whether DWI is primarily used for qualitative or 
quantitative analysis. For ADC quantification, three or more b 
values are generally recommended, with one being a lower b 
factor (<100 s/mm 2 ) and one being a higher b factor (>500 s/ 
mm 2 ). Additional b values can be considered to increase the 
accuracy of ADC estimation or if IVIM parameters need to be 
extracted with biexponential modeling. 14 Increasing the number 
of b values results in increase in the imaging time. Some 
researchers now favor omitting b = 0 s/mm 2 in their ADC cal- 
culations to obtain perfusion-insensitive values for comparison 
between serial measurements. 

Image Interpretation 

QUALITATIVE ASSESSMENT 

The source b-value diffusion-weighted images and the ADC 
maps are both useful for visual assessment. The degree of signal 
attenuation from water molecules at high b values is less in areas 
of impeded diffusion (in other words, these water molecules 
produce higher signal on native high-b value images). Most 
pathologic processes, such as tumors, inflammation, and infec- 
tion, show greater impeded water diffusion compared with 
normal tissues and thus return higher signal on diffusion- 
weighted images. 

In the abdomen, native b-value diffusion-weighted images 
are used for detection of lesions and pathologic changes because 
of their excellent suppression of the normal background signal, 
which increases the conspicuity of tumors and inflammatory 
processes. Even with minimal diffusion weighting, the signal 
from vasculature structures is suppressed (“black biood”), 
and intrinsic fat suppression of diffusion-weighted sequences 
widens the dynamic range considerably. On low-b value images, 
there is high lesion-to-background contrast, good anatomic 
information, and fewer eddy current-induced distortions. 13 
However, a “T2 shine-through” effect is present because of the 
preservation of signal in areas with prolonged T2 relaxation 
times (e.g., contents of the gallbladder, cystic or mucinous 
lesions). The use of a high-b value image (e.g., b = 1000 s/mm 2 ) 
decreases the relative contribution of T2 signal intensity to 
diffusion-weighted images, and the T2 shine-through effect 
may be mitigated if not removed completely. Several investiga- 
tors have rebed on a very high-b value approach for detection 


of lesions (e.g., b value >1000 s/mm 2 ) in other parts of the 
body, 15,16 although this approach has not been shown to confer 
additional advantages in abdominal diseases. 

Inspection of the corresponding ADC map will usually dis- 
tinguish areas of true impeded diffusion from areas of T2 shine- 
through. Areas of true impeded diffusion have lower absolute 
ADC values and by convention appear “dark” on the ADC 
maps, whereas areas of T2 shine-through have high ADC values 
and appear “bright.” Even when the ADC maps are not avail- 
able, the reviewer may infer the degree of impeded diffusion on 
the basis of relative signal attenuation at different b values. This 
concept is illustrated in Figure 69-3B. 

However, the diffusion-weighted images should always be 
interpreted in conjunction with their morphologic counter- 
parts. The background anatomy is better demonstrated on con- 
ventional MR sequences, allowing localization of any diffusion 
abnormality and exclusion of normal and physiologic causes of 
impeded diffusion. Many of the pitfalls of DWI interpretation 
detailed later in this section can be avoided by correlation with 
the morphologic images. Some have proposed a “fusion” 
approach to image assessment, whereby the functional diffusion 
information is fused with morphologic data, similar to the cre- 
ation of positron emission tomography/computed tomography 
images. 

QUANTITATIVE ASSESSMENT 

ADC maps are postprocessed representations of the ADC values 
calculated for each voxel from the source b-value images. The 
mean or median ADC values in areas of interest are derived by 
drawing regions of interest on these parametric maps. These 
values can aid lesion characterization as well as provide dues to 
tissue microstructure, for example, in liver cirrhosis. Lower 
ADC values imply greater impeded water mobility. However, as 
ADC values can be dependent on a multitude of scan param¬ 
eters, there has been difficulty in prescribing a cutoff value 
between benign and malignant or pathologic and nonpatho- 
logic. Reported ranges of ADC in abdominal organs are pre¬ 
sented in Table 69-3 for reference. 17 

One of the most promising developments in DWI is the use 
of ADC as a quantifiable biomarker for response assessment. In 


TAB LE 

69-3 

Reported Normal Ranges of Apparent 

Diffusion Coefficient Values 
for Abdominal Viscera 


Values in Organs without 

Values in Diseased 

Organ 

Disease (xl O 3 mm 2 /s) 

Organs (xl 0“ 3 mm 2 /s) 

Liver 

1.55 ±0.30 to 1.63 ±0.31 

Cirrhosis 



1.45 ±0.13 to 1.60 



±0.19 

Kidney 

2.60 ±0.32 to 2.67 ±0.29 

Chronic renal failure 



2.11 ±0.25 to 2.15 



±0.30 

Pancreas 

Chronic pancreatitis 

Head 

1.82 ±0.40 

1.71 ±0.20 

Body 

1.81 ±0.41 

1.67 ±017 

Tail 

1.65 ±0.37 

1.58 ±0.39 


Spleen 1.26 ±0.23 

Gallbladder 3.50 ±0.51 

Modified from Yoshikawa T, Kawamitsu H, Mitchell DG, et al: ADC 
measurement of abdominal organs and lesions using parallel 
imaging technique. AJR Am J Roentgenol 187:1521-1530, 2006. 
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general, therapy response is associated with significant increases 
in tumor AD C, which can be seen as early as within the first 
week after therapy. The ADC increase is postulated to be due to 
cellular damage leading to necrosis 18 and has been demon- 
strated in a variety of tumors, including breast, cervical, pros- 
tate, and liver cancers. 19 23 One of the advantages of obtaining 
longitudinal measurements of ADC is that changes are detected 
earlier than morphologic changes, potentially allowing earlier 
assessment of treatment response and potential alterations to 
management. Baseline ADC measurements are also being inves- 
tigated as pretreatment predictors of the effectiveness of tumor 
therapy because diffusivity reflects tissue cellularity, microcir- 
culation, and necrosis, which affect response to chemotherapy. 
More sophisticated methods of quantitative ADC analysis cur- 
rently under research include ADC histogram analysis, IVIM 
analysis, and even textural analysis, but these are beyond the 
scope of this chapter. 

IMAGING ARTIFACTS 

Artifacts Related to Echo Planar Imaging 

Most DWI for abdominal clinical applications is performed 
by single-shot echo planar imaging-based sequences. This 
ultrafast method of k-space acquisition requires large gradient 
reversals and results in accumulation of phase shift errors 
because of the prolonged readout. This results in eddy current- 
induced geometric distortions, image shearing, and Nyquist 
or N/2 ghosting (Fig. 69-5). 5 These effects are even more pro- 
nounced at higher held strengths because of greater nonuni- 
formities in the magnetic held (BO), greater diamagnetic 
susceptibility effects, and shorter T2* relaxation time. On 
modern scanners, improvements in hardware and sequence 
optimization have reduced these artifacts. Multishot imaging 
techniques are being explored, which may further reduce arti¬ 
facts in the future. 

Susceptibility-Related Signal Loss 

Diffusion-weighted sequences are prone to susceptibility effects 
because of the echo planar readout. Hypointensity on DWI may 
be due to T2 or T2* shortening from abnormal iron deposition, 
hemorrhage, and inflammation 24 (so-called T2 dark-through 
or T2 blackout). ADC measurements in such areas may be 


spuriously low. 25 In the abdomen, gas-filled viscera such as 
bowel and structures close to the lungs can also produce spuri- 
ous low or high signals, resulting in missed lesions or false 
positives. Pathologic iron depositions in the abdominal viscera 
(most commonly in the liver) and metal implants are other 
potential sources of susceptibility that could obscure lesion 
detection. 

Physiologic Motion 

Ultrafast methods of MRI such as EPI are resistant to but not 
invulnerable to physiologic motion. Motion degrades image 
quality in two ways, depending on when it occurs during the 
scan. Motion during data acquisition introduces additional 
phase terms, whereas motion between acquisition intervals 
causes inconsistencies in the data before and after the move- 
ment. In both cases, the decreased coherence of the acquired 
signals produces ghosting, blurring, and lower image SNR. 
Motion-related data inconsistencies also make ADC assessment 
of small target lesions inaccurate. 

In the abdomen, the main causes of bulk motion are respira- 
tory motion, cardiac motion, and peristalsis. Strategies to mini- 
mize the effects of these in the abdomen have been discussed 
earlier. It is particularly difficult to compensate for the spin 
dephasing from cardiac pulsation that results in signal loss in 
the leff liver lobe. This decreases the detectability of lesions and 
impairs the reliability of ADC measurements in the left lobe 
immediately inferior to the heart. 

DIAGNOSTIC PITFALLS 

72 Shine-Through 

Tissues with long intrinsic T2 relaxation times (such as free 
water) may appear hyperintense on diffusion-weighted images 
even at high b values. This may be falsely ascribed to impeded 
water diffusion. Comparison with ADC maps or the expo- 
nential images (formed by taking the ratio of a diffusion- 
weighted image divided by an unweighted image from the 
same image series and slice position) helps avoid this pitfall. 
In cases of true impeded diffusion, the region of increased 
DWI signal will demonstrate low ADC values compared with 
T2 shine-through, which would return a relatively high ADC 
value. 


Figure 69-5 Diffusion- 
weighted image (bO) through 
the pelvis obtained with 
single-shot echo planar 
imaging technique. Note the 
geometric distortion, which is 
especially pronounced at the 
air-skin interface (dotted line). An 
artifactual exaggerated concavity 
is also seen at the posterior 
border of the prostate. The T2 
morphologic image is shown for 
reference. 
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Figure 69-6 Diagnostic pitfall of diffusion-weighted imaging. Axial images of the distal rectum in a 64-year-old woman with mucinous rectal 
carcinoma. The tumor (*) is markedly hyperintense on the T2-weighted images, characteristic of mucinous histology. The high-b value diffusion- 
weighted image (b750) shows very little tumor signal, and the apparent diffusion coefficient (ADC) is high because of the large proportion of 
freely diffusing water molecules within extracellular mucin deposits. 


Normal and Benign Structures Showing 
Impeded Diffusion 

Certain physiologic tissues appear hyperintense on DWI even 
at high b values because of their intrinsic hypercellularity. These 
include the spleen, lymph nodes, ganglia, spinal cord, bowel 
mucosa, endometrium, testes, and ovaries. On occasion, tiny 
foci (1-2 mm) of impeded diffusion are detected on b-value 
images that are difficult to correlate with structures on corre- 
sponding morphologic sequences. These may be due to small 
nerves or venules, which are benign. Apart from malignant or 
inflammatory processes, benign tumoral lesions with high cel- 
lularity, such as liver adenomas, focal nodular hyperplasia, and 
sclerosed hemangiomas, may show varying degrees of impeded 
diffusion as well. 

Tumors Showing Unimpeded Diffusion 

Lesions with mucinous or cystic contents are a potential pitfall 
on DWI as there is relatively unimpeded diffusion of their inter¬ 
nal contents, whereas the cellular portion of tumor may not be 
evident or is confined only to the lesion wall (Fig. 69-6). Hypo- 
cellular tumors, such as low-grade tumors, may not be depicted 
on DWI. Tumors or abscesses that have been treated may also 
not show impeded diffusion, but this allows DWI to be used as 
a marker for treatment response. Knowledge of the relevant 
clinical history is important, particularly the histologic subtype 
and treatment history at image interpretation. 

Pitfalls of Quantitative Assessment 

An important challenge to overcome is the implementation of 
quantitative ADC measurements in a multicenter setting across 
different imaging platforms. However, it is encouraging that 
in well-controlled imaging studies, ADC quantification shows 
good measurement reproducibility, with coefficient of repeat- 
ability as low as 8% to 10% being achievable. Furthermore, 
interscanner measurement variability of ADC was shown to be 
12% across scanners using analogous imaging parameters. 26 

Radiology departments should verify their MR scanner ADC 
measurement reproducibility and standardize their own proto- 
cols to enable pretreatment and post-treatment ADC measure¬ 
ments to be obtained with confidence in the assessment of 


therapeutic response. 27 Pooled analysis of data acquired from 
different centers using analogous technique may be performed 
by adapting the measurement reproducibility of the worst- 
performing platform to determine the threshold of significant 
ADC change. Clearly, such an approach needs to be verified in 
future clinical trials. 

Another potential confounding factor in quantitative ADC 
assessment is the variability in defming the size and position of 
the region of interest. This can particularly be a problem for 
very small residual tumors after therapy. The variations in 
regions of interest have been shown to have a significant effect 
on tumor ADC values and interobserver variability. 28 The anal¬ 
ysis of heterogeneous lesions with DWI can also be challenging 
as summary values, such as mean or median ADC, may not be 
representative of the underlying changes. For this reason, more 
sophisticated methods of data analysis are now being evaluated 
to better describe lesion heterogeneity and the heterogeneity of 
tumor response. 

In summary, diagnostic characterization with DWI requires 
integration of morphologic sequences and clinical information 
and awareness of the artifacts and pitfalls associated with the 
technique. 

Clinical Application in the Abdomen 

DWI is useful in a broad Spectrum of diseases in the abdomen 
as the most common pathologic processes, such as neoplasia, 
inflammation, and infection, alter their microenvironments in 
such a way as to impede water diffusion. Currently, the most 
common applications of DWI of the abdomen are for disease 
detection and disease characterization. However, there is 
increasing evidence that the quantitative parameters obtained 
from DWI are also helpful in assessment of response to treat¬ 
ment and as a potential predictive biomarker. 

LIVER 

Lesion Detection 

The background signal suppression in diffusion-weighted 
images results in excellent conspicuity of focal liver lesions and 
high lesion-to-background contrast. This coupled with the faet 
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that the SS-EPI technique used for DWI is inherently less vul- 
nerable to respiratory motion-related blurring provides for a 
robust sequence for lesion detection. This has been shown in 
many publications that have demonstrated DWI to be more 
sensitive in detecting metastases than conventional T2-weighted 
imaging and at least comparable to extracellular gadolinium 
contrast-enhanced sequences. 29 ' 34 A combination of DWI with 
hepatocellular contrast agents appears to provide the best per- 
formance for detection of metastases, 35 and the sequence is 
particularly helpful for detection of lesions less than 10 mm 
(Fig. 69-7). 

DWI may also improve the detection of hepatocellular 
carcinomas (HCCs). A meta-analysis showed DWI sensitivity 
to be 81% with 89% specificity, comparable to that of imag¬ 
ing with conventional gadolinium-based contrast agents. 
However, some authors have found DWI to be less sensitive 
than conventional contrast-enhanced Tl-weighted imaging. 
Missed lesions arise in a fibrotic or cirrhotic liver, which 
creates a background of limited water diffusivity, or are well 
differentiated, thus diminishing the contrast between lesion 
and background. The sensitivity of DWI for HCC decreases 
with increasing cirrhosis 38 and lower histopathologic tumor 
grades. 39 


Although DWI has not been officially incorporated into the 
American Association for the Study of Liver Diseases or Euro¬ 
pean Association for the Study of the Liver guidelines on HCC 
diagnosis, it has been shown to be useful for the diagnosis of 
hypovascular HCCs when it is interpreted in conjunction 
with the hepatocellular contrast agents. 40 Hyperintensity on 
diffusion-weighted images and hypointensity in the hepatocel¬ 
lular phase imaging (using Gd-EOB-DTPA) favors the diagno¬ 
sis of HCC over dysplastic or regenerative nodules. Whereas 
DWI is certainly a useful adjunct, there are insufficient grounds 
to recommend DWI as a replacement for contrast-enhanced 
imaging for HCC diagnosis. 

Lesion Characterization 

DWI is able to distinguish reliably between cystic and solid 
lesions as cysts show signal suppression at higher b values and 
return very high AD C values. However, the technique has been 
less successful at differentiating between benign and malignant 
solid lesions as all solid lesions appear relatively high signal on 
DWI, and there is substantial overlap of the AD C values between 
benign cellular lesions (such as focal nodular hyperplasia and 
adenomas) and malignant lesions. 41,42 Moreover, any pre- 
scriptive AD C cutoff is itself vulnerable to erroneous lesion 



Figure 69-7 Hepatic metastases from colorectal carcinoma. Top panel, Diffusion-weighted image (b500) demonstrates high contrast of lesion 
( arrowheads ) to background liver. The apparent diffusion coefficient (ADC) map shows hypointensity of the wall of each lesion, indicating that 
viable hypercellular tumor is at the periphery of the lesion, whereas necrotic tumor tissue is in the core. Note the presence of Nyquist ghost 
artifact ( arrow ) shifted from the true image by half of the field of view. Bottom panel, left, Hepatocellular phase image obtained 20 minutes after 
injection of a hepatocellular-specific agent showing relative hypointensity of the metastases ( arrowheads ); right, T2-weighted image for 
correlation. 
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classification because of the variability of AD C quantification. 
For this reason, one should combine DWI with conventional 
morphologic MR images for optimal assessment. 

Interestingly, liver abscesses return markedly low AD C 
values because of cellular and viscous debris as well as exu- 
dates within the abscess cavity. This can be helpful in dis- 
tinguishing them from necrotic or cystic tumors, which have 
necrotic central portions with high ADC. 43 Furthermore, the 
wall of an abscess is often isointense to liver parenchyma, 
whereas the wall of a cystic or necrotic tumor is hyperintense 
at DWI owing to its cellularity. However, early abscess forma¬ 
tion may be associated with elevated ADC values, thus leading 
to misinterpretation. 44 

Assessment of Tumor Response to Treatment 

It is intuitive that ADC should increase with response to therapy 
because of cell death and reduced tumor cellularity. Indeed, 
tumor ADC increase among responders has been observed in 
several studies with liver metastases and HCC. 22,45,46 The ADC 
change is observed earlier than morphologic alterations and as 
early as 3 days after therapy. 4 An increase in ADC has been 
observed in responders of both systemic treatment (chemo- 
therapy) and local-regional therapies (radiofrequency ablation 
and chemoembolization). However, the exact evolution of ADC 
after treatment is complex because of concurrent processes, 
such as acute cell swelling, fibrosis, and perfusional changes, 
that may affect the diffusion coefficients. 

It has been reported that colorectal metastases with high 
pretreatment ADC values respond poorly to chemotherapy. 45,48 
This may be attributed to more necrotic tumors, which infer a 
more aggressive phenotype or confer treatment resistance due 
to diminished drug penetration to the center of the tumors. 
However, studies correlating pretreatment ADC and long-term 
clinical outcomes are lacking. 

Diagnosis of Liver Fibrosis and Cirrhosis 

The noninvasive diagnosis of liver fibrosis and cirrhosis is chal- 
lenging with conventional MRI as changes are apparent only 
when fibrosis is relatively advanced. The ADC values obtained 
by DWI in cirrhotic livers are significantly lower than those in 
nonfibrotic livers, 49 51 but distinguishing between the different 
grades of fibrosis with DWI has been difficult because of the 
substantial overlap of ADC values between fibrosis grades and 
the relatively narrow dynamic range of the ADC values in this 
disease setting. The impeded diffusion observed in cirrhosis has 
been suggested by IVIM analysis to be in part due to reduction 
in capillary perfusion. 52,53 

PANCREAS 

Diffusion-weighted MRI has been used to detect pancreatic 
lesions and to distinguish between solid and cystic pancreatic 
lesions. Pathologic entities such as pancreatic adenocarcinoma, 
pancreatic neuroendocrine tumors, solid pseudopapillary 
tumors of the pancreas, acute pancreatitis, and autoimmune 
pancreatitis all show impeded diffusion. Consequently, 
differentiation between these entities by DWI has been less 
successful because of substantial overlap in their ADC values. 
Despite initial enthusiasm, ADC quantification has not been 
successful in differentiating between pancreatic adenocarci¬ 
noma and mass-forming pancreatitis. More recently, the use 
of IVIM analysis has shown that the perfusion fraction of 


pancreatic cancer is lower compared with normal pancreas 
or mass-forming pancreatitis. However, it is not yet practical 
to implement this technique in the routine clinical setting. 58,59 

The conspicuity of pancreatic adenocarcinoma on DWI is 
also variable. In one series of 80 patients with pancreatic adeno¬ 
carcinoma, 55 only about half of pancreatic adenocarcinomas 
were hyperintense and clearly demarcated from the surround- 
ing pancreatic parenchyma, although overall about 80% of the 
pancreatic cancers were hyperintense. This was thought to be 
related to tumor-associated pancreatitis affecting the regions of 
the pancreas distal to the tumor, which resulted in reduced 
contrast differentiation between tumoral tissue and inflamed 
pancreatic parenchyma because both processes impeded diffu¬ 
sion (Fig. 69-8). 

With regard to cystic lesions of the pancreas, such as muci- 
nous cystic neoplasm, serous cystadenomas, and intraductal 
papillary mucinous neoplasms, these demonstrate elevated 
ADC values. Studies that aimed to differentiate malignant from 
benign cystic pancreatic lesions have met with limited success, 60 
although it is conceivable that DWI may be able to demonstrate 
solid components within a cystic pancreatic lesion, such as 
when there is malignant transformation within an intraductal 
papillary mucinous neoplasm. 

GALLBLADDER 

Ultrasound remains the initial investigation of choice for diag¬ 
nosis of gallbladder disease. However, with the ubiquity of DWI 
in abdominal MR protocols, a few studies have retrospectively 
examined the performance of DWI in this area. As can be 
expected, gallbladder carcinomas show low ADC values, signi- 
fying impeded diffusion. 61 ' 63 However, it may not always be 
possible to distinguish gallbladder carcinoma from other pol- 
ypoidal lesions, adenomyomatosis, and hyperplastic polyps or 
adenomas. 63,64 There have been no large-scale studies to date of 
the findings of acute cholecystitis on DWI, but this remains a 
potential cause of a false-positive diagnosis of malignant disease. 
In some patients in whom gas-filled large bowel abuts the gall¬ 
bladder, EPI-related artifacts might cause spurious signal 
changes, which confound evaluation of the gallbladder. 

SPLEEN 

There are very few published studies on the clinical Utility of 
DWI in the spleen. This is because the spleen is hypercellular 
and therefore shows substantial impeded diffusion and inher- 
ently high signal intensity on high-b value sequences, rendering 
any cellular lesions within it less conspicuous. The spleen has 
been used as an internal reference organ for normalization of 
ADC values, 65 an approach favored by some authors but that 
has inherent limitations. ADC normalization is more suscepti- 
ble to image noise, and the ADC value of the spleen may not 
be invariate with antitumor therapies. Interestingly, some 
studies suggest that ADC values in the spleen may correlate with 
the severity of liver fibrosis and cirrhosis. 66,67 

LYMPH NODES 

DWI is exquisitely sensitive for the detection of lymph nodes, 
both normal and pathologic. As even normal and reactive 
lymph nodes are densely packed with lymphoid elements, they 
return high signal intensity on diffusion-weighted images. DWI 
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Figure 69-8 A 70-year-old 
man with pancreatic tail 
glucagonoma. Axial diffusion- 
weighted images (blOO and 
b750) show the conspicuity of the 
tumor [arrow) and the multiple 
hepatic metastases, which show 
restricted diffusion. Note that the 
normal spleen also returns a low 
apparent diffusion coefficient 
(ADC) value similar to that of 
tumor because of its inherent 
hypercellularity. 



often reveals normal lymph nodes that are not apparent on 
other morphologic sequences. 68 

Most studies have shown that malignant nodes return lower 
ADC values compared with benign lymph nodes, 68 ' 70 which 
may improve size and morphologic criteria for nodal classifica- 
tion. Although there is a distinet trend toward lower ADC 
values in malignant nodes, there remains a wide range of ADC 
values in both categories. 72,73 This makes it difficult to confi- 
dently classify any single node prospectively as benign or malig¬ 
nant. The limited spatial resolution of DWI also hinders the 
accuracy of ADC measurements of small nodes because of 
partial volume effeets. At present, DWI is best used in detection 
of abdominal nodes, and characterization should be made in 
conjunction with morphologic sequences. However, the combi- 
nation of DWI with ultrasmall iron oxide particle-enhanced 
imaging 74 shows substantial promise in the detection of lymph 
node metastases. 

PERITONEUM 

Small-volume metastatic deposits in the peritoneum or even 
large peritoneal masses can be missed with computed 
tomography or conventional MR sequences because they are 
frequently isodense or isointense with adjacent bowel loops 
and vessels, affording little contrast to enable their detection. 
The images on DWI pro vide effeetive background suppres¬ 
sion in the abdomen by a combination of fat suppression 
and nulling the signal from bowel viscera and mesenteric 
vasculature. Any ascites that may be present will be of low 
signal intensity on high-b value images. Therefore, even 
small-volume peritoneal disease stands out as hyperintense 
foci in the abdomen. 


Several studies have corroborated the sensitivity of DWI 
for depiction of peritoneal tumors, 7 with sensitivity ranging 
from 84% to 90% when it is used in conjunction with conven¬ 
tional MR sequences. The technique has also been used with 
gadolinium-enhanced imaging to accurately predict the peri¬ 
toneal cancer index before surgery in patients undergoing 
evaluation for cytoreductive surgery. 78 This may potentially dif- 
ferentiate patients who are good surgical candidates from those 
who may be candidates for neoadjuvant chemotherapy to 
reduce tumor burden (Fig. 69-9). 

GASTROINTESTINAL TRACT 

Detection and Characterization of Disease 

DWI has been successfully applied in the gastrointestinal tract 
for detection of malignant lesions as well as bowel inflamma¬ 
tion. The speed of k-space acquisition with the SS-EPI tech¬ 
nique makes bowel peristalsis less of an issue compared with 
other MR sequences, in which shot-to-shot differences produce 
blurring of moving structures such as bowel. 

DWI has been shown to be able to depict tumors in the 
esophagus, stomach, small bowel, and large bowel. 15,72,79 ' 84 
High-b value diffusion-weighted images are the most effee¬ 
tive in this regard as hypercellular tumors appear hyperintense, 
with corresponding low ADC values. It is particularly useful 
in regions where pseudothickening of bowel wall due to 
muscle contraction or benign inflammatory processes may 
mimic malignant neoplasms. For example, in the stomach, 
low ADC values have helped differentiate gastric wall thick- 
ening due to malignant disease from benign causes, such as 
gastritis and portal gastropathy. 80 In the ampullary region, 
DWI improves the diagnosis of ampullary carcinomas over 
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Figure 69-9 A 52-year-old 
woman with ovarian carcinoma 
and peritoneal carcinomatosis. 

The high-b value diffusion- 
weighted image (b900) shows 
excellent contrast between the 
hyperintense tumor coating the 
peritoneal lining ( arrows ) and 
ascites in the pelvis, which is 
almost completely attenuated in 
signal. The large primary ovarian 
mass (*) is also seen on the b900 
image. In comparison, the true 
extent of peritoneal disease 
is easily underestimated on 
morphologic T2-weighted and 
computed tomography (CT) 
images. ADC, Apparent diffusion 
coefficient. 


conventional MR sequences as it is able to differentiate malig- 
nant from benign papillary lesions, such as papillary stenosis 
and papillitis. 81 

A few caveats regarding the use of DWI in the gastrointesti- 
nal tract are worth noting. Early tumors (TI and T2) are gener¬ 
ally difficult to detect. In the esophagus, there is particularly 
poor sensitivity of DWI for detection of primary tumors (49% 
in one series 72 ). This has been attributed to signal loss from 
adjacent “incoherent” cardiac motion. Another problem is the 
hyperintensity of viscous bowel content, which may mask 
underlying mucosal lesions. Gaseous contents within bowel can 
also cause susceptibility artifacts that can obscure pathologic 
changes or produce spurious signals. Last, the ability of DWI to 
detect premalignant lesions, such as small polyps, has thus far 
been disappointing. 83 This may be related to current technical 
limitations with DWI resolution as well as the tissue architec- 
ture of adenomas, which may be less cellular than their malig- 
nant counterparts. 

Assessment of Treatment Response 
and Disease Recurrence 

In rectal cancer, MRI performed after neoadjuvant chemora- 
diotherapy can be challenging to interpret with morphologic 
sequences (T2-weighted imaging) because it is frequently dif¬ 
ficult to differentiate between post-treatment fibrosis and resid- 
ual tumor. The addition of DWI to T2-weighted imaging has 
been shown to be invaluable in post-treatment imaging as resid- 
ual tumor will be expected to show impeded diffusion, whereas 
fibrosis is relatively hypointense on high-b value images. DWI 
has been shown to improve diagnostic performance in the pre- 
diction of tumor clearance in the mesorectal fascia, 85 assessment 


of complete pathologic response, 86 and detection of areas of 
viable tumor 87 (Fig. 69-10). 

ADC as a Prognostic Biomarker 

To date, the value of ADC as a prognostic quantitative bio- 
marker in patients with rectal cancer is unclear. In one series, 
lower tumor ADC values were fo und to correlate with involve- 
ment of the mesorectal fascia, higher nodal stage, and poorer 
histologic differentiation of the neoplasm. 88 Studies investigat- 
ing the role of pretreatment tumor ADC as a prognostic factor 
in terms of prediction of response to chemoradiation have gen¬ 
erally shown that tumors with lower ADC values respond more 
favorably. 18,83 A possible hypothesis for this is that nonrespond- 
ing tumors have higher ADC values due to internal necrosis and 
are therefore hypoxic and poorly perfused, resulting in a poor 
response to chemotherapy. 

Utility in Nononcologic Bowel Disease 

DWI has also been successfully applied to the imaging of 
inflammatory bowel disease. DWI hyperintensity is associated 
with active inflammation in ulcerative colitis and Crohn’s 
disease. 90,91 The sequence facilitates detection of complications, 
such as abscesses, fistulas, and stenotic segments, 92 and provides 
sensitivity comparable to that of contrast-enhanced MRI. 
Impeded diffusion in inflamed bowel may result from reduced 
extracellular space secondary to cell swelling or increased cell 
density caused by migration of lymphocytes in to the bowel wall. 
The absence of need for ionizing radiation, intravenous con¬ 
trast administration, and bowel preparation are major advan- 
tages of DWI in regular imaging follow-up for this patient 
population. 
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Figure 69-10 Changes in diffusion-weighted imaging in response to treatment. Top panel , Pretreatment appearance of the distal rectal 
adenocarcinoma ( arrow ). The primary tumor is hyperintense on diffusion-weighted imaging (b750) and hypointense on the apparent diffusion 
coefficient (ADC) nnap, indicating restricted diffusion. Bottom panel , Appearance 3 months after chemoradiotherapy. The tumor shows marked 
hypointensity on the T2-weighted image, indicating fibrosis. The mass is isointense to the surrounding rectal wall on diffusion-weighted images, 
as would be expected for response due to loss of cellularity. 


Low-b value imaging may be used to study alterations in 
bowel peristalsis, such as in the diagnosis of bowel strangula¬ 
tion. 93 In normal bowel showing motility, the turbulent flow of 
the intraluminal contents results in suppression of their signal 
at low-b value DWI. In contrast, strangulated bowel segments 
have severely impaired or absent peristalsis, resulting in relative 
preservation of signal of their contents. 

Future Directions 

In the past decade, DWI has been rapidly adopted for the evalu- 
ation of abdominal disease. It is a powerful qualitative tool, but 
the use of quantitative ADC values for disease characterization 
and tumor response assessment is not fully realized. 2 

The pathway to technical optimization and standardization 
has seen developments broadly along two ideologies. One 
school of thought suggests that all technical details should be 
strictly prescribed, including all the b values, and implemented 
rigorously across all scanners. Another school of thought 
reasons that it may be sufficient to recommend a range and 
number of b values to be used for the DWI measurements, 
taking into account the tumor ADC values that are likely to 
be encountered. The former approach may find difficulties 
in implementing exactly the same imaging protocol across 


different MR systems; these MR systems have different gradient 
performance, which would affect the choice of scan settings and 
hence the ADC results. The latter approach may be more practi¬ 
cal but may introduce more ADC variability across centers. At 
the moment, it is probably reasonable that both approaches be 
pursued to allow us to have a sense of the “best case” versus 
“worst case” ADC variability that may be encountered in a 
multicenter setting with these approaches so that an informed 
decision can be made as to how prescriptive the choice of scan 
parameters should be to ensure practical comparison across a 
range of imaging departments. 

For ADC data analysis, it is recognized that the summary 
values of mean or median ADC values may not adequately 
reflect lesion heterogeneity. New approaches, such as volumet- 
ric or histogram ADC analysis, are also being tested that may 
allow robust comparison of data. 94,95 However, such complex 
methods of diffusion-weighted MRI data analysis are not cur- 
rently available on commercial MRI platforms. 

Last but not least, whereas diffusion-weighted MRI has high 
diagnostic accuracy and Utility on its own, it may be combined 
with other functional MRI techniques, such as dynamic 
contrast-enhanced MR imaging, MR elastography, or MR spec- 
troscopy. This multi-parametric imaging paradigm has been 
adopted for prostate imaging and shown to improve diagnostic 
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performance , 96 and it would be exciting to see more applica- 
tions and research developed in the abdomen to further enhance 
disease assessment. 

Summary 

Diffusion-weighted MRI provides a unique and effective 
contrast mechanism for detection and characterization of 


abdominal disease that is easily incorporated into standard 
abdominal imaging protocols . 9 Optimization of acquisition 
technique and understanding of its limitations and pitfalls are 
critical in successful implementation of DWI in clinical practice. 
Diffusion-weighted images should always be interpreted in the 
appropriate clinical context and in combination with conven- 
tional MR images. It has great potential as a quantitative bio- 
marker, and future developments should consolidate that role. 
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Summary 


Perfusion imaging is an exciting new radiologic investigation 
that allows functional evaluation of tissue vascularity by 
measuring the changes in the tissue characteristics after admin¬ 
istration of intravenous contrast medium (IVCM). Rapid tech- 
nologic advancements in both computed tomography (CT) 
and magnetic resonance imaging (MRI) coupled with innova¬ 
tions in postprocessing capabilities have widened the scope of 
perfusion imaging in a wide range of research and clinical 
applications. 1 10 

Early in its development, perfusion imaging demonstrated 
significant applications in the evaluation of stroke patients 
because of its ability to accurately depict the structural and 
functional status of cerebral vasculature. 11 13 With improved 
understanding of the tissue vascular physiology, perfusion 
imaging has been used extensively in various other body appli¬ 
cations. In an oncologic setting, perfusion imaging plays a key 
role not only in the diagnosis and staging of malignant neo- 
plasms but also in prognostic evaluation and monitoring of 
treatment response in various cancers. 3,6,9,10,14 ' 27 In addition, the 
ability of perfusion imaging to evaluate tumor biology and 
function has a promising role in providing early surrogate bio- 
markers for treatment response, thereby facilitating customized 
patient therapeutic options. In this chapter, we review the basic 
principles of perfusion CT and MRI and discuss their clinical 
applications in the management of diseases of the abdomen and 
pelvis. 

Basic Principles 

Perfusion imaging, either CT or MRI, essentially involves 
sequential acquisition of images through a particular tissue in 
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question after the administration of IVCM. 7,8,22,28,29 After intra¬ 
venous administration, the contrast medium travels through 
the vascular system, leaks from the tissue vasculature, accumu- 
lates in the tissue, and then diffuses back into the vascular 
system before being ultimately eliminated through the urinary 
system. 7,8,22,28,29 By measurement of the changes in tissue density 
or signal intensity during the movement of contrast material 
with sequential images, perfusion CT or MRI is able to estimate 
various semiquantitative measurements of perfusion, which 
allows evaluation of the tissue vascularity. 7,8,22,28,29 Objective 
measurement of tissue enhancement by placement of region of 
interest (ROI) over the tissue allows generation of graphs of 
tissue density or signal intensity versus time, which enables 
measurement of semiquantitative values. 

Perfusion Computed Tomography 

Perfusion CT provides estimation of tissue vascularity by mea¬ 
surement of the progressive changes in tissue density after injec- 
tion of iodinated IVCM. This functional CT technique is usually 
performed for evaluation of tissue perfusion in day-to-day 
clinical practice because of its widespread availability and pres- 
ence of better experience. The speed of image acquisition and 
round-the-clock accessibility are particularly valuable in a neu- 
rologic setting for the evaluation of stroke patients, in whom it 
allows institution of immediate therapeutic interventions. 21 The 
simple linear relationship between iodine concentration and 
tissue density changes and the easy availability of commercial 
software for postprocessing render quantifkation of vascularity 
easier with CT/ In addition, the routine use of multidetec- 

tor CT (MDCT) for tumor diagnosis and response assessment 
makes perfusion CT a preferred choice in an oncologic setting 
because it allows easier integration into treatment protocols. 21 

TECHNICAL PRINCIPLES 

The basic principle of CT perfusion is the depiction of temporal 
changes in tissue attenuation after intravenous administration 
of iodine-based contrast medium (Fig. 70-1). 29 Tissue enhance¬ 
ment, which refers to increase in tissue attenuation after admin¬ 
istration of IVCM, is proportional to the iodine concentration 
of tissues. Dynamic CT acquisition after IVCM administration 
thereby allows assessment of tissue enhancement, which repre¬ 
sents an indirect measure of tissue vascularity and vascular 
physiology. 29 Tissue enhancement after IVCM administration 
can be divided into two phases based on distribution charac¬ 
teristics of the contrast medium in the intravascular and extra- 
vascular compartments. The initial phase of enhancement or 
the first pass (usually lasting 30-60 seconds after influx of the 
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contrast medium) is mainly due to distribution of contrast 
medium within the intravascular space. 8 In the second phase, 
tissue enhancement is secondary to distribution of contrast 
medium between both intravascular and extravascular com- 
partments due to movement of contrast medium from the 
intravascular to the extravascular compartment across the cap- 
illaries. 8 29 Accordingly, tissue enhancement in the first phase is 
determined primarily by tissue biood flow and biood volume, 
whereas capillary permeability to the IVCM contributes to 
enhancement in the later phase. 8 29 Semiquantitative assessment 
of tissue perfusion based on dynamic CT acquisition can 
be accomplished by analytical methods, and the two most 
commonly used analytical methods are deconvolution and 
compartmental analysis. 8,21,22,31 

Both the deconvolution and compartmental modeling 
methods are broadly equivalent, with few differences in 
their theoretical assumptions and susceptibility to noise 
and motion. 8,21,22,31 Compartmental analysis (single- and 



Figure 70-1 Time-attenuation curves showing enhancement 
characteristics of the artery and the tumor during the first pass 
and the delayed phase of the perfusion CT acquisition. 


double-compartment methods) is based on the assumption 
that the bolus of contrast material is retained within the organ 
of interest at the time of measurement, and this can at times 
result in underestimation of perfusion values in organs with 
rapid vascular transit. 22,:>1 Compartmental analysis uses three 
sets of images for perfusion estimation, including the baseline 
image and images before and after the maximal rate of contrast 
enhancement, and is therefore not usually degraded by patient 
motion. 8 21,22 31 However, the presence of higher image noise 
adversely affects perfusion value calculation for the compart¬ 
mental model, and therefore a higher tube current with 
lower image frequency is preferred for the dynamic CT 
technique. 8, 21,22,31 

Deconvolution analysis is based on the use of arterial and 
tissue time-concentration curves to calculate tissue perfusion 
and relative biood volumes. 8,22,32 Although this modeling tech¬ 
nique works well for most organs, it might not be suitable for 
assessing perfusion in organs such as the spleen and kidney, 
which have complex microcirculations, for which compartmen¬ 
tal analysis is preferred. 829 Deconvolution methods are 
suitable for measuring lower perfusion values (<20 mL/ 
min/100 mL); this method tolerates greater image noise because 
the complete time series of images is included for calcula¬ 
tion. 8,22,32 As a result, deconvolution analysis is particularly ben- 
eficial for monitoring treatment response because of its ability 
to accurately measure lower perfusion values typically seen after 
successful treatment. The inclusion of the complete series of 
images, however, renders this method susceptible to image mis- 
registration from patient motion and therefore erroneous cal¬ 
culation. 8 2 32 As the deconvolution method is less sensitive to 
noise, it allows use of a lower tube current and permits scanning 
with higher temporal resolution for dynamic cine CT acquisi¬ 
tion. 8 29 2 The various analytical methods, the acquisition pro- 
tocols, and the software packages differ between scanner 
technologies and the commercial vendors (Table 70-1). Never- 
theless, irrespective of the technology used, perfusion CT allows 
estimation of various qualitative and quantitative measures of 
tissue perfusion. 8,22,32 

PROTOCOL 

The perfusion CT protocol needs to be tailored to the clinical 
objective in question, body part being scanned, mathematical 


Comparison of Various CT Perfusion Analytical Models 


Mathematical Model Deconvolution Method Two-Compartment Model 


Slope Method 


Vendors 
Basic principle 


Parameters 

measured 

Advantages 


Limitations 


GE Healthcare 

Uses arterial and tissue 
time-concentration 
curves to estimate 
tissue perfusion 

BF, BV, MTT, PS 

The perfusion parameters 
can be calculated by a 
single CT study 

Partial volume averaging 
correction required 


Siemens 

Based on Patlak analysis and assumes one-way transfer 
of contrast medium from IVS and EVS proportional to 
biood clearance constant 


BV and permeability 
Simple analysis 

Efficient in calculation of rate constant value 


Based on assumption that back-flux of contrast medium 
from EVS to IVS is negligible in the initial 1-2 minutes 


Philips, Toshiba, Siemens 
Perfusion is estimated as a 
maximum slope of tissue 
concentration curve 
normalized to maximum 
arterial enhancement 
BF, MTT, time to peak 
enhancement 
Short scan duration 
Assumption of no venous 
outflow and no recirculation; 
less sensitive to movement 
Sensitive to image noise 


Data from references 4, 5, 8, 17, 21, 29, 30, 70, and 71. Adapted from reference 21. 

BF, Biood flow; BV, biood volume; EVS, extravascular space; IVS, intravascular space; MTT, mean transit time; PS, permeability-surface area product. 
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modeling technique employed, CT scan configuration, and 
radiation dose considerations. 8,21,22,32,33 A typical dynamic CT 
protocol consists of a preliminary noncontrast scan followed by 
a dynamic acquisition performed after administration of IVCM. 
The noncontrast CT scan serves as a localizer for selecting the 
appropriate tissue area to be included in the dynamic CT acqui¬ 
sition. A 2- to 4-cm area of tumor tissue is routinely selected 
for dynamic scanning on the basis of the scanner configuration 
(16-slice or 64-slice CT scanner). 21 With the introduction of 
128-slice to 320-slice MDCT scanners, larger areas of tumor 
tissue (8-16 cm) can be interrogated for assessment of tissue 
perfusion. 21,34 Several techniques have been introduced to allow 
perfusion imaging of a volume of tissue or entire organ, includ- 
ing axial shuttle mode (repeated axial scans at two adjacent 
table positions in a to-and-fro manner to double detector cov¬ 
erage) and helical shuttle mode (continuous bidirectional table 
movement with variable pitch). 34-38 

The dynamic CT acquisition consists of a first-pass phase, a 
delayed phase, or both, depending on the pertinent physiologic 
parameters that need to be analyzed and the tissue in question. 21 
The first-pass phase or the initial cine phase consists of CT 
images acquired for a total of 40 to 60 seconds after the injection 
of IVCM.' For obtaining permeability measurements, a 
second delayed phase ranging from 2 to 10 minutes follows the 
first phase. 8,29-3 In the first-pass phase, the MDCT images are 
acquired every 1 to 3 seconds; in the second phase, the images 
are acquired every 5 to 15 seconds. 8 29 31 A key consideration for 
optimal evaluation of tissue perfusion is the IVCM bolus 
used for dynamic CT acquisition (Table 70-2). An additional 
consideration in dynamic CT evaluation of the upper abdomen 


Kilovoltage* * 

Milliampere-seconds* (mAs) 
lodine concentration* (mg 1/mL) 

Contrast bolus (mL) 

Injection rate* (mL/s) 

Scan delay (s) 

Data from references 8, 21, 29-31. 

*Lower kilovoltage peak and milliampere-seconds are recommended 
to reduce the radiation exposure. 

*A higher iodine concentration of 370 mg 1/mL is preferred because 
of the linear relationship between iodine concentration and tissue 
enhancement. 

*Higher injection rates are preferable to maximize tissue enhancement 
and to improve signal-to-noise ratio. 


is the need for appropriate breath-holding instructions to 
patients to limit the potential deleterious effects of motion on 
estimated perfusion values. 8,21,29-31 Some authors recommend 
use of motility-inhibiting agents, such as glucagon, to limit per- 
istaltic movements of bowel during image acquisition. 1,19-21,39 

POSTPROCESSING 

The dynamic CT data obtained after a perfusion CT study are 
processed on dedicated workstations using specific vendor- 
based perfusion software. 21 The postprocessing of the CT 
perfusion data generates colored parametric perfusion maps. 
Quantitative tissue perfusion measurements are then obtained 
from these perfusion maps by ROI placement over the tissue in 
question. The various quantitative perfusion parameters esti¬ 
mated depict various aspects of tissue or tumor vascular physi- 
ology 21 (Table 70-3). With the increasing use of CT perfusion 
in various body applications, several non-vendor-based soft¬ 
ware models are available that allow estimation of tissue perfu¬ 
sion irrespective of the method of scanning. 

CLINICAL APPLICATIONS 

Perfusion CT has been established as a valuable technique for 
estimation of tissue vascularity. The validity and reproducibility 
of this functional CT technique have been proved in several 
animal and human studies and tested against other techniques, 
such as xenon washout methods. 12,21,40-42 Early studies have 
demonstrated the value of this technique in quantifying tissue 
perfusion in solid visceral organs such as liver, pancreas, spleen, 
and kidneyA Ever since, perfusion CT has fo und a wide range 
of applications in oncology, such as determining tumor biology 
including lesion characterization, risk stratification and staging, 
monitoring response to various treatment regimens (chemora- 
diation and antiangiogenic drugs), and predicting treatment 
outcome. 2 1,22,33,44 In addition to the overwhelming amount of 
research performed in oncology, this technique has also been 
explored in the assessment of tissue perfusion in various non- 
oncologic applications, such as in patients with cirrhosis and 
renal artery stenosis. 

Tumor Biology 

One of the key elements of tumor physiology that influences 
the aggressiveness of tumors and their response to treatment is 


^References 9, 10, 15, 19-21, 24, 27, 43. 


TAB LE 

70-2 


Technical Parameters of a Typical CT 
Perfusion Protocol 


100-120 

50-150 

370-400 

40-70 

4- 10 

5- 10 


Various CT Perfusion Parameter Terminologies for Description of Tissue Vascular Physiology 


Perfusion Parameter 


Definition 


Marker (in Oncology) Units 


Biood flow or perfusion (BF) 

Biood volume (BV) 

Mean transit time (MTT) 
Permeability-surface area product (PS) 
Time to peak (TTP) 

Peak enhancement intensity (PEI) 


Flow rate through tissue vasculature in the region of 
interest 

Volume of biood flowing within the tissue vasculature 
in the region of interest 

Average time taken to travel from artery to vein 
Total flux from plasma to interstitial space 
Time from arrival of the contrast medium in major 
arterial vessels to the peak enhancement 
Maximum increase in tissue density after injection of 
contrast medium 


Tumor vascularity 
Tumor grade 
Tumor vascularity 

Perfusion pressure 
Immature leaky vessels 
Perfusion pressure 

Tissue biood volume 


mL per 100 g/min 
mL per 100 g 
Seconds 

mL per 100 g/min 
Seconds 

HU 


Data from references 4, 5, 8, 17, 21, 29, 30, 70, 71. Adapted from reference 21. 
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the status of tumor microvasculature (neoangiogenesis).* 
Tumor angiogenesis refers to the development of new biood 
vessels in the tumor, resulting in vascularization.* Histopatho- 
logic markers, such as tumor microvessel density count, are 
established markers of tumor angiogenesis. Despite the “gold 
standard” attributes of microvessel density, it is invasive to 
obtain tissue, often in regions that are difficult to approach, and 
fraught with sampling error. Moreover, it lacks the functional 
information about angiogenesis and is often impractical for 
monitoring of response at several time points. Because the per- 
fusion profile of a lesion on dynamic contrast-enhanced CT 
(CECT) is a reflection of its underlying vascular signature, CT 
perfusion can be exploited to predict the status of tissue vascu¬ 
lar ity and therefore predict tumor biology.* Several studies have 
demonstrated the role of perfusion CT in evaluating tumor 
biology, including lesion characterization and assessment of 
tumor grade. 

Several studies have shown significant differences in tissue 
perfusion values between normal tissue and benign and malig- 
nant tumors in the liver, pancreas, and colon.* In general, 
malignant tumors demonstrate higher perfusion values 
(increased tumor perfusion and capillary permeability). In 
bowel, colorectal cancers demonstrate higher tumor perfusion 
compared with normal colonic wall. 5,10,39 Higher tumor perfu¬ 
sion can also be used to differentiate between colonic wall thick- 
ening in diverticulitis and colorectal cancer. 5,11 In the liver, 
perfusion CT allows an earlier detection of hepatic metastases 
because hepatic arterial perfusion in these patients is 
increased. The lesions are seen as an area with increased 
biood flow in comparison to the rest of the liver parenchyma. 
The baseline tumor perfusion in hepatic metastases can also be 
used to predict treatment outcome as metastatic lesions with 
higher perfusion have improved prognosis compared with 
those with lower perfusion. 46 ' 50 In patients with hepatocellular 
carcinoma (HCC), differentiation from backgro und liver is 
possible because of the higher perfusion seen in HCC (higher 
biood flow, biood volume, and permeability-surface area 
product). 9,24 

Perfusion CT also aids in evaluating tumor aggressiveness 
and helps differentiate between well-differentiated and moder¬ 
ately to poorly differentiated tumors. 9,24 In the pancreas, 
dynamic CECT allows characterization of hypervascular 
pancreatic tumors, such as insulinoma, that show higher perfu¬ 
sion. 1 The perfusion measurements of pancreatic neuroen- 
docrine tumors also correlate with histoprognostic factors. 15,51 
In the prostate, malignant foci have shown considerably 
increased perfusion values, and this potentially would allow 
identification of tumor foci, thus enabling targeted radiother- 
apy with minimal radiation to the surrounding tissues. 52 

Risk Stratification and Staging 

Tumor vascularity is a marker of tumor aggressiveness, and 
higher tumor vascularity is often indicative of aggressive biology 
and often associated with a poor outcome compared with less 
vascular tumors. 21,33 By depicting the vascular signature of 
tumors, CT perfusion has been shown to be valuable in risk 


stratification and tumor staging. 21 Patients with metastatic 
renal cell carcinoma with higher baseline tumor perfusion have 
been shown to have a poor prognosis. 53 In patients with rectal 
cancer, dynamic CECT has been shown to be more accurate and 
specific than conventional CT in characterizing local invasion. 4 
In HCC, baseline perfusion parameters have been shown to 
correlate with clinical outcome. 9 27 

Even in nononcologic settings, perfusion CT has been 
shown to be helpful in risk stratification. In patients with 
cirrhosis, perfusion changes depicted on CT correlate well 
with the severity of chronic liver disease. 55 56 In patients with 
acute pancreatitis, perfusion CT has been found to be sensi¬ 
tive for detection of pancreatic ischemia, which demonstrates 
reduced perfusion values compared with normal pancreas. 24 
The identification of ischemic areas can help predict the later 
development of pancreatic necrosis, which has therapeutic 
implications because its early detection and identification will 
allow induction of intensive care for these patients at the 
earliest to prevent infective complications and to improve the 
prognosis. 24 In patients with mesenteric ischemia, dynamic 
CECT has the potential role of identifying bowel at risk of 
ischemic injury. 

Monitoring Treatment Response 

Novel antiangiogenic drugs target tumor neoangiogenesis, 
which is mediated by circulating factors, such as vascular endo- 
thelial growth factor, fibroblast growth factor, and platelet- 
derived endothelial cell growth factor.* After successful response 
to therapy, there is a reduction in tumor perfusion, vascularity, 
and vascular permeability that precedes changes in tumor size. f 
Conventionally, therapeutic response to various treatment regi¬ 
mens has been monitored by serial assessment of tumor burden 
on CT or MRI according to criteria such as the Response Evalu- 
ation Criteria in Solid Tumors (RECIST) or World Health 
Organization criteria. 2 44 58 However, these traditional methods 
of response assessment are not effective in demonstrating 
early changes after treatment with targeted therapies because 
the functional and perfusional changes precede morphologic 
changes. 2,44,58 An ideal imaging marker for these therapies needs 
to be noninvasive, reproducible, readily available, and repeat- 
able and should dynamically reflect the microcirculatory func- 
tion in a living individual. 2, 44,58 Perfusion CT has particularly 
seen rising Utility in monitoring treatment response in various 
cancers to a number of therapeutic regimens, including chemo- 
radiation and novel antiangiogenic drugs. In addition to moni¬ 
toring treatment response, dynamic CECT could be used to 
predict response and prognosis. 

After a combined chemotherapy regimen of oxaliplatin and 
bevacizumab in HCC, CT perfusion demonstrated reduction in 
tumor vascularity that correlated with clinical response (Fig. 
70-2). 27 In rectal cancer, after combined chemoradiation includ¬ 
ing antiangiogenic therapy, a consistent decrease in tumor per- 
fusion (fali in biood flow and increase in mean transit time) was 
shown on CT (Fig. 70-3). 10,25,45 There is also evidence that CT 
perfusion has shown reduction in tumor perfusion after anti¬ 
angiogenic therapy in renal cell carcinoma and neuroendocrine 
tumors. 59,60 


References 7, 21, 22, 30, 31, 33, 44. _ 

References 5, 9, 10, 15, 18, 24, 27, 33, 45. References 14, 21, 25, 33, 45, 57. 

References 5, 9, 10, 15, 18, 24, 27, 33, 45. References 2, 14, 21, 25, 33, 44, 45, 57. 
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Figure 70-2 CT perfusion 
images obtained before 
and after treatment with 
antiangiogenic agent in a 
56-year-old man with 
hepatocellular carcinoma. Axial 
contrast-enhanced CT image in 
the dynamic phase (A) shows 
the avidly enhancing rounded 
hepatocellular carcinoma in 
the left lobe; corresponding 
colored perfusion map (B) 
demonstrates increased biood 
flow (102 mL/100 g/min). After 
antiangiogenic therapy, axial 
contrast-enhanced CT image 
(C) shows reduced enhancement; 
corresponding colored perfusion 
map (D) demonstrates reduction 
in the biood flow (15 mL/100 g/ 
min). 



Figure 70-3 CT perfusion 
images obtained before 
and after treatment with 
antiangiogenic agent in a 
72-year-old man with rectal 
cancer. Axial contrast-enhanced 
CT image in the dynamic phase 
(A) shows the avidly enhancing 
tumor in the rectum; 
corresponding colored perfusion 
map (B) demonstrates increased 
biood flow (78 ml/100 g/min). 
After treatment with 
bevacizumab, axial contrast- 
enhanced CT image (C) shows 
reduced enhancement; 
corresponding colored perfusion 
map (D) demonstrates reduction 
in the biood flow (20 mL/100 g/ 
min). 
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Perfusion Magnetic 
Resonance Imaging 

Perfusion MRI is a dynamic imaging technique that allows 
noninvasive characterization of tissue vasculature after the 
intravenous administration of a paramagnetic tracer. 28,61 ' 65 By 
quantifying the signal changes induced by the tracer in the 
tissue as a function of time, perfusion MRI allows evaluation of 
tumor perfusion and capillary permeability. 28,6165 Gadolinium- 
based contrast agents, such as gadopentetate dimeglumine, are 
frequently used because they have a sufficiently small molecular 
weight to allow visualization of lesion vasculature. 28,61 ' 65 Perfu¬ 
sion MRI has several advantages over perfusion CT, including 
lack of ionizing radiation, superior soft tissue contrast resolu¬ 
tion, and improved coverage of anatomy. The additional advan- 
tage includes the capability of performing functional imaging 
techniques, such as diffusion-weighted imaging and magnetic 
resonance spectroscopy, which provide complementary infor¬ 
mation in evaluation of tumor physiology and in monitoring 
treatment response. 

TECHNICAL PRINCIPLES 

Perfusion MRI involves sequential acquisition of images during 
the passage of gadolinium-based contrast agents through the 
particular tissue of interest and measures variations in vessel 
and tissue enhancement over time. It depicts the signal 
changes induced by gadolinium as it moves through the tissue 
as a function of time. 28,61 ' 65 Perfusion MRI or dynamic contrast- 
enhanced MRI (DCE-MRI) is typically performed with Tl- 
weighted imaging. 28,61,65 In general, T2-weighted images are not 
useful because of loss of T2 weighting after extravasation of 
tracer into the interstitial Space despite the strong T2 effects of 
intravascular tracers. 65 On the other hånd, TI weighting is not 
affected by tracer extravasation and therefore allows derivation 
of permeability measurements by analyzing the slow compo- 
nent of the signal. 65 For the same reason, the use of protein- 
bound gadolinium tracers must be avoided to allow permeability 
measurements. 28,61,65 

PROTOCOL 

The selection of the appropriate DCE-MRI technique should 
be tailored to the organ under investigation and involves selec¬ 
tion of the appropriate MRI sequences, contrast agent, injection 
protocol, and robust postprocessing software. 65 Because of im¬ 
proved contrast-to-noise ratio, 3T scanners are generally pre- 
ferred to 1.5T scanners for perfusion MRI. 65 A typical MRI 
perfusion sequence includes a precontrast Tl-weighted image 
followed by a series of Tl-weighted images after gadolinium 
administration. 65 Data acquisition is started 10 to 20 seconds 
before the bolus is injected to allow acquisition of a sufficient 
amount of precontrast data. A typical injection protocol in¬ 
cludes injection of 0.1 mmol per kilogram of body weight of 
gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA). 65 
The gadolinium agent is generally injected at a rate of 
2 mL/s. 65,66 The bolus of contrast material is flushed with 20 
to 30 mL of saline at the same injection rate. The acquisi¬ 
tion time is similar to that of CT perfusion; an acquisition 
time of 1 minute is usually adequate for perfusion measure¬ 
ments, with a longer time for permeability measurements, 
usually up to 5 minutes. 65 In tissues with slower enhancement, 


longer acquisitions may be required. 65 A sampling interval of 
less than 2 seconds is usually recommended for measurement 
of perfusion because the tracer transit time in the capillary 
bed is usually in the range of 3 to 5 seconds. 65 An optimum 
balance of the sampling interval is necessary as slower sampling 
permits improved spatial resolution and signal-to-noise ratio. 65 
Lower temporal resolution with longer sampling interval may 
be used for permeability measurements because the transit 
times in the extravascular space are longer on the order of 
minutes. 65 

The DCE-MRI sequences are most commonly either two- 
dimensional or three-dimensional gradient-echo sequences. 65 
The earliest perfusion MRI sequences had limited number of 
slices in the two-dimensional sequence because of the need to 
achieve higher temporal resolution. 65 However, with the intro- 
duction of parallel imaging and faster MRI sequences, three- 
dimensional gradient-echo sequences are increasingly used. 65 
Multiecho sequences are typically preferred because they elimi- 
nate any T2 effects. 65 Technologic advancements in DCE-MRI 
leading to shorter echo times and higher held strengths have 
improved the image quality. 65 One of the major impediments 
to perfusion MRI in the abdomen is the adverse effect of breath- 
ing motion. 65 This can be minimized by data acquisition in the 
breath-hold or triggering mechanism to ensure that the data are 
always acquired at the same point in the breathing cycle. 65 Mul¬ 
tiple breath-holds are usually necessary, which runs the risk of 
misregistration between different breath-holds and might affect 
quantification. 65 Triggering mechanism can reduce temporal 
resolution to below the requirements for accurate perfusion 
measurement. 65 

DATA ANALYSIS 

The analysis of the perfusion MRI data sets is usually per¬ 
formed on sophisticated workstations with dedicated perfusion 
software. The perfusion data set can be interrogated to obtain 
descriptive parameters, such as time to peak enhancement, 
area under the curve, or maximum enhancement, by use of 
the shape and structure of curves, plotting the signal intensity 
changes as a function of time. 61 ' 61 More robust evaluation of 
the tissue vascularity can be obtained by performing quan- 
titative analysis to measure physiologic parameters, such as 
tissue biood flow, biood volume, and interstitial volume or 
permeability surface area. 61 ' 6 Determination of quantitative 
or descriptive parameters can be done by ROI analysis or 
voxel-based analysis. 61 ' 6 ROI analysis involves manually or 
semiautomatically performing a ROI in the tissue of interest 
or lesion on one of the parametric maps, and this takes into 
account the average signal-time curves of all voxels in the 
ROI and gives the average over the ROI. 61 ' 65 Voxel-based analysis 
involves application of the postprocessing algorithm to each 
individual voxel, which allows depiction of the heterogeneity 
of perfusion or permeability within the organ or tumor. 61 ' 65 
Motion correction can also be applied at the postprocessing 
level to account for the misregistration artifacts. 65 This is 
performed by coregistration techniques with use of a refer¬ 
ence image to apply corrections. 65 This avoids the tedious 
process of redrawing the ROI for every individual dynamic 
image. 65 The various quantitative perfusion parameters include 
the biood flow, biood volume, permeability-surface area 
product, volume transfer constant (ir rans ), and rate transfer 
constant (X ep ). 65 
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CLINICAL APPLICATIONS 

The perfusion characteristics of tumors depicted on MRI have 
been shown to correlate with prognostic factors, such as his to - 
logic grade and overall survival. 61 64,66 Several studies have shown 
the value of DCE-MRI in monitoring tumor response to therapy 
and its role as an early indicator of treatment response. 61 ' 64,66 
The studies have been predominantly performed in cancers of 
the breast, cervix, bowel, liver, lung, and head and neck. 6 1-64,66 

Perfusion MRI not only estimates the tissue perfusion but 
also visualizes the heterogeneity in the angiogenic properties 
within an individual tumor. 61-64,66 The determination of hetero¬ 
geneity within the tumor tissue is crucial in assessing early 
therapy response and individualizing treatment regimens 
because it allows identification of a small subpopulation of 
tumor cells that are resistant to treatment. 64,66 However, gen- 
eralization of these results is diffkult because of the differences 
in technique and population studied. 61-64,66 

In a study of perfusion MRI in patients with rectal cancer, 
George and associates 67 showed that patients with higher 
baseline permeability measurements responded better to 
chemoradiation than those with lower permeability. Mayr and 
coworkers 68 showed that perfusion MRI could predict tumor 


recurrence on the basis of the enhancement rate within 2 
weeks of radiotherapy in cervical cancer patients, with poor 
enhancement having a high recurrence rate of 78%. Loncaster 
and colleagues 69 showed in a study of patients with cervical 
cancer that small tumors with enhancement showed a better 
survival (92%) versus larger poorly enhancing tumors (55%). 
Perfusion MRI has been found to be helpful in detecting re- 
sidual disease and in predicting early recurrence and identifying 
patients who are likely to benefit from salvage treatment. 61-63 
Persistent enhancement at the end of the treatment regimen 
is more likely to be associated with increased risk of recur¬ 
rence and poor survival. 61-6 ' In patients with cervical cancer, 
Boss and coworkers showed that early onset of enhancement 
after completion of a 6-week course of radiation treatment 
predicted recurrence and poor survival. 61,63 Perfusion MRI 
has been studied as a potential biomarker for antiangiogenic 
therapy. 64 Liu and associates, in a study of patients with cancers 
of the liver and lung, showed that K 4 ™ 118 and initial area under 
the curve had inverse correlation with axitinib plasma expo- 
sure. 64 In HCC, Sahani and colleagues 66 showed that perfusion 
MRI is a more sensitive biomarker in predicting early response 
and progression-free survival after sunitinib therapy compared 
with RECIST criteria (Fig. 70-4). 



Figure 70-4 MR perfusion images before and after sunitinib therapy in a 47-year-old-man with hepatocellular carcinoma. Pretreatment 
gadolinium-enhanced coronal Tl-weighted image (A) shows the enhancing mass in the dorne of the liver; the corresponding functional transfer 
constant (/d rans ) map (B) was obtained after postprocessing. Two weeks after sunitinib therapy, the tumor demonstrated a reduction in 
enhancement (C) and a 96% drop in K} rans (D). 
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Summary 

Perfusion imaging is finding increasing applications as a func- 
tional imaging tool in the held of oncology. Despite their short- 
comings, perfusion CT and MRI have the potential to play 
a crucial role in the management of patients with cancer, 


particularly as a biomarker for monitoring response to newer 
targeted therapies, such as antiangiogenic drugs. However, 
more collaborative research and robust validation are impera¬ 
tive before this innovative technique can find its Utility in 
routine clinical practice. 
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The acquisition of tissue from lesions that are neither visually 
apparent nor palpable has evolved from being performed in the 
operating room by surgeons to being performed percutane- 
ously by radiologists with image guidance. Image-guided per¬ 
cutaneous biopsies have also evolved from being reserved for 
large and superficial lesions to include small, deep, and precari- 
ously positioned lesions. With these changes has come a trend 
toward more outpatient procedures, fewer complications, and 
lower cost. Because radiologists are willing to perform biopsy 
of more challenging lesions, there has also been a trend toward 
imaging techniques with real-time guidance, such as ultraso¬ 
nography (US) or computed tomography (CT) fluoroscopy. 
In the past, the success of image-guided biopsies has depended 
not only on the expertise of the radiologist but also on that of 
the cytopathologist. Whereas a proficient cytopathologist is 
extremely advantageous, often enabling a sample consisting of 
only a minimal amount of tissue to be diagnostic, the increased 
use of core or cutting biopsy needles has diminished the overall 
impact of that contribution. 1 

The role of image-guided percutaneous biopsy is mainly to 
diagnose or to exclude the presence of malignant disease, to 
stage patients with a known malignant neoplasm, to monitor 
the response to tumor therapy, to confirm or to exclude recur- 
rent tumor, and to differentiate whether nodal enlargement is 
due to tumor or infection. Furthermore, biopsy techniques can 


be used to diagnose nonmalignant medical diseases in the 
liver and kidneys. For these “medical”-type biopsies, larger 
bore needles are generally required to obtain specimens for 
histology. 

The challenge facing radiologists is to provide a biopsy 
service whereby adequate tissue can be readily obtained from 
almost any lesion in the abdomen and pelvis, on almost any 
patient, with near real-time needle-tip visualization during 
both placement and sampling. This has numerous implications 
related to the coagulation status and condition of the patient, 
the choice of imaging modality, the choice of type and gauge of 
needles, and the transgression of normal structures. This 
chapter discusses the details of these techniques in a systematic 
fashion including the preprocedural evaluation, choice of 
modality for image guidance, choice of needles, biopsy plan¬ 
ning, specific organ-related details, and complications. 

Preprocedure Evaluation 

A complete preprocedure evaluation is an important compo- 
nent of an efficient and effective biopsy service. This evaluation 
should consist of reviewing prior diagnostic imaging studies, 
obtaining a bleeding history and appropriate laboratory studies, 
and obtaining written informed consent. We have found that 
incorporating physician extenders into the procedural approval 
process helps ensure that biopsies are performed as efficiently 
and safely as possible. Integration of physician assistants, nurse 
practitioners, and nurse coordinators allows the radiologist to 
focus on the procedure, improving throughput. Furthermore, 
many of these patient encounters, whether they are performed 
on an inpatient or elective outpatient basis, can be coded and 
billed as a specialty consultation, allowing the radiology group 
to be reimbursed appropriately. 

Review of prior diagnostic imaging studies will confirm the 
presence of a lesion suitable for biopsy and help in planning of 
a specific approach, choice of the appropriate guidance modal¬ 
ity, and characterization of the lesion to provide the pathologist 
with an appropriate differential diagnosis. The importance of 
reviewing prior imaging studies cannot be overstated. For 
example, a radiologist may be asked to biopsy a lesion that, on 
review, proves to be a benign hemangioma or cyst. 

The appropriate laboratory investigation of the patient 
before a biopsy remains the subject of debate. No single pub- 
lished guideline is widely accepted or used. This lack of consen- 
sus stems from the faet that no prospective evaluation of a large 
number of patients has been performed in which various 
factors, including patient history, specific type of procedure, 
and laboratory tests, have been compared with outeome. 2,3 

Silverman and colleagues 2 proposed a strategy for screening 
laboratory tests for abdominal interventional procedures based 
primarily on the bleeding risk of the procedure and screening 
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of patients for bleeding tendencies. Since the work by Silverman 
and coworkers, consensus guidelines have been published by 
the Society of Interventional Radiology 4,5 (Table 71-1). The rec- 
ommendations are based on available literature and consensus 
expert opinion but, admittedly, lack high-level evidence. As a 
result, the recommendations can conflict with other publica- 
tions. For example, in a review by O’Connor and associates, 6 
the international normalized ratio (INR) and platelet transfu¬ 
sion threshold for percutaneous liver biopsy were 2.0 or lower 
and 25,000/mL or higher, respectively, whereas, the Society of 
Interventional Radiology guidelines 4 5 recommend an INR and 
platelet transfusion threshold of 1.5 or lower and 50,000/mL or 
higher, respectively. The lack of high-level data contributes to 
the nonuniform pattern regarding management of hemostatic 
defects. It is likely that individual practitioners will tailor their 
guidelines to local expertise and patient comorbidities. 


A patient’s bleeding risk is also influenced by medication use, 
with emphasis on anticoagulant and antiplatelet agents. Anti- 
coagulant medications have traditionally included warfarin and 
unfractionated heparin. Newer anticoagulants include low- 
molecular-weight heparin (e.g., enoxaparin), indirect factor Xa 
inhibitors (e.g., fondaparinux, idraparinux, idrabiotaparinux), 
direct Xa inhibitors (e.g., rivaroxaban and apixaban), and direct 
thrombin inhibitors (e.g., lepirudin, argatroban, bivalirudin, 
dabigatran). The lack of objective data evaluating the peripro- 
cedural management of patients receiving anticoagulant or 
antiplatelet agents makes the proposal of general recommen¬ 
dations for the interventionalist difficult. The American College 
of Chest Physicians has proposed stratifying patients on the 
basis of risk for perioperative thromboembolism. 10 Patients are 
classified as being at low, moderate, or high risk for thrombo- 
embolic events (Table 71-2). By use of this classification scheme, 


Hematologic and Coagulation Parameters for Interventions 


Category 

1 

2 

3 

Procedure 

Low bleeding risk, easily detected 
and controllable (e.g., paracentesis, 
superficial aspiration, and biopsy) 

Moderate bleeding risk 
(e.g., intra-abdominal or 
retroperitoneal biopsy) 

Significant bleeding risk, difficult to detect or 
to control (e.g., renal biopsy) 

Tests 

INR: recommended only for patients 
receiving warfarin or with known or 
suspected liver disease 
aPTT: recommended only for patients 
receiving unfractionated heparin 

Platelet count: not routinely 
recommended 

Hematocrit: not routinely 
recommended 

INR: recommended 

aPTT: recommended only 
for patients receiving 
unfractionated heparin 

Platelet count: not routinely 
recommended 

Hematocrit: not routinely 
recommended 

INR: recommended 

aPTT: recommended 

Platelet count: recommended 

Hematocrit: recommended 

Management 

INR: correct to <2.0 

Platelets: recommend transfusion 
<50,000/(iL 
aPTT: no consensus 

Hematocrit: no consensus 

INR: correct to <1.5 

Platelets: recommend transfusion 
<50,000/pL 
aPTT: no consensus 

Hematocrit: no consensus 

INR: correct to <1.5 

Platelets: recommend transfusion <50,000/pL 

aPTT: correct so that value is <1.5 times control 
Hematocrit: no consensus 


aPTT, Activated partial thromboplastin time; INR, international normalized ratio. 

Modified from Society of Interventional Radiology consensus guidelines for periprocedural management of coagulation status and hemostasis 
risk in percutaneous image-guided interventions. 4,5 


Risk Stratification for Perioperative Thromboembolism 


INDICATION FOR ANTICOAGULATION 


Risk Stratum 


Mechanical Heart Valve 


Atrial Fibrillation 


VTE 


High (>10% 
annual risk of 
thromboembolism) 


Moderate (5%-10% 
annual risk of 
thromboembolism) 


Low (<5% 
annual risk of 
thromboembolism) 


Any mitral valve prosthesis 
Any caged-ball or tilting-disk aortic 
valve prosthesis 

Recent (within 6 months) stroke or 
TIA 

Bileaflet aortic valve prosthesis and 
one or more of the following risk 
factors: atrial fibrillation, prior 
stroke or TIA, hypertension, 
diabetes, congestive heart 
failure, age >75 years 
Bileaflet aortic valve prosthesis 
without atrial fibrillation and no 
other risk factors for stroke 


CHADS 2 score of 5-6 
Recent (within 3 months) 
stroke or TIA 
Rheumatic valvular heart 
disease 

CHADS 2 score of 3-4 


CHADS 2 score of 0-2 
(assuming no history of 
stroke or TIA) 


Recent (within 3 months) VTE 
Severe thrombophilia (e.g., deficiency of protein 
C or S or antithrombin, antiphospholipid 
antibodies) 

VTE within 3-12 months 
No severe thrombophilia (e.g., heterozygous 
factor V Leiden or prothrombin gene mutation) 
Recurrent VTE 

Active cancer (treated within 6 months or 
palliative) 

VTE > 12 months previous and no other risk 
factors 


CHADS 2 : 1 point is allotted for congestive heart failure, hypertension, age older than 75 years, and diabetes; 2 points are allotted for stroke or 
transient ischemic attack. 

TIA, Transient ischemic attack; VTE, venous thromboembolism. 

Modified from the 2012 American Association of Chest Physicians guidelines for perioperative management of antithrombotic therapy. 10 
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Management of Commonly Used Anticoagulant and Antiplatelet Agents 


Medications 


Category 1 Procedure 
(Low Bleeding Risk) 


Category 2 Procedure 
(Moderate Bleeding Risk) 


Category 3 Procedure 
(Significant Bleeding Risk) 


Warfarin 

Heparin (unfractionated) 
Low-molecular-weight 
heparin (therapeutic dose) 
Aspirin* 

Clopidogrel* 


Withhold 3-5 days (INR < 2.0) 
No consensus 

Withhold 1 dose or 12 hours 
before procedure 
Do not withhold 
Withhold 0-5 days before 
procedure 


Withhold 5 days (INR <1.5) 

No consensus 

Withhold 1 dose or 12 hours 
before procedure 
Do not withhold 

Withhold days before procedure 


Withhold 5 days (INR < 1.5) 

Withhold 2-4 hours before procedure 
Withhold 2 doses or 24 hours before 
procedure 

Withhold 5 days before procedure 
Withhold for 5 days before 
procedure 


INR, International normalized ratio. 

*Patients unable to safely discontinue medications for any number of medical reasons, including but not limited to recent coronary or 
cerebrovascular stents, should be afforded a degree of variance from these guidelines. 

Modified from Society of Interventional Radiology consensus guidelines for periprocedural management of coagulation status and hemostasis 
risk in percutaneous image-guided interventions. 4,5 


patients with the highest thromboembolic risk and scheduled 
to undergo a procedure with a high hemorrhagic risk (e.g., renal 
biopsy) stand to benefit the most from interruption of antico- 
agulation and bridging with an anticoagulant with a short 
half-life (e.g., enoaparin). In observational studies, this regimen 
was associated with a 1% to 2% incidence of thromboembolic 
events in the high-risk gro up. 1 2 There is a paucity of evidence 
to guide the use of bridging anticoagulation for moderate- and 
low-risk categories. 

If anticoagulation can be withheld, it is frequently helpful 
to allow a time lapse of five half-lives, which corresponds to 
a residual drug activity of 3% from the initial dose. Whereas 
making decisions based on the half-life of a drug is reasonable, 
clearance can be affected by drug-drug interactions, differences 
in metabolism, and genetic influences. 5 If a procedure requires 
more urgency, an elevated INR may be reversed immediately 
by administering fresh frozen plasma. Alternatively, vitamin K 
can be used to reverse the effects of warfarin. 13 An elevation 
of partial thromboplastin time induced by heparin may be 
reversed with protamine, a heparin antagonist. Low-molecular- 
weight heparin (i.e., enoxaparin) has a half-life of 4.5 to 7 
hours, based on anti-Xa activity. In general, most percutaneous 
interventions in the abdomen and pelvis can be performed 
after withholding of the therapeutic dose on the morning of 
the procedure. 

Similar to anticoagulants, antiplatelet agents can also increase 
a patient s hemorrhagic risk during surgery. 14,15 Platelet inhibi¬ 
tors include aspirin, thienopyridines (clopidogrel, prasugrel, 
ticlopidine), and glycoprotein Ilb/IIIa inhibitors (e.g., abcix- 
imab, eptifibatide, tirofiban). Appropriate management of anti¬ 
platelet agents is determined by the indication. Most common 
indications include secondary prevention of ischemic cardiac 
events, post-coronary stenting, and secondary prevention of 
cerebrovascular events. 16 Stopping of these agents should be 
considered carefully. At our institution, it is common to consult 
the treating cardiologist before cessation to better understand 
the risks associated with stopping of the medication against the 
hemorrhagic risk of the procedure. If a cardiac event occurred 
within 1 year and the patient is taking aspirin or clopidogrel, 
we generally perform the biopsy without stopping the medica¬ 
tion but inform the patient of the increased hemorrhagic risk. 
Aspirin, clopidogrel, prasugrel, and ticlopidine irreversibly 
inhibit platelet function, making the half-life of the drug irrel¬ 
evant. 17 For each day that one of these agents is withheld, 


approximately 10% to 14% of the normal platelet function is 
restored, taking 7 to 10 days for the entire platelet pool to be 
replenished. 18,19 On the other hånd, dipyridamole, cilostazol, 
and nonsteroidal anti-inflammatory drugs reversibly inhibit 
platelet function, and their effects are dependent on the elimi¬ 
nation half-life. 10 The Society of Interventional Radiology has 
published consensus guidelines on appropriate management of 
anticoagulant and antiplatelet medications (Table 71-3). 

Written informed consent should be obtained from each 
patient. The biopsy procedure should be described to the patient 
thoughtfully in laymans terms. Patients should be informed of 
the risk of bleeding and infection and that biopsy of upper 
abdominal lesions may result in a pneumothorax and possibly 
chest tube placement. Patients should be informed that multiple 
needle passes may be required, the specimen may not be diag- 
nostic, and additional work-up may be necessary. Patients with 
lesions near bowel are at risk of bowel injury and abscess, 
although this complication, surprisingly, has only rarely been 
reported. The preprocedure visit is also an excellent opportu- 
nity to assess various factors, such as the patient’s airway, ability 
to lie in the desired position, and level of anxiety. All these 
variables play a role in deciding the level of sedation (i.e., mod¬ 
erate sedation, often administered by the radiologist, or a higher 
level of sedation requiring an anesthesiologist). A detailed home 
care instruction form is reviewed with each patient before the 
biopsy that explains which symptoms are to be expected after 
the biopsy and which symptoms raise the question of a com¬ 
plication. This form provides a list of contact telephone numbers 
in case a complication occurs. 

Choice of Modality for 
Image Guidance 

Numerous modalities are available for performing image-guided 
percutaneous biopsies: fluoroscopy, US, CT (with or without 
fluoroscopic capability), and magnetic resonance imaging 
(MRI). Each of these techniques has strengths and weaknesses as 
well as specific indications, and they are discussed next. 

FLUOROSCOPY 

Fluoroscopy is used sparingly within the abdomen and pelvis 
and is reserved for lesions that are large, superficial, or calcified. 
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Fluoroscopy can also be used on occasion to perform a biopsy 
of obstructing lesions, such as a cholangiocarcinoma located 
adjacent to or surrounding a surgically or endoscopically placed 
stent. US, however, can also accomplish this task. Preliminary 
cross-sectional imaging with CT, US, or MRI is important to 
determine which intervening structures the needle may trans - 
gress en route to the lesion. 

ULTRASONOGRAPHY 

The use of US for image-guided biopsies is generally preferred 
for its accuracy, safety, decreased costs, decreased procedure 
time, widespread availability, multiplanar capabilities, and flex- 
ible patient positioning. US has the major advantage of direct 
real-time visualization of the needle tip during both placement 
and sampling. 20 This advantage not only aids in avoiding biood 
vessels but also helps ensure that sampling is restricted to the 
lesion. Furthermore, compression with the US transducer is a 
major advantage in that it not only reduces the distance between 
the skin surface and the lesion but also displaces bowel and 
other structures. Color Doppler US should be used to assess 
lesion vascularity and to avoid transgression of nearby vascular 
structures. 

Careful sampling of the lesion alone is particularly impor¬ 
tant in certain scenarios, such as in differentiating a hepatocel- 
lular adenoma from focal nodular hyperplasia. The conspicuous 
absence of bile duet epithelium in adenomas is the key to dif¬ 
ferentiating these two hepatocyte-containing lesions. Therefore, 
if one is performing a biopsy of an adenoma and the needle tip 
ventures beyond the margins of the lesion into normal hepatic 
parenchyma, the bile duet constituents that are aspirated may 
cause the cytopathologist to inadvertently diagnose the lesion 
as a focal nodular hyperplasia. This could lead to an error in 
diagnosis, which is important to avoid; many adenomas are 
surgically resected because they are considered to be premalig- 
nant and can undergo spontaneous hemorrhage. 

The disadvantages of US include the obscuration of some 
lesions by intervening lung, bone, or bowel. An angled approach 
or transducer compression can be used to improve visualiza¬ 
tion. Needle-tip visualization can be difficult with modern 
transducers that are narrowly collimated. This difficulty can be 
reduced by using an attached needle guide. Visualization can 
also be poor in larger patients, in whom sonographic tissue 
penetration is poor. Finally, ultrasound of solid abdominal 
viscera is limited in the setting of tissue heterogeneity (e.g., liver 
cirrhosis). Contrast-enhanced CT and MRI are excellent tools 
to detect lesions within solid organs. 21,22 Image fusion of 
contrast-enhanced CT or MRI examinations with US allows 
ultrasound-guided biopsies to be performed with high success 23 ; 
however, the technique requires additional hardware for needle 
tracking and software for coregistration. 

The two main techniques of US-guided biopsies are the free- 
hand technique and the attached needle guide technique. 8 9 The 
freehand technique has the advantages of allowing many more 
degrees of freedom and the ability to separate the needle and 
the transducer, an approach that often results in better needle 
visualization. The main disadvantage is the steep learning curve 
because needle-tip visualization can be difficult and time- 
consuming. The attached needle guide has the advantages of a 
shallow learning curve with easier and quicker needle-tip visu¬ 
alization. Disadvantages include a significant reduction in the 
degrees of freedom and the modest cost of the apparatus. 


COMPUTED TOMOGRAPHY 

CT is widely used for image guidance in the United States pri- 
marily because of equipment availability and user preference. 
CT has the advantages of very high spatial resolution and lack 
of imaging “blind spots.” Furthermore, the depiction of inter¬ 
vening structures is superb. Disadvantages include the exposure 
to ionizing radiation, the lack of direct real-time needle-tip 
visualization, the difficulty encountered in the biopsy of moving 
lesions, and the high cost. Although CT is limited to the axial 
plane, the ability to angle the gantry up to 30 degrees allows 
some limited flexibility in needle placement, particularly in the 
cephalocaudal direction. An alternative to angling the gantry is 
to use the triangulation method, in which three points com- 
posed of the lesion (A), the skin overlying the lesion (B), and a 
point either cranial or caudal to the lesion (C) are selected in 
the same parasagittal plane. The position of C should be selected 
such that a line formed between A and C does not transgress 
any critical structures (see later, routes to avoid). These three 
points form a right triangle, and by trigonometry, the length 
and angle of insertion can be calculated (Fig. 71-l). 24 

CT fluoroscopy is capable of providing six to eight lower 
resolution and low-milliampere images and near real-time 
needle-tip visualization. 10 This technique reduces the time 
advantages of US considerably and improves the targeting of 
moving lesions. It is particularly useful for procedures involving 
deep structures, such as retroperitoneal masses, or for proce¬ 
dures involving organs prone to respiratory motion, such as the 
liver. CT fluoroscopy may use a quick check technique, which 
is analogous to conventional CT. This technique uses single- 
section CT fluoroscopic images to check needle location and to 
confirm appropriate alignment. Continuous CT fluoroscopic 
images may be obtained in the region of the needle when the 
needle tip is difficult to localize, such as when it is in an oblique 
or a transverse plane. This technique is analogous to conven¬ 
tional CT, except reconstruction times are faster and 



Figure 71-1 An 87-year-old man with melanoma. Parasagittal 
reformation ofan intravenous and oral contrast-enhanced CT of the 
upper abdomen reveals a right adrenal mass. Because biopsy of the 
lesion through an axial approach would have transgressed lung, 
the triangulation method was used. Three points are selected: A, the 
lesion; B, the skin overlying the lesion; and C, a point either cranial or 
caudal to the lesion. The position of C was selected such that a line 
formed between A and C did not transgress any critical structures. 
These three points form a right triangle, and by trigonometry, the 
needle length distance and angle of insertion were appropriately 
calculated. Fine-needle aspiration revealed metastatic melanoma. 
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the radiologist may manually position the table. Continuous 
fluoroscopy denotes the use of continuous fluoroscopic expo- 
sure during needle advancement or manipulation. It is wise to 
use forceps as a needle holder to prevent primary beam irradia¬ 
tion of the radiologist’s hånds. 

Radiation doses to the patient and radiologist are higher in 
CT fluoroscopy than in conventional CT; however, observed 
doses have fallen with the trend toward the quick check tech- 
nique and modulation of two scanner parameters, which 
are usually readily displayed: CT dose index and dose-length 
product. These parameters can be lowered by modifying the 
longitudinal scan length, number of scans, and tube current- 
exposure time product (milliampere x second [mAs]). 25 

Solid masses, which are isodense to surrounding organ 
parenchyma, are difficult to biopsy. Intravenous contrast mate- 
rial may be administered to increase lesion conspicuity. We 
recommend administering intravenous contrast material after 
placement of the guide needle or biopsy needle near the lesion, 
based on anatomic landmarks. 

MAGNETIC FIELD-BASED ELECTRONIC 
GUIDANCE SYSTEM 

Electromagnetic navigation systems have been developed to aid 
in near real-time needle tracking. The technology uses real-time 
positioning information obtained when a probe containing 
embedded sensors is moved within a magnetic held during CT- 
or US-guided procedures. 26 The postprocessed images allow 
the operator to quickly assess the needle trajectory before en ter¬ 
ing the patient’s skin. As the needle is advanced down to the 
lesion, the screen displays the real-time needle position by over- 
laying it on a preprocedural CT or US set of images. This tech¬ 
nology helps facilitate out-of-plane biopsy approaches. 

MAGNETIC RESONANCE IMAGING 

MRI has been used sparingly for guiding percutaneous biopsies, 
although the roadblocks to use of this modality are diminish- 
ing. The advan tages of MRI include high spatial resolution, very 
high inherent tissue contrast, lack of ionizing radiation, real¬ 
time capability, and virtually unlimited multiplanar imaging 
planes, which facilitates needle placement for lesions not 
readily accessible with a traditional axial approach (Fig. 71-2). 


Disadvantages include the requirement for MR-compatible 
supplies and monitoring equipment, the considerable time 
commitment, and the high cost. Many of these disadvantages, 
however, are significantly reduced or eliminated with the open 
or dedicated interventional units, which allow placement of the 
needle while the patient is in the bore of the magnet and use 
fast imaging sequences that provide near real-time guidance. 28 
The use of lower held strength in an open system decreases the 
signal-to-noise ratio and results in longer acquisition times but 
may still be sufficient for lesion visualization. 29 The high inher¬ 
ent tissue contrast attainable on noncontrast MRI can be a 
major advantage; in most practices, this modality is used selec- 
tively in patients with lesions that are not well seen on US 
and CT. This imaging scenario, however, is infrequent in the 
abdomen. 

Choice of Needles 

In choosing a needle for image-guided biopsy, the first issue to 
address is what technique will be used to acquire the sample. A 
single-needle technique uses a new needle for each pass. This is 
limited by the necessity of imaging guidance for each pass, 
resulting in long procedure times, need to traverse structures 
with each pass, increase in the risk of complications, and 
increased radiation exposure when CT guidance is used. 30 In the 
tandem technique, a small-caliber needle is first used to localize 
the lesion with image guidance. A larger caliber biopsy needle 
is then advanced parallel to the localizing needle without 
imaging guidance. This technique is limited by multiple organ 
punctures and imprecise needle-tip localization. 30 At our insti¬ 
tution, most operators use a coaxial technique, during which a 
guide needle is advanced down to the lesion under imaging 
guidance. Biopsy needles are then advanced coaxially through 
the guide needle. The drawbacks include having to use a larger 
caliber guide needle to accommodate the biopsy needle and that 
subsequent passes may follow the same path and yield little 
diagnostic tissue. 30,31 

Guide needles are available in a wide range of size, length, 
and tip configuration. In general, the needles used for biopsies 
in the abdomen and pelvis range in size from 16- to 19-gauge 
and 5 to 20 cm in length. The tips of the guide needles may have 
an angled bevel or a stylet with a sharp point. A drawback of 
the beveled needles is that they may deflect away from the 



Figure 71-2 MRI of a 76-year-old woman with ampullary carcinoma. A. Axial T2-weighted MRI demonstrates a 1.2-cm T2 hyperintense 
lesion in the hepatic dorne (arrow). B. Coronal MRI demonstrates the biopsy needle within the hepatic dorne lesion ( arrowhead). Given its 
multiplanar capabilities, MRI facilitates biopsy of lesions that would be difficult to target by conventional axial approaches. Fine-needle aspiration 
revealed hepatocytes with focal chronic inflammatory cells. 
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Figure 71-3 Biopsy needles. 


intended target as they pass through tissue interfaces, which 
renders accurate needle placement somewhat more difficult. 
Needles with a pointed stylet tend to track along a straight line. 
The Hawkins-Akins needle (Cook Medical, Inc., Bloomington, 
Ind) also contains an interchangeable blunt stylet, which reduces 
the risk of injury to bowel, nerves, and biood vessels. 32-34 

Many biopsy needles are available. These can be broadly 
grouped into aspirating and cutting needles (Fig. 71-3). The 
aspirating needles are usually 20- to 25-gauge and are designed 
to yield individual cells or small dumps of cells that can be 
spread into a single cell layer for cytopathologic analysis. The 
“skinny” 22- or 25-gauge needle, although in widespread use, is 
very flexible and particularly susceptible to bending and deflec- 
tion. At times, however, the purposeful bending of such a thin- 
gauge needle can aid in targeting lesions that would be difficult 
to access otherwise. A curved needle placed coaxially through a 
straight needle is advantageous because it can compensate for 
inaccurate guide needle placement and can also sample differ- 
ent regions of a lesion without having to manipulate the outer 
needle. 35 If a curved needle is used without a guide needle, care 
should be taken in inserting the needle as rotation of the needle 
may result in a lacerating effect. 36 

Many radiologists attach a syringe and tube to the needle 
to apply suction during the actual biopsy. We have abandoned 
the use of this suction method in favor of simply removing 
the stylet and relying on natural capillary forces and mechani- 
cal agitation to draw tissue into the needle/ The main advan- 
tage of the nonsuction technique is that the specimens are 
usually free of biood. Fibrin clots form quickly within bloody 
aspirates, rendering them difficult to smear onto a glass slide. 
Also, the presence of abundant erythrocytes obscures cellular 
detail. 

The cutting needles, usually 14- to 20-gauge, are designed to 
obtain a core of tissue suitable for histologic analysis. Most 
radiologists have adopted the use of automated cutting 
needles. 38,39 These automated needles have an inner slotted 
stylet for the specimen and an outer cutting stylet. They con- 
sistently provide an excellent core of tissue. Manufacturers have 
designed single-use automated or semiautomated cutting 
needles that are so lightweight they will maintain their position 
during the movement of patients in and out of the CT gantry. 
Cutting needles with a short, long, or adjustable excursion are 
available. Many of these needles lend themselves to a coaxial 
technique, permitting several biopsy samples to be obtained 
from a single skin and organ puncture. In a blinded evaluation 
of 20 automated cutting biopsy devices, the best overall perfor- 
mance was obtained with 18-gauge needles with at least a 2-cm 
excursion. 38 


It has been suggested that radiologists should use the small¬ 
est gauge needle possible in performing biopsy procedures. 
Researchers have explored the effect of needle gauge on organ 
bleeding in the pig model. 11 This work shows that in general, 
larger needles produce greater bleeding. The research also shows 
that large needles yield greater amounts of tissue. To the extent 
that each needle pass carries risk, the maximum tissue yield can 
be obtained at minimum risk by performing fewer passes with 
a larger needle. There are two caveats to consider. First, cytopa- 
thologists prefer to analyze a thin layer of single cells or dumps 
of cells. Samples obtained from thin needles (i.e., 20- to 
25-gauge) may be easier to smear into a single cell layer than 
samples from larger needles (14- or 18-gauge). Second, use of 
cutting needles is riskier than use of aspirating needles. If the 
knifelike blade of the cutting needle encounters an artery or a 
vein, the vessel will be lacerated and bleed. In contrast, aspirat¬ 
ing needles tend to displace rather than to cut tissue. 

MRI is used to guide tissue biopsies particularly in the 
central nervous system and breast. 29,42 Dedicated MR-specific 
needles are now available, 43 although the selection of biopsy 
needles and sizes is considerably more limited than with the 
ferromagnetic needles traditionally used in US and CT cases. 
These nonferromagnetic needles are readily visualized as a 
signal void and are safe to use in the magnetic field. Use of a 
ferromagnetic needle, on the other hånd, can cause consider- 
able image distortion that may obscure the lesion of interest and 
hinder precise needle localization. In addition, they may be 
torqued or deflected in the magnetic field, raising questions 
about their safety. 

It is vital to coordinate needle selection with the pathologist 
who will interpret the case. If the pathologist is skilied in cyto¬ 
pathology, small-bore (20- to 25-gauge) aspirating needles are 
recommended. If the pathologist prefers samples for histologic 
analysis, larger bore cutting needles are appropriate. Some 
groups perform a cytopathologic touch preparation for samples 
obtained with core needles. This technique allows a rapid pre- 
liminary diagnosis and preserves the core material for perma¬ 
nent fixation and sectioning. 

Biopsy Planning 

In planning the approach to a lesion, one must decide not only 
on the needle type but also on the needle route, the guidance 
modality, and the most efficient and comfortable patient posi¬ 
tion. The choice of needle route to a lesion will be based on the 
presence of intervening structures. Because needle passage 
through an organ creates both an entrance and an exit wound, 
this is indeed an important consideration. Whereas some organs 
tolerate this type of transgression, others do not, and hence- 
forth these are referred to as acceptable and unacceptable 
transgressions. 

ACCEPTABLE ROUTES 

Organs through which needle transgression is acceptable 
include the liver, lungs, and gastrointestinal tract. The liver, 
because of its size and solid nature, provides not only a window 
for sonographic imaging of the upper abdomen but also an 
access route for the biopsy of deep masses. This includes masses 
involving the gallbladder, pancreatic head and body, porta 
hepatis, adrenal giand (Fig. 71-4), and, on occasion, right 
kidney. Needles ranging up to 14-gauge in caliber and of all 
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types are usually well tolerated as long as biood vessels are 
avoided. 

The lungs can usually be avoided when US is used for guid- 
ance because an off-axis approach allows one to angle the trans¬ 
ducer cranially to avoid the pleural Space. Even when the pleural 
space is violated, the lung parenchyma itself is often spared, 
reducing the risk of pneumothorax considerably. When CT is 
used to biopsy subdiaphragmatic lesions, lung transgression is 
sometimes unavoidable, although this is usually well tolerated 
when needles of 20-gauge or smaller are used, and, typically, 
chest tube placement is unnecessary. 

The gastrointestinal tract can also tolerate needle transgres¬ 
sion. The stomach, being thick walled, can tolerate puncture 
with needles up to 18-gauge or even larger. Transgression of the 



Figure 71-4 CT scan of a 66-year-old man with lung carcinoma. 

Axial noncontrast CT of the upper abdomen reveals an enlarged left 
adrenal giand ( arrow ) adjacent to the gastric fundus/proximal gastric 
body ( arrowheads ). The left adrenal giand was biopsied with a 
transhepatic approach. The liver tolerates needle transgression well 
as long as biood vessels are avoided. Fine-needle aspiration revealed 
metastatic carcinoma. Of note, the patient was initially scanned in the 
prone and left lateral decubitus positions in the hope of accessing the 
lesion posteriorly, but the intervening left kidney prevented this 
approach. 


stomach, however, can be challenging because the wall is resil- 
ient and the needle may induce a peristaltic contraction. 

Some interventionalists hesitate to transgress the small bowel 
because of its thin wall and fear of perforation and abscess 
formation. However, in our experience using 20-gauge needles, 
such transgressions are well tolerated. Newer 20-gauge auto¬ 
mated cutting needles are particularly useful for the biopsy of 
deep lesions or lymph nodes because transenteric excursion 
is virtually unavoidable. Transducer compression effectively 
reduces lesion depth by displacing or flattening bowel and 
adipose tissue (Fig. 71-5). 45,46 

Transcolonic needle excursion is somewhat more controver- 
sial because of the fear of bacterial contamination within the 
peritoneal cavity. However, as with the small bowel, the colon 
is undoubtedly violated at times during US-guided biopsies 
using transducer compression. Passing a needle through stool- 
filled bowel, which may be unavoidable with CT, may be another 
issue, at least empirically (Fig. 71-6). In this scenario, it may be 
prudent to administer antibiotics (e.g. gentamicin 80 mg intra- 
muscularly within 60 minutes prior to the procedure plus 
250 mg ciprofloxacin twice daily orally for 5 days following the 
procedure). As with the small bowel, whenever colon transgres¬ 
sion is anticipated, a needle on the order of 20-gauge or smaller 
is recommended. 

Hydrodissection is a technique in which structures can be 
safely displaced away from the targeted mass. 34 Fluids, such as 
physiologic sterile saline, can be safely infused to create an arti¬ 
ficial space and allow safe passage of a biopsy needle (Fig. 71-7). 
Hydrodissection generally works well in the retroperitoneum 
(e.g., to widen the paravertebral space before adrenal biopsy or 
to displace the ascending colon, descending colon, or second 
portion of the duodenum). 3 In the peritoneum, however, this 
technique is limited as fluid diffusion within the peritoneal 
cavity and mesenteric folds becomes difficult to control. 4 

Transgression of vascular structures should be avoided 
whenever possible. Nevertheless, there is anecdotal evidence to 
suggest that the aorta is tolerant of needle transgression (Fig. 
71-8). Certainly, early interventional experience with translum- 
bar aortography using 16- and 18-gauge needles corroborates 
this contention. 48 Additional reports describe transaortic endo- 
scopic US (EUS)-guided fine-needle aspiration of thoracic 
para-aortic lesions using 22- and 25-gauge needles as safe. 49,50 
Transgression of the inferior vena cava is also feasible, safe, and 



Figure 71-5 Images of a 57-year-old man with abdominal pain and weight loss. A. Axial CT of the upper abdomen with contrast material 
reveals a rounded fullness in the pancreatic head with subtle hypoattenuation changes (arrow). Note numerous biood vessels anterolateral to the 
pancreatic head as well as colon and jejunum anteromedially. B. Gray-scale ultrasound in the transverse plane reveals a hypoechoic, rounded 
mass in the region of the pancreatic head ( arrowheads ). Note that with transducer compression, there has been considerable decrease in the 
distance from the skin to the mass as well as displacement of intervening bowel. Fine-needle aspiration revealed adenocarcinoma. 
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Figure 71-6 CT of a 70-year-old woman with abdominal pain and 
jaundice. The patient underwent preliminary endoscopic retrograde 
cholangiography (not shown) suggesting a mass involving the distal 
common bile duet. A plastic biliary stent was inserted. Follow-up 
noncontrast axial CT scan of the upper abdomen reveals some 
rounded fullness of the pancreatic head but no obvious mass. 
Percutaneous biopsy was performed by an anterior transcolonic 
approach. Because no obvious mass was identified, biopsy samples 
were taken adjacent to the stent ( arrow ). Fine-needle aspiration 
revealed adenocarcinoma. There were no hemorrhagic or infeetious 
complications. 


Figure 71-8 CT of a 59-year-old man with back pain and weight 
loss. Preliminary CT revealed a mass in the pancreatic head and neck 
encasing the celiac axis and superior mesenteric artery. The mass 
subsequently underwent biopsy percutaneously in the prone position 
by a retroperitoneal approach. Initial needle placement revealed 
aortic violation. The needle was subsequently repositioned into 
the pancreatic mass, and fine-needle aspiration revealed 
adenocarcinoma. There were no hemorrhagic complications as a 
result of aortic transgression. 


Figure 71-9 CT of a 76-year-old woman with non-small cell lung 
carcinoma. Axial CT of the abdomen with contrast material reveals 
a small lymph node anterior to the inferior vena cava (arrow). An 
18-gauge Chiba needle was advanced to the posterior wall of the 
inferior vena cava, and multiple passes were obtained with a 
22-gauge Chiba needle through the inferior vena cava into the lymph 
node. Cytology revealed metastatic carcinoma. Follow-up CT imaging 
obtained 15 minutes after biopsy demonstrated no hemorrhage. 


ROUTES TO AVOID 

A needle path through the panereas should be absolutely 
avoided. In a review of percutaneous abdominal sampling by 
Smith, 53 pancreatic biopsy accounted for the second-most 
number of deaths. Whereas liver biopsy is associated with a 
higher number of deaths, it is important to consider that the 
liver is the most commonly sampled abdominal organ. In 
Smith’s review, there were six deaths from pancreatic biopsy, 
and five were due to panereatitis. In each of these five cases, no 


Figure 71-7 CT of a 55-year-old man with confluent adenopathy 
along the lesser curvature of the stomach ( arrows ). An 18-gauge 
Hawkins-Akins needle was advanced into the left paravertebral space, 
and approximately 30 ml_ of sterile 0.9% saline was injected to create 
an artificial space to avoid pulmonary transgression. Fine-needle 
aspiration biopsy revealed diffuse large B-cell lymphoma. A chest 
radiograph after the procedure demonstrated no pneumothorax. 


well tolerated, as illustrated by studies using CT-guided fine- 
needle aspiration biopsy of pancreatic and peripancreatic 
lesions by a posterior transeaval approach. 51,52 The 18-, 20-, and 
22-gauge needles have been used with diagnostic accuracy rates 
of 86%. 51 At our institution, we advance an 18-gauge Chiba 
guide needle to the posterior wall of the cava and traverse the 
cava wall with a 22-gauge aspirating needle and have expanded 
the use of this technique to other retroperitoneal lesions along 
the inferior vena cava (Fig. 71-9). 
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Figure 71-10 CT of a 48-year-old woman with breast carcinoma. 

Axial CT of the upper abdomen with contrast material reveals a small 
nodule in the left adrenal giand. The right adrenal giand was normal. 
The left adrenal mass underwent biopsy percutaneously through an 
intercostal and transpancreatic approach. Because normal pancreatic 
parenchyma is prone to development of pancreatitis when it is 
transgressed, this technique is not recommended. Fine-needle 
aspiration revealed no evidence of malignant transformation. 


tumor was found. One plausible explanation is that when small 
lesions are biopsied, the needle probably transgresses normal 
pancreatic parenchyma, causing enzyme release. Thus, at our 
institution, it is our policy to avoid needle paths through normal 
pancreas. This is true for both dedicated pancreatic biopsies and 
transpancreatic biopsies of deeper lesions (Fig. 71-10). 

The following needle paths should be avoided, if possible: 
through the spleen, adrenals, and kidneys. The spleen is a 
solid but soft organ that, like the liver, can provide a window 
to the left upper quadrant, particularly when it is enlarged. 
However, because of its well-known susceptibility to blunt 
trauma, there is concern that a splenic biopsy might result in 
capsular rupture. Transsplenic needle excursion is even more 
of a concern than splenic biopsies because the capsule is punc- 
tured twice. Although complications related to needles and 
the spleen may be overestimated, we recommend avoiding this 
organ when needles are placed in the left upper quadrant. 
The adrenals and kidneys are both associated with hemorrhagic 
complications of biopsy. Although retroperitoneal hemorrhage 
after these types of biopsies is often asymptomatic, even when 
it is substantial, transadrenal or transrenal needle excursion 
is not recommended. 

Specific Organ-Related Techniques 

LIVER 

The liver is a vascular but relatively resilient organ that tolerates 
needle placement well, whether for biopsy of a focal liver abnor- 
mality, for biopsy of hepatic parenchyma, or to be traversed 
en route to a deeper lesion. Needles up to 14-gauge are com- 
monly used without difficulty. The liver capsule is richly inner- 
vated; therefore, copious infiltration of the capsule with a local 
anesthetic, such as lidocaine, is necessary to achieve adequate 
pain control during needle placement. The liver can usually 
be accessed through a subcostal, subxiphoid, or intercostal 
approach. The last approach is typically the most difficult, and 



Figure 71-11 Ultrasonogram of a 63-year-old man with small cell 
lung cancer. Gray-scale ultrasound reveals a large hypoechoic mass 
located deep in the left hepatic lobe ( arrow ). The mass underwent 
biopsy percutaneously by a subcostal approach. Fine-needle 
aspiration revealed metastasis. 



Figure 71-12 Ultrasonogram of a 51-year-old man with 
melanoma. Color ultrasound of the liver following percutaneous 
needle biopsy of a hypoechoic hepatic mass (long arrows). The 
needle transgressed approximately 1 cm of normal hepatic 
parenchyma (short arrows). As the needle ( asterisk) was removed from 
the liver, a tract of biood was evident along the needle path 
( arrowhead) toward the liver capsule. There was, however, no 
evidence of subcapsular accumulation of biood, and the track 
resolved within 30 to 60 seconds. 

care should be taken to avoid the intercostal neurovascular 
bundle, which courses along the inferior margin of each rib. 
Real-time guidance during needle placement is also helpful for 
avoidance of major portal and hepatic veins. It is advantageous 
to interpose a cuff of normal parenchyma (at least 1 cm) between 
the liver capsule and the margin of a lesion, and this task is more 
easily accomplished with US by an off-axis approach (Fig. 71 -11 ). 

Fine-needle aspiration of focal abnormalities for cytology is 
typically performed with a 20- to 22-gauge aspirating needle, 
either a Chiba or Franseen. Medical biopsy of hepatic paren¬ 
chyma for histology is typically performed with a 20-gauge 
cutting needle, many of which have a spring-loaded rapid-fire 
mechanism. Routine assessment of the liver with color Doppler 
US after withdrawal of one of these larger gauge cutting needles 
can demonstrate a linear track of biood flowing toward the 
capsule (Fig. 71-12). These tracks, however, typically resolve 
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within 2 to 3 minutes without evidence of subcapsular accumu- 
lation of biood. Plugging of biopsy tracks with gelatin parti- 
cles, 54-57 gelatin particles and thrombin, 54 or coils 58 has been 
described. Whereas these studies were limited by small numbers 
of patients, use of these agents appears to be safe and well 
tolerated. 54-58 

There has been considerable controversy about the biopsy 
of hepatic hemangiomas, whether inadvertent or intentional. 
Because these benign tumors consist of a tangle of thin-walled 
endothelium-lined biood vessels, there is presumed to be an 
increased risk for hemorrhagic complications. Several studies 
have shown, however, that hemangiomas can be biopsied safely 
with an acceptable complication rate (Fig. 71-13). 59-62 This 
includes the use of 18-gauge aspirating needles and 18-gauge 
cutting needles. These studies have also emphasized the impor¬ 
tance of interposing a cuff of normal hepatic parenchyma 
between the capsule and the margin of the lesion. Although 
these results are encouraging, the number of patients included 
in each of these studies is relatively small, and it is presumed 
that a large-scale comparative trial of the biopsy of heman¬ 
giomas and metastases would reveal a slightly higher compli¬ 
cation rate for the biopsy of hemangiomas. Whereas the 
noninvasive work-up of these common and, in most cases, 
inconsequential lesions cannot be overemphasized, it is com- 
forting to know that if a hemangioma is biopsied, whether 
inadvertently or because of nonclassic imaging features, the 
complication rate is low. 59 

Another issue is the safety of performing a liver biopsy in the 
presence of ascites. It is presumed that direct contact with the 
diaphragm or abdominal wall functions to tamponade the cap- 
sular injury, thereby preventing significant subcapsular or intra- 
peritoneal hemorrhage. Therefore, when the capsule is in 
contact with a layer of fluid, the risk of hemorrhagic complica¬ 
tions is increased, particularly if patients have a tenuous coagu- 
lation status (Fig. 71-14). Two studies in particular have 
addressed the issue of ascites in patients with cirrhosis. 63,64 In 
both reports, the complication rate was low, and when 



Figure 71-13 CT of a 61-year-old woman with vague right upper 
quadrant pain. Axial noncontrast CT of the upper abdomen reveals a 
large hypoattenuating mass occupying most of the right hepatic lobe. 
A central hypoattenuating scar is noted within the mass. Although the 
mass is large and easily approached through an intercostal space, it 
underwent biopsy anteriorly, for a cuff of normal hepatic parenchyma 
to be interposed between the capsule and the mass. Fine-needle 
aspiration revealed a hemangioma. 


complication rates were compared between those with ascites 
and those without ascites, there was no statistically significant 
difference. 

Hepatocellular carcinoma is a locally invasive tumor that 
often infiltrates and obstructs portal veins, hepatic veins, and 
even bile duets. The presence of underlying cirrhosis often 
exeludes a patient from hepatic tumor resection, either because 
of inadequate residual funetion or because hepatomas in these 
patients are typically more aggressive. However, patients with 
little or no parenchymal dysfunetion may be candidates for 
resection. In these patients, it is imperative to determine if 
portal or hepatic venous thrombosis is bland or malignant. 
There are noninvasive means of making this determination, 
such as enhancement during the hepatic arterial dominant 
phase of a dynamic bolus CT with iodinated contrast material 
or MRI with a gadolinium chelate. However, these signs of 
unresectability are not often present. Biopsy of the intraluminal 
mass may be requested both to diagnose and to stage this malig¬ 
nant neoplasm. It is useful to use a guidance technique with 
real-time capability, in biopsy of an intraluminal mass, to ensure 
that the needle tip does not venture beyond the wall of the vein 
into an adjacent parenchymal tumor deposit. 65 US-guided 
biopsy of portal vein thrombus is safe, accurate, and well 
tolerated. 65-67 

In addition to biopsy of focal hepatic masses, US is used to 
guide random liver biopsies in medical liver disease, such as 
hepatitis or hemochromatosis. For diffuse liver disease, most 
hepatopathologists are satisfied with a specimen containing at 
least six to eight portal triads. 6 Biopsy is considered the “gold 
standard” for assessment and grading of liver fibrosis. However, 
the accuracy of histologic assessment has been challenged 
because of the nonuniform pattern of liver fibrosis. 69 For this 
reason, techniques using US and magnetic resonance elastogra- 
phy have been developed. 



Figure 71-14 Ultrasonography of a 42-year-old man with 
cirrhosis and portal hypertension. Gray-scale ultrasound of the liver 
in the longitudinal plane revealed a small, shrunken liver with 
heterogeneous echotexture consistent with cirrhosis. There is also a 
considerable amount of perihepatic ascites and a 2-cm hypoechoic 
nodule in the right hepatic lobe anteriorly ( arrow ). The mass 
underwent biopsy with ultrasound guidance by an intercostal space 
through the ascites. Fine-needle aspiration revealed hepatocellular 
carcinoma. There were no hemorrhagic complications. 
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ADRENAL GLANDS 

The possibility of malignant disease is the primary concern 
when adrenal masses are discovered. In a study by Young, 70 
incidental adrenal masses were detected in 2005 patients; 
adrenal cortical carcinoma was diagnosed in 4.7% and meta- 
static disease in 2.5%. For patients with a history of malignant 
disease, however, metastatic disease accounts for nearly half of 
the causes. The role of fine-needle aspiration biopsy is to 
delineate adrenal and nonadrenal tissue. 2 Many ro utes have 
been used with success. Whereas an anterior approach through 
the liver (for right adrenal biopsy), stomach, and pancreas has 
also been described, 73 this is rarely used. Patients are most often 
placed in the prone or lateral position, and a guide needle is 
generally advanced from a posterior approach. Out-of-plane 
access is used because of interposed, aerated lung. Methods to 
circumvent puncture of the lung include the triangulation 
method, 24 angling of the CT gantry, 74 injection of medical- 
grade carbon dioxide into the pieur al space, and placement of 
the patient in the ipsilateral decubitus position. 76 At our institu¬ 
tion, we generally place the patient in the ipsilateral decubitus 
position to immobilize the diaphragm and to minimize lung 
aeration. In our experience, this results in a direct, non- 
transpulmonary route for biopsy, reduces the need for out-of- 
plane approaches, and is as reliable and safe as the prone 
position. 76 

Technical success of adrenal biopsy ranges from 80% to 
95%. 77 78 Risks include adrenal hematoma, abdominal pain, 
hematuria, pancreatitis, pneumothorax, adrenal abscess, and 
needle track seeding. 0,74,78 The possibility of pheochromocy- 
toma should be excluded with biochemical testing before biopsy 
as fme-needle aspiration biopsy can result in adrenal hemor- 
rhage and hypertensive crisis. 79,80 

PANCREAS 

The pancreas is a relatively soft, unencapsulated organ located 
deep in the upper retroperitoneum that is prone to develop- 
ment of inflammation. Acute pancreatitis can occur not only 
after a needle biopsy but also after blunt trauma or the 
direct injection of contrast media into the pancreatic duet 
during endoscopic retrograde cholangiopancreatography. 81 
Pancreatic tumors, including both adenocarcinomas and islet 


cell tumors, are often difficult to visualize because there may 
not be a contour abnormality or there is little tissue contrast 
compared with adj acent nontumorous parenchyma. Further- 
more, pancreatic adenocarcinomas are associated with a con- 
siderable amount of tissue desmoplasia, which can inerease 
sampling error. 1 

Both EUS-guided FNA and percutaneous image-guided 
FNA are similarly accurate for the diagnosis for exocrine pan¬ 
creatic cancer when the lesion is more than 3 cm in size. One 
advantage of EUS-guided sampling is that it can often find 
small pancreatic or ampullary lesions that are not clearly visible 
with CT, MRI, or transabdominal US, thus providing a better 
guide for biopsy. 82,83 Also, EUS-guided pancreatic biopsy 
through the duodenum provides a theoretical decreased risk of 
malignant seeding intraperitoneally or along the needle path. 
Despite the advantages of EUS-guided pancreatic sampling, 
there are still occasions when percutaneous pancreatic biopsy is 
indicated. In general, small-caliber needles, on the order of 20- 
to 22-gauge, are used to biopsy the pancreas. Although there is 
concern about development of a fistula to the pancreatic duet 
with larger caliber needles, 14-, 16-, and 18-gauge cutting 
needles can be used to safely biopsy large pancreatic masses. 84 
In general, however, 20-gauge cutting needles are preferred in 
this scenario. Many of the needles used for fme-needle aspira¬ 
tion are designed to be self-aspirating, although it may be 
advantageous to use suction in performing a biopsy of pancre¬ 
atic tumors that are desmoplastic. 

Biopsy of pancreatic masses is usually performed by an ante¬ 
rior approach, through either the left lobe of the liver or the 
gastrointestinal tract, typically the stomach or small bowel. 
Fine-needle aspiration biopsy of lesions in or around the pan¬ 
creatic head by a transeaval approach has also been shown to 
be safe and effeetive in obtaining diagnostic tissue. 5 2 Approach - 
ing a mass in the head of the pancreas through the right hepatic 
lobe, duodenum, or gallbladder is generally not recommended. 
Furthermore, approaching a mass in the tail of the pancreas 
through the spleen is not recommended. 

In our practice, we prefer US for guidance as it is generally 
easier than with CT to navigate a needle into the lesion without 
traversing the numerous peripancreatic biood vessels. Further¬ 
more, perivascular tumor encasement can be biopsied direetly 
and can serve both to diagnose and to stage the tumor (Fig. 
71-15). With an anterior approach, compression with the US 



Figure 71-15 Images of a 64-year-old woman with vague upper abdominal pain and weight loss. A. Preliminary axial CT scan with contrast 
material revealed a pancreatic head mass (arrow). B. This mass ( arrow) was subsequently biopsied percutaneously under ultrasound guidance by 
an anterior approach. The needle tip ( arrowhead) is placed direetly in this soft tissue. Fine-needle aspiration revealed adenocarcinoma. There 
were no hemorrhagic complications, and real-time guidance prevented transgression of the artery. 




1250 SECTION VIII General Radiologic Principles for Imaging and Intervention of the Solid Viscera 


transducer not only reduces the depth of needle placement but 
also displaces many intervening structures, particularly the 
transverse colon and jejunum. In some cases, a discrete mass 
may not be appreciated, yet diagnostic tissue can still be obtained 
by looking for indirect signs, such as abrupt termination of a 
dilated duet, or taking a biopsy sample adj acent to a biliary 
stent. The biopsy of peripancreatic lymph nodes or liver nodules 
in the setting of pancreatic carcinoma is often productive as 
well, especially for staging. 

A concern about pancreatic biopsies is the potential for peri- 
toneal tumor seeding. 85 This theory, however, is difficult to sub- 
stantiate because most patients are inoperable and do not have 
surgical confirmation, and most do not survive long enough for 
the implants to reach a size detectable with cross-sectional 
imaging. It is doubtful that the biopsy of pancreatic adenocar- 
cinoma negatively affeets outeome. 

BOWEL 

Biopsies of the digestive tract are almost always performed 
endoscopically and, when that is not possible, usually open or 
laparoscopically. However, endoscopic biopsy may be impossi- 
ble when the lesion or involved bowel segment lies between the 
ligament of Treitz and the ileocecal valve. In many of these cases, 
there may be metastases elsewhere that are better suited to 
endoscopic biopsy. However, when an isolated bowel wall mass 
is not amenable to endoscopic biopsy, percutaneous sampling 
is appropriate. For example, submucosal lesions such as 
gastrointestinal stromal tumors may not be easily identified 
endoscopically. 

Percutaneous bowel wall biopsy may be performed with 
either US or CT guidance, depending on the lesions character- 
istics and the patient’s body habitus. Our gro up prefers US 
guidance as compression with the US transducer may displace 
overlying bowel loops and anchor the targeted bowel segment, 
which may otherwise be displaced by the biopsy needle. Color 
Doppler US may also be used to identify and to avoid adjacent 
mesenteric vessels. In addition, percutaneous bowel wall biopsy 
can be performed with either fine-needle aspiration or core 
needles. 86,89 

Potential complications particular to biopsies of the diges¬ 
tive tract include bowel hematoma, bowel perforation, and peri- 
tonitis. Choosing a biopsy route that does not traverse the bowel 
lumen may minimize the risk of bowel perforation. Even when 
the bowel lumen is traversed, the risk of perforation remains 
low. The study of Marco-Doménech and associates 87 included 
eight patients whose histologic samples contained mueosa, 
indicating that the mueosa and lumen were perforated; however, 
none had an adverse outeome. 

LYMPH NODES 

Lymph nodes represent the most common site of metastatic 
disease. With improvements in image guidance and needle 
design, radiologists are inereasingly requested to biopsy lymph 
nodes to diagnose and to stage a suspected malignant neoplasm 
or to obtain samples for culture. This inerease in the number 
of requests for lymph node biopsy may be attributed to discov- 
ery of normal-sized but hypermetabolic nodes on positron 
emission tomography. 

We have found US guidance to be accurate and safe for 
biopsy of abdominal and retroperitoneal nodes with a success 


rate of 86%, similar to results from other institutions. 45,46 Real¬ 
time needle-tip visualization helps ensure that sampling will be 
limited to the lesion; samples are far less likely to be contami- 
nated with extraneous tissue or biood and thus may be easier 
to interpret by the cytopathologist. With real-time visualization, 
it is also possible to ensure that the needle excursions are short 
of adj acent critical structures, such as biood vessels and the 
common bile duet. We have found that lymph node visualiza¬ 
tion is improved markedly by applying firm pressure with the 
transducer to compress and to displace overlying fatty tissue 
and bowel loops, decreasing the necessary depth for sound pen¬ 
etration and length of needle excursion by approximately 50%. 
For biopsy of lymph nodes, it is vital to review CT scans before 
the procedure to choose the optimal site and route. 

A special consideration is lymphoma, which can be broadly 
classified in to mature B-cell and T-cell neoplasms. At our insti¬ 
tution, the majority of both superficial and deep lymphomatous 
masses are approached with image-guided biopsy. The combi- 
nation of cytology fine-needle aspiration and flow cytometry to 
differentiate reactive lymphoid hyperplasia from a mature 
B-cell lymphoma has a high sensitivity and specificity (ranging 
from 94% to 100%) to appropriately classify the disease. 90 ' 93 We 
attempt to collect at least 1 million lymphocytes, which can be 
quickly quantified with an automated cell counter. Obtaining 
sufficient material allows the cytopathologists to perform 
immunophenotyping and additional ancillary studies, such as 
immunocytochemistry, fluorescence in situ hybridization, and 
polymerase chain reaction. Hodgkin s lymphoma patients typi- 
cally present with supradiaphragmatic lymphadenopathy, with 
inguinal adenopathy seen in a minority of cases. For Hodgkin s 
lymphoma, we generally perform a concurrent core needle 
biopsy. Other groups, however, argue that the initial diagnosis 
of Hodgkin s lymphoma should be made with a surgical speci- 
men as fine-needle aspiration and core needle samples fail to 
appropriately depict the architecture of the lymph node, which 
is important for an accurate diagnosis. 94 Ultimately, consulta- 
tion with local experts is necessary to ensure that appropriate 
specimens are obtained at your institution. 

SPLEEN 

Requests for percutaneous splenic biopsies are uncommon. 
This relates to the relative infrequency of isolated splenic disease 
and the perceived risk of hemorrhagic complications in this 
soft, encapsulated organ. However, in a meta-analysis to deter- 
mine the diagnostic accuracy and complication rate of percu¬ 
taneous image biopsy of the spleen, pooled sensitivity and 
specificity measured 87.0% and 96.4%, respectively. 95 The 
pooled complication rate was 1.3% when needles were 18-gauge 
or smaller, and the most common complication was hemor- 
rhage followed by pain. The advantages of interposing a euff of 
normal splenic parenchyma between the capsule and the lesion 
are controversial (Fig. 71-16). Unless it is large, the spleen is 
approached through the intercostal space, and at times, pleural 
transgression is necessary. This is less of a problem with US than 
with CT because an off-axis or angled approach can be used. 

Complications 

In general, abdominal biopsies are safe. Minor complications 
include pain, vasovagal reactions, small hematomas, pneumo- 
thorax, bacteremia, and panereatitis. The most common 
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Figure 71-16 Images of a 52-year-old man with melanoma. A. Axial CT of the upper abdomen with contrast material reveals a 1.5-cm 
hypoattenuating mass in the spleen. B. Gray-scale ultrasound of the spleen in the longitudinal plane reveals a hypoechoic mass located deep in 
the splenic parenchyma ( arrow). By an intercostal approach, the mass underwent biopsy percutaneously with the attached needle guide. Note 
that the mass is aligned within the parallel dotted lines, which represent the proposed path of the needle when it is advanced through the 
attached guide. Fine-needle aspiration revealed metastatic melanoma. 


minor complication is pain or vasovagal reaction, which occurs 
in approximately 1% to 5% of patients. Fortunately, less than 1% 
of patients will have a hematoma large enough to require a 
transfusion. An additional minor complication of biopsies in 
the upper abdomen is pneumothorax. 96 Whereas there is a theo- 
retical risk of pneumothorax when the potential space of the 
pleura is transgressed, pneumothorax is extremely rare unless 
the aerated pulmonary parenchyma is transgressed as well. It is 
our impression that the risk of pneumothorax is decreased with 
the use of US compared with CT guidance. Pancreatitis after 
biopsy is a well-described complication. Paradoxically, pancre¬ 
atitis tends to occur only when the normal pancreatic paren¬ 
chyma is transgressed; biopsies of the diseased pancreas (chronic 
pancreatitis or cancer) are usually well tolerated and rarely result 
in pancreatitis. Although pancreatitis is often considered a 
minor complication, some patients with biopsy-related pancre¬ 
atitis may be critically ill, requiring prolonged hospitalization. 

When the bowel is transgressed, there is a risk of microper- 
foration and subsequent abscess formation. Theoretically, the 
risk of peritonitis is increased when the colon is transgressed 
compared with when the small bowel or stomach is transgressed 
because of the relatively sterile contents of the last two struc- 
tures. With the use of US guidance and abdominal wall com- 
pression, it is often not possible to differentiate collapsed loops 
of small bowel from mesenteric fatty tissues. There is no doubt 
that needle transgression of bowel occurs more frequently with 


US guidance than with CT guidance. Despite the increased use 
of US for guidance at our institution, we have not detected an 
increase in abscess formation or peritonitis. In support of this 
observation, Petit and associates 97 found that in pigs, transgres¬ 
sion of the large and small bowel with 8F catheters was not 
associated with peritonitis or abscess formation. Care should be 
exercised, however, when there is transgression of colon for 
biopsy of a fluid-containing structure as the sample and lesion 
can become contaminated. 

Fortunately, serious complications are rare. 53 9 9 The mor- 
tality rate from an image-guided percutaneous abdominal 
biopsy is widely considered to be 0.1%. However, a retrospec- 
tive review of complications by Smidr° suggested that the 
mortality rate from abdominal fine-needle aspirations may 
in faet be as low as 0.006% to 0.031%. The majority of 
reported deaths from biopsies are from hemorrhage after a 
liver biopsy. Interestingly, most of the reported deaths from 
liver biopsies occurred with use of skinny needles of only 
20- to 22-gauge. The second most frequent cause of death 
after an abdominal guided biopsy is pancreatitis due to trans¬ 
gression of normal pancreatic parenchyma. 

Needle track seeding is also a rare but major complication 
with a frequency ranging from 0.003% to 0.009%. 100 Most of 
the reported needle track seedings are the result of biopsies of 
pancreatic cancer, although virtually any tumor may spread 
along a needle track. 
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Intra-abdominal abscesses occur from a wide variety of causes 
and are characterized by accumulation of an infected fluid 
collection within the structures of the abdomen and pelvis. 
Depending on the etiology, the abscesses can develop either 
within the solid or hollow visceral organs or within the intra- 
peritoneal and retroperitoneal spaces. Without timely and 
adequate drainage, intra-abdominal abscesses cause increased 
morbidity and mortality in spite of appropriate antibiotic 
coverage. 15 Image-guided percutaneous drainage provides a 
safe substitute to surgical débridement in the management of 
these abscesses. 2 Advances in percutaneous techniques have 
resulted in abscess cure rates of more than 90%, and image- 
guided drainage is currently considered the preferred treatment 
option in the management of intra-abdominal abscesses. 2 8 
Higher cure rates in treatment of intra-abdominal abscesses 
have also resulted from improved diagnostic imaging tech¬ 
niques, such as computed tomography (CT) and magnetic 
resonance imaging (MRI), which allow early diagnosis and 
thereby timely intervention. Percutaneous catheter drainage 
of abscesses has several advantages over surgical lavage for 
treatment of intra-abdominal abscess. These include absence 
of a laparotomy scar, shorter hospital stay, avoidance of general 
anesthesia, lower risk of complications, and lower morbidity 
and mortality. 3,710 

Rising use of CT and MRI in patients thought to have intra- 
abdominal sepsis has permitted early and accurate detection of 
abscesses. This is particularly true in patients with predisposing 
factors for development of abdominal abscesses, such as indi- 
viduals with Crohns disease, diverticulitis, and appendicitis, 
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and in postoperative patients after abdominal surgery. 9,11,12 
Imaging not only provides precise diagnosis but also guides 
interventional radiologists in safely draining the infected fluid 
collections. Despite the high success rates reported for percuta¬ 
neous abscess drainage, it can at times be technically challeng- 
ing because of the presence of fistulas, inaccessible locations, 
and comorbidities of the patient. In this chapter, our endeavor 
is to provide the reader with a synopsis of a radiologist’s role in 
the diagnosis and management of intra-abdominal abscesses, 
particularly focusing on percutaneous abscess drainage. 

Pathogenesis 

The development of abscesses in the abdomen and pelvis is 
pathophysiologically similar to that elsewhere in the body, 
although the cause is often multifactorial. 3,8,1 Intra-abdominal 
abscesses can arise from a wide variety of conditions but are 
commonly encountered in postoperative patients or in patients 
with infective or inflammatory diseases, such as inflammatory 
bowel disease, acute diver ticulitis, or acute appendicitis. 3,8,11 ' 13 
They can result from superinfection of a previously sterile 
fluid collection (e.g., postoperative biloma, hematoma) or arise 
de novo from an infectious nidus in a solid or hollow visceral 
organ (e.g., pyogenic liver abscess). In gross appearance, 
abscesses can have varied size and shape. Abscesses developing 
within solid visceral organs, such as liver and spleen, are often 
spherical or ovoid in configuration because of uniform pres¬ 
sure from surrounding tissue. 3,14 Intraperitoneal and retroperi¬ 
toneal abscesses have varied morphologic features and shape, 
depending on their location, spread along various fascial spaces, 
and pressure of surrounding structures. 3 Mature abscesses often 
have a well-defined capsule composed of connective tissue 
(fibrin, collagen), biood vessels, and leukocytes. 3 The contents 
of the abscess cavity gradually undergo liquefaction due to 
the enzymatic action of leukocytes. 3 Bacterial isolates from 
abscess confirm the predominance of polymicrobial microor- 
ganisms in intra-abdominal infection. 3,15 

Imaging Techniques 

Technologic advancements in imaging techniques, particularly 
CT and MRI, have greatly enhanced their ability to accurately 
diagnose intra-abdominal abscesses. In addition to detection, 
imaging permits accurate depiction of extension of abscess 
across various fascial spaces in the abdomen. 5,9,14,16 Imaging 
also aids the interventional radiologist in planning of inter¬ 
ventional procedures for safe and effective drainage of the 
abscesses (Table 72-1). 

PLAIN RADIOGRAPHY OR FLUOROSCOPY 

Plain film radiography has a limited role in the diagnosis and 
management of intra-abdominal abscess. The radiographic 
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Advantages and Disadvantages of Various 
Imaging Modalities in the Diagnosis 
and Management of Abscesses 



Advantages 

Disadvantages 

Ultrasound 

No radiation exposure 

Limited role in 


Real-time nature helps 

drainage of 


avoid vessels, bowel, 

collections deep in 


or pleural cavity 

the abdomen 


Helps identify 

Does not allow 


loculations and 

identification of 


septations within 

complex abdominal 


abscesses 

fluid collections 


Preferred for draining 

Limited role in the 


of superficial and 

presence of ileus or 


unilocular abscesses 

extensive surgical 
wounds 

Computed 

Modality of choice 

lonizing radiation 

tomography 

to drain complex 

exposure 


abscesses in the 

Considerable overlap 


retroperitoneum and 

in CT appearance 


mesentery 

of sterile and 


Ideal for drainage 

infected collections 


of abscesses in 

Abscesses of solid 


postoperative 

visceral organs 


patients with ileus 

can simulate soft 


and surgical wounds 

tissue masses, 
often necessitating 
needle aspiration 
for differentiation 

Magnetic 

Superior soft tissue 

Expensive 

resonance 

resolution allows 

Requires MR- 


accurate diagnosis 

compatible 

equipment 

Fluoroscopy 

When combined 

Lacks superior soft 


with ultrasound, 

tissue resolution 


fluoroscopy can be 

of cross-sectional 


useful for performing 

imaging 


drainage with 

Accurate localization 


Seldinger technique 

of catheter position 


Helps demonstrate 
fistulous 

communication of 
abscesses with bowel 
and surrounding 
structures 

Helps in manipulation 
and repositioning 
of catheters with 
Seldinger technique 

often not possible 


signs that are helpful in the diagnosis of intra-abdominal 
abscesses include an abnormal gas pattern, extraluminal air- 
fluid level, free intraperitoneal air, soft tissue mass, and loss of 
normal fat planes and interfaces. 3 Nonetheless, plain radiogra- 
phy is an insensitive technique that is not reliable in day-to-day 
practice. 3 Real-time fluoroscopy, on the other hånd, is useful in 
guiding percutaneous drainage of abscesses in specific locations; 
for example, it can be used in conjunction with ultrasound to 
facilitate drainage of subphrenic abscesses while avoiding pleural 
transgression. Fluoroscopic guidance is also useful for aiding 
catheter manipulations, such as catheter repositioning and 
exchanges after initial placement of the percutaneous catheter. 

ULTRASOUND 

Ultrasound is often used as a screening modality for initial 
diagnosis of intra-abdominal fluid collections. Ultrasound has 


several advantages over other imaging modalities; it is relatively 
inexpensive, easily available, and portable and does not use ion- 
izing radiation. 3 Ultrasound is particularly beneficial in rapid 
bedside diagnosis of abscesses in seriously ill patients in hospital 
intensive care units who are unable to travel to the radiology 
department for a CT scan. 3 The ability to perform bedside 
ultrasound scans is especially valuable for guiding placement of 
percutaneous drainage catheters into abdominal abscesses in 
intensive care unit patients. 3 

Ultrasound is also the preferred imaging modality for diag¬ 
nosis and for guiding percutaneous drainage of superficially 
located abscesses and multiloculated collections. 31 18 Because of 
its real-time nature, it also confers a low risk for traversing vas- 
cular structures, bowel, or the pleural cavity during ultrasound- 
guided abscess drainage. 3,59 18 In patients with deep-seated 
pelvic abscesses, ultrasound also provides the opportunity for 
drainage through the transrectal or transvaginal ro ute. 

In experienced hånds, ultrasound allows rapid and accurate 
drainage of intra-abdominal abscesses compared with CT. 317 

The sonographic appearance of abdominal and pelvic 
abscesses depends on their location and internal contents. In 
general, the abscesses are seen as anechoic to hypoechoic cystic 
collections with internal echoes and debris. 3,5,18 More complex 
abscesses can have variegated hypoechoic and solid cystic 
appearance with irregular margins, internal septation, and 
debris (Fig. 72-1). 3,5,18 Presence of gas within a fluid collection 
often demonstrates “dirty” shadowing and is highly suggestive 
of infection. 3 8 The demonstration of multiloculations within 
a fluid collection is a valuable feature of ultrasound, which has 
important treatment implications because such abscesses often 
require insertion of multiple catheters or instillation of throm- 
bolytic agents to facilitate optimal drainage. On occasion, 
the diagnosis of intraperitoneal abscesses can be challenging on 
ultrasound because of the need to differentiate these collections 
from surrounding fluid-filled bowel loops. 3,18 The real-time 
nature of ultrasound aids in this differentiation by demonstrat- 
ing peristalsis within bowel loops. 3,18 The characteristic sono¬ 
graphic signature of the bowel wall is an additional differentiating 
feature. Doppler interrogation of intra-abdominal fluid collec¬ 
tions is essential to rule out the possibility of pseudoaneurysms. 
This is particularly relevant in fluid collections adjacent to 
major vessels or in conditions with a high incidence of pseu- 
doaneurysm formation, such as acute pancreatitis. 

Ultrasound, however, has several limitations. Despite its 
value in abscess detection, ultrasound has a limited ability to 
define the spread of abscesses and inflammation across fascial 
planes within the abdomen. Ultrasound is highly operator 
dependent, and detection of fluid collections is rendered chal¬ 
lenging in patients with ileus or those with extensive surgical 
wounds. 3,18 For the same reason, ultrasound fares poorly in the 
detection of deep-seated abscesses in the retroperitoneum 
because of overlying bowel gas. Wound dressings and postsurgi- 
cal drains also limit adequate visualization of intra-abdominal 
abscess. 3,18 

COMPUTED TOMOGRAPHY 

CT is the imaging modality of choice for initial diagnosis and 
management of patients with suspected intra-abdominal 
abscess.* CT allows precise anatomic localization of the abscess, 


^References 3, 4, 9, 13, 18, 22-26. 
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Figure 72-1 Ultrasound features of intra- 
abdominal abscesses in three different patients. 

A. Transverse sonographic image of a pyogenic 
liver abscess in a 46-year-old man shows a 
hypoechoic abscess with thick irregular wall 
and internal echoes and debris ( arrows ). 

B. Sonographic image of a liver abscess in a 
55-year-old woman showing a heterogeneous 
echotexture abscess (thin arrows ) with multiple 
echogenic foci with dirty shadowing indicating 
air (thick arrow). C. Sonography of left upper 
quadrant in a 24-year-old man shows a complex 
multiseptate perisplenic abscess with internal 
debris (arrows). 


defines its extent, and delineates its relationship to other 
intra-abdominal structures, such as bowel loops and vascular 
structures.* Multiplanar reformations (coronal and sagittal) are 
extremely valuable in defining abscess extent and in assessment 
of collections in the subphrenic location around the dorne of 
the liver and the spleen. In patients with intra-abdominal sepsis 
and in postoperative patients, CT affects management by allow- 
ing detection of multifocal abscesses at distant locations within 
the abdomen and pelvis. CT is valuable not only for diagnosis 
of intra-abdominal abscess but also in the planning of percuta- 
neous interventions.* CT is less successful in the depiction of 
internal septations within an abscess, a feature better visualized 
on ultrasound. 

In patients thought to have an infected intra-abdominal 
process, CT should ideally be performed after the administra¬ 
tion of intravenous and oral contrast media. Intravenous 
injection of contrast media not only improves abscess detection 
but also is essential for enhanced characterization of the abscess 
features, such as the abscess wall. 3,5,18 The wall of a mature 
abscess demonstrates enhancement after injection of contrast 
media, and it remains a key feature in the diagnosis of intra- 
abdominal abscess. 3,518 Ingestion of positive oral contrast media 
is preferred before the CT scan as it allows differentiation of 
abscesses from adjacent bowel loops because unopacified bowel 
loops can mimic an abscess 2,3,5,18 (Fig. 72-2). Some authors 
advocate the use of delayed scans in different positions for 
differentiation of questionable areas of abscess from bowel 
loops as bowel loops generally change in position and config- 
uration with change in the patients position. 3 Positive oral 
contrast media are often helpful in detecting the presence of 


^References 3, 4, 9, 13, 18, 22-26. 


bowel perforation, particularly in patients presenting with 
intra-abdominal sepsis after bowel surgeries. Bowel perforation 
is diagnosed by extraluminal leak of the orally administered 
contrast material. Colonic perforations are less reliably depicted 
with orally administered contrast material and might require 
administration of rectal contrast. Instillation of rectal contrast 
material is optional but can be helpful in the differentiation of 
deep pelvic and perirectal abscesses. 

Administration of an oral contrast agent, is however, not 
recommended for patients presenting for follow-up CT exami- 
nation after initial catheter drainage of abdominal abscess. 
Because these patients might require catheter manipulations for 
optimal positioning of the drainage catheter, oral contrast 
media ingestion is not recommended if the patient is to shortly 
receive conscious sedation. 

On CT, abscesses often have fluid attenuation with internal 
attenuation measurements ranging between 0 and 25 HU. " 5,18 
The density of an abscess largely depends on the abscess 
contents, degree of liquefaction, and presence of gas (Fig. 
72-3). 3-5,18 The abscess wall often appears as a high-density 
irregular peripheral rim that enhances after contrast medium 
injection. 3 ' 5,18 Abscess wall enhancement is considered to be a 
sign of abscess wall maturation and therefore predicts favorable 
response to percutaneous drainage. 3 " 5,18 The abscess contents 
often do not enhance because of the ongoing process of lique¬ 
faction and lack of internal vascularity; internal enhancement 
in a suspected abscess should therefore raise concern for under- 
lying tumor. 3 Gas within a fluid collection is highly diagnostic 
of an abscess and is seen in up to 50% of infected intra- 
abdominal fluid collections (Fig. 72-3). 3-5,18 Gas can be seen as 
either small locules and air pockets or air-fluid levels. Presence 
of gas within a collection could be due to infection with anaero- 
bic organisms, fistulous communication with bowel, or prior 
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Figure 72-2 Value of CT positive oral contrast 
media in the diagnosis of intra-abdominal 
abscess. Axial (A), coronal (B), and sagittal (C) 
reformatted CT images of postoperative abscess 
in a 36-year-old man with Crohn's disease. 
Administration of positive oral contrast medium 
allows accurate differentiation of bowel loops from 
interloop abscesses ( arrows ). D and E. Axial and 
sagittal reformatted CT images of periappendiceal 
abscess ( arrows ) in a 24-year-old show the abscess 
clearly separated from contrast-opacified bowel 
loops. 



interventions. Demonstration of large amounts of air in intra- 
peritoneal or retroperitoneal collections should raise concern 
for possible fistulous communication with bowel loops. 

Bowel communication could be due to either bowel perforation 
or the primary cause of the abscess itself, such as Crohn’s disease 
or diverticulitis. 3, 27-29 

Typically, an abscess within a solid visceral organ is ovoid or 
spherical in shape, whereas intraperitoneal or retroperitoneal 
abscesses have varied morphology because they conform to the 
shape of the compartment in which they are located and 
often displace surrounding structures. The adjacent fascial 
planes may be obliterated or thickened by spread of inflamma¬ 
tion, and surrounding mesenteric fat can show increased 


attenuation. 3,18,24,26 The CT appearance of sterile and infected 
fluid collections can show a substantial degree of overlap. On 
CT, abscesses of solid visceral organs can simulate soft tissue 
masses. 2 ,18 Not infrequently, needle aspiration is required to 
differentiate between an abscess and solid mass. 2,7,18 

MAGNETIC RESONANCE IMAGING 

In the past few years, there has been an increasing trend in the 
use of MRI for diagnosis of intra-abdominal abscesses. MRI 
offers several advantages over CT, the chief ones being the 
absence of ionizing radiation and the superior soft tissue resolu¬ 
tion. MRI is particularly preferred in pediatric patients and 
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Figure 72-3 CT features of intra-abdominal abscesses in two different patients. A. Axial CT image in a 62-year-old man with perinephric 
abscess shows a low-attenuation collection in the left perinephric space with enhancing wall ( arrows ) at the periphery and mild surrounding fat 
stranding. B. Axial CT image in a 65-year-old woman with a postoperative abscess after laparoscopic cholecystectomy shows a perihepatic 
abscess with air-fluid level (arrows). 



Figure 72-4 MRI in diagnosis of intraperitoneal abscess. A. Axial T2-weighted image demonstrates a right lower quadrant abscess ( arrows ) in 
a 24-year-old man with Crohn's disease. The abscess demonstrates heterogeneous T2 hyperintensity. B. Post-gadolinium-enhanced fat- 
suppressed Tl-weighted image shows intense peripheral enhancement of the abscess wall and the surrounding structures, indicating 
inflammatory involvement (arrows). 


young adults because of the concerns about the harmful effects 
of ionizing radiation. This is particularly true in patients with 
Crohn’s disease, who often undergo multiple cross-sectional 
imaging studies in their lifetime, and intra-abdominal abscesses 
frequently complicate their clinical course. MRI has a problem- 
solving role in the characterization of complex adnexal lesions 
in women of reproductive age and aids in the diagnosis of tubo- 
ovarian abscesses. 

The routine use of MRI for detection of abscess is however 
limited by the lack of MRI expertise, high cost, and long scan¬ 
ning times in abdominal MRI examinations. It is also difficult 
to perform good-quality examinations on critically ill patients. 

On MRI, intra-abdominal abscesses typically demonstrate 
inhomogeneous areas of hypointensity on Tl-weighted images 
and intermediate intensity to hyperintensity on T2-weighted 
images (Fig. 72-4). 3,4 After intravenous administration of gado- 
linium, the abscess demonstrates intense wall enhancement as 
on CT. 3 ’ 4 

SCINTIGRAPHY 

Nuclear scintigraphy has a limited role in the diagnosis of intra- 
abdominal abscesses and is often not the first-line imaging 
investigation to be performed. Scintigraphic studies are often 
obtained in patients with suspected intra-abdominal sepsis or 
abscess when other diagnostic modalities, such as ultrasound, 
CT, or MRI, have yielded negative results. 3,18,30 The most 


commonly used isotopes for detection of abscess are gallium 
(Ga 67) and indium (In 111) to label white biood cells. 3, 18,30,31 
Newer scintigraphic agents, such as technetium Tc 99m 
HMPAO-labeled white biood cells, m In-labeled polyclonal 
immunoglobulin G, and 99m Tc-labeled monoclonal antibodies, 
have also been reported to improve diagnosis of intra-abdominal 
abscess. 3 67 Ga scans, although sensitive, have limited specificity 
for abscess diagnosis because of false-positive results in condi- 
tions such as granulomatous disease, lymphoma, and normal 
gut. 3 One of the main limitations of nuclear scintigraphic 
studies in the characterization of abdominal abscesses is the 
poor anatomic detail of these scans, which limits their value in 
planning of percutaneous interventional procedures. 318 

Imaging-Guided Intervention 

Percutaneous catheter drainage is a safe and effective means for 
treatment of the entire gamut of intra-abdominal abscesses 
irrespective of their cause and anatomic location.* Percutane¬ 
ous catheter drainage is widely considered the first-line treat¬ 
ment option for management of intra-abdominal abscesses, 
superseding surgical drainage.* Percutaneous catheter drainage 
of abscesses is less invasive compared with surgery and is 
associated with fewer postprocedural complications, such as 


^References 1, 2, 5, 7-10, 18, 24, 32, 33. 
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atelectasis, pneumonia, pain, and venous thrombosis. 3,9,10,18 A 
combination of high success rate and low complication rate has 
made percutaneous drainage a mainstay in the treatment of 
abdominal abscess. 

DIAGNOSTIC ASPIRATION 

In patients with clinical and imaging confirmation of an intra- 
abdominal abscess, the definitive treatment is percutaneous 
drainage through a catheter. However, in certain circumstances 
in which the imaging features are not conclusive for the pres- 
ence of pus, simple diagnostic aspiration of the fluid collection 
is indicated. 2,9,18 Fine-needle aspiration of small amounts of 
fluid permits laboratory evaluation of fluid chemistry and 
microbiology. 218 Diagnostic needle aspiration of fluid collec- 
tions is also valuable as a temporizing measure before surgical 
intervention in anatomically difficult locations like the pelvis to 
render the surgical field clean. 2,9,18 

Diagnostic needle aspiration of fluid collections is usually 
accomplished with a 20- or 22-gauge Chiba needle. 2,9 8 The 
placement of the needle into the collection can be guided with 
either ultrasound or CT (Fig. 72-5). The type of fluid aspirated 
from the needle often dictates the next strategy. If pure pus is 
extracted, the drainage catheter is immediately placed. If no pus 
is obtained, a Gram stain can be performed to assess the origin 
and cause of the contents. If Gram stain of the contents reveals 
leukocytes without bacteria, it is likely to be a sterile abscess, 
which is typically seen in hospitalized patients who have already 
been administered antibiotics. 9 If Gram staining reveals leuko¬ 
cytes and bacteria, it is likely to be an abscess and requires 
catheter drainage. 9 If there are bacteria without leukocytes, 
the possibilities include abscess in an immunocompromised 
patient and a likelihood of fistulous communication with 
bowel. Aspiration is not indicated if the collection has potential 


Communications with bowel, the biliary system, or the urinary 
tract. 2,9,18 Aspiration is ineffective in these situations as immedi- 
ate reaccumulation of the collection occurs after initial success- 
ful percutaneous aspiration and needle removal. 2 In addition to 
Gram stain, the extracted fluid should also be sent for fluid 
chemistry analysis to study fluid characteristics because the 
radiologic signs of abscesses, hematomas, urinomas, bilomas, 
postoperative seromas, and even loculated ascites can often 
overlap. 8 Accordingly, analysis of fluid chemistry leads to 
recognition of the source of the fluid collection (e.g., urinomas 
demonstrate elevated creatinine concentration, bilomas are 
characterized by elevated bilirubin levels, and pseudocysts show 
amylase). 2,9,18 

PERCUTANEOUS ABSCESS DRAINAGE: 

CLINICAL CONSIDERATIONS 

Indications 

Appropriate patient selection is important before percutaneous 
drainage as improper patient selection with incomplete drain¬ 
age often leads to an increase in morbidity. The typical indica- 
tion for image-guided percutaneous drainage is the presence of 
an intra-abdominal fluid collection with features of abscess in 
the background of abdominal pain, fever, and leukocytosis. 2, 3,9,18 
The goal of drainage in these circumstances is palliation and 
treatment of sepsis associated with the infected fluid collection. 
Another common indication for percutaneous drainage is for 
alleviation of symptoms caused by the size of the fluid collec¬ 
tion (e.g., in pancreatic pseudocysts). 34,35 

Contraindications 

Percutaneous abscess drainage is contraindicated in patients 
with severe uncorrectable coagulopathy and thrombocytopenia 
as they predispose to increased risk of bleeding. Other relative 



Figure 72-5 Diagnostic aspiration of postoperative fluid collection after mesh repair. A. Sagittal reformatted CT image shows an anterior 
abdominal wall fluid collection (white arrow) in a 75-year-old man after ventral hernia mesh repair (black arrow). B. Diagnostic aspiration was 
performed under CT guidance with a 20-gauge needle (thin arrow ) to confirm presence of infection in the collection (thick arrow). Gram stain 
showed gram-negative rods and a percutaneous drainage catheter was subsequently placed. 
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contraindications for abscess drainage are severely compro- 
mised cardiopulmonary function and hemodynamic instabil- 
ity. ! In these situations, efforts should be made to improve 
clinical status to a level at which the drainage procedure can be 
safely performed. Lack of a safe trajectory to the abscess for 
optimal drainage because of overlying vital structures is another 
relative contraindication. 2,3,36 However, in many of these situa¬ 
tions, changes in the patient’s position or other maneuvers can 
often create a safe pathway for successful drainage. 

There are several situations in which image-guided abscess 
drainage, although not contraindicated, should be avoided. 2 
When free hollow organ perforation occurs as evidenced by a 
large amount of intraperitoneal free air, an open surgical pro¬ 
cedure should be primarily considered. 2 Similarly, acute perito- 
nitis is best managed by immediate surgical intervention, 
although in dire settings when a patient is considered unfit for 
surgical treatment, percutaneous catheter drainage could be 
performed. 2 Symptomatic noninfected fluid collections in the 
vicinity of surgical implants of any type, including vascular 
grafts, hernia repair mesh, and joint prosthesis, should not be 
drained unless they are superinfected. 2 Percutaneous catheter 
drainage of these noninfected fluid collections could potentially 
risk infection of the implants. In these situations, infection can 
be confirmed with diagnostic fme-needle aspiration (Fig. 72 - 5). 2 
In addition, drainage of noninfected pelvic collections through 
a transvaginal route is not appropriate. 2,5,18 Collections related 
to pancreatic abscess or pancreatitis are usually refractory 
to percutaneous drainage compared with intra-abdominal 
abscesses from other sources. 2,518 A multidisciplinary approach 
is needed in these patients, that is, collaboration with endo- 
scopic methods to facilitate resolution of the collections by 
placement of cystogastrostomy stents. 

Role of Antibiotics 

Effective management of intra-abdominal abscess needs admin¬ 
istration of intravenous antibiotics in addition to prompt per¬ 
cutaneous drainage. Prophylactic antibiotic coverage is also 
essential before image-guided abscess drainage to prevent septic 
complications due to transient bacteremia resulting from the 
drainage of intra-abdominal abscess. 2,3,18 Adjunctive antimicro- 
bial therapy must be directed at enteric gram-negative rods, 
gram-positive cocci, and anaerobes. 2,3,18 

Preprocedure Work-up 

A comprehensive patient work-up including informed consent 
is indispensable before the procedure. 37 Before abscess drainage, 
details including the technique and the complications and effec- 
tiveness of the procedure should be explained to the patient and 
the family, and written informed consent should be obtained. 
During the consent process, it is essential to explain to the 
patient and the family about the need for regular care of the 
drainage catheter after the procedure. It is equally important to 
communicate to the patient and the family that often the drain¬ 
age catheters need to be retained in place at least for a few weeks 
before they are removed. 

The necessary preliminary work-up includes laboratory 
evaluation of complete biood count, coagulation profile 
(international normalized ratio should be <1.5, activated 
partial thromboplastin time normal 25-35 sec, platelet count 
>50,000). 3,7,9,38 The recent imaging studies including CT and 
MRI should be carefully reviewed to determine the abscess 
number, size, and location and the extent of involvement. 3,7,9 In 


general, the yield of drainage in abdominal abscesses smaller 
than 2 cm is low because the diameter of the pigtail catheter is 
more than 2 cm.* Preprocedure imaging should be carefully 
reviewed to plan the drainage procedure by giving special con- 
sideration to the proposed path of the drainage catheter. Careful 
interrogation is also essential to avoid inadvertent catheter 
drainage of infected pseudoaneurysms, which can lead to cata- 
strophic bleeding. Color Doppler ultrasound and contrast- 
enhanced CT or MRI are key to making this diagnosis. It is also 
important to carefully review the preprocedural diagnostic 
imaging studies to avoid bowel transgression and vascular 
injury. To avoid inadvertent injury to superficial vessels in the 
abdominal wall, such as epigastric arteries, it is crucial to review 
the diagnostic contrast-enhanced CT or MRI study to map the 
location of these vessels. In addition, one can perform color 
Doppler ultrasound before the percutaneous drainage to map 
the location of these vessels. 

Catheter Selection 

Wide ranges of drainage catheters are available with diameters 
varying from 6F to 18F. The selection of catheter is performed 
on the basis of several factors, including the size of the collec- 
tion and the nature and the viscosity of the fluid obtained 
during initial needle placement immediately before catheter 
placement. f In general, smaller 8F to 12F catheters can be used 
successfully for initial percutaneous drainage. The newer cath¬ 
eters have hydrophilic coating (capability of absorbing and 
retaining water when wet), which reduces their friction coeffi- 
cient and substantially improves the ease of insertion. Catheters 
with an internal locking pigtail configuration are preferred for 
retention. Larger catheters are generally preferred in abscesses 
with thick and viscous abscess contents. 18,19 Percutaneous drain¬ 
age of complex abscesses is sometimes limited despite appro¬ 
priate positioning of catheters. 19 Catheter selection in such 
situations is of crucial importance as increasing catheter size 
and number of catheter side holes often allows effective drain¬ 
age of difficult abscesses. 19 

Patient Positioning 

Planning of the patient’s position is vital to successful abscess 
drainage; not only does this determine a safe percutaneous 
path to the abscess, but optimal positioning ensures the patient’s 
comfort and minimizes motion during the procedure. An ideal 
position is one that allows the shortest and least complicated 
access to the abscess by avoiding vital structures such as bowel 
and vessels. The positioning during the procedure is often 
dependent on the location of the abscess and the planned per¬ 
cutaneous path for the drainage catheter. In most cases, success¬ 
ful drainage of the abscess can be performed with the patient 
in the supine position. The other common positions are prone, 
lateral decubitus, and lateral oblique positions. 

Patient Preparation 

Percutaneous drainage of intra-abdominal abscess is often per¬ 
formed in hospitalized patients but can also be done on an 
outpatient basis. When it is performed on an outpatient basis, 
it might be necessary to admit the patient for overnight obser¬ 
vation on the basis of the patient’s clinical condition. Before the 


^References 5, 6, 9, 18, 32, 39. 
References 2, 5-9, 18, 19, 32, 39. 
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procedure, the patient should be fasting for at least 8 hours, and 
anticoagulant medications should be discontinued before the 
procedure. The patient should, however, continue other medi¬ 
cations in the preoperative period. The procedure is mostly 
performed under intravenous conscious sedation, but general 
anesthesia should be considered in critically ill patients. Cardio- 
respiratory monitoring including electrocardiography, biood 
pressure, and pulse oximetry are crucial for monitoring of the 
patient during the procedure. 

PERCUTANEOUS ABSCESS 
DRAINAGE: TECHNIQUE 

After the details of the procedure and the associated risks are 
explained, the patient is placed on the procedure table in a posi¬ 
tion most optimal for a safe drainage as determined by the 
preprocedural imaging. During ultrasound-guided abscess 
drainage, a preliminary real-time scan is performed to identify 
the percutaneous needle path to the abscess. After the path is 
identified, color Doppler ultrasound should be used to deter- 
mine if any intervening vessel lies in the proposed path. It is 
also crucial to interrogate the abscess with color Doppler to 
avoid placing a drainage catheter in a pseudoaneurysm, which 
could lead to catastrophic bleeding. Once a safe path is identi¬ 
fied, the skin over the needle entry site is marked with a skin 
marker. Similarly, during CT-guided procedures, a preliminary 
CT scan is obtained to localize the abscess and to determine the 
path of the needle. Just as in ultrasound, review of the prepro¬ 
cedural imaging is critical to identify any vessels in the needle 
path. The skin entry site for the needle and the catheter are then 
cleansed with antiseptic solution, and the site is draped with 
sterile drapes to create a sterile held. 

There are two basic techniques for percutaneous drainage of 
intra-abdominal abscesses, namely, the trocar technique and the 
Seldinger technique. Both these techniques are equally effective 
and have their distinet advantages and disadvantages (Table 


72-2). The choice of technique to drain a particular abscess is 
mostly dependent on the preference of the interventionalist and 
the size, shape, and location of the abscess. 

Trocar Technique 

In this technique, a catheter is mounted on a metal cannula- 
sharp trocar system and introduced into the abscess direetly or 
in tandem with a guiding needle. 2,25 Direct trocar technique is 
often performed when the abscess drainage is performed under 
ultrasound guidance (Fig. 72-6). In this technique, after the 


table Advantages and Disadvantages of 
72_2 Image-Guided Percutaneous Drainage 
Catheter Techniques 



Advantages 

Disadvantages 

Trocar 

Allows rapid deployment 

Difficulty of 

technique 

of catheters 

repositioning 


Best suited for 

a catheter 


uncomplicated well- 

that has been 


defined collections, 

initially deployed 


particularly in solid 

suboptimally 


organs 

Not preferred for 
complicated 
ill-defined 
collections in 
open spaces 
(retroperitoneum 
or mesentery) 

Seldinger 

Allows the ability to direct 

Difficulty in working 

technique 

the wire to the precise 

in confined spaces 


location desired for 

Multiple steps 


catheter deployment 

involved in 


Allows accurate placement 

dilation 


in large complex 

Under CT guidance. 


abscesses, such as those 

any buekling or 


in subphrenic locations 

kinking of the wire 


and where access is 

and dilators can 


tightly restricted 

be a problem 



Figure 72-6 Trocar technique 
for placement of percutaneous 
drainage catheter. A. Illustration 
shows the placement of the 
catheter-cannula-trocar system 
into the abscess. This is followed 
by the catheter being fed off 
over the cannula-trocar. The final 
image shows the catheter 
positioned within the abscess 
cavity. B and C. Ultrasound- 
guided placement of drainage 
catheter (thin arrow) into a liver 
abscess (thick arrow). 
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direct path to the abscess is identified, local anesthetic is admin- 
istered and a skin incision is made at the planned skin entry site 
wide enough to accommodate the catheter. Blunt dissection is 
then performed at the incision site to facilitate easy passage of 
the catheter. 25 The preselected drainage catheter is then mounted 
onto a metal stiffening cannula and inner trocar. 2,25 Subse- 
quently, the catheter loaded on the trocar and the cannula are 
then advanced into the abscess under direct visualization by 
real-time ultrasound. 2 Once the tip of the catheter-trocar 
system is within the abscess, the catheter is fed off of the cannula 
and trocar into the abscess cavity. Pulling on the string then 
forms the pigtail of the catheter, and the catheter is connected 
to a bag for gravity drainage. 25 

The tandem trocar technique is most often employed when 
the drainage catheter placement is performed under CT guid- 
ance, during which the catheter-trocar system is inserted into 
the abscess parallel to a guiding needle. 25,36 The initial step in 
this technique involves placement of a guiding needle at the 
planned skin entry site after subcutaneous infiltration with 1% 


lidocaine. 2 The guiding needle, which is usually a 20-gauge 
needle (Chiba biopsy needle), is slowly advanced under imaging 
guidance into the abscess. Accurate placement of the guiding 
needle is crucial to ensure safety of this technique and also 
permits precise deployment of the catheter in an appropriate 
position. 25,36 Because the portion of the needle outside the body 
serves as a guide for subsequent catheter placement, the length 
of the needle should be appropriately selected such that a sub- 
stantial portion of the needle extends outside the skin as the 
needle is firmly positioned inside the abscess (Fig. 72-7). 25,36 It 
is key to have several centimeters of the guiding needle outside 
the skin because the outer portion of the localizer needle directs 
the appropriate trajectory and angle of entry of the catheter into 
the abscess even if the shape of the abscess is affected by respira- 
tory or other motion. 25,36 After accurate positioning of the 
needle within the abscess is confirmed, the catheter is placed 
adjacent to the needle in tandem to it. 6 A small incision is made 
in the skin adj acent to the needle, and blunt dissection is done 
to allow placement of the catheter. 25,36 For accurate positioning 




Figure 72-7 Tandem trocar technique for 
percutaneous abscess drainage. A. Åxial CT image 
shows initial placement of a 20-gauge Chiba needle 
( arrow ) into an anterior abdominal fluid collection. 

B. Subsequently, the drainage catheter (thin arrow) is 
placed in tandem and parallel to the guiding needle 
(thick arrow). C. Final CT image shows the drainage 
catheter (arrow) placed appropriately in the abscess 
with the pigtail within the collection. 
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of the catheter, the depth of the abscess cavity from the skin 
entry site is measured and appropriate marking is made on the 
catheter. The catheter-trocar system is then advanced alongside 
the needle, holding it perfectly parallel to the guiding needle 
to the predetermined depth. When the catheter has been 
advanced to the premeasured depth, feeding the catheter over 
the trocar-cannula system deploys the catheter. The catheter tip 
position within the abscess cavity is then ascertained by obtain- 
ing postprocedure CT images. If the position of the catheter is 
deemed satisfactory, it is secured externally and connected to a 
bag drainage system. 

Seldinger Technique 

The Seldinger technique encompasses the placement of a drain¬ 
age catheter into an abscess over a guidewire, which is posi¬ 
tioned into the abscess through a needle (Fig. 72 - 8). 25,36,40 The 
first step in this procedure involves introduction of a needle 
into the abscess cavity through a safe percutaneous path as 
described before. 25, 36,40 The needle should be an 18-gauge or 
19-gauge sheathed needle to accommodate a 0.035- or 0.038- 
inch guidewire for placement of 8F to 14F catheters (Fig. 
72 - 9). 25,36,40 Once the position of the needle in the abscess cavity 
is confirmed, the inner stylet of the needle is removed, and the 
guidewire is threaded into the needle and positioned within 
the abscess cavity. 5,36,40 The catheter is then deployed into the 
abscess cavity over the guidewire after serial dilation with fascial 
dilators to the required catheter size. 

Despite the technique used (i.e., trocar or Seldinger), it 
is essential to ensure that the catheter is appropriately posi¬ 
tioned within the abscess. 3 In general, for effective drainage, the 



catheter tip should be ideally positioned within the most 
dependent portion of the abscess. 3 In abscesses with complex 
shape, the catheter tip should be positioned within a location 
distal to the catheter entry site, and preferably the side holes 
should be spread out within the abscess to help effective 
drainage. 3 

Catheter Fixation 

After placement of the abscess drainage catheter, the catheters 
are retained in place within the abscess cavity by internal and 
external retention mechanisms. Internal retention is achieved 
by the nature of the locking pigtail catheters, which prevents 
inadvertent catheter withdrawal. 36 The pigtail is formed with 
the help of a string, which courses through the catheter and is 
secured near the catheter hub. 36 The string has a protective 
mechanism as well to prevent catheter rupture within the 
patient as the string usually breaks when excessive tension or 
pressure is applied. 36 For external fixation, the catheter is fixed 
outside the body by taping or sewing it to different types of 
fixation devices that are left adherent to the skin. External 
fixation devices preclude the need for suturing of the catheter 
to the patient’s skin, which not only can be an irritant but also 
can be a focus of infection. 36 

ADDITIONAL TECHNIQUES FOR 
ABSCESS DRAINAGE 

Organ Traversal 

On occasion, percutaneous access into abdominal abscesses is 
not possible without Crossing an intervening organ. In several 




Figure 72-8 Seldinger technique for percutaneous abscess drainage. A. Illustration shows initial placement of a 19-gauge needle into the 
abscess. B. In the next step, a guidewire is introduced through the needle into the abscess cavity. C. After a sufficient length of guidewire is 
coiled in the abscess cavity, the track is serial ly dilated over the guidewire using fascial dilators to enable placement of a drainage catheter. 

D. The percutaneous drainage catheter is then placed into the abscess after passing over the guidewire. E. The final image shows appropriate 
positioning of the percutaneous catheter within the abscess. 
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Figure 72-9 Seldinger technique for drainage of a large intraperitoneal abscess. A. Preliminary axial CT image shows the placement of an 
18-gauge needle ( arrow ) into the intraperitoneal abscess. B. Subsequently, a guidewire ( arrows ) was introduced into the collection through the 
needle. C and D. After serial dilation over the guidewire, a 12F multi-side hole drainage catheter ( arrows ) was placed into the collection, 
resulting in adequate drainage. 


circumstances, the drainage catheter can traverse intervening 
organs without undue complications. 2 

The organs that can be safely traversed in most circum¬ 
stances are the stomach and the liver (Fig. 72-10). 2 It is also safe 
to traverse the rectum and the vagina with use of the transcavi- 
tary approach for abscess drainage. 2 

Several organs, however, should not be traversed and should 
be carefully avoided during percutaneous abscess drainage, 
namely, the pancreas, spleen, gallbladder, small and large bowel, 
urinary biadder, uterus and ovaries, prostate, and biood vessels. 2 
Although percutaneous drainage of abscesses within these 
organs is safe, these organs should not be transgressed in an 
attempt to reach a deep-seated abscess. 2 

It is important to take several important precautions to 
ensure safe traversal of intervening organs. 2 In traversing struc- 
tures such as the liver, it is important to make sure that the 
coagulation parameters are normal. 2 Also ensure that the cath¬ 
eter has the shortest possible course through the liver, at a safe 
distance from major biood vessels, dilated biliary duets, and 
gallbladder. 2 In addition, care should be taken that the catheter 
side holes are totally confmed within the abscess cavity to avoid 
contamination of the adj acent liver or biliary tract. 2 

The stomach is frequently traversed for percutaneous drain¬ 
age of pancreatic abscess or pseudocysts. 2 In these situations, a 
multi-side hole catheter is used, and it is positioned such that 
the side holes are situated within both the pancreatic or peri- 
pancreatic collection and the stomach. 2 To promote formation 
of a cystogastrostomy track, the catheter should be left in place 
for 6 weeks. This allows drainage of the pancreatic duet seere- 
tions into the stomach because of the presence of a communica- 
tion between the pancreatic duet and the pseudocyst. 2 


CT Gantry Angulation 

Angulation of the CT gantry is a useful technique to create a 
safe pathway for drainage of deep-seated abscesses when all the 
planned access routes in the axial planes have bowel, bone, and 
biood vessels in their paths. 2,41,42 Angling of the gantry in a 
cranial or caudal direction generally helps create a safe path to 
the abscess that avoids vital organs. 2,41,42 For example, if an 
abscess is located high in the pelvis, angulation of the CT gantry 
in the cephalic direction can facilitate transgluteal drainage 
(Fig. 72-li). 2,41,42 When this approach is used, careful attention 
to technique is required because the needle and the catheter 
should be aligned parallel to the angled gantry for optimal 
positioning. 2, 41,42 

Surgical Drains as Access Route 
for Abscess Drainage 

Preexisting surgical drains provide a safe and effeetive alterna¬ 
tive access route for percutaneous drainage of less accessible 
deep-seated postoperative abdominal abscesses (Fig. 72-12). 43 
This is particularly true for deep-seated intra-abdominal fluid 
collections that cannot be accessed safely from a percutaneous 
approach. 43 

Combined Modality Approach 

Abscesses in difficult locations that cannot be accessed with 
guidance from a single imaging modality can be effectively 
drained by a combination of imaging modalities, like ultra- 
sound and fluoroscopy. 2, 3,9,18,36 In these situations, after initial 
placement of the needle into the abscess with ultrasound, 
fluoroscopy allows real-time navigation of the catheter and 
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Figure 72-10 Organ traversal technique for percutaneous abscess drainage. A. Contrast-enhanced axial CT image shows an abscess ( thin 
arrows) posterior to the left lobe of the liver ( thick arrow). B. Percutaneous abscess drainage was performed with successful placement of the 
drainage catheter into the abscess ( thin arrow) after traversing the lateral portion of the left lobe of the liver (thick arrow). C. Contrast-enhanced 
axial CT image shows a bilobed infected pancreatic pseudocyst ( thin arrows ). The drainage catheter is indicated by the thin arrow. D. Percutaneous 
drainage of this abscess necessitated traversal of the stomach ( thick arrow). The stomach is indicated by the thick arrow. 




Figure 72-11 Gantry angulation technique for drainage of subphrenic abscess. 

A. Preliminary axial CT image demonstrates a subphrenic abscess (asterisk) surrounded 
posteriorly by lungs (arrow). B. Gantry angulation was performed, which resulted in 
creation of a safe trajectory without intervening lung (arrow). C. Procedural CT image 
shows placement of an 18-gauge Chiba needle (small arrow) into the abscess cavity (large 
arrow). D. After successful abscess drainage, the catheter is seen within the collapsed 
abscess cavity (arrow). 
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Figure 72-12 Use of surgical drain as an access for percutaneous drainage. A. Contrast-enhanced CT image shows a postoperative abscess 
( arrows ) in the pancreatic bed not effectively drained by a surgical drain. B. Under fluoroscopic guidance, a guidewire was passed through the 
surgical drain to gain access into the abscess cavity. A Kumpe catheter was then passed over the wire into the abscess. Injection of contrast 
material in the image shows the peripancreatic abscess (arrows). C. Subsequently, the Kumpe catheter was exchanged for a wire, and a 12F 
multi-side hole drainage catheter was placed into the deep peripancreatic abscess with decompression of the abscess cavity (arrows). 


guidewire into the desired location within the abscess. 2,3,9,18,36 
For example, fluoroscopy and ultrasound or CT can be used in 
combination to successfully drain abscesses in the subphrenic 
location while at the same time avoiding pleural transgression 
(Fig. 72-13). 2,3,9,18,36 

Hydrodissection 

Hydrodissection is an organ displacement method for creating 
a safe percutaneous trajectory for abscess drainage when 
adjunctive measures such as gantry angulation and patient 
positioning are not successful. 44 It involves instillation of 0.9% 
saline solution with a 20-gauge Chiba needle into the planned 
path for placement of the drainage catheter (Fig. 72-14). 44 The 
instilled saline then displaces the intervening structures away 
from the path to the abscess, allowing safe placement of the 
drainage catheter. 44 Hydrodissection is most effective for dis¬ 
placement of retroperitoneal structures, such as colon and 
duodenum, away from the path to deeper intraperitoneal 
abscesses. 44 

CATHETER MANAGEMENT AFTER DRAINAGE 

Immediately aher Drainage 

After initial catheter drainage, it is essential to completely evac- 
uate the abscess contents and to irrigate the abscess cavity with 
saline several times until the aspirate becomes clear. 8,18 The 
irrigation of the abscess must be performed with saline flushes 


with a volume smaller than the abscess volume to avoid an 
ensuing increase in intracavitary pressure, which could poten¬ 
tially lead to bacteremia and sepsis. 5,8,9,18,36 The catheter tip is 
positioned in a gravity-dependent location of the abscess to 
facilitate effective drainage. 8,18 After successful placement of the 
drainage catheter and evacuation of the abscess cavity, it is 
essential to obtain postprocedure imaging to identify any addi¬ 
tional collections or undrained loculations before completion 
of the procedure. 8,18 Postprocedure imaging also allows detec- 
tion of any complications related to the procedure, such as 
bleeding or pneumothorax. 

Regular Catheter Care 

After percutaneous abscess drainage, daily ward rounds are 
imperative to assess the patient’s clinical response and to 
monitor catheter functioning. 18,45 Daily rounds are also critical 
in fostering a good patient-physician relationship because a 
majority of patients are unaware of the existence of the inter¬ 
ventional radiology service. 18,45 The patients also appreciate the 
opportunity to interact with the radiologists, and the interac- 
tion in turn helps the radiologist to educate the patients about 
regular catheter care. The daily rounds should be used to assess 
the patient’s clinical status, including the development of any 
postprocedure complications. 18,45 The catheter function should 
be monitored to document drain output and any change in 
appearance of drain fluid. 18,45 The catheter should be irrigated 
at least a few times daily with saline flushes (5-10 mL) to avoid 
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Figure 72-13 Combined modality approach 
for drainage of a subphrenic abscess. 

A. Contrast coronal CT image shows a 
postoperative left subphrenic abscess ( arrows) 
after splenectomy. The intercostal approach was 
not preferred because of potential for pleural 
transgression. B. Under ultrasound guidance and 
through a subcostal approach, a 19-gauge 
ultrathin Chiba needle ( arrow ) was placed into 
the subphrenic abscess. C. Fluoroscopic image 
shows the needle (arrow) with the tip in the left 
subphrenic region. D. Fluoroscopic image 
demonstrates placement of a drainage catheter 
in the left subphrenic space after serial dilation 
over a wire (arrows). E. Injection of contrast 
material into the catheter under fluoroscopic 
guidance shows opacification of the abscess 
cavity (arrows), which was subsequently drained. 


clogging of the catheter and connecting tubing. 18,45 The catheter 
position, exit site, and dressing should be carefully examined to 
ensure that the catheter is not retracting from the abscess. 2,3,8,18 
The daily rounds are also helpful to review the need for 
follow-up imaging and to decide the timing of catheter 
removal. 18,45 


Post-Catheter Drainage Imaging 
and Catheter Removal 

The timing for imaging assessment of the abscess after catheter 
drainage depends on several factors, including the patient’s 
clinical status, laboratory Åndings, and daily drain output. In 
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Figure 72-14 Hydrodissection technique for drainage of deep pelvic abscess. A. Preliminary CT image shows a deep pelvic abscess 
(asterisk). A safe pathway to the abscess is blocked by the rectum posteriorly (thin arrow). A lateral percutaneous access to the abscess (thick 
arrow) is hindered by presence of biood vessels. B. A 20-gauge Chiba needle was introduced lateral to the rectum, and saline ( arrows ) was 
instilled through the needle to displace the rectum medially. C. Subsequent CT image shows the needle placed into the abscess through the 
percutaneous path created by saline instillation (arrows). D. Procedural axial CT image shows a safe pathway created by hydrodissection, which 
allowed placement of the drainage catheter (arrows) into the abscess through the transgluteal approach. 


general, repeat imaging is often performed 1 to 2 weeks 
after initial abscess drainage. Cross-sectional imaging tech- 
niques such as CT are most commonly used to monitor the 
adequacy of drainage by determining the residual abscess 
volume as well as the development of new abscesses. 9,18 
However, MRI could be used for postprocedure imaging, par- 
ticularly in pediatric patients. If CT shows that the abscess is 
totally resolved, catheter removal could be contemplated on 
the basis of the nature and quantity of drainage fluid (Fig. 
72-15). If CT shows residual abscess in spite of optimum posi¬ 
tion of the catheter, the patency of the catheter should be 
confirmed by a 5- to 10-mL saline flush. 9, 18-20,29 If the catheter 
is patent and well positioned within the abscess but imaging 
shows persistence of the abscess, the catheter should be 
exchanged for a larger catheter or a catheter with more side 
holes to improve drainage. 9,18 20,29 Fluoroscopic injection of 
iodinated contrast medium through the catheter should also 
be performed on the same day as the CT scan to look for 
any residual abscess and to document presence of a fistulous 
communication. 9, 18-20,29 


The percutaneous drainage catheter can generally be safely 
removed when the following criteria are met: resolution of 
clinical Åndings, including fever, pain, and leukocytosis; 
minimal drainage output (<10 mL in 24 hours); imaging Ånd¬ 
ings demonstrating resolution of the abscess with absence of 
any residual collection; and Auoroscopically guided injection 
of contrast material demonstrating absence of Astulous com- 
munication of the abscess cavity with bowel or other structures 
close to the abscess cavity. Although diminishing drain output 
is an important indicator of effective abscess drainage, it is 
important to ensure that the reduction in drain output from 
the catheter is not due to other reasons, such as catheter mal- 
positioning or blockage. In faet, whenever there is a sudden 
decrease in drain output, the possibility of catheter obstruction 
or kinking should be considered. Sudden inereases in drainage 
could indicate Astulous communication with bowel or ascites 
drainage. These facts underscore the value of obtaining 
repeated imaging after catheter drainage to conArm abscess 
resolution and appropriate catheter position before contem- 
plating catheter removal. 
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Figure 72-15 Post-percutaneous drainage 
abscess follow-up. A. Contrast-enhanced axial CT 
image shows a postoperative abscess ( arrows ) in 
the right lower quadrant after appendectomy. The 
abscess was drained by percutaneous drainage. 

B. Follow-up contrast-enhanced CT scan after 
2 weeks demonstrates complete resolution 

of the right lower quadrant abscess ( arrow). 

C. Fluoroscopically guided injection of contrast 
material into the catheter showed no residual 
abscess cavity and absence of any fistulous 
communication with bowel loops (arrows). 

The catheter was successfully removed. 


FACTORS AFFECTING OUTCOME 
OF ABSCESS DRAINAGE 

Successful drainage of intra-abdominal abscesses by percutane¬ 
ous catheters relies on several important factors. 6,19,20 A key 
factor facilitating adequate drainage is the appropriate place- 
ment of the catheter within the abscess cavity. 6,19, The abscess 
size or volume as estimated by imaging is also important for 
selecting the catheters of appropriate size and length to enable 
unimpeded drainage. 1, The density of abscess contents on 
CT has been reported to influence the success of abscess drain¬ 
age. 2 An abscess with an attenuation of more than 20 HU has a 
higher failure rate compared with an abscess with a fluid attenu¬ 
ation of less than 20 HU. 6,19 Abscesses with higher fluid attenu¬ 
ation might have increased levels of protein, biood products, 
and bacteria, which can impede catheter drainage. 2,3,6,18,19 Com- 
plexity of abscess fluid, such as multiloculation and increased 
viscosity of internal contents, is associated with a lower rate of 
success. 2,3,6,18,19 The relative efficacy of the initial drainage cath¬ 
eter is an important predictor of response to abscess drain¬ 
age. 2,3,6,18,19 This means that the abscesses that have a lower 
residual abscess volume as a percentage of initial volume have 
better treatment success than those with larger volume 2,3,6,18,19 
(Table 72-3). 

After successful drainage of intra-abdominal abscesses, they 
can often recur at the same location. 18,20,46 In such circum- 
stances, repeated abscess drainage should be performed. 
However, if more than two drainage attempts have been made, 
consideration needs to be given to open operative drain¬ 
age. 2,18,20,46 Multiple abscess recurrence after successful evacua- 
tion of the abscess contents should prompt consideration of an 


Causes of Unsuccessful Drainage 


Cause 


Causes due 
to catheter 


Causes due 
to abscess 


Catheter blocked 

Catheter in improper position 

Small catheter for the collection 

Too few side holes in the catheter 

Multiloculated collection 

Presence of fistula, particularly enteric fistula 

Infection with fungal organisms 

Pancreatic origin 


unsuspected diagnosis. 18,20,46 The presence of fistula between the 
abscess cavity and another body cavity (bowel, biliary tree, or 
biadder) has a higher failure rate. 18,20,46 

TIPS AND TRICKS TO IMPROVE OUTCOME 

Catheter Blockage and Improper Position 

A clogged or occluded catheter is often diagnosed when there 
is diffkulty in flushing a catheter. 31 An occluded or clogged 
catheter needs to be exchanged for a new catheter for effective 
drainage. However, before catheter exchange, a diagnostic 
imaging study, preferably CT, is necessary to confirm the 
position of the drainage catheter tip. Sometimes, the reason 
for ineffective drainage is abnormal position of the drainage 
catheter (Fig. 72-16). 19,36 If the catheter is abnormally posi¬ 
tioned or pulled out, repositioning and catheter rescue 
might be required. 19,36 A new percutaneous drainage might be 







1270 


SECTION VIII General Radiologic Principles for Imaging and Intervention of the Solid Viscera 



Figure 72-16 Catheter dislodgment after percutaneous drainage. A. Axial CT image shows a left lower quadrant percutaneous drainage 
catheter placed in a 65-year-old man with diverticular abscess. The catheter tip is in the appropriate position within the abscess ( arrow). The patient 
presented 2 weeks later with decreasing drainage from the catheter. B. Follow-up CT showed that the catheter had retracted from an intra-abdominal 
location into the subcutaneous tissues (arrow). The catheter was successfully repositioned into the abscess under fluoroscopic guidance. 



Figure 72-17 Improved drainage of a perisplenic abscess after catheter exchange for a larger catheter with more side holes. A. Axial 
contrast-enhanced CT image in a 54-year-old man shows a large perisplenic abscess ( arrows). B. Sagittal CT image shows persistent abscess 
despite adequate positioning of the catheter (arrows). C. Fluoroscopic image shows placement of a larger bore catheter with more side holes 
into the abscess over a guidewire (arrows). D. CT obtained 2 weeks later showed complete resolution of the abscess (arrow). 


necessitated in situations in which catheter rescue is not pos- 
sible and a substantial abscess cavity remains. 19,36 

Increasing Catheter Drainage Surface Area 

Percutaneous catheter exchange over a guidewire is the favored 
intervention for suboptimally drained abscesses despite ade¬ 
quate catheter placement. 19 When postprocedure imaging 


demonstrates reduction in abscess volume without significant 
resolution and appropriate positioning of the catheter within 
the collection, increasing the number of catheter side holes 
and increasing the catheter diameter improve drainage and 
have a higher rate of success 19,36 (Fig. 72-17). Use of a longer 
drainage catheter with multiple side holes increases the drain¬ 
age surface area, and therefore drainage of the abscess is more 
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effective. 19,36 For example, a multi-side hole drainage catheter 
(e.g., 32-side hole biliary drainage catheter) provides better 
drainage than a five-side hole drainage catheter because of 
an increase in the number of side holes for drainage along 
the length of the catheter and decreased risk of catheter 
occlusion. 19 

Thrombolytic Agents 

Certain abscesses are refractory to simple percutaneous drain¬ 
age and benefit from instillation of thrombolytic agents, which 
improves percutaneous drainage, thereby avoiding surgical dé- 
bridement. 3,21,36,47 Thrombolytic therapy is particularly helpful 
in multiloculated abscesses or abscesses with extremely viscous 
contents that result in limited or no drainage from the catheter 
despite the presence of a large residual collection and proper 
catheter positioning. The difficulty in drainage is due to fibrin 
matrix deposition in the abscess, which causes loculations inter- 
fering with simple catheter drainage. 3,21,36,47 The basic principle 
of the use of thrombolytic agents is their ability to cause fibrino- 
lysis, which involves degradation of fibrin through activation of 
plasmin from plasminogen (Fig. 72-18). The fibrinolysis results 
in lysis of the septations and loculations, mobilizing abscess 
fluid. 3,21,36,47 Thrombolytic agents such as tissue plasminogen 
activator (tPA) and urokinase also act to reduce the viscosity of 
abscess contents, thereby facilitating catheter drainage. 3,21,36,47 It 
is a proven safe therapy for management of abscesses and is as- 
sociated with only minimal risk of bleeding, even in patients 
who are receiving prophylactic anticoagulation. 3,21,36,47 


At our institution, tPA is the preferred agent for thrombo¬ 
lytic therapy. The preferred dosage in our institution is 4 to 
6 mg of tPA reconstituted in 50 mL of 0.9% saline per adminis¬ 
tration. 21 The volume of instilled tPA is adjusted on the basis 
of the size of the cavity and usually should be 30% to 50% of the 
initial cavity volume. 21,47 The reconstituted tPA is instilled into 
the abscess cavity, and the catheter is clamped for approximately 
30 minutes to 1 hour. 21,4 At the end of this period, the tube is 
opened to gravity drainage. We routinely administer six doses of 
tPA during a period of 3 days (two doses per day). After comple¬ 
tion of the administration of tPA, diagnostic imaging with CT 
is performed to assess the efficacy of the thrombolytic therapy. 
Instillation of the thrombolytic agents early in the course of 
drainage therapy improves the likelihood of success compared 
with later instillation. 3,21,36,47 The dosing of urokinase is 250,000 
units reconstituted in 250 mL of sterile saline to achieve a con- 
centration of 1000 U/mL and divided into three equal aliquots 
administered during a period of 24 hours. 48 After administra¬ 
tion of each aliquot, the catheter is clamped for 30 minutes to 
2 hours before the catheter is opened for gravity drainage. 48 

Fungal Abscesses 

Fungal abscesses are increasingly encountered in hospitalized 
patients, mostly in immunocompromised patients and elderly 
and intensive care unit patients. 49,5 Although technically highly 
successful, percutaneous drainage of fungal abscesses has 
limited success because of the higher clinical failure rate. The 
most common fungal organism isolated from these abscesses is 



Figure 72-18 Thrombolytic therapy for effective abscess drainage. A. Transverse ultrasound image of a 67-year-old man with an 
intraperitoneal abscess shows multiple internal septations ( arrows). Percutaneous abscess drainage was performed. B. CT obtained 2 weeks later 
shows persistent abscess despite adequate catheter positioning (arrows). High density of the internal contents of the abscess suggests viscous 
contents. tPA instillation was performed into the abscess. C. CT obtained after six doses of tPA showed improved liquefaction of the abscess 
contents (arrows). D. Follow-up CT obtained 1 week later showed complete collapse of the abscess cavity (arrows). 




1272 SECTION VIII General Radiologic Principles for Imaging and Intervention of the Solid Viscera 



Figure 72-19 Diverticular abscess with fistulous communication to sigmoid colon. A. Axial CT image shows a percutaneous drainage 
catheter within a diverticular abscess associated with sigmoid diverticulitis ( arrows ). The patient continued to have persistent drainage from 
the catheter for 4 weeks. B. Fluoroscopically guided injection of contrast material into the abscess cavity (thick arrow) showed fistulous 
communication of the abscess cavity with the sigmoid colon (thin arrows). 


Candida albicans (79%), followed by Candida glabrata. 49,50 
Varghese and colleagues reported a technical success rate of 
79% and a clinical success rate of 57% for percutaneous drain¬ 
age of fungal abscesses. The predictors of poor clinical outcome 
in fungal abscess include presence of loculations at imaging, 
history of malignant disease, and admission to the intensive 
care unit. 49,5 Drainage can be optimized in such situations by 
placement of larger bore catheters with larger diameter or cath- 
eters with an increased number of side holes. 49,50 

Abscesses with Fistulous Communication 

Intra-abdominal abscesses are often complicated by fistulous 
communication with surrounding structures within the 
abdomen, which can often impede effective drainage.* The risk 
factors for fistulous communication include abscesses develop- 
ing in patients with Crohns disease, diverticulitis, pancreatic 
duet injuries, and postoperative abscesses after bowel surgery.* 
The presence of a fistulous communication should be suspected 
in these patients during the management of their intra- 
abdominal abscesses. The diagnosis of fistulous communication 
is normally made during fluoroscopically guided injection of 
contrast material into the drainage catheter (Fig. 72-19). 3,36 CT 
with positive oral contrast agents can also be performed to 
confirm the diagnosis in suspected fistulization to the bowel. 
The presence of a fistula is also indicated by the change in the 
nature and appearance of the drainage fluid. For example, the 
initial purulent drainage from an abscess transforms into fluid 
resembling origin from other body cavities, such as bile, bowel 
contents, urine, or pancreatic fluid. 3,36 An additional sign that 
is highly suggestive of fistulous communication is a persistently 
high drain output from the catheter. 3,36 

The management of an abscess with fistulous communica¬ 
tion to other abdominal structures, particularly bowel, is 
complex and challenging. The presence of a fistulous com¬ 
munication usually necessitates prolonged catheter drainage 
because premature catheter removal results in abscess recur- 
rence due to reaccumulation of fluid. Surgery remains the 
definitive treatment option in these patients. In patients who 
are poor surgical candidates, the management strategy often 


^References 2, 9, 19, 20, 29, 36. 


involves prolonged catheter drainage for several weeks to 
months to allow healing and the fistula to close. In many 
situations in which the patient is unfit for surgical interven¬ 
tion, adjunetive procedures may facilitate fistula healing. 18,20,29,36 
For example, sphineterotomy with endoscopic biliary stent 
placement for biliary diversion is effective in patients with 
infeeted bilomas from biliary injury as this allows internal 
biliary drainage and curtails bile leakage into the abscess cavity, 
promoting healing. 18,20,29,36 Similarly, in patients with infeeted 
urinomas caused by post-traumatic urine leaks, urinary diver¬ 
sion away from the urinoma can be achieved with a ureteral 
stent or a percutaneous nephrostomy catheter to aid closure 
of the fistula. 18,20,29,36 In patients with high-output enteric 
fistula, prolonged parenteral nutrition and exelusion of oral 
nutrition may be necessary. 18,20,29,36 

ABSCESSES AT SPECIFIC LOCATIONS 

Liver Abscess 

Liver abscesses are often either pyogenic or amebic in 
origin. 3,51 Other causes, such as fungal and protozoan, are 
uncommon. Pyogenic liver abscess most commonly occurs in 
the United States, whereas amebic liver abscesses account for 
most cases of hepatic abscess throughout the world. 3,5 Hepatic 
abscesses cause significant morbidity and mortality despite 
advances in antibiotic therapy. 3,5154 

Pyogenic liver abscesses usually result from prior abdominal 
surgery, trauma, neoplastic disease, biliary tract disease, or 
bacteremia in immunocompromised patients. 3,18,51 ' 54 Intra- 
abdominal infeetions such as diverticulitis and appendicitis 
often result in hepatic abscess by bacteremia from the portal 
vein; however, their incidence has fallen because of improved 
management of these conditions with antibiotic therapy. 3,18,5154 
Hepatic abscesses can also result from complications of prior 
hepatobiliary surgeries involving biliary-enteric anastomoses, 
liver transplantation, and locoregional therapies such as trans- 
arterial chemoembolization and percutaneous tumor abla- 
tion. 3 In addition to features of abdominal sepsis, such as 
abdominal pain, fever, and chilis, the patients with hepatic 
abscess present with leukocytosis and elevated bilirubin and 
alkaline phosphatase. 3,18,51 ' 54 Pyogenic abscesses can be single 
or multiple (46%-71%). 18 Klebsiella pneumoniae is the most 
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common microbe in solitary abscesses, whereas Escherichia coli 
is most often involved in multiple abscess groups. Single 

pyogenic abscesses are usually located in the right lobe of 
the liver, whereas multiple abscesses usually occur in both 
lobes. 5 Untreated pyogenic abscesses are almost uniformly 
fatal. 18 On ultrasound, pyogenic abscesses have a cystic or 
hypoechoic appearance with internal debris and often demon- 
strate posterior acoustic enhancement. 18 Amebic abscesses are 
manifested as rounded or oval lesions with a homogeneous 
hypoechoic appearance without irregular walls as seen with 
pyogenic abscess. 18 On CT, they are manifested as low- 
attenuation masses with a rim of peripheral enhancement sur- 
rounded by a hypodense halo due to surrounding edema. 3,18 

The Cardinal rule in the management of pyogenic liver 
abscess is early intervention with either surgical or percutane- 
ous drainage and parenteral antibiotics. 7,9,18,54 ' 57 A single abscess 
can be drained by ultrasound, whereas multiple abscesses are 
drained with CT guidance (Fig. 72-20). 7 Percutaneous drain¬ 
age is effective in treatment of 70% to 94% of patients. 7 ' 9,18,53,58 ' 60 
Higher rates of morbidity and mortality are seen in patients 
with multiple or multiseptate abscesses and with underlying 
comorbidities, systemic sepsis, delayed diagnosis, or fungal 
superinfection. 7 ' 9,18,53,58 ' 60 

Amebic liver abscesses are common worldwide and caused 
by Entamoeba histolytica. 9,18,61 They are common in individuals 
living in or with history of recent travel to endemic areas and 
in immunocompromised individuals. 9,18,61 Amebic liver 
abscesses are often single and seen in the right lobe of the liver 
in a subcapsular location. 918 61 The cornerstone of therapy in 
patients with amebic liver abscess is medical management with 
metronidazole. 9,5 The option of drainage is restricted to patients 
in whom medical therapy fails, to those with abscesses larger 
than 6 to 8 cm, and to those in whom there is increased risk of 
rupture. 9 57,61,62 Amebic abscesses have a better response rate 
than pyogenic abscesses do. 9 57,61,62 

Splenic Abscess 

Splenic abscess is a rare condition with an incidence of less than 
1%; however, an increasing number of cases are being reported 
in immunocompromised patients. 3,18,63 ' 66 Splenic abscesses 
most often result from metastatic hematogenous infections sec- 
ondary to endocarditis, contiguous sites of infection, and 


trauma. 18,63 ' 66 Splenic abscess can be associated with a high 
degree of morbidity and mortality because of the risk of sepsis 
and splenic rupture. 3,18,63 ' 66 Early diagnosis and intervention are 
imperative to improve outcome. Patients usually present with 
left upper quadrant pain, fever, and leukocytosis. 3,18,63 ' 66 Imaging 
has a high sensitivity in the diagnosis of splenic abscess ranging 
from 75% to 96%, with CT performing better than ultra¬ 
sound. 18,63 ' 66 Percutaneous drainage of splenic abscess has 
success rates between 75% and 100% and is an effective treat¬ 
ment strategy for single lesions along with antibiotic therapy 
because it precludes splenectomy and preserves splenic func- 
tion. 3,18,63 ' 66 In patients with multiple splenic abscesses, splenec¬ 
tomy might be the preferred option, except in patients with high 
risk for surgery. " 18,63 66 For percutaneous drainage, the subcostal 
approach is preferred to avoid traversing the pleural Space, but 
the intercostal approach might be required because of the sub- 
phrenic location of the spleen." Multiloculations, septations, 
viscous contents, and abscess rupture with bleeding are consid- 
ered to be relative contraindications to catheter drainage, and 
the surgical option is preferred. 18,63 ' 66 

Peripancreatic Abscess 

Peripancreatic fluid collections, pancreatic pseudocysts, panere - 
atic abscess, and pancreatic necrosis are common Åndings in 
patients with acute pancreatitis. 18,35,67 ' 71 Percutaneous drainage 
of peripancreatic fluid collections and pseudocysts should be 
considered a treatment option when these collections become 
superinfected. 18 ' 1 Noninfected pancreatic pseudocysts or 

peripancreatic fluid collections can be observed conservatively, 
and percutaneous drainage may be indicated only in the pres- 
ence of symptoms such as recurrent abdominal pain, mass 
effect causing biliary or bowel obstruction, intracystic hemor- 
rhage, or increasing size of the collections. 9,67,68,71,72 Superinfec¬ 
tion is often suspected clinically, and contrast-enhanced CT 
scans can help in diagnosis. 18 However, percutaneous aspiration 
with Gram stain and culture could be performed for confirma- 
tion before percutaneous drainage. 3,3 Percutaneous drainage 
has reported cure rates of 65% to 90%, and surgical interven¬ 
tion is reserved for unresponsive collections. 18,35,67 ' 71 CT is pre¬ 
ferred for percutaneous drainage of peripancreatic collections 
because they are often deep seated and have a complex anatomy 
(Fig. 72 - 21). 18,35,67 71 Fluid collections or abscesses related to 



Figure 72-20 Pyogenic hepatic abscess drained by percutaneous drainage. A. Contrast-enhanced axial CT image shows a peripherally 
enhancing air-containing abscess in the left hepatic lobe ( arrows ). B. Contrast-enhanced axial CT image 2 weeks after abscess drainage shows 
resolution of the left hepatic lobe abscess (arrow). 
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Figure 72-21 Percutaneous drainage of infected peripancreatic fluid collection. A. Contrast-enhanced axial CT image in a 45-year-old man 
with acute pancreatitis shows a large fluid collection adjacent to the pancreatic tail ( arrows ). B. Axial CT image after percutaneous drainage 
shows resolution of the peripancreatic abscess (arrows). 


pancreatitis often result in catheter drainage for longer periods 
(weeks to months), particularly in collections with fistulous 
Communications to bowel or pancreatic duet. 3,19,67 Successful 
repeated percutaneous drainage is possible in some patients 
with fistulas. 18 

Pancreatic and peripancreatic necrosis may result in accu- 
mulations of material with fluid attenuation at CT. This necrotic 
material is viscous and often does not drain completely through 
the catheter. 3,9,67,68,71,2 In suspected cases of infected pancreatic 
necrosis, needle aspiration can be performed for confirmation 
of infeetion. 1,9,67,68,70 If the area of necrosis is not infected, the 
recommended treatment is supportive care. 3, 9,67,68,70 If the area 
becomes infected, surgery is indicated. Percutaneous drainage 
can be offered as a temporizing measure before surgical inter¬ 
vention in critically ill patients unfit for surgery. 3,9,67,68,70 ' 72 
Large-bore catheters, such as 20F to 30F catheters, are often 
required for drainage of infected pseudocysts or infected pan¬ 
creatic necrosis if significant debris is present or if the abscess 
contents are thick and viscous. 18,35,67 ' 1 Aggressive catheter man¬ 
agement with ir rigation is often helpful. 3 

Retroperitoneal Abscess 

Abscesses in the retroperitoneum most often arise from the 
panereas or are renal in origin. Renal abscesses are common in 
patients with preexisting renal diseases, such as nephrolithiasis, 
hydronephrosis, septicemia, and diabetes mellitus. 18 Renal 
abscesses can be localized within the renal parenchyma or can 
rupture externally to be manifested as a perinephric abscess. 18 
If renal or perirenal abscess is associated with a urinary obstruc¬ 
tion, a percutaneous nephrostomy is needed to relieve the 
obstruction and could also be used as an access for stone 
removal. 18 Infected urinomas can also manifeste as retroperito¬ 
neal abscesses. For infected urinomas resulting from post- 
traumatic urine leaks, urinary diversion through either a 
ureteral stent or percutaneous nephrostomy might be required 
to facilitating healing. 18,20,29,36,73 

Abscesses in the iliopsoas compartment constitute an impor- 
tant entity and may develop secondary to previous surgery, 
penetrating trauma, hematogenous spread, contiguous spread 
from spinal osteomyelitis or tuberculosis, renal abscess, or 
inflammatory bowel disease. 18,74 Abscesses in the iliopsoas com¬ 
partment should preferably be drained under CT guidance 
because of their ability to demonstrate the location and extent 
of the abscess and its relationship to nearby structures. 18 


Pelvic Abscess 

The pelvis is a frequent site of abscess formation, particularly 
in postoperative patients, because of its dependent location. 18 
The other common causes of pelvic abscesses include diverticu- 
litis, appendicitis, Crohns disease, postirradiation enteric fistu¬ 
las, and pelvic inflammatory disease. 3,18 Several safe approaches 
can be used for effeetive drainage of pelvic abscess, including 
the transgluteal, transvaginal, and transrectal ro ute, as the pres- 
ence of overlying bowel loops and biadder precludes a direct 
anterior or anterolateral approach. 2,3,9,18,36 Sonographic guid¬ 
ance is used for drainage by the transvaginal or transrectal 
route, whereas CT guidance is used for transgluteal drainage. 

In the transgluteal approach, the needle is directed caudal to 
the sacrospinous ligament, and it passes through the sciatic 
foramen (Fig. 72-22). 2,25,40,75 To avoid transgression of sciatic 
nerves and superior and inferior gluteal vessels, the catheter 
must pass as close to the saerum as possible while sparing the 
rectum. 2, 25,40,75 A common disadvantage of the transgluteal route 
is the significant discomfort and buttock pain. 2 25,40 

The transvaginal approach provides the most direct access 
for drainage of abscesses situated close to the apex of the vaginal 
vault. 6 78 The transvaginal approach is performed with an 
endoluminal ultrasound probe with a guide, which facilitates 
needle access for trocar-catheter insertion. 2,76 ' 78 However, this 
approach cannot be used for inaccessible collections in the pre- 
sacral Space or ischiorectal fossa. The transvaginal route is 
also not preferred for abscesses located high in the pelvis 
because of the risk of injury to urinary biadder, bowel, or vas- 
cular structures. 2 Technically, because the vagina is a muscular 
structure, puneture, dilation, and catheter placement may be 
difficult. 2,76 78 

Enteric Abdominal Abscesses 

Diverticular Abscess. Acute diverticulitis complicated by 
abscess formation is seen in nearly 25% of cases. Diverticular 
abscesses initially start as a microperforation at the site of 
inflammation with formation of a microabscess, which gradu- 
ally grows in size to form a larger abscess. 3,9,12,79 Without defini¬ 
tive treatment, these abscesses can potentially rupture, resulting 
in gross fecal peritonitis. 3,9,12,79 Whereas acute diverticulitis is 
treated medically with antibiotics, development of abscess 
necessitates drainage either percutaneously or surgically. 12,28,40 
The role of percutaneous drainage in diverticular abscesses is 
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Figure 72-22 Transgluteal drainage of presacral abscess. A. Contrast-enhanced axial CT image shows a presacral abscess with an air-fluid 
level ( arrows ) in a 67-year-old patient with rectal cancer after rectal cancer surgery. B. CT-guided transgluteal drainage of the abscess was 
performed with placement of the catheter into the presacral abscess (arrows). 



Figure 72-23 Percutaneous drainage of diverticular abscess. A. Contrast-enhanced CT image shows a large diverticular abscess ( arrows) in a 
51-year-old woman. B. Axial CT image obtained 2 weeks after percutaneous drainage shows complete collapse of the diverticular abscess cavity 
(arrows). 


usually temporizing to relieve fever and other symptoms before 
definitive surgery, which involves resection of the affected 
segment of colon. 3, 12,28,40 Percutaneous drainage is primarily 
beneficial in cases with limited perforation without gross fecal 
spillage. 12 28 40 Percutaneous drainage is effective in treatment 
of diverticular abscess with success rates of up to 90% and can 
decompress the abscess cavities well (Fig. 72-23).* Percutaneous 
drainage combined with antibiotic therapy limits morbidity 
resulting from multistaged colonic surgeries for acute compli- 
cated diverticulitis. 3,12 ’ 28 ’ 40 

Appendicular Abscess. Periappendiceal abscess may arise as a 
complication of acute appendicitis (preoperatively) or appen- 
dectomy (postoperatively) and is seen in up to 2% to 3% of 
cases (see Fig. 72-15). 9 ’ 18 ’ 79 ’ 82 ’ 83 In patients with appendiceal 
rupture from acute perforated appendicitis, surgical drainage 
of periappendiceal abscesses has a high rate of morbidity. 84 
Percutaneous drainage of the periappendiceal abscess as a tem¬ 
porizing measure allows the acute inflammation to subside, 
thereby limiting the degree of postoperative morbidity. 9,18 In 
poor surgical candidates, percutaneous catheter drainage may 
be an alternative to surgery. 3 

Crohn’s Disease. In patients with Crohns disease, abscesses 
may occur either spontaneously or postoperatively. 18 Abscess 


^References 3, 12, 27, 28, 40, 80, 81. 


formation in Crohns disease patients can be multifactorial; 
causative factors include direct disease extension from an 
involved loop of bowel, hematogenous seeding, peritoneal con- 
tamination, and anastomotic breakdown after surgery. 9,11,18 29 85 
Abscesses most frequently occur between the leaves of the mes- 
entery, between adjacent bowel loops, in the anterior perito- 
neum, in the right iliac fossa, in the retroperitoneum, or in the 
pelvis. 18 Because of concurrent bowel involvement, intra- 
abdominal abscesses in Crohns patients are often associated 
with fistula formation to the bowel, which is a predictor of the 
need for surgery. 18 Percutaneous drainage of intra-abdominal 
abscesses in Crohns patients often has a temporizing role before 
definite surgical intervention, given the relapsing chronic nature 
of the disease itself. 1 18,29,85 Catheter drainage for several weeks 
is required in this group to allow fistulous communication with 
the bowel to heal. 11,29 Fistulas tend to close on their own with 
bowel rest, parenteral nutrition, and long-term catheter drain¬ 
age for healing. 11,29,85 Success rates for percutaneous drainage are 
higher for postoperative abscess compared with spontaneous 
abscess. 9 ’ 11,18 ’ 29 ’ 85 

IntraperitoneaI Abscess 

Infected intra-abdominal collections in the postoperative 
period are a common occurrence and often prolong hospital 
stay and increase morbidity and mortality. Early intervention 
and treatment are necessary in these patients because of the 
high mortality of up to 30% associated with postoperative 
intra-abdominal sepsis. 5,18 ’ 86 ’ 87 Percutaneous catheter drainage is 
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the preferred treatment for management of postoperative 
abscesses because of the high morbidity associated with repeated 
surgeries. 5,18 However, accurate diagnosis of a postoperative 
abscess is important to avoid drainage of noninfected inflam- 
matory fluid collections. The diagnosis is rendered difficult in 
the immediate postoperative period because of fluid collections 
resulting from intraoperative irrigation, edema, old biood, 
and inflammatory changes. 18 CT imaging is generally recom- 
mended on the eighth postoperative day for accurate character- 
ization of intra-abdominal abscess. 18 After recognition of 
intra-abdominal abscesses, percutaneous drainage is performed 
either as a definitive treatment or as a temporizing procedure 
before the surgical revision. 18 The limiting factors for successful 
drainage of postoperative fluid collections include anastomotic 
dehiscence, multiple loculations, and increased viscosity of fluid 
contents. 18 Abscesses at sites of enteric anastomoses often have 
fistulous communication to the bowel, which necessitates pro- 
longed catheter drainage or corrective surgical intervention. 18 
At times, however, the anastomotic leak may heal and seal by 
percutaneous drainage alone. 18 

Intraperitoneal abscesses can also result from superinfection 
of preexisting fluid collections, such as hematomas, bilomas, 
urinomas, and even ascitic fluid, and these can be successfully 
treated by percutaneous drainage. 3 Bilomas resulting from 
iatrogenic bile duet injury during hepatobiliary surgeries com- 
monly have a persistent biliary fistula in more than 45% of 
cases. 88 To facilitate adequate healing, drainage of infeeted 
bilomas should be complemented by additional endoscopic 
or percutaneous procedures, such as biliary stent or percutane¬ 
ous transhepatic biliary drain for biliary diversion away from 
the site of injury. 3,88 Infeeted hematomas often do not drain 
well despite adequate liquefaction and might require the 
administration of thrombolytic agents such as tPA to improve 
drainage." 21 Effective percutaneous drainage of infeeted large 
intraperitoneal fluid collections often necessitates placement 
of multiple catheters. 3,8,39 The access route for drainage of a 
large intraperitoneal abscess is often straightforward and can 
be accomplished without difficulty by ultrasound or CT guid¬ 
ance. 3 However, it is important to carefully select the percu¬ 
taneous path for drainage to avoid vascular injury or bowel 
transgression. 

Epigastric abscesses often result from hepatic, gastric, or 
colonic pathologic processes and have complex anatomic fea¬ 
tures because of their extent of involvement and proximity to 
several important structures. 2 3 This necessitates use of CT 
guidance for safe percutaneous drainage of these complex 
abscesses, particularly for drainage of abscesses in the posterior 
epigastric region as they are surrounded by stomach anteriorly, 
liver and spleen laterally, and kidneys and bones posteriorly. 36 
A transhepatic and transgastric route may be used that trans- 
gresses the periphery of the liver. 36 

Subphrenic abscesses are manifested by their own unique 
challenges for percutaneous drainage because of their location 
and the necessity to transgress the pleura in most of the 
cases. 2,36 Transgression of pleura can result in complications 


such as pneumothorax, hemothorax, and conversion of a 
pleural effusion into an empyema. 2,36 Left subphrenic abscesses 
usually develop after splenectomy, whereas a right subphrenic 
abscess may be related to liver trauma or liver surgery. 2,36 
Abscesses in the subphrenic location should ideally be drained 
through a subeostal approach to avoid the pleura, although 
an intercostal access may be necessary in the absence of a 
suitable subeostal window. 2,36 In such circumstances, it is 
safer to be as caudal and anterior as possible with the drain¬ 
age path to avoid the pleura because the anterior pleural 
reflection is cephalad compared with the posterior one. 
Combined ultrasound and fluoroscopic guidance is most suit¬ 
able for drainage of a subphrenic abscess through the subeostal 
approach (see Fig. 72- 13). 2,36 In this procedure, a needle is 
initially placed through a subeostal route under ultrasound 
guidance into the most caudal aspect of the fluid collection. 
The needle is then used to manipulate a guidewire to a posi¬ 
tion beneath the diaphragm under fluoroscopic guidance. The 
guidewire access is then used to place a catheter into the 
subphrenic location by the Seldinger technique. 2 Percutane¬ 
ous drainage can also be performed under CT guidance, during 
which gantry angulation is used to place the catheter in the 
subphrenic location. Patients may complain of referred pain 
in the shoulder or scapular region during drainage of sub¬ 
phrenic abscesses, which usually resolves after drainage of the 
abscess. 2,36 

Tumor Abscess 

Tumor abscess is a rare occurrence and involves superinfection 
of a necrotic tumor. 2 In the majority of the cases, the diagnosis 
is straightforward as superadded infeetion develops in patients 
with a known malignant tumor. 2 A high degree of suspicion is 
warranted in other circumstances because abscess can develop 
in the postoperative bed after tumor resection. 2 Contrast- 
enhanced CT and MRI provide helpful dues to the diagnosis as 
they show irregularly enhancing solid areas within the abscess. 
The diagnosis of tumor abscess is crucial because percutaneous 
drainage in these cases should be avoided. Percutaneous drain¬ 
age is not curative for tumor abscesses, and most often the 
catheters need to be in place indefmitely. 2 It can be performed 
in patients with sepsis or in those critically ill before definitive 
surgery. A frank discussion with the patient, the family, and the 
referring physicians is often necessary before percutaneous 
drainage of tumor abscesses to ensure appropriate education of 
the patient. 2 

Condusion 

Intra-abdominal abscesses have a high rate of morbidity and 
mortality if they are left untreated. Image-guided percutaneous 
drainage is a minimally invasive technique valuable in manage¬ 
ment of infeeted fluid collections. The intent of this chapter is 
to provide the radiologist with a birds-eye view of percutane¬ 
ous management of intra-abdominal abscesses to deal with 
both routine and challenging cases. 
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Rapid advances in technology and refinements in both nonin- 
vasive and invasive techniques have improved the ability of 
imaging methods to make more precise diagnoses in disorders 
of the biliary tract. Ultrasound and computed tomography 
(CT), because of wide availability and ease of performance as 
well as high diagnostic accuracy, are the first-line imaging tech¬ 
niques. Magnetic resonance cholangiopancreatography (MRCP) 
has assumed a larger role as a rapid, accurate, and noninvasive 
method of evaluating the bile duets and has replaced diagnostic 
endoscopic retrograde cholangiopancreatography (ERCP) in 
most instances. Modern magnetic resonance (MR) and CT 
techniques including use of biliary-exereted contrast agents and 
postprocessing reformation methods, such as multiplanar re¬ 
formation (MPR), maximum intensity projection (MIP), and 
volume rendering, allow detailed evaluation of the biliary tract 
with excellent accuracy and patient tolerance as well as three- 
dimensional data sets that can be cholangiographically dis¬ 
played. Percutaneous transhepatic cholangiography (PTC) and 
ERCP are methods of direct cholangiography used for evalua¬ 
tion of biliary ductal disease. These techniques are invasive, but 
they are also safe and widely available. Improvements in the 
technical aspects of PTC and ERCP have led to the development 
of various interventional biliary procedures performed from 
both percutaneous and endoscopic routes. Plain radiography 
plays a minor role in imaging of the gallbladder and bile duets. 
The traditional indications for operative and postoperative 
cholangiography remain unchanged; both techniques allow 


direct opacification of the biliary tree but require surgical access 
and have limited diagnostic use. Biliary scintigraphy also has a 
limited role in biliary imaging, mainly for confirming acute 
cholecystitis and identifying bile leaks. ! 

Normal Anatomy 

GALLBLADDER 

The gallbladder is an elliptical organ located in a fossa on the 
undersurface of the liver between the right and left lobes. 
Although size and shape vary, the relaxed gallbladder is approxi- 
mately 10 cm long and 3 to 5 cm in diameter. Size may inerease 
after vagotomy, in diabetes, or after cystic duet or common duet 
obstruction. Normal capacity is approximately 50 mL. The 
normal gallbladder wall is 2 to 3 mm thick, and the mueosa is 
composed of simple columnar epithelium. The gallbladder is 
usually apposed to the liver surface by parietal peritoneum. 
Rarely, the peritoneal reflection may be loose, forming a mes- 
entery that allows the gallbladder enough mobility to extend 
into the pelvis or left abdomen, herniate into the lesser sac, or 
undergo torsion. The gallbladder is positioned partially or com- 
pletely in an intrahepatic location in 10% of cases. 

The gallbladder is divided into four parts—fundus, body, 
infundibulum, and neck (Fig. 73-1). The fundus is the rounded 
distal tip, which may project below the anterior inferior liver 
edge (Fig. 73-2). A character istic deformity associated with 
septation and partial folding over of the gallbladder, the phry- 
gian cap, may be fo und in the fundus. The body is the mid- 
portion of the gallbladder, which may be in contact with the 
duodenum and hepatic flexure. The infundibulum (Hart- 
manns pouch) is the focally enlarged segment between the 
body and the neck. The neck of the gallbladder lies between 
the body and the cystic duet and points toward the porta 
hepatis. A mucosal fold, the junetional fold, is frequently seen 
near the gallbladder neck. The gallbladder neck bears a constant 
relationship to the major interlobar fissure and undivided right 
portal vein or main portal vein, an important anatomic rela¬ 
tionship for imaging. 1 

CYSTIC DUCT 

The gallbladder is attached to the common bile duet (CBD) by 
the cystic duet, which is usually 2 to 4 cm long and contains 
tortuous folds, the spiral valves of Heister (see Fig. 73-1). The 
cystic duet usually joins the common hepatic duet (CHD) from 
the right lateral aspect approximately halfway between the porta 
hepatis and the ampulla of Vater to form the CBD. The point 
at which the cystic duet joins the CHD is variable, from high in 
the upper extrahepatic bile duet or one of the intrahepatic duets 
(more often the right) to low at the ampulla. The cystic duet 
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usually runs parallel to the CHD at least for a short distance 
and may insert either anteriorly or posteriorly or spiral around 
to insert on the medial aspect. The two duets may have a long 
parallel course and can be encircled in a common connective 
tissue sheattr 0 " 23 (Fig. 73-3). 



Figure 73-1 Normal anatomy of the gallbladder and cystic duet. 
(From Linder HH: Clinical Anatomy. East Norwalk, Ct: Appleton 8c 
Lange ■ 1989, p 421.) 


BILE DUCTS 

Intrahepatic Duets 

The liver is divided into right and left lobes on the basis of 
portal vein anatomy and biliary drainage. The right lobe is 
divided into anterior and posterior segments, and the left lobe 
is divided into medial and lateral segments by the fissure of the 
ligamentum teres. The bile duets generally follow the internal 
hepatic segmental anatomy; however, marked variation in the 
branching pattern is common. Small branching interlobar bile 
duets merge into larger duets until the major left and right 
hepatic duets are formed. A left medial segment duet and a left 
lateral segment duet normally join to form the main left hepatic 
duet. The right hepatic duet branches near its takeoff from the 
CHD. In approximately 60% of patients, the right hepatic duet 
has a dorsocaudal branch, with a characteristic hooklike con- 
figuration proximally, draining the posterior segment of the 
right lobe, and a ventrocranial branch, draining the anterior 
segment of the right lobe. Variations in the anatomic arrange¬ 
ment of the bifurcation branches are common, however, and it 
may be impossible to differentiate the anterior and posterior 
segmental branches on frontal cholangiograms. Common 
bifurcation variations include drainage of either anterior or 
posterior right lobe segmental duets into the left hepatic duet, 
or a trifurcation configuration may occur. The left hepatic duet 
is more anterior and is usually longer and wider than the right 
hepatic duet. The left hepatic duet has a longer extrahepatic 
course and tends to dilate more with obstruction than the right 



Figure 73-2 Normal anatomy of biliary tract. A. Frontal view. B. Parasagittal view. 
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hepatic duet does, presumably because there is less surrounding 
liver. Ductal drainage of the caudate lobe is variable and may 
be related to the left or right ductal system. 18 ' 29 

Extrahepatic Duets 

The right and left hepatic duets emerge from the liver and unite 
to form the 3- to 4-cm-long CHD, which then joins the cystic 
duet to form the CBD. The union of the right and left main 
hepatic duets is usually just outside the liver but may be lower, 
resulting in a shorter CHD or CBD. The CHD courses ventrally 
and inferiorly from the porta hepatis in the hepatoduodenal 
ligament accompanied by the portal vein, which lies posteriorly, 
and the hepatic artery, which lies medially. As the CHD passes 
inferiorly, it angles anteriorly and then posteriorly, Crossing over 
the right portal vein and joining the cystic duet to form the 
CBD as it courses behind the postbulbar duodenum (see Fig. 
73-1). The CBD averages 6 to 7 cm in length and is usually 
divided into suprapancreatic, intrapancreatic, and ampullary 
segments. In approximately 70% of patients, the distal CBD 
courses through the pancreatic head; in a smaller percentage, 
the CBD is located in a groove on the posterior surface of the 
panereas. The CBD enters the posterior medial aspect of the 


Normal 



with hepatic duet 



Figure 73-3 Variations in cystic duet insertion. 


second portion of the duodenum through an oblique, 1- to 
2-cm-long intramural tunnel terminating at the papilla of 
Vater. 18 ' 24 

The exact union of the CBD and the pancreatic duet at the 
ampulla varies. Most commonly, the two duets join in the duo- 
denal wall and have a short common channel (<5 mm). On 
occasion, separate orifices are present at the ampulla, or the 
duets unite, forming a long common channel before entering 
the duodenal wall (Fig. 73-4). The sphineter of Oddi surrounds 
the common channel, and the choledochal sphineter (sphineter 
of Boyden) surrounds the CBD from its entrance into the duo¬ 
denal wall to its junetion with the pancreatic duet. The 
extrahepatic duets are sparse in muscle fibers (except in the 
cystic duet and the sphineter areas) and are composed primarily 
of elastic fibers. This allows relatively rapid change in size in 
response to fluctuations in intraductal pressure. With age, loss 
of elasticity may occur, resulting in enlargement of the duet, 
so-called ductomegaly of aging. 33 ' 36 

Anatomic Variations 

Anatomic variations and anomalies of bile duet anatomy are 
common (see Chapter 76). Although most are of no pathologic 
significance, an understanding of these variations is important 
to avoid misdiagnosis. Anatomic variations have been reported 
in 23% to 46% of cholangiograms, with the most common sites 
of involvement at the hepatic bifurcation and in the insertion 
of the cystic duet. An aberrant right hepatic duet (4.6%) 
entering at a variety of locations (including low along the CHD 
or into the cystic duet), an accessory right hepatic duet (1.9%), 
and a high or low insertion of the cystic duet are congenital 
anomalies of significance because of the potential for injury at 
biliary surgery 20,22,24,25,37 (see Chapter 81). 

Examination Techniques: Gallbladder 

Modern gallbladder imaging involves primarily ultrasound and 
CT. Although the gallbladder is readily imaged by MR, this 
technique is less often used in gallbladder diagnosis because CT 
and ultrasound are accurate, quicker, less expensive, and easier 
to obtain. MR and MRCP, however, may be used as the initial 
imaging study in patients with suspected gallbladder carcinoma 
because of the greater ability to assess extent of disease and 
vascular involvement. Real-time sonography is the dominant 
screening method for the detection of gallbladder disease. Mul- 
tidetector CT (MDCT) is commonly used to initially evaluate 
gallbladder disease, particularly neoplastic conditions and com- 
plicated cholecystitis, because of its ability to rapidly produce 
isotropic images of the upper abdomen. 1 ' 6,10,16,17 


Common 



1. Short common 
channel 



2. No common 
channel 



3. Long common 
channel 


Figure 73-4 Types of union of common bile duet and pancreatic duet. 
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PLAIN RADIOGRAPHY 

Plain abdominal radiography is the simplest and least expensive 
imaging method that may identify gallbladder disease, but the 
yield is low, and this study is not used as a primary technique 
for assessment of suspected biliary or gallbladder disease. 
However, it is frequently the first study obtained in patients with 
upper abdominal pain, and gallbladder disease is occasionally 
apparent on the study. The normal gallbladder is not visible on 
plain radiographs. Only 10% to 15% of gallstones are suffi¬ 
ciently calcified to be visualized on the plain abdominal radio- 
graph. “Porcelain” gallbladder, emphysematous cholecystitis, 
and milk of calcium bile (see Chapter 77) are other pathologic 
gallbladder conditions with characteristic Åndings that can be 
diagnosed on plain radiographs. A soft tissue mass in the right 
upper quadrant may be seen with hydrops of the gallbladder 
and gallbladder carcinoma." 8 Rarely, noncalcified cholesterol 
gallstones are visible on the abdominal radiograph as a result 
of nitrogen-containing clefts that produce a lucent, triradiate 
appearance, the “Mercedes-Benz” sign. 39 

ULTRASOUND 

Real-time sonography is the most widely used diagnostic study 
for the gallbladder and is the primary screening examination 
for gallbladder disease. The gallbladder is visible on sonograms 
in virtually all fasting patients despite body habitus or clinical 
condition. Gallbladder sonography is noninvasive, quick, and 
easy to perform. The examination can be performed portably 
and, because no ionizing radiation is used, is safe in pregnant 
and pediatric patients. Adjacent upper abdominal organs can 
be imaged simultaneously. The success rate of obtaining a diag¬ 
nostic study is more than 95%. 4,5,40 ' 43 

By far the most common indication for gallbladder sonog¬ 
raphy is the detection of gallstones. Overall, the sensitivity, 
specificity, and accuracy of ultrasound for detection of gall¬ 
stones is 95% to 99% in most series. 4 ' 6,10,40 ' 43 The frequency 
of indeterminate studies with ultrasound is low. 40,4 False¬ 
positive ultrasound Åndings are uncommon and are due pri- 
marily to polyps, folds, or cholesterolosis of the gallbladder. 44 
Although ultrasound is excellent for the demonstration of 
calculi, it does not provide direct information about gallblad¬ 
der function or cystic duet patency. Sonography does have 
limitations in assessing the size and number of stones in cases 
of multiple stones. Sonography is useful to confirm the diag- 
nosis of acute cholecystitis. Ultrasound has been shown to 
have a positive predictive value of 92% and a negative value 
of 95% for diagnosis of acute cholecystitis in patients with 
gallstones and a positive sonographic Murphy’s sign. 45 Com- 
plications of cholecystitis, including gallbladder perforation, 
gangrenous cholecystitis, and emphysematous cholecystitis, are 
usually readily seen by ultrasound. Gallbladder carcinoma, 
polyps, metastatic nodules, and adenomyomatosis are uncom¬ 
mon conditions of the gallbladder with characteristic Åndings 
on sonography 4 ' 6,42,43 (see Chapters 77 and 79). 

Technique 

The gallbladder is examined aAer the patient has fasted for at 
least 6 hours. This allows maximal distention of the gallbladder 
and enhances the detectability of stones. For most patients, real¬ 
time scanning is performed with a 3.5- or 4-MHz transducer. 
In thin patients or those with an anteriorly positioned 


gallbladder, a 5-MHz transducer provides superior resolution. 
A transducer of the highest possible frequency should be used 
because spatial resolution is improved when the transducer 
focal zone is the same depth as the gallbladder. 4,10,46 The exami¬ 
nation is begun with the patient in the supine position. Scan¬ 
ning is performed in the right subeostal region or in one of the 
lower intercostal spaces, in approximately the anterior axillary 
line. The gallbladder is located in the longitudinal axis by iden- 
tifying the major interlobar Assure of the liver (Fig. 73-5A). 
Views are obtained in the longitudinal and transverse planes to 
allow visualization of the entire gallbladder. Different degrees 
of inspiration may be necessary to move the gallbladder away 
from the overlying costal cartilage (Fig. 73-5B, C). Various scan¬ 
ning positions are used; decubitus positioning is oAen helpful 
in displaying the gallbladder, displacing bowel gas, unfolding 
kinks, and allowing small stones hidden in the neck to roli into 
the fundus to become detectable. The dependent portion of the 
gallbladder, particularly the neck, should be serutinized for 
hidden stones (Fig. 73-5D). Suspended deep inspiration often 
serves to move the gallbladder into a more accessible position 
below the ribs. MagniAed views, high-frequency transducers, 
and upright or Trendelenburg positioning are helpful adjunets. 
Color Doppler sonography may be used in assessing cystic 
artery and wall Aow in patients with acute cholecystitis or gan¬ 
grenous cholecystitis and in evaluation of gallbladder carci¬ 
noma and metastatic disease to the gallbladder. 47 ' 49 If the 
gallbladder is not readily identiAed in its usual subhepatic posi¬ 
tion, other locations must be evaluated to exelude a positional 
anomaly. Examination of the gallbladder is always accompanied 
by evaluation of the bile duets. 

Normal Anatomy 

The normal gallbladder in the fasting patient appears as an oval 
sonolucent structure with a thin (2-3 mm), uniformly smooth 
wall (see Fig. 73-5B, C). It is located by identifying the major 
interlobar Assure of the liver, which is apparent as a highly 
reAective line (because of periportal fat extending into the 
Assure)" 0 (see Fig. 73-5A). The interlobar Assure is an important 
sonographic landmark because of its constant relationship to 
the gallbladder neck. Although gallbladder shape and size vary, 
the sonographic upper limits of normal size are approximately 
8 to 10 cm in length and 4 to 5 cm in anterior-posterior diam¬ 
eter. Folds are commonly seen as echogenic foci adjacent to the 
wall. The junetional fold is a fold between the body and the 
infundibulum of the gallbladder, a common anatomic variant 
seen on sonography. If the gallbladder is not visualized by ultra¬ 
sound, the most likely cause is prior resection or a scarred 
contracted gallbladder containing calculi. Agenesis of the gall¬ 
bladder, calciAcation of the gallbladder wall, and intramural or 
intraluminal gas are other causes of nonvisualization 51 (see 
Chapter 82). 

COMPUTED TOMOGRAPHY 

The gallbladder in fasting patients is nearly always identiAed on 
CT scans of the upper abdomen. Although gallstones are fre¬ 
quently visible, CT is not used as a primary examination for 
detection of gallstones because of its lower sensitivity (80%- 
85%) and higher cost compared with ultrasound. 12,41,42,52 ' 55 Cal- 
ciAed gallstones are manifested as high-density foci within the 
gallbladder lumen, and noncalciAed stones are seen as low- 
attenuation Alling defeets within the surrounding bile. Although 
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Figure 73-5 Normal gallbladder anatomy: sonography. A. The linear echogenic line (arrow) of the interlobar fissure bears a constant 
relationship to the gallbladder neck and aids in sonographic localization of the gallbladder (gb). pv, Portal vein. B. Longitudinal sonogram of the 
normal gallbladder (gb). Note the relationship of the gallbladder neck to the portal vein (pv, arrow) and common hepatic duet (chd, arrow). 

C. Transverse sonogram of the normal gallbladder (gb). Note the relationship to the liver (I) and the kidney (K). D. Sonogram shows a stone in a 
dependent position in the gallbladder (long arrow). A second stone behind the fold and impacted in the neck of the gallbladder (curved arrow) 
was seen only after careful evaluation of the neck in the erect position. Both stones cast characteristic acoustic shadows (short arrows). 


acute cholecystitis is accurately evaluated with sonography or 
scintigraphy, CT is often used if the upper abdominal pain is 
nonspecific or if complicated cholecystitis is suspected. CT 
easily depicts mural thickening, gallbladder dilation, wall 
edema, septation, and inereased bile density, which allows diag- 
nosis. The main indication for CT in gallbladder disease is for 
the diagnosis and staging of gallbladder carcinoma (see Chapter 
79) and evaluation of the complications of cholecystitis, such 
as perforation and pericholecystic abscess. Less common enti- 
ties, such as porcelain gallbladder, milk of calcium bile, and 
emphysematous cholecystitis, are readily identified and have 
characteristic CT tindings 12 ’ 40 ' 42 ’ 53 ’ 56 ’ 57 (see Chapter 77). 

Technique 

The gallbladder is usually scanned as part of a routine upper 
abdominal examination. Multislice CT scanning of the upper 
abdomen is performed during a single breath-hold after rapid 
bolus intravenous infusion of contrast material. This permits 
visualization of the gallbladder and optimal delineation of the 
gallbladder wall, intrahepatic biliary duets, and extrahepatic 
bile duet by enhancing the contiguous liver and pancreatic 
parenchyma as well as biood vessels. Volumetric imaging with 
the latest generation scanners allows reconstruction in multiple 


planes and different slice thicknesses. Images of 2- to 5-mm slice 
thickness are used routinely for review. Postprocessing with 
reconstruction of axial images at 1.5 to 3 mm can be performed 
and may be helpful in clarifying suspicious areas and in maxi- 
mizing stone detection. Oral contrast material is routinely used 
in scanning the upper abdomen. However, in searching for 
smaller noncalcified stones, scans obtained without contrast 
material using thin sections filmed at narrow window settings 
optimize stone detection. 55 

Normal Anatomy 

The normal gallbladder on CT scans is a low-density, fluid- 
filled, elliptical structure in the interlobar fissure of the liver 
(Fig. 73-6A). A thin (2-3 mm) wall is often seen in normal 
patients and may show contrast enhancement. The gallbladder 
neck is superior and medial to the fundus. The gallbladder neck 
is often folded, and a portion may be cut in cross section. More 
caudally, the fundus of the gallbladder projects anteriorly and 
laterally and may touch the anterior abdominal wall or the 
colon. The duodenal sweep, hepatic flexure, and gastric antrum 
are contiguous structures (Fig. 73-6B-D). Significant variations 
in gallbladder size, shape, and position may be seen; however, 
the gallbladder neck maintains a constant position relative to 
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Figure 73-6 Normal gallbladder anatomy: CT. A. The gallbladder appears as a 
fluid-filled ovoid structure ( arrows ) in the interlobar fossa of the liver. B-D. Sequential 
CT scans show the normal position of the gallbladder ( arrows) between the right and 
left lobes of the liver and the relationship of the gallbladder to the antrum (asterisk in 
C and D), duodenal bulb (d in B and C), and C-sweep of the duodenum (d'). 



the major interlobar fissure. The collapsed gallbladder may be 
more difficult to identify on CT scans. 12 

CHOLESCINTIGRAPHY 

Cholescintigraphy is used primarily for the diagnosis of acute 
cholecystitis; 3 to 5 mCi of technetium Tc 99m iminodiacetic 
acid ( 99m Tc-IDA) compounds is injected intravenously, and the 
tracer is taken up by the liver and rapidly excreted into bile 
without undergoing conjugation, allowing visualization of the 
gallbladder and bile duets (Fig. 73-7). Frequent anterior images 
are obtained up to 1 hour. Delayed imaging up to 4 hours and 
possibly 24 hours may be necessary in some instances. Nonfill- 
ing of the gallbladder on cholescintigraphy indicates funetional 
obstruction of the cystic duet and is considered diagnostic of 
acute cholecystitis in the appropriate clinical setting. If the gall¬ 
bladder filis, the cystic duet is deemed to be patent and acute 
cholecystitis is not present. This technique is highly sensitive 
and specific for the diagnosis of acute cholecystitis (95%-98%), 
and it is the procedure of choice to confirm the diagnosis. 8 61 
Intravenous morphine sulfate and sincalide can assist gallblad¬ 
der filling. Sincalide is a cholecystokinin analogue that produces 
gallbladder contraction and empties the gallbladder before the 
study, allowing the gallbladder to more readily fill with the 
tracer. 


MAGNETIC RESONANCE IMAGING 

The technology of MRI of the gallbladder and biliary ductal 
system has continued to evolve since the early 1990s. The gall¬ 
bladder is routinely imaged on conventional MR studies of the 
liver and upper abdomen with TI- and T2-weighted sequences. 
Techniques for imaging of the gallbladder or bile duets may be 
tailored to delineate either the wall of the gallbladder and bile 
duets and the surrounding soft tissue or the biliary fluid within 
the lumen (see Chapter 75). 

Imaging of the lumen requires optimal contrast between 
the biliary fluid and the surrounding tissues. Bright signal 
fluid techniques are generally used with heavily T2-weighted 
sequences to produce an MR cholangiopancreatogram. The 
development of MRCP has expanded the role of MRI as a non- 
invasive method to examine the biliary system. MRCP is per- 
formed with heavily T2-weighted sequences that depict fluid in 
the biliary duets, pancreatic duet, and gallbladder as high signal 
intensity, whereas adjacent solid organs and flowing biood have 
little or no signal. The images produced resemble those of ERCP 
(Fig. 73-8). Although the primary goal of MRCP is to delineate 
the biliary and pancreatic duets, incidental and intentional 
imaging of the gallbladder is possible even in the nonfasting 
patient. In many cases, the cystic duet and its site of insertion 
into the bile duet are also visualized. Although MRCP results in 
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Figure 73-7 Normal cholescintigram. Frontal view taken 
30 minutes after injection of radioisotope shows normal visualization 
of the gallbladder (long arrow), bile duets (short arrows), and bowel 
(curved arrow). 



Figure 73-8 MRCP: normal gallbladder and bile duet. Heavily 
T2-weighted coronal image shows the gallbladder, hepatic 
confluence, and extrahepatic bile duet. 

high-resolution images of the gallbladder, its role relative to 
ultrasound and CT for evaluation of gallbladder disease is 
limited primarily to problem solving, not to primary diagnosis, 
with the exception of gallbladder carcinoma. MR provides com- 
prehensive imaging of the gallbladder and bile duets as well as 


of the surrounding structures, a feature most helpful in staging 
of tumors arising from or involving the gallbladder. 12,16,62 ' 66 

Technique 

Conventional MRI of the gallbladder and bile duets frequently 
combines the use of TI- and T2-weighted sequences. Tl- 
weighted fat suppression sequences with and without intrave- 
nous gadolinium chelates may be helpful in demonstrating the 
lumen as well as the wall of the gallbladder and the bile duets. 
T2-weighted sequences may be used in evaluating the sur¬ 
rounding soft tissues. Heavily T2-weighted MR sequences are 
used to perform MRCR A number of sequences have been used 
since its introduction, including two-dimensional fast spin- 
echo and three-dimensional fast spin-echo. Technical refine- 
ments provided by the half-Fourier rapid acquisition with 
relaxation enhancement (RARE) sequence allow rapid imaging, 
such that the entire biliary tract can be imaged during an 
18-second breath-hold. 64 ' 67 A typical MRCP examination com- 
prises multiple acquisitions obtained at variable angles that 
optimally delineate the biliary tract and gallbladder. The half- 
Fourier RARE sequence minimizes magnetic susceptibility arti- 
facts, such as those associated with surgical clips and bowel gas. 
A thin-slab, multislice technique is often used in both axial and 
coronal planes. From these source images, three-dimensional 
reconstructions may be generated with an MIP algorithm. No 
intravenous or oral contrast material is administered. 

Normal Anatomy 

On MRI, the gallbladder lumen can have a high or low signal 
intensity, depending on the Chemical composition of bile and 
the pulse sequence used (Fig. 73-9). Concentrated bile is high 
signal intensity on TI- and T2-weighted images, whereas dilute 
bile is low in signal intensity on Tl-weighted images because of 
its higher water content. Because concentrated bile has a greater 
specific gravity than dilute bile, concentrated bile setties in the 
dependent portion of the gallbladder. On MRCP, gallbladder 
calculi, regardless of composition, appear as low signal intensity 
filling defeets within the high signal intensity bile (Fig. 73-10). 
Calculi as small as 2 mm can be identified. In addition to calculi, 
MRCP can depict neoplastic disease of the gallbladder and its 
extent. Adenomyosis of the gallbladder may be incidentally 
identified when the fluid-filled Rokitansky-Aschoff sinuses are 
seen within the gallbladder wall. 16,62,64,66,68 ' 71 

Examination Techniques: Biliary Tract 

A number of examination techniques are available for evalu¬ 
ation of the biliary duets. In selection of an imaging technique, 
several factors must be considered, including clinical presen- 
tation, diagnostic information desired, body habitus, and 
anatomic alterations from previous surgery. If direct cholan- 
giography with PTC or ERCP is used, the potential for conver- 
sion to a therapeutic intervention must be considered. 

Ultrasound and CT are frequently used as the primary non- 
invasive methods for screening of patients with suspected ductal 
disease, although MRCP is being used more often and is now 
considered the primary evaluation method of choice for biliary 
ductal disease. MRCP is noninvasive and can be performed 
rapidly, depicting the intrahepatic and extrahepatic bile duets 
as well as the pancreatic duet and surrounding structures. 
Although CT cholangiography has been widely used in Europe 
and on a limited basis in the United States for ductal evaluation, 
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Figure 73-9 Normal gallbladder: MRI. A. Tl-weighted fat suppression image shows high signal intensity, concentrated bile in the dependent 
portion of the gallbladder ( arrow ) and low signal intensity, less concentrated bile in the nondependent portion of the gallbladder ( arrowhead ). 

B. T2 -weighted fat suppression image depicts bile in the gallbladder as high signal intensity. 



Figure 73-10 Gallbladder calculi. MR cholangiogram shows 
multiple gallbladder calculi as multiple filling defects in high signal 
intensity bile. The extrahepatic bile duet ( arrowhead) is noted. 


this technique is rarely used in current practice. CT cholangi- 
ography provides information similar to that of MRCP but 
requires intravenous administration of a cholecystographic 
agent before the CT study. This technique has several limita- 
tions, including use of contrast agents with the associated risk 
of reaction, lack of ready availability of the contrast agents used, 
inconsistent opacification of the duets from the contrast agents, 
and limited opacification of the duets in patients with biliary 
obstruction. 

Direct opacification of the bile duets by PTC or ERCP 
can provide detailed information about ductal anatomy or 
pathologic changes; however, these are invasive procedures. 
PTC or ERCP may also serve as a preliminary step to 


nonsurgical therapeutic interventions, such as biliary drainage, 
stent placement, stone removal, or stricture dilation. Biliary 
scintigraphy is occasionally useful in detection of bile leaks, 
evaluation of biliary enteric anastomoses, or diagnosis of early 
or segmental biliary obstruction. Operative cholangiography 
and postoperative cholangiography are standard methods to 
evaluate the bile duets after surgical access to the ductal system. 
Plain radiography has a limited role and is rarely useful in 
defming bile duet disease. 

PLAIN RADIOGRAPHY 

The biliary ductal system is visible on plain radiographs only 
when it is outlined with air or calcification. Air in the biliary 
tree most commonly results from a surgically created biliary- 
enteric anastomosis. Erosion of a gallstone into the gastrointes- 
tinal tract and erosion of a peptic uleer or tumor into the biliary 
tree are o ther causes of biliary-enteric fistula that may result in 
biliary air. Rarely, calcified stones in the bile duets are visible on 
plain film. 38 

ULTRASOUND 

Evaluation of the bile duets in search of stones, mass, or obstruc¬ 
tion is one of the main applications for ultrasound. Real-time 
ultrasound readily depicts dilated biliary duets, which in most 
instances is indicative of biliary obstruction. The extrahepatic 
bile duet can be seen in most patients regardless of body habitus 
or clinical condition. Because the bile duet is oval in cross 
section in the majority of patients, measurement of the trans¬ 
verse diameter on axial images correlates more closely with 
ductal diameters measured on ERCP. The CHD is the most 
easily visualized portion of the extrahepatic biliary system 
and can be rapidly visualized and measured in virtually all 
patients. 9,73 Intrahepatic duets are rarely seen unless they are 
dilated. The distal CBD may be obscured by gas in the duode - 
num. The primary goal of biliary sonography is the detection 
of dilated duets because the size of the extrahepatic duet is a 
fairly sensitive indicator of the presence of biliary obstruction. 
Early changes of intrahepatic and extrahepatic ductal dilation 
are readily seen with ultrasound. Frequently, the lesion causing 
the biliary obstruction is identified as well. 4,5 7 ’ Ultrasound is an 
accurate and reliable technique to assess the intrahepatic and 
extrahepatic duets as well as adjacent structures, such as the 
panereas. 
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Technique 

The bile duets are best evaluated with high-resolution real-time 
equipment and the highest frequency transducer possible: 
3.5 MHz in obese patients and 5 MHz in thin patients. Optimal 
imaging of the CHD and proximal CBD is obtained by para- 
sagittal scanning with the patient in the supine left posterior 
oblique or left lateral decubitus position. 4 The CHD is identi- 
fied as a tubular sonolucency anterior and lateral to the proxi¬ 
mal main portal vein or the undivided right portal vein (Fig. 
73-11A). The right hepatic artery passes between the posteriorly 
located portal vein and the anteriorly located CHD. In 10% to 
15% of patients, the artery is anterior to the CHD. The standard 
measurement of the CHD is made at this level. The measure- 
ment is made from interior wall to interior wall perpendicular 
to the scan plane. Doppler sonography of the porta hepatis may 
be needed to distinguish the bile duets from adj acent vascular 
structures. 75 

The distal CBD is more diffkult and frequently impossible 
to image because of overlying gas in the duodenum and hepatic 
flexure. Visualization can be improved by scanning with the 
patient in the semierect (60 degrees to the vertical) right poste¬ 
rior oblique position in the transverse rather than in the para- 
sagittal plane 76 (Fig. 73-1 IB). This position minimizes antral 
and duodenal gas, allows fluid to enter the antrum and duode¬ 
num, and allows the left lobe of the liver to descend, creating 
an acoustic window. With this technique, the distal duet can be 
seen in up to 90% of cases. The specific point of union of the 
CHD with the cystic duet is usually not seen. 

After examination of the extrahepatic ductal system, the 
proximal duets and intrahepatic duets are examined with the 
patient in the supine or left posterior oblique position. The 
normal right and left main hepatic duets can be visualized 
coursing anterior to the undivided right portal vein and the 
initial segment of the left portal vein, respectively. 

Normal Anatomy 

The normal intrahepatic duets are less than 1 to 2 mm in 
diameter and are usually not visible. Although visualization 


of intrahepatic duets generally implies biliary dilation, larger 
central intrahepatic duets can occasionally be visualized ante¬ 
rior to the portal veins in the right and left lobes near the 
porta hepatis in normal thin patients with use of a 5-MHz 
transducer. Gross intrahepatic duet dilation is easy to detect 
sonographically as the “parallel-channel” sign, formed by 
dilated intrahepatic duets running anterior and parallel to 
the portal vein tributaries. 1,2,4 ' 7 Dilated intrahepatic duets tend 
to have acoustic enhancement posteriorly, which distinguishes 
them from veins. The use of color Doppler is helpful to dis¬ 
tinguish bile duets from small hepatic vessels. This is especially 
so for the left lobe of the liver, where parallel branching 
hepatic anterior and portal veins may mimic dilated left intra¬ 
hepatic duets. 75 

The normal CHD measures 4 to 5 mm or less on sonograms. 
The CBD measures 4 to 6 mm normally, with a 6- to 7-mm 
diameter considered equivocal. These measurements reflect the 
internal dimension of the duet. A diameter of more than 8 mm 
is indicative of ductal diktion. 4 ' 6,78 ' 80 Sonographic measure¬ 
ments of duet size are smaller than those obtained by direct 
cholangiography because there is no radiographic magnifica- 
tion or distention resulting from injected contrast material. 81,82 
Some variation in extrahepatic ductal diameter may be due to 
elastic properties of the bile duets, which can expand and con- 
tract rapidly during normal physiologic filling and emptying, 
with Valsalva maneuver, or with deep inspiration. There is con- 
troversy about whether extrahepatic ductal diameter inereases 
with aging. In a study by Wu and coworkers 33 of 256 normal 
patients, the CBD size was shown to inerease roughly 1 mm 
per decade after the age of 50 years, indicating that an appar- 
ently enlarged CBD may be seen in normal elderly patients. 
This study also suggested that the upper limit of normal may 
be up to 10 mm in the elderly population. Two additional 
studies, one with a cohort of 350 patients 6 and another with 
a cohort of 45 patients, 35 support these data. These Åndings, 
however, were refuted in a study by Horrow and colleagues 34 
of 258 patients that did not confirm an association between 
age and size of the extrahepatic bile duet in an asymptomatic 
adult population. 



Figure 73-11 Extrahepatic biliary anatomy: ultrasound. A. Sonographic demonstration of the common hepatic duet (chd, arrow) located 
anterior to the portal vein (pv). Note the gallbladder (gb) anteriorly. B. Normal distal common bile duet (cbd, arrow) is seen in the head of the 
panereas on a semierect transverse sonogram. Pancreatic duet (pd, arrows) is also seen. 
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Ductal Diameter and Biliary 
Obstruction: Limitations 

Sonography has an overall accuracy of more than 95% in the 
detection of dilated duets and diagnosis of biliary obstruc¬ 
tion. 3,78,80,8; However, bile duet caliber does not always correlate 
with the presence or absence of biliary obstruction. Biliary 
obstruction without dilation may be seen in patients with low- 
grade or intermittent obstruction resulting from stricture or 
small stones and in patients with sclerosing cholangitis. 
Alternatively, dilated duets may be seen in the absence of 
obstruction in patients with prior biliary surgery or patients 
with resolved obstruction. 86,87 The decreased elasticity of a 
dilated duet may result in persistent dilation despite relief of the 
obstruction. Intestinal hypomotility, recent laparotomy, hyper- 
alimentation, and prolonged fasting can cause ductal dilation 
presumably secondary to factors that inhibit relaxation of the 
sphineter of Oddi. An enlarged CBD may be seen in normal, 
unobstructed elderly patients. 33 Ultrasound is accurate in diag- 
nosing the level of obstruction in 92% to 95% of cases and 
identifying the cause of obstruction in 70% to 88%. 5,6,73,77 

Postcholecystectomy Dilation 

Whether dilation of the duet occurs after cholecystectomy has 
been debated in the literature for years. It has been proposed 
that in the absence of a gallbladder, the CBD dilates to funetion 
as a reservoir. Two studies, however, suggest that if the CBD is 
normal before surgery, it generally remains so after surgery 
unless disease intervenes. 78,88,89 A reassessment of the effeet of 
cholecystectomy on duet size found that after cholecystectomy, 
most patients did not have significant compensatory dilation of 
the duet. 79 89 Once a duet dilates, it may lose elastic recoil and 
never return to normal. Accordingly, some postcholecystectomy 
patients have biliary “diktion” but nonobstructed duets. The 
maximal upper limit of the CBD allowed after cholecystectomy 
is 10 mm. 4 The general recommendation is that further studies 
are warranted if the CHD measures 6 mm or greater in symp- 
tomatic patients. 

Fatty Meal or Cholecystokinin Sonography 

Administration of a fatty meal followed by sonography is an 
adjunetive maneuver that provides funetional information, 
helps identify patients who require further evaluation with 
direct cholangiography, and inereases the accuracy of ultra¬ 
sound in detecting obstruction. This technique is helpful in 
postcholecystectomy patients with suspected obstruction in the 
absence of ductal diktion, in patients with equivocal duet size, 
and in asymptomatic patients with abnormal results of liver 
funetion studies suggesting occult obstruction. Magnified views 
of the CHD are obtained, and the internal diameter is measured 
at a fixed point. A fatty meal or intravenous cholecystokinin is 
administered, and another measurement of CHD caliber is 
obtained 30 to 45 minutes later if a fatty meal is used and 5 to 
10 minutes later if cholecystokinin is used. A fatty meal and 
cholecystokinin cause gallbladder contraction, sphineter of 
Oddi relaxation, and inereased bile flow. The normal, nonob¬ 
structed duet decreases in size or does not change in caliber. An 
inerease in caliber—or, if the duet is initially dilated, a failure 
to decrease in caliber—suggests some degree of ductal obstruc¬ 
tion and the need for further evaluation. A true change in ductal 
diameter occurs only if the size changes by 2 mm or more. 58,90 ' 92 
Using these criteria, Simeone and colleagues 90 reported 84% 


sensitivity for fatty meal sonography in predicting the presence 
or absence of CBD obstruction. 

COMPUTED TOMOGRAPHY 

Continued evolution of CT technology, including refmements 
of multidetector scanning technology, has enhanced the Utility 
of CT for evaluation of biliary duet disease. With the use 
of high-resolution scanners and fine collimation, minimally 
dilated intrahepatic and extrahepatic duets are now easily 
visible. Visualization of the entire CBD is routine on CT scans 
of the upper abdomen. 2, 93,94 Imaging is not inhibited by overly- 
ing gas. CT is more reliable than sonography in determining the 
caliber of intrahepatic and extrahepatic duets. In addition, 
because of more complete delineation of the total length of the 
CBD, CT is also more useful than sonography for precisely 
defming the site and cause of biliary obstruction. Whereas 
ultrasound has been used to screen patients with biliary obstruc¬ 
tion in the past, CT and MR are now the first-line diagnostic 
studies and are no longer used as a follow-up study after ultra¬ 
sound to refine the data or to confirm anatomy. 2,11,12,95 CT has 
an accuracy of 96% to 100% in detecting the presence of biliary 
obstruction, 90% in determining the level of obstruction, and 
70% in identifying the cause of obstruction. 2,94,96,97 The reported 
sensitivity of CT for detection of bile duet stones is 72% to 
88%. 95 In addition, CT can often differentiate benign from 
malignant causes of obstruction and can provide guidance for 
biopsy and staging of malignant neoplasms. 98 

Technique 

Optimal CT scanning of the bile duets requires rapid intrave¬ 
nous infusion of a bolus of contrast material combined with 
rapid scanning in the portal venous phase, usually 70 to 80 
seconds after bolus injection of contrast material (100-150 mL). 
With current volumetric MDCT technology, the entire 
abdomen, with complete depiction of the intrahepatic and 
extrahepatic biliary tree, can be imaged in less than 5 seconds. 
MDCT scanners produce a volumetric data set that can be 
reconstructed in multiple dimensions for interpretation. Stan¬ 
dard reconstruction includes 2- to 5-mm-thick axial images. 
High-quality multiplanar (MPR) coronal, coronal oblique, and 
curved planar reformatted images as well as three-dimensional 
reconstructions of the biliary ductal system may be helpful in 
defming complex anatomy or to map the duets for planning of 
therapy. In cases of biliary obstruction, coronal reconstruction 
or three-dimensional reformations of the dilated bile duets 
from data obtained during routine scanning can be produced 
successfully by taking advantage of the “negative” contrast effeet 
of low-attenuation bile in dilated duets relative to the adjacent 
enhanced visceral organs and vessels.* 

In searching for CBD stones, scanning may be performed 
initially without oral or intravenous contrast material. 
Although dense contrast medium in the bowel has the poten¬ 
tial to cause streak artifacts across the CBD, obscuring detail, 
such artifacts are rarely a problem with MDCT scanners. 
Duodenal contrast medium may obscure an impacted stone 
in the ampulla, and contrast medium in a perivaterian duo¬ 
denal diverticulum can simulate a stone. Contrast enhancement 
of the vasa vasorum of the CBD wall may also mimic 


^References 2, 73, 93, 94, 99, 100. 
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Figure 73-12 Extrahepatic biliary anatomy: CT. A. CT scan at the level of the porta hepatis shows the normal common hepatic duet ( arrow). 
B. CT scan of the normal common bile duet (arrow) in cross section in the pancreatic head. C. Dilated intrahepatic bile duets are seen as 
low-density branching structures adjacent to enhanced portal veins. D. CT scan of the dilated common bile duet (arrow) seen in the pancreatic 
head. 


choledocholithiasis. Reconstruction in thin slices of 1 to 2 mm 
or the use of coronal reconstructions may allow better dem¬ 
onstration of calculiC Proper selection of the correct window 
width and level is necessary to optimize visualization of the 
CBD throughout its entire course from the porta hepatis to 
the intrapancreatic portion. 

Multiphase imaging during late arterial and portal venous 
phase imaging may improve visualization of hypovascular 
tumors involving the bile duets. Delayed imaging (10-20 
minutes after administration of contrast material) has been 
shown to be helpful in diagnosis of cholangiocarcinoma. The 
tumor demonstrates inereased retention of contrast material 
compared with the adjacent liver. 103,104 

Normal Anatomy 

On MDCT scans of the liver and upper abdomen, the CHD and 
CBD are usually visualized throughout their entire course (Fig. 
73-12A-D). Visualization of intrahepatic duets on CT has 
been considered evidence of biliary dilation and obstruction. 
However, with MDCT scanners, bolus contrast enhancement, 
and 2- to 5-mm-thick scans, visualization of normal intrahe¬ 
patic duets may be seen in 40% of normal individuals. 105 The 
average size of the normal intrahepatic duets is 2 mm in the 
central liver and 1.8 mm in the periphery. Demonstration of 
intrahepatic bile duets on CT scans does not necessarily indicate 
biliary obstruction; however, few normal intrahepatic duets 


^References 2, 53, 55, 57, 73, 94, 101, 102. 


should be seen. Truly dilated intrahepatic duets are readily 
apparent and, when present, indicate biliary tract disease. Bile 
duets appear as water-density tubular branching structures con- 
verging at the porta hepatis. The left and right hepatic bile duets 
course through the porta hepatis and join to form the CHD 
lying anterior to the portal vein. 3 

The CHD and CBD are usually visible within the hepato- 
duodenal ligament 3,73,106,107 (see Fig. 73-12A). The proximal 
extrahepatic duet forms a fairly straight, thin-walled, low- 
density tube anterior lateral to the portal vein, angling toward 
the midline. A more transverse orientation is present in approx- 
imately 6% of normal persons and 18% of those with dilated 
duets. 107 The distal CBD appears on cross section as a circular, 
low-density structure in the pancreatic head or in a groove 
posterior lateral to the pancreatic head (see Fig. 73-12B, D). 
Visibility of the normal CBD is inereased by contrast enhance¬ 
ment of adjacent vascular structures, panereas, and liver paren- 
chyma. The normal CBD is seen on CT scans at least 50% 
of the time. However, this figure is higher with contrast- 
enhanced MDCT, especially when reconstructed thin-slice 
thickness (2-5 mm) images and coronal reconstructed images 
are used. In a study using optimal technique, the normal CHD 
and CBD were visualized in 66% and 82% of cases, respec- 
tively. 73,108 The duet wall may be discerned separately with a 
mean thickness of 1 mm and a maximal thickness of 1.5 mm. 
Contrast enhancement of the duet wall may occur in normal 
patients and should not be confused with peripheral calcifica- 
tion or stone. An isolated Ånding of duet wall enhancement 
should not be considered abnormal, although it can occur in 
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pancreatitis, choledocholithiasis, sclerosing cholangitis, and 
cholangiocarcinoma. 

The normal CHD on CT is 3 to 6 mm in diameter. A CBD 
diameter of 7 to 8 mm is generally considered upper limit of 
normal, and 8 to 9 mm is considered dilated. 95,108 Anterior- 
posterior measurements are most accurate because the oblique 
segment of the CHD, when it is measured transversely, may give 
an artifactually large diameter. Axial CT images of the extrahe- 
patic duet show sequential low-density circles that gradually 
taper as the duet courses through the head of the panereas. The 
level of obstruction corresponds to the transition from dilated 
to nondilated duet. 

COMPUTED TOMOGRAPHY 
CHOLANGIOGRAPHY 

CT cholangiography, obtained after intravenous administration 
of contrast material that is exereted in the bile, displays biliary 
ductal anatomy and pathologic changes similar to direct chol¬ 
angiography. This technique has been used for the noninvasive 
detection of biliary anatomy and variations before laparoscopic 
cholecystectomy and in living donor candidates for right hepatic 
lobe transplantation. 109112 CT cholangiography has also been 
used for noninvasive detection of bile leaks and bile duet stones 
and for evaluation of suspected biliary obstruction. 113115 Most 
reported studies have used intravenous contrast material, 
meglumine iodipamide, which is the same agent used in the 
past for intravenous cholangiography. The agent is infused 
during 20 to 30 minutes, and scanning is performed 15 minutes 
after the end of the infusion. 114,115 

After administration of the contrast material, multislice CT 
images are obtained. Three-dimensional images are recon- 
structed with MIP and volume rendered techniques (Fig. 
73-13). CT cholangiography is not commonly used because of 
the inereased reaction rate associated with intravenous biliary 
contrast agents, the inereased study time necessitated by the 
administration of the contrast material, the lack of effeetiveness 


in patients with jaundice or elevated serum bilirubin concentra- 
tion, and the inereased Utility of MRCP, which provides similar 
information more quickly and without the use of contrast 
agents. 109 ' 115 

MAGNETIC RESONANCE 
CHOLANGIOPANCREATOGRAPHY 

MRCP uses heavily T2-weighted sequences to generate bright 
signal from fluid in the bile and pancreatic duets, allowing 
delineation of the duets from surrounding tissues. An image of 
the duets similar to that of ERCP is produced. Since its intro- 
duction in 1991, MRCP has undergone a number of technical 
refinements that now allow rapid imaging of the biliary system 
with consistent visualization of the entire extrahepatic duets 
and most of the intrahepatic duets in 90% to 100% of patients 
with normal-caliber duets (see Fig. 73-8). Dilated duets proxi- 
mal to an obstruction are well visualized in virtually 100% of 
cases. The diagnostic accuracy of MRCP is comparable to that 
of ERCP in the evaluation of choledocholithiasis, malignant 
obstruction, and anatomic variants of the biliary tract. Simul- 
taneous evaluation of the pancreatic duet is also obtained. The 
usefulness and accuracy of MRCP have been established in the 
evaluation of choledocholithiasis, malignant obstruction, con- 
genital anomalies, and postsurgical alterations of the biliary 
tract 116126 (Fig. 73-14). The improved spatial resolution afforded 
by recent refinements in MRCP permits visualization of calculi 
as small as 2 mm. In addition, MRCP depicts not only the 
dilated duets proximal to a stricture but also the stricture itself. 
MRCP is particularly advantageous in the evaluation of patients 
who have experienced failed or incomplete ERCP. MRCP has 
a reported sensitivity of 89% to 100% and specificity of 83% to 
100% for the detection of calculi. 125 MRCP is now considered 
to be the diagnostic imaging test of choice in the evaluation of 
biliary ductal disease. The major disadvantage of MRCP is that 
it is purely diagnostic and does not provide an access for thera- 
peutic intervention (see Chapter 75). 



Figure 73-13 CT cholangiography. A. Coronal MIP CT cholangiogram acquired with 2.5-mm section thickness after intravenous administration 
of contrast material. B. Reconstructed oblique coronal volume rendered CT cholangiogram in a potential right hepatic lobe donor demonstrates 
normal branching anatomy of the bile duets. (A from Wang ZJ, Yeh BM, Roberts JP, et al: Living donor candidates for right hepatic lobe 
transplantation: Evaluation at CT cholangiography—initial experience. Radiology 235:899-904, 2005. Reprinted with permission. B courtesy 
Benjamin Yeh, MD, and Z. J. Wang, MD.) 
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Figure 73-14 MRCP: common bile duet and 
gallbladder calculi. A. MRCP shows impacted 
calculus (arrow) in the distal common bile duet 
with extrahepatic and intrahepatic ductal dilation. 
The gallbladder ( asterisk ) and pancreatic duet 
( arrowhead) are visualized. B. MRCP demonstrates 
multiple calculi ( arrows ) in a dilated extrahepatic 
bile duet as well as multiple gallbladder calculi 
(arrowheads). C. MRCP demonstrates dilated bile 
duets and stricture of the intrahepatic bile duet 
(arrows ) from pancreatic head mass. (A and C from 
Fulcher AS, Turner MA, Capps GW, et al: Flalf- 
Fourier RARE MR cholangiopancreatography: 
Experience in 300 subjects. Radiology 207:21-32, 
1998.) 


Technique 

State-of-the-art MRCP can now be performed with both two- 
dimensional and three-dimensional heavily T2-weighted 
sequences, usually RARE (fast spin-echo or turbo spin-echo) 
techniques. 124 Variants include single-shot fast spin-echo (also 
known as half-Fourier acquisition single-shot turbo spin-echo; 
Siemens Medical Solutions, Malvern, Pa) and fast-recovery fast 
spin-echo. 1241 The heavily T2-weighted sequences depict the 
bile duets as high signal intensity structures against the low 
signal intensity of the liver (see Fig. 73-8). MRCP offers several 
advantages over direct cholangiography in general and ERCP in 
particular in that it avoids the administration of contrast mate- 
rial and exposure to ionizing radiation. The risks of panereatitis, 
sepsis, and perforation associated with ERCP are avoided 
because the examination is performed without instrumenta¬ 
tion. Because MRCP is entirely noninvasive, the high cost of 
sedation and postsedation recovery is eliminated. 

MRCP may be performed with a variety of techniques. The 
multislice technique involves the acquisition of multiple 3- to 
5-mm-thick source images of the biliary tract, which may be 
obtained during breath-hold or shallow respiration. 16,116,117 
With this technique, the biliary tract is first localized by obtain- 
ing a thick-slab image in the coronal plane (Fig. 73-15A). The 


middle third of the extrahepatic bile duet is localized, and a 
thick-slab axial image is obtained at this level (Fig. 73-15B). 
This axial image is used as a guide to prescribe the appropriate 
angles for optimal delineation of the bile duets with thin- 
slab (3- to 5-mm) images in the coronal oblique plane (Fig. 
73-15C, D). Although imaging is most often conducted in the 
coronal plane, axial images may prove useful in confirming 
suspected CBD stones. From the thin-slab source images, three- 
dimensional images may be generated with an MIP algorithm 
or with MPR techniques. An alternative MRCP technique is that 
of single-shot projection. 62, 125,1 With the projection technique, 
a single thick (30- to 70-mm) image is generated during a 
2-second acquisition. 

Technical advances, such as improvements in software and 
the use of phased array surface coils, have resulted in high- 
resolution images of the biliary tract that can be acquired 
during a single breath-hold. When rapid imaging is obtained 
during a breath-hold, artifacts resulting from respiratory excur- 
sion are eliminated. Although the breath-hold technique is rec- 
ommended, high-quality MRCP images can be obtained in 
critically ill or ventilator-dependent patients who are not able 
to cooperate for a breath-hold. Whereas MRCP is a focused 
examination of the biliary tract, conventional MRI with Tl¬ 
and T2-weighted sequences may show normal bile duets as low 
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Figure 73-15 MR cholangiogram: technique. A. Coronal thick-slab (7-cm) MR cholangiogram with a localizer ( curved arrow) placed at the level 
of the middle third of the extrahepatic bile duet demarcates the area through which an axial thick-slab image will be obtained. The pancreatic 
duet ( arrowhead) is noted. B. Axial thick-slab (7-cm) MR cholangiogram obtained at the level of the middle third of the extrahepatic bile duet is 
used as a reference from which angles ( curved arrow) are prescribed to obtain thin-slab images of the duet in the coronal oblique plane. The bile 
duet ( straight arrow) and pancreatic duet ( arrowhead) are shown. C. Coronal oblique thin-slab (5-cm) MR cholangiogram demonstrates the 
proximal extrahepatic bile duet (arrow) and the cystic duet remnant ( arrowhead ). D. Coronal oblique thin-slab (5-cm) MR cholangiogram image 
obtained posterior to C shows the distal bile duet (arrow) and the pancreatic duet (arrowhead). 


signal intensity tubular structures on Tl-weighted images and 
high signal intensity structures on T2-weighted images. Con- 
ventional MRI with TI- and T2-weighted sequences also pro- 
vides complementary information about the adj acent hepatic 
and pancreatic parenchyma (Fig. 73-16). 

Contrast-Enhanced Magnetic Resonance Cholangiography. 

The use of intravenous contrast agents to enhance ductal visu- 
alization continues to be investigated. Paramagnetic or TI 
relaxation-enhancing agents, which are substantially exereted 
in the bile, may be used to obtain bright signal delineation of 
the bile duets. Gadobenate dimeglumine (Gd-BOPTA, Multi- 
Hance; Bracco Diagnostics, Princeton, NJ), gadoxetic acid 
disodium (gadoxetate disodium [Gd-EOB-DTPA], Eovist or 
Primovist; Beyer Healthcare, Leverkusen, Germany), and man- 
gafodipir trisodium (Teslascan; Nycomed, Zurich, Switzerland; 
not available in the United States) are three such agents that 
result in contrast-enhanced high signal bile, permitting good 
visualization of the biliary tract. These agents shorten the TI 
relaxation time of bile, resulting in high signal intensity bile at 


Tl-weighted imaging. Imaging is performed 15 to 90 minutes 
after intravenous injection. These agents have been used for 
anatomic mapping of bile duets before living donor liver trans¬ 
plantation and for the detection of bile leaks after transplanta¬ 
tion. Disadvantages include the need to wait for sufficient 
biliary exeretion of the contrast agent, the need for intravenous 
access, and the potential risk of the contrast agents. It is 
uncertain whether these agents have any significant advantage 
over the inherent contrast and clear ductal delineation provided 
by the currently used heavily T2-weighted sequences of MRCP. 

Normal Anatomy 

Normal-caliber proximal intrahepatic bile duets and the entire 
extrahepatic bile duet are routinely visualized at MRCP. The 
intrahepatic bile duets are depicted as high signal intensity 
branching tubular structures against the low signal intensity 
background of the solid parenchymal organs. The intrahepatic 
bile duets can be distinguished from the low signal portal veins, 
which contain rapidly flowing biood. The high signal extrahe¬ 
patic bile duet is seen throughout its course from the porta 
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Figure 73-16 MR cholangiogram: enhanced three-dimensional technique. A. Three-dimensional MIP image from T2-weighted MRCP in a 
patient with obstruction and dilated duets from pancreatic carcinoma better demonstrating detail of the dilated bile duets. B. Slightly rotated 
view demonstrates distal bile duet and pancreatic duet junetion to better advantage. 


hepatis to the duodenum and is distinguished from the lower 
signal intensity solid organs. 16,62 ' 64,66 On conventional MRI, the 
normal extrahepatic duet is seen in approximately 50% of cases. 
The CBD is more readily depicted on axial projections in its 
intrapancreatic portion on conventional MRI of the upper 
abdomen, whereas normal intrahepatic duets are not usually 


DIRECT CHOLANGIOGRAPHY 

Despite the high accuracy of ultrasound, CT, and MRCP in 
biliary disease, direct cholangiography (PTC or ERCP) may 
be needed when findings on cross-sectional imaging are equivo- 
cal or discrepant or when a therapeutic intervention is needed. 
Direct cholangiography is used to verify the presence or absence 
of biliary obstruction and to more precisely define the site 
and cause of an obstructive lesion. Direct cholangiography 
has a more than 95% success rate in determining the site and 
a more than 90% success rate in determining the cause of 
biliary obstruction. Direct cholangiography should always be 
preceded by ultrasound, CT, or MRCP to reveal unusual 
anatomy, areas of segmental ductal obstruction, and intrahe¬ 
patic or extrahepatic mass lesions that would alter the manner 
in which cholangiography is performed and interpreted. Direct 
cholangiography clearly delineates biliary anatomy, an essential 
factor in planning surgical, radiologic, or endoscopic therapy. 
With the large variety of endoscopic and radiologic therapeutic 
interventions now available, direct cholangiography often 
serves as a prelude to nonsurgical biliary interventional pro¬ 
cedures 7,15,128 ' 132 (see Chapters 74 and 78). Direct cholangiog¬ 
raphy by PTC or ERCP for purely diagnostic purposes is rarely 
done, having been replaced in current clinical practice by 
noninvasive imaging, particularly MRCP. 

Percutaneous Transhepatic Cholangiography 
Versus Endoscopic Retrograde 
Cholangiopancreatography 

The choice of procedure for direct cholangiography depends on 
a number of factors: the clinical situation, the potential for 
therapeutic intervention, and the availability of a skilied endos- 
copist or radiologist. 


Although there are many similarities in the information pro- 
vided by antegrade (PTC) and retrograde (ERCP) cholangiog¬ 
raphy, the advantages and disadvantages of each procedure 
must be carefully weighed before a decision is made. Both 
methods pro vide high-quality images of the duets and are 
capable of evaluating intrahepatic and extrahepatic stenoses, 
ductal dilation, filling defeets, and leaks. Both procedures allow 
transformation of a diagnostic study to a variety of therapeutic 
maneuvers. 

PTC is easier and quicker to perform and is less costly. It 
has a high success rate; dilated duets are opacified in virtually 
100% and nondilated duets in 80% to 85% of patients 
(Fig. 73-17). The complication rate is low (3.4%), and the 
procedure is performed by the radiologist. Therapeutic 
transhepatic options after PTC require a higher skili level. 
These include biliary drainage; stone extraction, erushing, 
contact dissolution, laser fragmentation, and contact litho- 
tripsy; stent placement; stricture dilation; and biopsy. ERCP 
is more time-consuming, more expensive, and more dependent 
on the skili of the endoscopist. The success rate for cannula- 
tion of the bile duet varies from 80% to 95%, depending on 
the experience of the endoscopist. 14,132,135 ' 139 ERCP offers the 
advantages of direct pancreatic duet visualization and inspec- 
tion of the upper gastrointestinal tract and ampulla. The com¬ 
plication rate is comparable to that of PTC (3%-5%). 140 ' 143 
Therapeutic options at ERCP include sphineterotomy for stone 
extraction or ampullary stenosis, biliary stent placement, and 
balloon dilation of strictures. 132,144,145 The procedure is per¬ 
formed by the endoscopist using fluoroscopic monitoring and 
usually in conjunction with the radiologist. 

ERCP is preferred for evaluation of patients with nondilated 
duets or more distal lesions. It is the procedure of choice if a 
primary pancreatic process is suspected and opacification of the 
pancreatic duet is desired (Fig. 73-18). ERCP is also recom- 
mended for patients with bleeding disorders, for whom PTC 
may be risky. PTC is generally preferred in the evaluation of 
more proximal lesions involving the hepatic duet bifurcation, 
which may be diffkult or impossible to delineate with a retro¬ 
grade approach. PTC is recommended when endoscopy is not 
available or previous biliary enteric surgery has been performed. 
PTC is also used if ERCP fails, and vice versa. 
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Figure 73-17 PTC. A. Diagram depicts the PTC 
technique. Shaded area between the needles is 
the preferred region for needle insertion. The 
circular shaded area should be avoided. B. PTC 
outlines the normal biliary ductal system. Note the 
needle ( arrow ) with the tip cannulating the small 
peripheral intrahepatic biliary radicle. C. PTC with 
the needle ( curved arrow) in place shows the 
obstructive lesion ( straight arrows) of the common 
hepatic duet and dilated intrahepatic duets from 
metastatic periportal adenopathy. (A from Kadir S: 
Diaqnostic Anqioqraphy. Philadelphia, WB 
Sau nders, 1986.) 



The choice of diagnostic PTC or ERCP also depends on the 
therapeutic plan for the patient. If a CBD stone is suspected, 
ERCP should be used to perform a sphineterotomy and endo- 
scopic stone extraction (see Chapters 74 and 78). If imaging 
studies indicate a lesion at the hepatic duet bifurcation, PTC is 
more likely to outline the extent of involvement, to show 
the presence of segmental occlusions, and to define drainage 
options. 

Percutaneous Transhepatic Cholangiography 

PTC is a widely used, successful, and safe method of direetly 
opacifying the biliary ductal system. Its relative ease and safety 
are related to the use of a fine, 22-gauge, highly flexible Chiba 
or “skinny” needle, introduced by Okuda and associates in 


1974 146 jj ie sma jj ca liber and flexibility of the needle decrease 
the likelihood of hepatic injury during respiratory motion and 
decrease procedure-related complications. The success of ductal 
opacification with PTC is virtually 100% for dilated duets and 
80% to 85% for nondilated duets. 1 " The success rate is 
improved with an inereased number of needle passes. Failure 
of the duets to opacify during PTC should not be misinter- 
preted as absence of obstruction or dilated duets; rather, it may 
indicate an inconclusive study. 

The overall complication rate for PTC is 3.5%. 15,134,135 The 
most common serious complications include sepsis (1.4%), bile 
leak (1.45%), and intraperitoneal hemorrhage (0.35%). Rare 
complications include pneumothorax, hepatic arteriovenous 
fistula, reactions to contrast material, and death (0.2%). 15,132-135 
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Figure 73-18 ERCP. A. Filling of a normal nondilated bile duet (arrow) and normal pancreatic duet ( arrowheads ). B. The bile duet and 
pancreatic duet are dilated as a result of a distal common bile duet stricture (arrow) and pancreatic duet stricture ( arrowhead) in a patient with 
chronic panereatitis. 


There are no absolute contraindications to PTC except uncor- 
rectable bleeding disorders. Ascites makes the procedure more 
difficult but is not an absolute contraindication. 

Technique. Before the procedure, clotting studies are obtained, 
and any disorder should be corrected with fresh frozen plasma 
and platelets. Mild analgesia is provided. The patient should be 
well hydrated. Broad-spectrum antibiotics are routinely used; 
the data suggest that 80% of patients with biliary obstruction 
by CBD stones and 25% to 30% of patients with malignant 
obstruction may have infeeted bile, and sepsis is a potential 
risk. 151 Positive organisms are usually Escherichia coli and 
Klebsiella pneumoniae. The procedure is performed under fluo- 
roscopic guidance. A percutaneous transhepatic puneture is 
made with the skinny needle by a right midaxillary approach 
(see Fig. 73-17A). Akernatively,aleft-sided subxiphoid approach 
can be used if cannulation of the left hepatic duet is desired. 
The needle is inserted into the liver during suspended respira¬ 
tion, and contrast material is injected as the needle is slowly 
withdrawn until a duet is opacified. More than one puneture 
may be necessary, and there is no limit to the number of passes 
as long as the patient tolerates the procedure. 

After cannulation of an intrahepatic biliary radicle, contrast 
material is injected, outlining the biliary ductal system (see Fig. 
73-17B). Images of the opacified biliary tree are obtained in the 
supine, both oblique, and, if necessary, upright projections. In 
the presence of obstruction, it may be necessary to tilt the table 
upright or to turn the patient to the left lateral decubitus posi¬ 
tion to allow contrast medium to hil the left hepatic duets or to 
flow to the site of a distal obstruction. Overdistention of the 
ductal system can cause sepsis and should be avoided. Contrast 
material is heavier than bile and may not mix readily with viscid 
bile in an obstructed system. In the supine patient, the posteri- 
orly positioned right hepatic duets are dependent and tend to 
hil preferentially, and the left ductal system may fail to opacify. 
Turning the patient to the left posterior oblique or left lateral 
decubitus position facilitates filling of the left duet. Failure of 
the right hepatic duets to hil in the supine position is abnormal 


and suggests a lesion obstructing the right hepatic duet. Erect 
or partially upright views may be necessary for adequate filling 
of the CHD and distal CBD. Coned-down views of the ampulla 
region may be helpful in clarifying the cause of obstruction in 
this area. In cases of hepatic bifurcation obstruction or segmen¬ 
tal occlusions, multiple passes may be necessary to map the 
extent of involvement and to determine operability and surgical 
approach to the lesion. 

Transcholecystic Cholangiography 

If the percutaneous transhepatic route is unsuccessful, trans¬ 
cholecystic cholangiography can be used to opacify the biliary 
tree when the gallbladder is present. The technique is simple 
and involves puneture of the gallbladder aided by ultrasonic 
guidance to place the needle direetly into the gallbladder. Con¬ 
trast material is then injected into the gallbladder to hil the bile 
duets. This technique more easily opacifies the distal bile duet 
but gives inconsistent intrahepatic ductal opacification 132,147-149 
(see Chapter 78). 

Endoscopic Retrograde Cholangiopancreatography 

Endoscopic cannulation of the papilla of Vater was first 
described in the United States by McCune and coworkers in 
1968. 13,133 Advances in technique and improvement in design of 
the side-viewing endoscope since that time have made ERCP a 
reliable and safe procedure for evaluation of both the pancreatic 
and the bile duets. The primary indications for its use in the 
biliary tract are extrahepatic biliary obstruction, investigation 
of unexplained upper abdominal pain in patients with previous 
cholecystectomy, evaluation of cholangitis, suspected bile duet 
injury by previous surgery, and choledocholithiasis. 14,136,138 The 
performance, interpretation, and complications of this proce¬ 
dure are discussed in Chapter 74. 

Normal Cholangiographic Anatomy 

The main intrahepatic duets as well as the cystic duet, CHD, 
and CBD are routinely opacified. Normal intrahepatic duets 
measure 1 to 2 mm in diameter; however, the size is 
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dependent on technical factors such as injection pressure, 
runoff into the gallbladder, and geometric magnification during 
filtning. Second- and third-order branches are usually seen. 
The normal intrahepatic duets branch regularly and smoothly. 
The extrahepatic bile duet is a smooth-walled, tubular struc- 
ture extending from the porta hepatis to the duodenum. 
Distally, the intramural segment may be slightly narrowed 
and should not be confused with stricture. When it is partially 
relaxed, the choledochal sphineter (sphineter of Boyden) can 
create a wavy or narrowed appearance that may be mistaken 
for ampullary stenosis or neoplasm/ 1 When it is contracted, 
its upper rounded border produces a pseudocalculus defeet, 
mimicking an impacted stone. 150,151 This pseudocalculus defeet 
disappears spontaneously after intravenous injection of glu- 
cagon, which relaxes the sphineter (Fig. 73-19). Contrast mate- 
rial should flow freely from the CBD into the duodenum 
during normal cholangiography. Normally, no splaying or 
crowding of duets, caliber irregularity, strictures, or Alling 
defeets are seen. 

The mean ductal diameter on direct cholangiography is 
less than 8 mm, with 10 mm considered the upper limit of 
normal. Magnification and injection pressure account for some 
of the discrepancy between cholangiographic and ultrasonic 
measurements. Studies have demonstrated a caliber inerease 
of up to 5 to 6 mm simply as a result of the ERCP proce¬ 
dure. 152 Often, the normal common duet is quite small 
(<4 mm). The prepancreatic portion of the CBD tends to be 
the widest segment. 


Operative and Postoperative Cholangiography 

Operative Cholangiography. Operative cholangiography was 
first described by Mirizzi in 1932, 153 and since that time, it has 
been an important adjunet to biliary tract surgery. The proce¬ 
dure is done at the time of cholecystectomy to detect biliary 
stones and to determine the need for CBD exploration, a 
maneuver that substantially inereases the time, morbidity, and 
mortality of gallbladder surgery. 

Technique. The bile duet is opacified during operative chol¬ 
angiography by insertion of a needle or cannula direetly into 
the cystic duet or CBD and injection of contrast material. 
This technique can be used with open cholecystectomy or 
with laparoscopic cholecystectomy. However, the rate of suc- 
cessful cannulation and opacification of the duets is lower 
with the laparoscopic approach. Common duet exploration is 
difficult by the laparoscopic approach and is rarely performed 
laparoscopically. During operative cholangiography, a small 
volume of contrast material (5-7 mL) is injected initially, fol- 
lowed by the first radiograph. A second radiograph is taken 
after an additional 5 to 7 mL of contrast material is injected. 
Because air bubbles can simulate stones, the injection system 
should be cleared of air. Most operative cholangiography is 
performed with digital fluoroscopy. A portable radiographic 
unit with either a fixed or a movable table grid may also be 
used. The patient should be rotated slightly to the right to 
project the duet away from the spine. If common duet explo¬ 
ration is necessary, a T tube (usually 12F to 16F) is placed 



Figure 73-19 Postoperative cholangiogram. A. T-tube cholangiogram demonstrates pseudocalculus defeet. Note meniscoid configuration 
(arrow) of the distal common bile duet from the contracted choledochal sphineter mimicking an impacted stone. B. Spot image taken during 
the same examination after intravenous administration of glueagon shows disappearance of the pseudocalculus defeet after relaxation of the 
choledochal sphineter. C. Biliary tube cholangiogram after liver transplantation with duct-to-duct anastomosis demonstrates straight, small-caliber 
tube entering the cystic duet remnant of the donor duet (arrow). Injected contrast material outlines the ductal system, demonstrating mild 
narrowing at the duct-to-duct anastomosis (open arrow). 
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after the procedure and a completion cholangiogram is 
obtained before closing. The cholangiogram should be free of 
motion, grid lines, and superimposed tubes or instruments. 
Adequate exposure factors and proper collimation should be 
used. 154,155 The study is considered suboptimal unless complete 
filling of the intrahepatic and extrahepatic duets is accom- 
plished (Fig. 73-20). Spasm of the sphineter occurs in as many 
as 25% of cases after CBD explorationA 6 This may be related 
to rapid or forceful contrast medium injection or surgical 
manipulation. Anesthetic agents, such as morphine sulfate and 
fentanyl citrate, are known to produce spasm. 15 If spasm is 
present, glueagon should be administered intravenously to relax 
the sphineter. 158 

Postoperative Cholangiography. After common duet explora- 
tion for stone disease or after liver transplantation with biliary 
ductal anastomosis, a surgically placed biliary catheter or T tube 
is usually left in the extrahepatic bile duet to allow ductal 
decompression and to provide access for postoperative cholan¬ 
giography. Postoperative cholangiograms are obtained through 
the indwelling biliary tube. In the case of stone disease, a T tube 
is usually left in place and the study is performed 5 to 10 days 
after surgery to check for retained stones or fragments. If none 
are identified, the T tube is removed. If stones are present, they 
may be removed endoscopically or radiologically after matura- 
tion of the T-tube track (see Chapter 78). In the case of liver 
transplantation, a small-caliber biliary tube is left in place for a 
longer time, usually 2 to 6 months, and cholangiography may 
be performed at any time to assess the status of the bile duets 
and the anastomosis. 



Figure 73-20 Operative cholangiogram. Note the cannula in the 
cystic duet remnant with filling of the bile duet. There is a retained 
distal common bile duet stone ( arrow ). 


Contrast medium is administered by hånd injection or by 
gravity drip infusion under fluoroscopic monitoring. Because 
of the risk of bacteremia, some authors recommend coverage 
with antibiotics. 11,154,155 Antibiotics are routinely administered 
before postoperative cholangiography in patients after liver 
transplantation. During cholangiography, both the intrahepatic 
and extrahepatic duets should be opacified. Use of the upright 
or tilted position may be necessary to hil the distal CBD. Also, 
bubbles rise in the upright position, whereas stones gravitate 
into the distal duet. The Trendelenburg position facilitates 
intrahepatic ductal filling, and placement of the patient in the 
left posterior oblique or left lateral decubitus position helps 
opacify the left duets. Oblique views minimize superimposition 
of intrahepatic branches. The optimal study is free of air 
bubbles, with adequate filling of the intrahepatic and extrahe¬ 
patic biliary tree. Air bubbles may mimic stones but are usually 
differentiated by a smooth, round appearance and a tendency 
to cluster. Sphineter of Oddi spasm is relieved by inereased 
injection pressure or the use of glueagon 154,155 (see Fig. 73-19). 

The accepted radiographic technique for this examination 
includes low kilovolts peak (70-75 kVp) exposures and dilute 
contrast material (10%-15% iodine). This technique frequently 
necessitates a long exposure time (2-4 seconds) to ensure good 
radiographic quality. The use of high kilovolts peak (100- 
110 kVp) exposures and full-strength contrast material (30%- 
38% iodine) has been advocated to improve overall film quality 
with less motion, to enhance stone detectability, and to decrease 
radiation to the patient and personnel. 159 

BILIARY SCINTIGRAPHY 

Although it is used primarily to diagnose acute cholecysti- 
tis, biliary scintigraphy has several applications in the eval- 
uation of biliary ductal disease. It is a noninvasive method 
of evaluating biliary drainage and segmental obstruction 
and can assess patency or bile leak after cholecystectomy 
or biliary enteric anastomoses 8, 59,61 (Fig. 73-21). Biliary 
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Figure 73-21 Biliary scintigraphy. This study demonstrates 
bile leak along the right upper quadrant drain ( arrows ) from a 
choledochojejunal anastomosis. 
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scintigraphy may also play a role in evaluating early biliary 
obstruction when ultrasound results are indeterminate and 
do not correspond to clinical or laboratory parameters. 160 ' 162 
Other uses for scintigraphic evaluation of the biliary tract 


include noninvasive evaluation of sphincter of Oddi 
dysfunction, assessment of bile duet injury and duodeno- 
gastric reflux, and evaluation for congenital biliary 
anomalies. 59 ’ 163 ’ 164 
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Since the implementation of endoscopic retrograde cholangio¬ 
pancreatography (ERCP) into clinical practice in the late 1960s, 
ERCP has allowed exquisite display of the biliary tract and the 
pancreatic duet systems. The duets were displayed with great 
spatial and contrast resolution; however, the ductal Åndings at 
times were also used as surrogates for parenchymal or local 
anatomic abnormalities. 

Much of this information is now rightly being obtained non- 
invasively by the continued development of ultrasound, multi- 
detector computed tomography (MDCT), and especially 
magnetic resonance imaging (MRI) and magnetic resonance 
cholangiopancreatography (MRCP). However, the ERCP exam- 
ination has continued to change as well, now providing critical 
advancements in endoscopic therapeutic uses. The continued 
important presence of ERCP in clinical practice still demands 
radiology expertise for the interpretation of the Åndings of this 
examination. 

Technique 

Communication between the gastroenterologist and radiologist 
is critical, for both patient care and medical-legal reasons. With 
both services usually on busy schedules and frequently being 
physically separated, the radiologist can obtain information 
through the dedicated imaging technologist associated with the 
examination, closed-circuit television, and the gastroenterolo- 
gist’s dictation from the electronic medical record system. 

The examination should begin with an image centered over 
the patient’s right upper quadrant even before the patient is 
endoscoped. This image will allow the gastrointestinal service 
to appreciate any radiopaque material that might obscure ERCP 
imaging. This image will also display any calciAcations related 
to the pancreatic and biliary systems that might be covered up 


with the injected 150 to 300 mg iodine/mL concentration of 
contrast medium that is typically used to opacify either system. 
This image and subsequent images are hest obtained at 90 to 
100 kVp, depending on the patient s size. However, the Auoro- 
scopic and imaging techniques are frequently adjusted auto- 
matically by the Auoroscopic unit. 

The duet system is ideally imaged with the cannula placed 
initially at the level of the sphineter. However, the gastroenter¬ 
ologist will frequently feel more comfortable with the cannula 
advanced into the duet system for better purchase. Relatively 
slow injection rate with sequential imaging doeumentation is 
most useful for the interpreting radiologist. For example, biliary 
tract stones tend to congregate distally. A deep cannulation and 
rapid injection of contrast material can make display of these 
Alling defeets difAcult. 

The patient is typically placed in the prone oblique position 
for this examination. This results in Aowing of the relatively 
heavier contrast agent away from the cannula, coursing 
“upstream.” With the injection, admixture artifacts may develop 
both at the cannula tip and at the site of inAow from the cystic 
duet into the biliary tract. 

Also, because of the patient s prone position, the leA hepatic 
duet system will All before the right. If the right duet system Alls 
Arst, as is usual for T-tube cholangiography, in which the patient 
is typically supine, careful examination for left-sided obstruc¬ 
tion is needed. A normal cystic duet and gallbladder should be 
Alled during this examination. Images of early Alling of the 
gallbladder may demonstrate the relatively heavy contrast 
agents beginning to outline the dependent gallstones in the 
gallbladder if it is present. 

Imaging in multiple projections can be helpful in laying out 
normal or any abnormal anatomy. An attempt should be made 
to identify all of the central intrahepatic bile duets. Lateral 
positioning of the patient can be helpful in distinguishing right 
from left duets. In this position, the more anterior duets belong 
to the leA system (Fig. 74-1). 

Finally, delayed images can be helpful. Allowing some of the 
contrast agent to Aow out of the duet system, greatly facilitated 
by supine positioning, can bring out Åndings lost in the dense 
contrast. Delayed imaging can also help conArm obstruction 
even if the duets themselves do not appear to be dilated. A 
normal pancreatic duet should be drained of contrast material 
within 10 minutes from injection; the biliary tract, without a 
gallbladder, should take no more than 45 minutes. 1 

Anatomy 

BILIARY TRACT 

The biliary tract can be divided into the intrahepatic and 
extrahepatic systems. The intrahepatic biliary tract follows 
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Figure 74-1 Schematic of the biliary tract. A view from the lateral 
projection, with the patient prone, demonstrates that the left 
intrahepatic biliary tract (light gray) will fill before the right 
intrahepatic duet system (dark gray). Also in the prone position, 
injected contrast medium will flow away from the sphincteric segment 
because of the gentie downward course of the extrahepatic biliary 
tract. 


the arterial biood supply of the liver draining the eight hepatic 
segments. There is, however, moderate variability in the intra¬ 
hepatic duet network; for example, the duet draining the 
right posterior segment is frequently aberrant (Fig. 74-2). 
The intrahepatic duets should appear smooth and gently taper 
as they course peripherally. The angles formed by these 
branches should be acute. Changes resulting in pruning of 
peripheral duets, stiffening of the duet system, or deviation 
of the “flowing” appearance of this duet network should raise 
concern. 

The extrahepatic ductal system actually begins with the right 
and left hepatic duets, both of which have components outside 
the liver. The union of these two duet segments forms the 
common hepatic duet (CHD), which is approximately 2 to 4 cm 
in length. 

The cystic duet joins the CHD at an acute angle, typically on 
the CHD’s right side. The cystic duet insertion may be anoma- 
lous. It may insert abnormally upstream in the CHD or even 
into the right posterior intrahepatic duet (see Fig. 74-2). It may 
also join the extrahepatic duet very distally or medially (Fig. 
74-3). This variant anatomy can lead to anatomic confusion and 
possible surgical mishap, or it may predispose to the develop- 
ment of complications, such as the Mirizzi syndrome. 

The common bile duet (CBD) is formed with the union of 
the cystic duet and CHD. This 10-cm duet segment courses 
caudally and gently anteriorly when the patient is in the usual 
prone position during the ERCP examination (see Fig. 74-1). 



Figure 74-2 Bile duet aberrancy. The duet serving the right posterior 
hepatic segment is the most common anomalous intrahepatic biliary 
tree duet segment. A post-liver transplantation T-tube cholangiogram 
shows the right posterior duet (straight arrow) exiting below the 
bifurcation ( arrowhead ), in this case consisting of the right anterior 
segment and the left hepatic duet. Also note that the transplant's cystic 
duet (curved arrow) originates from this aberrant duet. 


Figure 74-3 Aberrant cystic duet. A magnified view of the distal 
common duet shows the cystic duet (arrow) originating medially from 
the intrapancreatic portion of the extrahepatic biliary tree. This 
anatomy is important to identify, alerting the surgeon before possible 
laparoscopic cholecystectomy. Numerous faceted gallstones are 
present in both the cystic and common duets. 
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The combined CHD and CBD segments may be referred to as 
the common duet or extrahepatic biliary tree. 

The distal CBD courses into the duodenal wall and into the 
major duodenal pap illa, also named the pap illa of Vater. This 
distal segment is usually smooth, but it may appear finely 
pleated or may contain a small diverticulum. 

The distal CBD is usually met distally by the main pancreatic 
duet (MPD), the union of which forms a common channel, also 
known as the ampulla of Vater, of variable length (Fig. 74-4A). 
In approximately 10% to 20% of cases, each duet system enters 
the papilla and drains into the duodenum separately. This 
common channel varies in length from 2 to 15 mm but averages 
5 mm. 2 ’ 3 

These two ductal systems are wrapped in smooth muscle 
called the sphineter of Oddi (Fig. 74-4B), measuring 5 to 15 mm 
in length. 4 This muscle segment has a constant, tonic basal pres¬ 
sure on which interval phasic contractions of approximately 
two or three times per minute are superimposed. These con¬ 
tractions can be appreciated at fluoroscopy during injection of 
contrast material. This phasic contraction can squeeze the 
ductal segments together to create the convex-upward 


appearance of a stone. This so-called pseudocalculus sign is 
reversed with the contractions end (Fig. 74-5). 

The diameter of the biliary tract should be measured at the 
CBD. Most authors suggest a maximal diameter, corrected 
for magnification with the known 12-mm-diameter of the 
therapeutic endoscope, to be less than 12 mm. 1,3 With age, pre- 
sumably related to degeneration of the duct’s elastic fiber 
network, the CBD may inerease in diameter, resulting in a 
“floppy duet.” The normal CBD diameter of ERCP imaging will 
be greater than that of ultrasound, CT, and MRI, most likely 
related to the combination of active injection of contrast mate¬ 
rial and duet relaxation produced by conscious sedation used 
at ERCP. 

PANCREATIC DUCT 

The length of the MPD varies from 10 to 25 cm, 5,6 but it aver¬ 
ages 16 to 17 cm. 7 It typically has an S-shaped configuration 
(Fig. 74-6). The cc toe” of the S courses horizontally from the 
sphineter, then ascends cranially. This segment drains the pan¬ 
creatic head. The MPD then again turns into a horizontal 



B 

Figure 74-4 Sphineter segment anatomy. A. A schematic demonstrates the three types of duet unions: the Y type, with a relatively long 
common channel; a short common channel, leading to a V appearance; and, in a minority of cases, the two duets enter the papilla separately in 
a U appearance. CBD, Common bile duet; PD, pancreatic duet. B. An abnormally long and ectatic channel is seen in this ERCP image. The 
sphineter is contracted ( arrowhead ), but the common channel ( arrow) extends beyond the muscle wrap, allowing direct communication of the 
two duet systems. This is thought to be the anatomic origin of choledochal cyst development. 
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Figure 74-5 The pseudocalculus appearance. A. The initial ERCP image is obtained with the sphincter contracted, causing the appearance of 
an impacted stone. B. Seconds later, the sphincter relaxes, showing the normal, patent duet systems. 



Figure 74-6 Normal ERCP appearance. The main pancreatic duet 
has an S-shaped appearance, gently tapering as it courses from the 
head to the tail. In this particular patient, the normal side branches 
are homogeneously gracile in appearance. 

direction corresponding to the “shoulder,” running anterior to 
the superior mesenteric artery and its vein. The transition from 
the ascending to the horizontal segment is designated the 
neck. The remainder of the panereas is divided between the 
body and the tail, either with the left side of the spine being the 
transition point or by simply dividing the duet from the neck 
to the end of the tail in half. 8 

The neck of the MPD may have a subtle, circumferential 
narrowing without upstream dilation. This normal variant is 
thought to represent the union of the embryonic dorsal and 
ventral duets. Toward the upstream segment of the MPD, there 
is often bifurcation of the duet as it nears its termination. Ana- 
tomically, the tail is proximal and the head is considered distal, 
although some use upstream to describe anatomy toward the 
tail and downstream to refer to the anatomy coursing toward 
the pancreatic head. 

The MPD results from the union of the embryologic ventral 
duet, Wirsung, and the dorsal duet, Santorini. The MPD has a 
smooth, gentie narrowing from the head to the tail. The 
maximum diameter, again magnification corrected, at the head 
is less than 6 mm. 3 The ERCP normal values will again be less 
than those related to ultrasound, CT, and MRI. With age, the 
MPD may normally develop a more “stiff” appearance with 
some subtle ductal irregularity. 

There is no “normal” side branch appearance on ERCP. Side 
branches may have a fine, siender appearance (Fig. 74-6), or 


they may be wider in diameter. However, a given patient’s side 
branches should be uniform in appearance and should have a 
smooth, gentie tapering configuration as they head into the 
pancreatic parenchyma. Display of the side branch system, as 
well as of the MPD, to assess for various abnormalities is infre- 
quent in today’s practice with the other imaging methods now 
available and because the risk of producing panereatitis is rela- 
tively great with MPD injection. 

Biliary Tract Neoplasia 

Malignant neoplasms involving the biliary tract, both intrahe- 
patic and extrahepatic, usually are manifested as stricture 
disease and less commonly as filling defeets. The strictured 
biliary tract segment can be the result of direct mural involve- 
ment by the tumor or of compression or infiltration from adja- 
cent diseased lymph nodes or hepatic parenchymal tumor. 
Unfortunately, benign disease involving the biliary tract also 
frequently results in a strictured appearance (Box 74-1). The 
different causes of the biliary stricture must be differentiated 
for appropriate management. 

Morphologic appearance can be of some help in this dif¬ 
ferentiation. Malignant strictures tend to be long (>1.5 cm), 
have an irregular, eccentric mural surface, and have a short 
(<1 cm) transitional zone with a nodular or shouldered 
appearance. 912 The addition of contrast-enhanced MDCT or 
MRI can add criteria for a malignant appearance with inereas- 
ing mural thickness, irregularity of the external mural border, 
and mural enhancement. 12,11 

The cholangiographic appearance in identifying a malignant 
stricture is only approximately 70% to 85% for sensitivity, spec- 
ificity, positive predictive value, and accuracy, 9 so the added 
benefit of tissue sampling at ERCP can be important. Cells and 
tissue can be acquired by various methods: aspirated bile for 
cytology, brush cytology, fine-needle aspiration of the stricture 
for cytology, endobiliary forceps biopsy, and even analysis of 
material clinging to a retrieved plastic stent. Multiple types 
of acquisition methods will inerease return. The sensitivity of 
either brush cytology or biopsy is approximately 56%, but their 
combined use improves the return to 73%. 14 It has now been 
reported that the previous practice of sampling after stricture 
dilation does not inerease the return on sampling. 15 These 
results can be compared with the use of fine-needle aspiration 
at endoscopic ultrasound (EUS), which has a high return, at 
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BOX 74-1 BILE DUCT STRICTURES 


INFECTIOUS, INFLAMMATORY, MISCELLANEOUS 

Postsurgical 

Pancreatitis 

Primary sclerosing cholangitis 
Immunoglobulin G4-related disease 
AIDS cholangiopathy 
Recurrent pyogenic cholangitis 
Post-liver transplantation 
Sphincter of Oddi dysfunction 
Cirrhosis 

Intra-arterial chemotherapy 
Primary biliary cirrhosis 

Inflammatory pseudotumor (malignant masquerade) 
Cystic fibrosis 
Radiation therapy 
Post-traumatic 

Post-percutaneous ablation of hepatic tumor 

Sarcoidosis 

Tuberculosis 

Eosinophilic cholangiopathy 
Portal biliopathy 
Secondary sclerosing cholangitis 
Duodenal diverticula 
Adjacent abscess or pseudocyst 

NEOPLASTIC: MALIGNANT, AGGRESSIVE 

Pancreatic cancer 
Cholangiocarcinoma 
Biliary papilloma or papillomatosis 
Gallbladder carcinoma 
Periampullary tumors 
Hepatocellular carcinoma 
Metastatic disease 
Lymphoma 

Biliary cystadenoma or cystadenocarcinoma 

NEOPLASTIC: BENIGN, NONAGGRESSIVE 

Granular cell tumor 


least 80%, for distal malignant strictures from pancreatic cancer 
or cholangiocarcinoma. 15 

Endoscopic techniques are also useful for stent placement in 
lower duet malignant strictures. The clinical views of what type 
of stent to use and when to use stents in malignant strictures 
are continuing to evolve. 14,16,17 

Pancreatic cancer is the most common cause of malignant 
biliary tract obstruction. Cholangiocarcinoma and gallbladder 
cancer are the most common primary bile duet tumors. 10 A 
group of four different types of tumors, including pancreatic 
cancer and distal cholangiocarcinoma, can occur at the ampul- 
lary site to also cause bile duet obstruction, called periampul¬ 
lary tumors. Metastatic disease also is a common cause of 
malignant biliary tract obstruction, with gastrointestinal tract 
tumors, hepatocellular carcinoma, and lymphoma being 
common causes. 

Pancreatic cancer involvement of the biliary tract is usually 
seen in the distal CBD segment, the intrapancreatic portion of 
the CBD (Fig. 74-7A, B). The length of bile duet stricture 
depends on both the tumor size within the pancreatic head and 
the nearness of the bile duet to the tumor’s center. The transi¬ 
tion of the strictured segment is usually rapid, with a nodular 
or shouldered appearance. However, as discussed before, pan¬ 
creatic carcinoma can involve the proximal extrahepatic biliary 
tree from adjacent peribiliary lymph node involvement, and it 


can also involve the intrahepatic duets if there is hepatic meta¬ 
static disease (Fig. 74-7C, D). 

Cholangiocarcinoma can be intrahepatic or extrahepatic in 
location. It is classified into one of three types: mass forming, 
periductal infiltrating, and intraductal growth. The mass- 
forming type of cholangiocarcinoma arises from small intrahe¬ 
patic duets. The carcinoma forms a hepatic parenchymal mass; 
MDCT and MRI are the most appropriate modalities for its 
detection and assessment for extent of disease. Cholangiogra- 
phy does not play a significant role in imaging. 

The tumor associated with the periductal infiltrating cholan¬ 
giocarcinoma grows within the wall of the biliary tract, causing 
mural thickening with an irregular (Fig. 74-8A) or smooth (Fig. 
74-8B) stricture. It spreads in a submucosal manner and tends 
to infiltrate the periductal anatomy. This tumor frequently 
begins in the hilar region, where it is referred to as a Klatskin 
tumor. The tumor can grow upstream or downstream. Unfortu- 
nately, it also tends to extend into the periductal and perineural 
tissues as well as into the lymphatics, where MDCT or MRI may 
better define the extramural disease. ERCP does have a place if 
resection is anticipated (Fig. 74-8C). Cholangiography can be 
used to better define the biliary tract anatomy involvement by 
the Bismuth classification (Fig. 74-9). The Bismuth classifica- 
tion is used to evaluate proximal biliary tract resection of stric¬ 
tures or obstructions of various causes. ERCP can provide 
important information about the local anatomy through its 
exquisite spatial display of the duet system. 16 

At ERCP, the early periductal infiltrating type of cholangio¬ 
carcinoma can be manifested as a relatively short, smooth 
appearance to simulate a benign stricture. 11 However, because 
cholangiocarcinoma is usually appreciated later in the disease 
process, this stricture tends to be longer and more irregular in 
appearance. 

The mueh less common type of cholangiocarcinoma, the 
intraductal growing type (also referred to as papillary cholan¬ 
giocarcinoma), is the most likely type of cholangiocarcinoma 
to be manifested relatively early in its course. It tends to spread 
superficially and not invade the bile duet wall. It has a better 
prognosis compared with the other types of cholangiocarci¬ 
noma. 19 At ERCP, this tumor may be a well-defined, smooth, 
intraluminal papillary protrusion (see Fig. 74-8C); but there 
can be multiple papillary projections, and some of these papil¬ 
lary projections may have an irregular surface. The intraductal 
growing type of cholangiocarcinoma may cause obstruction of 
the upstream ductal system without clear definition of the 
tumor itself. This type of cholangiocarcinoma can also produce 
muein to cause biliary dilation. There is a complex relationship 
between the intraductal growing type of cholangiocarcinoma, 
biliary papilloma or papillomatosis (Fig. 74-10), and intra¬ 
ductal papillary mueinous neoplasm of the bile duet (Fig. 
74-11), all of which can be seen as a papillary projection on 
cholangiography. 18,19 

Gallbladder carcinoma is the other primary biliary tract 
malignant neoplasm. Focal disease from this primary may 
spread to the mid or proximal extrahepatic biliary tree by direct 
extension along the cystic duet, by lymphatics, or by enlarged 
peribiliary lymph nodes. The stricture may extend to the hilar 
bifurcation or into the right or left hepatic duet system. The 
intrahepatic duets may also be compromised by the cancer’s 
predilection to invade the adjacent hepatic parenchyma or from 
metastatic deposits within the liver, which can displace, infil¬ 
trate, or obstruct the intrahepatic duet system. 
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Figure 74-7 Biliary tract strictures from pancreatic carcinoma. A. The pancreatic cancer causes a rapid transition to a tight stricture in the 
intrapancreatic portion of the bile duet with marked upstream dilation. B. In this case, the pancreatic cancer has a longer bile duet stricture that 
is irregular in appearance (arrow). There is also a long diffuse narrowing of the pancreatic cancer in the adjacent main pancreatic duet 
( arrowhead ). There is dilation of the upstream main pancreatic duet. There is also nodular effacement of the gas-filled duodenum from the 
pancreatic cancer. C. In a different patient, the proximal extrahepatic biliary tree ( arrows ) and intrahepatic bile duets ( arrowheads ) are narrowed 
by metastatic disease to hilar lymph nodes and hepatic metastatic disease, respectively. D. The corresponding CT section demonstrates the 
pancreatic tail primary (T), metastatic hilar lymph nodes (arrow), and hepatic metastases ( asterisks ). 
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Figure 74-8 Cholangiocarcinoma 
appearances at ERCP. A. This periductal 
infiltrating cholangiocarcinoma demonstrates 
marked mural irregularity and stricturing of the 
common hepatic duet leading into the hilum. 
B. Another appearance of the periductal 
infiltrating cholangiocarcinoma demonstrates a 
long, smooth stricture. C. This intraductal 
growing type of cholangiocarcinoma has both 
a papillary component (thick arrow) and also a 
moderate amount of mural irregularity and 
narrowing compatible with superficial spread 
( arrowheads ). There is also involvement at the 
bifurcation and intrahepatic duets (thin arrows ), 
which did not allow curative surgery. 



1310 SECTION IX Gallbladder and Biliary Tract 



Figure 74-9 Schematic of the Bismuth classification. A type I 
configuration represents occurrence of the stricture 2 cm or more 
from the common hepatic duet bifurcation. A type II configuration has 
less than 2 cm of normal duet before the bifurcation. The type III 
configuration leaves only the bifurcation intact. Type IV has narrowing 
of the bifurcation. Type V refers to injury of aberrant branches of the 
biliary tree. (From TaylorAJ, Bohorfoush AG III: Interpretation of 
ERCP. Philadelphia, Lippincott-Raven, 1997.) 


At ERCP, the cystic duet may not fill or only partially fill. The 
mid to proximal duet can be splayed, be diffusely narrowed, or 
demonstrate an irregular stricture (Fig. 74-12). Some mass 
effeet, stricture, or obstruction can also be related to enlarged 
hepatobiliary lymph nodes. 

Distal CBD obstruction, and potentially downstream MPD 
obstruction, can be caused by a variety of tumors that can occur 
at the papilla of Vater. Because of the difficulty in imaging, 
endoscopy, surgery, and even histology to separate these tumors, 
these tumors are combined under the heading of periampullary 
tumors. These tumors can be either benign or malignant. 
Benign tumors in this area are less common and include the 
ampullary adenoma, local geographic benign tumors, and 
carcinoid. 20 

Periampullary cancer refer to cancers from one of four struc- 
tures: the pancreatic head, distal bile duet, duodenum, and 
ampulla. There are other, rare malignant neoplasms that can 
occur here as well, such as metastatic disease and lymphoma. 
Even though these cancers share a similar location and clinical 
presentation, the underlying histologic type can dictate prog- 
nosis. The ampullary and duodenal cancers have the best prog- 
nosis, whereas the distal bile duet and pancreatic cancers have 
the worst. 



Figure 74-10 Biliary papillomatosis. The multiple papillary 
projections protruding into the extrahepatic biliary tree are 
compatible with papillomatosis. 


Although some authors suggest that contrast-enhanced 
MDCT with three-dimensional reconstruction is the preopera- 
tive imaging examination of choice for the periampullary 
tumor, CT can have difficulty in both the visualization and the 
accurate assessment of local disease/ Biliary or pancreatic duet 
dilation may be visualized but the underlying tumor not 
appreciated. 

ERCP can be of great help by direetly visualizing the peri¬ 
ampullary tumor at the time of endoscopy and display the 
possible intraductal involvement of the tumor during ductal 
injection of contrast material (Fig. 74-13). Tissue retrieval can 
also be obtained as well as stenting, if necessary, and even local 
endoscopic resection in the appropriate case. However, EUS 
and even transpapillary intraductal ultrasound are frequently 
used by endoscopists for better assessment of local tissue 
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Figure 74-11 Intraductal papillary mucinous neoplasm of the biliary tract. A. Initial injection demonstrates an irregular filling defect in the 
common hepatic duet. This was a jellylike material with strands of contrast medium visualized in its interstices. B. After removal of this viscid 
material with a retrieval balloon, the left hepatic duets and the common hepatic duet are now widely patent. There was no papillary tumor 
visualized. 


involvement and possible local lymph node spread. 20 EUS can 
also be used for fine-needle aspiration of the tumor for histo- 
logic diagnosis. A periampullary tumor may not have an intra- 
luminal component. The cholangiogram or panereatogram 
may demonstrate only a narrowing without an intraluminal 
mass. In these cases, tissue retrieval is critical. 

There are also less common malignant neoplasms that can 
affeet the biliary tree. Hepatocellular carcinoma can affeet the 
biliary tract by hepatic parenchyma compression, enlarged hilar 
lymph nodes, or rarely intraluminal growth. Metastatic disease 
may cause narrowing by hepatic parenchymal or lymph node 
extrinsic compression (see Fig. 74-7C, D), but it can also have 
direct mural involvement and possibly intraluminal growth 
(Fig. 74-14). Fymphoma can affeet the intrahepatic or the extra- 
hepatic bile duet. Fymphoma tends to displace and narrow but 
not invade the duet system (Fig. 74-15). It also tends to have 
relatively less obstruction for the degree of narrowing. Biliary 
cystadenoma or cystadenocarcinoma is an unusual tumor, typi- 
cally seen in the middle-aged woman, that can splay the biliary 
tract or rarely have an intraductal component. 

A final neoplasm of the biliary tract is the granular cell 
tumor. This is a submucosal, neurogenic tumor that typically is 
manifested in a young to middle-aged African American 
woman. When it is visualized at ERCP, it is a smooth, polypoid, 
or possibly annular-appearing stricture. It is important to raise 
the possibility of this tumor in this speciflc patient demographic 
because the tumor is benign in nature (Fig. 74-16). 

Biliary Tract Infection 
and Inflammation 

There are numerous causes of infeetious and inflammatory 
biliary tract disease (see Box 74-1). The various infeetious and 
inflammatory processes usually are manifested as a stricture. 
Typically, it is a combination of clinical history (i.e., patient 


demographic, significant past medical history, and certain spe- 
cific laboratory values) and imaging features that suggests the 
correct diagnosis. 

The postoperative biliary tract stricture is by far the most 
common inflammatory stricture. 2 Most of these strictures are 
related to laparoscopic cholecystectomy. Approximately 0.3% to 
0.6% of surgeries result in biliary stricture. 2 24 Although the 
duet compromise may be appreciated at the time of surgery or 
soon thereafter, the stricture may take weeks or years to be 
manifested. Although MRI and MRCP are now the imaging 
examinations of choice to assess for these delayed stricture pre- 
sentations/ ERCP can help display and treat this injury. 

The postoperative stricture is typically short and smooth and 
is located at the extrahepatic biliary tree at the site of the cystic 
duet takeoff or above (Fig. 74-17). Treatment of the stricture 
will depend on the type and complexity of injury, timing of 
discovery of the injury, and position of the stricture within the 
biliary tract. However, endoscopic treatment with dilation and 
plastic stent placement can be effeetive in establishing and 
maintaining duet patency. 26 

Another major area of postoperative bile duet complication 
is in the post-liver transplantation patient. These complications 
consist of biliary tract obstruction, stricture formation, filling 
defeets, sphineter of Oddi dysfunetion, leaks, and necrosis. A 
varied rate of 5% to 32% is reported for bile duet complications 
in this patient population, ranking only second to rejection as 
the most common problem in this population/ b 

Whereas MRCP has a place in imaging of this patient popu¬ 
lation, 29 31 ERCP continues to play a critical role in management 
and diagnosis. The better spatial resolution and the possible 
interventional therapies provided by ERCP are advantages over 
the noninvasive MRCP. Also, at times, bile duet obstruction is 
not reflected in biliary tract dilation (Fig. 74-18). 17,28 ERCP will 
be needed to accurately assess for obstruction in these cases. 
Obversely, bile duet dilation can be present without obstruc¬ 
tion, which can also be confusing at MRCP. 
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Figure 74-12 Gallbladder carcinoma. A. In this 
case, the gallbladder carcinoma produces an irregular 
mass effect on the common hepatic duet compatible 
with invasion ( arrow). The cystic duet filis only 
minimally. A right intrahepatic duet ( arrowhead) is 
splayed and narrowed by the intrahepatic involvement 
of the gallbladder cancer. B. The gallbladder cancer 
in this case displaces the proximal and mid 
extrahepatic biliary tree from right to left, but there is 
no significant narrowing. The cystic duet did not fill 
during this examination. C. A long, moderately severe, 
smooth narrowing with mild bowing of the common 
hepatic duet is present in this gallbladder cancer 
patient. A small segment of the cystic duet does fill in 
this case. 



Biliary strictures account for just less than half of all post- 
liver transplantation biliary complications. 32 These strictures 
are divided into anastomotic and nonanastomotic. The non- 
anastomotic strictures are typically longer, multiple, and intra¬ 
hepatic. They are usually related to a macroangiopathic or 
microangiopathic etiology or immunogenic (e.g., recurrent 
disease, such as primary sclerosing cholangitis) in origin. 32 
Treatment for this type of stricture formation is more difficult 
and less successful with endoscopic or percutaneous approaches. 
The presence of these strictures frequently heralds the eventual 
loss of the transplant liver. 

The anastomotic stricture is a short, focal narrowing at the 
surgical anastomosis (see Fig. 74-18). This stricture has a fibrotic 
component and is more amenable to endoscopic dilation and 


plastic stent placement. The common edematous band at the 
anastomotic site seen within the first 2 weeks of surgery should 
not be mistaken for a true stricture. This band will usually 
spontaneously resolve but may rarely require a temporary 
plastic stent without balloon dilation for treatment. 32 

The filling defeets in the post-liver transplantation patient 
can be related to stones, biliary casts, biood clots, or debris and 
sludge. These intraluminal filling defeets can usually be removed 
endoscopically. The possible underlying causes of these filling 
defeets, such as stricture, bacterial infeetion, or ischemia, also 
need to be ruled out. 26,32 

Although the etiology is poorly understood, sphineter of 
Oddi dysfunetion accounts for approximately 2% to 3.5% of 
post-transplantation complications. 33 Bile duet dilation can be 
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Figure 74-13 Periampullary tumors. A. In this case of ampullary carcinoma, nodular filling defects are seen in both the common bile duet and 
main pancreatic duet. Forceps biopsy confirmed the diagnosis. B. In another case, a periampullary duodenal villous adenoma can be visualized 
from its relief within the duodenal gas (arrow). This patient presented with recurrent bouts of acute panereatitis without biliary symptoms. C. No 
definite mass is seen at ERCP in this patient with an ampullary tumor. There is only the rounded configuration of a very distal common bile duet 
obstruction. 



Figure 74-14 Metastatic disease and the biliary tract. A. In this patient with partial hepatectomy for metastatic colon cancer, the colon 
cancer recurrence has grown intraluminally. Colon cancer is a fairly common cause of intraductal growth. B. Cervical cancer metastatic 
disease not only obstructs the hilum by enlarged lymphadenopathy ( arrowhead) but also has metastatic deposits direetly to the galIbladder 
wall ( arrows ). 
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Figure 74-16 ERCP in this young woman with incidental elevated 
liver function test results demonstrates a smooth, submucosal/ 
extrinsic-appearing common bile duet narrowing. A granular cell 
tumor was found at surgery. 


Figure 74-15 Lymphoma of the biliary tract. The long, smooth, 
common duet narrowing is caused by extrinsic mass effeet from 
adjacent lymphoma. 


seen in the donor or recipient duet system. Endoscopic sphinc- 
terotomy is appropriate therapy if this is clinically significant. 

Post-liver transplantation biliary leaks usually occur at a 
cystic duet stump, the T-tube insertion site, or the anastomotic 
site. These leaks are readily treated with sphineterotomy or 
plastic stent placement. If the leak is related to ischemia, endo¬ 
scopic treatment will not provide adequate treatment. 26 

Biliary strictures can be associated with chronic panereatitis. 
These strictures are present in the intrapancreatic portion of 
the CBD, being caused by the surrounding pancreatic fibrosis 
and occasionally a combination of fibrosis superimposed with 
edematous change from acute panereatitis. The biliary tree can 
also be narrowed by an adjacent pseudocyst in this patient 
population. 

Approximately 25% of chronic panereatitis patients will 
develop a stricture in the intrapancreatic segment, 34 although 
the incidence varies from 3% to 46%. 35 The recurrent acute 


inflammatory attacks lead to inereasing fibrosis in the panereas 
that includes the periductal parenchyma. Not all such narrow- 
ings need to be treated, but clinical correlation is needed to 
make sure that the untreated stricture does not result in one of 
the potential complications of bile duet narrowing: secondary 
biliary cirrhosis, ascending cholangitis, or choledocholithia- 
sis. 34,36 For the relatively unusual bile duet stricture that requires 
treatment, endoscopic dilation with multiple plastic stent place- 
ments can be tried. With inereasing fibrotic change in the sur¬ 
rounding panereas, this endoscopic approach can be less 
effeetive. 34 ’ 37 ’ 38 

The biliary tract stricture in chronic panereatitis typically 
has an hourglass appearance of the long, smooth stricture in 
the distal CBD (Fig. 74-19A). There are various appearances of 
bile duet stricture in chronic panereatitis, 35 with one series sug- 
gesting that up to one third of the bile duet strictures related to 
chronic panereatitis had a more aggressive appearance with a 
short, abruptly narrowing stricture and even shouldering to 
cause significant upstream dilation 39 (Fig. 74-19B). 
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Figure 74-17 This postoperative stricture ( arrow) is approximately 1 
year after laparoscopic cholecystectomy. This stricture is very short 
and smooth and located at the common hepatic duet bifurcation. 


Choledocholithiasis is another common entity causing 
obstruction and possible infeetion. Most of these ductal stones 
are secondary, that is, they migrate from the gallbladder into 
the extrahepatic biliary tree. Anywhere from 5% to 18% of 
cholecystectomy patients will have choledocholithiasis. 40 

“Primary” stones may also develop, causing choledocholi¬ 
thiasis. These stones originate within the lumen of the bile duet 
itself. These are typically calcium bilirubinate stones seen in 
patients with inereased red biood cell breakdown, alcoholic 
patients, senescent patients, or cirrhotic patients. 4 

Imaging and management of choledocholithiasis can be 
stratified according to age (inereased chance in patients older 
than 55 years), elevated bilirubin concentration (>1.8 mg/dL), 
and duet dilation (>6 mm). 42 However, even if this combination 
of clinical data suggests a high likelihood of choledocholithiasis, 
this assessment may be incorrect in more than two thirds of 
patients. 4 " Thus, imaging with either MRCP or the more inva- 
sive EUS, both being equally the best imaging modalities for 
choledocholithiasis diagnosis, 44 is usually obtained before man¬ 
agement with ERCP. 

With the present use of accurate imaging for choledocholi¬ 
thiasis before ERCP and stone removal, the meticulous ERCP 
technique, previously needed to identify the stone, is now 
usually lacking. Ideally, the cannula should be placed with its 
tip in the most distal portion of the CBD with slow injection 
of contrast material. The early duet filling is imaged to best 





Figure 74-18 Post-liver transplantation patient. There is a very 
tight anastomotic stricture (arrow) in this liver transplant patient with 
no upstream dilation. There is also ectasia of the recipient duet 
without evidence of obstruction. Subsequent balloon dilation and 
plastic stent placement were used in treatment. 


display the offending stone, which has typically migrated to the 
distal duet. Present practice frequently has a deeper cannula 
placement and minimal injection of contrast material. These 
images are used to verify the cannulas position within the CBD 
so sphineterotomy and stone removal can continue. The 
decreased amount of intraluminal injection of contrast material 
is of clinical benefit to decrease the chance of sepsis. Endoscopic 
management of choledocholithiasis is 90% successful with an 
approximate 10% complication rate. 40 

In the acute time frame, choledocholithiasis can lead to 
ascending cholangitis. If ascending cholangitis is suspected, the 
endoscopist needs to be wary of overinjection of contrast mate¬ 
rial. Changes of ascending cholangitis can be seen at ERCP: a 
variable degree of duet dilation with normal-appearing wall; 
mild irregularity of the wall with “pleating” of diverticula; or 
marked irregularity of the wall, which may represent necrosis, 
leading to communicating cavities in the liver from hepatic 
abscess formation. If the ductal stones go untreated, chronic 
changes of diffuse stricturing can occur, resulting in secondary 
sclerosing cholangitis. 

Gallstones still residing in the gallbladder can also affeet the 
extrahepatic biliary tree in the Mirizzi syndrome. This is a rare 
manifestation of gallstone disease, seen in only 0.1% to 0.7% of 
patients with gallstones. 45 This syndrome is thought to develop 
from recurrent bouts of cholecystitis, which contracts the gall¬ 
bladder around and pushes a stone into Hartmanns pouch or 
the cystic duet. This pressure, combined with the relatively par¬ 
allel orientation of the cystic duet with the CHD, can initially 
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Figure 74-19 Chronic pancreatitis causing distal common duet stricturing. A. The hourglass appearance is typical for distal ductal stricture 
in the chronic pancreatitis patient. B. In another patient, there is a rapidly progressive, focal narrowing that could suggest pancreatic carcinoma. 
However, this aggressive-looking stricture is related to chronic pancreatitis. 


cause a lateral to medial indentation on the CHD. With con- 
tinuing pressure, the stone can be driven progressively into the 
CHD or CBD lumen. When it is completely intraluminal, this 
stone can cause obstruction, frequently at the junetion of the 
suprapancreatic and intrapancreatic portion of the common 
duet. Various classifications have been used to describe this 
syndrome. 45 This syndrome has also been associated with an 
inereased chance of cholangiocarcinoma. 45,46 

MRI and MRCP are the imaging modalities of choice to 
make the diagnosis of Mirizzi syndrome. ERCP can also be used 
both for diagnosis and for possible decompression of the bile 
duet obstruction before surgery (Fig. 74-20). 

Autoimmune processes can also lead to biliary stricture 
disease. Primary sclerosing cholangitis is thought to have at least 
some component of autoimmune disease. More recently, 
immunoglobulin G4-related sclerosing disease (formally called 
autoimmune pancreatitis) has become more widely appreciated 
as a cause of pancreaticobiliary disease as well as of other disease 
processes associated with this entity. 

In primary sclerosing cholangitis, an inflammatory or 
fibrotic process diffusely affeets the biliary tree, with rare 
sparing of the extrahepatic duet (Fig. 74-21). Early on, there 
will be a lack of distensibility of the most peripheral intra- 
hepatic duet system, causing a pruned appearance at ERCP. 
In the gentie flowing appearance, the intrahepatic duets lose 
their normal acute angles and become stiff. As the disease 
progresses, short focal strictures develop with the defming 
characteristic of a relative lack of significant upstream dik¬ 
tion. With further progression, there is some interval diktion 
between the series of focal strictures, leading to a beaded 
appearance. Diverticula as well as small intraductal stones 
can develop. 

The strictures inexorably progress to cause worsening 
obstruction. Major central strictures can be targeted for endo- 
scopic diktion to provide some relief. The stricture disease pro¬ 
gresses, at a variable rate, leading to end-stage liver disease. Death 
occurs without liver transplantation. Cholangiocarcinoma is 


another potentially lethal complication, being seen in 5% to 20% 
of patients with primary sclerosing cholangitis. 47,48 

Although MRCP has replaced ERCP in the initial work-up 
for suspected primary sclerosing cholangitis, a false-negative 
MRCP study can be obtained in the early time course of this 
disease. 48 The greater spatial resolution at ERCP and the 
inereased pressure from active injection at ERCP will enable 
the subtle pruning of early primary sclerosing cholangitis to be 
visualized. Central dominant stricture diktion and brushings 
of suspicious strictures can also be obtained during ERCP. 

Immunoglobulin G4-related sclerosing disease has become 
mueh better recognized as a cause of biliary tract strictures. 
Lymphoplasmacytic cells can infiltrate the biliary tree to create 
various morphologic appearances of the stricture: a single 
intrapancreatic CBD stricture simulating pancreatic cancer; 
multiple strictures in both the intrahepatic and extrahepatic 
biliary tree that could suggest primary sclerosing cholangitis; 
multiple intrahepatic strictures only; a hilar stricture to suggest 
a Klatskin tumor; and a combination of both a hilar and a distal 
CBD stricture. 49,50 

The cholangiographic appearance of the biliary tract find- 
ings by itself will not allow the diagnosis of immunoglobulin 
G4-related sclerosing disease to be made. Information obtained 
from histology, imaging, serology, other organ involvement, and 
response to steroid therapy (HISORt criteria) in various com- 
binations is required for the diagnosis. 49,51 ERCP can display the 
bile duet abnormalities as well as the pancreatic duet Åndings 
of this disease (Fig. 74-22). MDCT and MRI are also helpful in 
displaying not only potential duet abnormalities but also any 
other abdominal organs that may be involved in this disease 
complex: pancreatic parenchyma, renal parenchyma, and retro- 
peritoneal fibrosis. 

Acquired immunodeflciency syndrome (AIDS) is another 
immunologic disease that affeets the biliary tract, causing AIDS 
cholangiopathy. Even as the successful treatment of AIDS 
decreases the incidence of this cholangiopathy, it can still be 
seen in the severely immunocompromised AIDS patient 
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Figure 74-20 Mirizzi 

syndrome. A. A 54-year-old 
woman with 10 years of 
intermittent right upper quadrant 
pain now presents with 
increasing right upper quadrant 
pain and elevated liver function 
test results. The initial ERCP 
shows proximal common hepatic 
duet obstruction ( arrowhead) 
with adjacent curvilinear 
calcifications ( arrows ). Also note 
the distal common duet stone 
(asterisk). B. After drainage with 
a plastic stent for 1 month, ERCP 
demonstrates a contracted 
galIbladder ( arrows ) with a 
moderate-sized stone at the 
gal Ibladder neck ( arrowhead). 

The common hepatic duet is now 
patent but still narrowed by the 
adjacent inflammatory process. 







Figure 74-21 Primary sclerosing cholangitis appearances. 

A. ERCP demonstrates mild stiffness of the extrahepatic 
biliary tree with minimal narrowing. There is moderate, 
diffuse stricturing of the intrahepatic duet system. The 
stricture seen in the left hepatic duet ( arrow) is caused by 
cholangiocarcinoma. B. A second patient demonstrates the 
somewhat unusual occurrence of diffuse intrahepatic biliary 
tract disease with no involvement of the extrahepatic biliary 
tract. C. The third patient demonstrates advanced, severe, 
diffuse disease resulting in irregular, shaggy mueosa with 
diverticular formation. 
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Figure 74-22 Immunoglobulin G4-related sclerosing disease. A. There is severe intrahepatic biliary tract stricturing of the right intrahepatic 
duet system with mild irregularity of the extrahepatic biliary tract that simulates primary sclerosing cholangitis. B. The distal extrahepatic biliary 
tract is strictured along with the diffusely irregular and narrowed pancreatic duet. C. After steroid therapy, there has been a marked improvement 
of the biliary tract. D. The pancreatic duet is now nearly normal after steroid treatment. 


(CD4 count <100/mm 3 ) and in the patient population with 
better preserved immunologic funetion but not responding to 
first-line therapies for human immunodeficiency virus infee- 
tion. 52 Imaging is still a critical part in the diagnosis of AIDS 
cholangiopathy; however, clinical information and biochemical 
data are also important in establishing this diagnosis. 

AIDS cholangiopathy can be manifested by a variety of 
stricture types occurring alone or in combination: a short, 
papillary stenosis type of narrowing; a longer, 1- to 2-cm 
extrahepatic biliary tree stricture; or an intrahepatic biliary 
component that simulates primary sclerosing cholangitis fmd- 
ings (Fig. 74-23). 

MRCP is again the imaging examination of choice to display 
the stricture disease of the biliary tract. ERCP with endoscopic 
sphineterotomy can relieve the papillary stenosis type of stric¬ 
ture; endoscopic balloon dilation, possibly with stent place- 
ment, can be used for the longer extrahepatic biliary tree 
stricture. Endoscopic brushings can also be obtained to sample 
areas suspicious for malignant transformation. 

The papillitis present in AIDS cholangiopathy can be similar 
to another distal duet disorder, sphineter of Oddi dysfunetion, 
a nebulous disorder thought to have a mechanical narrowing 
or an abnormally contracting sphineter of Oddi. Various com- 
binations of “biliary painelevated liver funetion test results, 


inereased bile duet diameter, and abnormal sphineter of Oddi 
manometry are used to place a patient into a type I through 
type III classification, 53,54 although this classification has under- 
gone further examination, with some suggesting the need for 
revision. 55,56 

Noninvasive tests using nuclear medicine and MRI have 
been tried to diagnose sphineter of Oddi dysfunetion, with 
mixed results. 55 ERCP, including sphineter of Oddi manometry 
when necessary, gives the best results for this diagnosis while 
also allowing treatment with biliary or, rarely, pancreatic endo¬ 
scopic sphineterotomy. 55 

ERCP can demonstrate a short, tight stricture at the sphinc- 
teric segment (Fig. 74-24) or may be unremarkable. An 
upstream, dilated CBD may be present. Previously, 12 mm or 
more was used for abnormal ductal dilation, but now some 
experts have decreased this diameter to 8 mm or more. 54 
Delayed drainage of either duet system can also be important. 
The biliary tract, after cholecystectomy, should be completely 
drained of injected contrast material by 45 minutes. The pan¬ 
creatic duet should be emptied by 10 minutes after injection. 
Another important aspect of ERCP is to rule out other diagno¬ 
ses that may simulate sphineter of Oddi dysfunetion. Stones, 
sludge, and periampullary tumors can all cause sphineter of 
Oddi dysfunetion symptoms and Åndings. 
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With increased immigration from Southeast Asia, the 
inflammatory process of recurrent pyogenic cholangitis, previ- 
ously referred to as Oriental cholangitis, is more frequently 
seen in the United States. The presumed combination of 
infection and obstruction causes the development of intra- 
hepatic and extrahepatic calcium bilirubinate pigment stones. 



Figure 74-23 AIDS cholangiopathy. ERCP demonstrates a long 
stricture of the distal common bile duet (arrow) continuing into the 
sphincteric segment. The biliary tract above this is mildly dilated with 
diffuse irregularity of both the intrahepatic and extrahepatic biliary 
tree. Subsequent endoscopic balloon dilation was used to treat this 
stricture. 


These “stones” tend to be relatively soft, being of mud or 
paste consistency. 

Although CT or MRI may be the first imaging test that can 
help in the diagnosis and serve as a roadmap for stone location, 
ERCP can successfully remove the extrahepatic biliary tree 
stones. The intrahepatic duets will usually demonstrate angled 
branching, with stenotic segments making the location of these 
stones difficult to remove from below. At cholangiography, the 
leff and right posterior duet systems tend to be more heavily 
involved. Not only does the infeetions fibrotic process cause 
more central duet strictures, but the peripheral duets rapidly 
taper, resulting in the so-called arrowhead sign (Fig. 74-25). The 



Figure 74-25 Recurrent pyogenic cholangitis. ERCP demonstrates 
many cholangiographic tindings of this disease: diffuse ductal dilation 
that results from an inflammatory papillitis; a moderate-sized 
intrahepatic stone ( arrowhead ); and rapidly tapering peripheral 
intrahepatic duets, creating the arrowhead appearance. 



Figure 74-24 Sphincter of Oddi dysfunetion. A. ERCP shows tight, focal narrowing of the distal common bile duet (arrow). There is upstream 
dilation. B. An image 45 minutes after examination termination reveals contrast material remaining in both the biliary tree and pancreatic duet to 
confirm obstruction of both systems. 
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arrowhead appearance is made even more prominent by the 
tendency of the biliary tract to be diffusely dilated, presumably 
because of an inflammatory papillitis. 

Some other infectious and inflammatory agents can cause 
biliary narrowing at the hilum from enlarged lymph nodes, 
such as sarcoid or tuberculosis. Another rare hilar inflammatory 
process of unknown etiology is the inflammatory pseudotumor 
or the malignant masquerade. This infiltrating, cicatrizing 
process tends to occur at the hilum and may extend to the first 
or second order of the intrahepatic biliary tree. Its appearance 
is impossible to differentiate from hilar cholangiocarcinoma 
(Fig. 74-26). 



Figure 74-26 Inflammatory pseudotumor. The 78-year-old man 
presented with jaundice. At cholangiography, there is a tight stricture 
of the most proximal common hepatic duet ( arrow) with upstream 
dilation. At surgery, a focal inflammatory process was seen in this 
area, and only inflammatory tissue was found at histology. 


Various prior therapeutic treatments can cause biliary stric- 
tures. External beam radiation therapy can stricture the bile 
duet segment within the radiation held (Fig. 74-27A). Strictures 
can also be seen with the use of intra-arterial chemotherapy 
(Fig. 74-27B). The bile duet segment near the site of percutane- 
ous ablation can also be narrowed. 

There are a number of other inflammatory causes of biliary 
stricture formation. Cirrhosis can affeet the intrahepatic biliary 
tree with a corkscrew appearance. Cystic fibrosis can have both 
intrahepatic and extrahepatic biliary tree involvement. Primary 
biliary cirrhosis will cause diffuse intrahepatic duet strictures 
as a manifestation of developing cirrhosis. Blunt trauma, with 
its shearing forces, can produce stricturing at either the hilum 
or the junetion of the suprahepatic and intrahepatic biliary 
tract. Eosinophilic cholangiopathy is a rare cause of biliary 
tract stricturing. Portal biliopathy is a rare condition that 
occurs with portal hypertension as the reeruited bile duet wall 
vessels enlarge and narrow the extrahepatic duet but do not 
cause obstruction. 58 Secondary sclerosing cholangitis can be 
meant for many of the diseases described so far, but some 
use this term for the stricturing specifically related to chronic 
choledocholithiasis. Even periampullary duodenal diverticula 
may cause extrinsic narrowing of the adj acent biliary tract 
segment. 

Pancreas Neoplasia 

Primary pancreatic ductal adenocarcinoma represents more 
than 90% of pancreatic tumors. Previously, ERCP was an 
important imaging tool in its diagnosis, having a sensitivity and 
specificity of 92% and 96%, respectively. 5 During the past 
decade, ERCP has steadily been replaced by MDCT, MRI and 
MRCP, and EUS for diagnosis. 60,61 MPD injection for diagnostic 
purposes is no longer used. As discussed earlier, ERCP is now 
used only in a therapeutic role if treatment for obstructive 
jaundice is needed, when tissue may also be obtained. 

ERCP previously also had a role in the interrogation of the 
intraductal papillary mueinous neoplasm. ERCP would be used 
to show ectasia of the MPD or its side branches, to establish the 
communication of cysts with the MPD, to demonstrate the rare 



Figure 74-27 Post-therapy biliary tract changes. A. ERCP in this patient having undergone radiation therapy for gastric carcinoma 
demonstrates diffuse extrahepatic biliary tree narrowing, worse distally. B. This patient has central duet narrowing after undergoing intra-arterial 
hepatic chemotherapy for colon cancer. 
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ductal filling defect, or to obtain brushings or pancreatic fluid 
samples. However, MDCT, MRI, and MRCP as well as EUS, 
when it is needed, have replaced ERCP to the extent that it is 
no longer recommended for imaging of intraductal papillary 
mucinous neoplasm. 62 

Numerous other tumors affect the pancreas: serous micro - 
cystic adenoma, mucinous cystic neoplasm, neuroendocrine 
tumor, solid and pseudopapillary endothelial neoplasm, lym- 
phoma, and metastatic disease. ERCP has again been replaced 
by MDCT, MRI and MRCP, and EUS. In general, all of these 
tumors tend to displace the MPD. They may cause a variable 
amount of upstream obstruction from extrinsic pressure, but 
they do not tend to invade the MPD. 

Pancreas Inflammation 

Inflammation of the pancreas can be divided into acute and 
chronic pancreatitis. Idiopathic pancreatitis is used when the 
etiology of recurrent bouts of acute pancreatitis is not found on 
the initial work-up. As has been true in many aspects of the 
pancreaticobiliary tract, the use of ERCP for diagnosis has given 
way to noninvasive imaging procedures. ERCP is again left 
mainly for its therapeutic potential. 

Although acute pancreatitis has numerous possible causes, 
alcohol use and gallstones make up the majority of causes. As 
previously noted, MRCP or EUS now is the flrst choice in 
imaging for the diagnosis of choledocholithiasis. In the man¬ 
agement of acute pancreatitis, there is still debate as to the 
necessity of obtaining ERCP with stone removal in biliary pan¬ 
creatitis. ERCP with endoscopic sphincterotomy and stone 
removal is not thought to be of help in mild pancreatitis, in 
which the offending stone presumably is relatively small and 
passes spontaneously from the biliary tree. 63,64 However, some 
would suggest that with a component of biliary tract obstruc¬ 
tion or cholangitis, ERCP with stone removal is warranted. 63 
For any use of ERCP in acute pancreatitis, injection into the 
MPD is to be avoided. 

Previously, ERCP played a prominent role in the diagnosis 
of chronic pancreatitis (Fig. 74-28) by assessing side branch 
and main duet changes according to the Cambridge classifica- 
tion. 65 EUS and MRCP, with the possible addition of secretin 
with MRCP, are the relatively noninvasive flrst choices in 



Figure 74-28 Mild chronic pancreatitis. The main pancreatic duet 
is stiff, and there are scattered abnormal side branches (arrow). 


imaging of chronic pancreatitis. 63,66 ERCP, with its endoscopic 
interventional procedures, can be used to help decompress the 
MPD and to decrease the pain associated with chronic pan¬ 
creatitis: endoscopic pancreatic sphincterotomy; balloon dik¬ 
tion of MPD strictures; long-term pancreatic stent placement; 
and ductal stone or concretion removal (usually made more 
successful with prior stone extracorporeal shock wave 
lithotripsy). 67-70 

Idiopathic pancreatitis is used to describe the 10% to 30% 
of recurrent acute pancreatitis in which no etiology is found on 
initial work-up. ERCP can be help ful here as well. Pancreatic 
sphineter of Oddi manometry can establish the diagnosis of 
pancreatic sphineter of Oddi dysfunetion with subsequent 
treatment with endoscopic sphincterotomy. ERCP can also be 
used to aspirate bile to make the diagnosis of microlithiasis, 
which should lead to cholecystectomy. 

Interventional ERCP is also used in the management of pan¬ 
creatic duet leaks. Most of these leaks are related to severe acute 
or chronic pancreatitis (Fig. 74-29), but there are other causes 
as well, such as prior surgery, trauma, or tumor. 67,71,72 Most 
success is obtained by extending a pancreatic duet stent across 
the affeeted duet segment. 73 This pancreatic duet stenting, 
however, does not provide effeetive treatment for complete duet 
disruption, which can lead to the disconnected duet syndrome. 
In this situation, the leaking pancreatic enzymatic digestive 
secretions contaminate the pancreatic bed and possibly 
beyond. 67 More aggressive measures will be needed with com¬ 
plete disruption. 

Endoscopic intervention can also be used in the effeetive 
treatment of peripancreatic pseudocysts. Previously, pseudocyst 
size, reaching 6 cm, was thought to be a major indication for 
treatment. 74 Some now suggest that treatment should be 
reserved for persistent pain, local gastro in testinal tract or biliary 
tract obstruction, inereasing abdominal or pleural fluid, inereas- 
ing cyst diameter, or signs of pseudocyst complication (such as 
hemorrhage or infeetion). 75 

The use of transmural endoscopic treatment requires the 
pseudocyst to be closely applied with the stomach or duode- 
num, usually considered to be within 1 cm. 76 Endoscopy alone 
or with EUS is used to facilitate the puneture from the gastro- 
intestinal tract segment into the cyst. At least two stents are 
subsequently placed for adequate drainage. If necrotic debris is 
present, more stents can be placed or a nasocystic tube can be 
added. 75 If needed, subsequent removal of nondrained necrotic 
material can be obtained by aggressive balloon diktion at the 
original puneture site with advancement of the endoscope into 
the cavity for debris removal. 75 

Transpapillary drainage of pseudocysts can also be obtained 
if the cyst in less than 6 cm and communicates with the 
MPD. 75,77,78 A large-bore stent is placed across the segment of 
duet disruption or into the cyst itself. 

Complications of 
Endoscopic Retrograde 
Cholangiopancreatography 

The major complications occurring with ERCP are pancre¬ 
atitis, hemorrhage, perforation, and biliary tract infeetion. 
Pancreatitis is the most common, ranging from approxi- 
mately 2% to 16% but most commonly reported in 3.5% 
of cases. 79 ' 82 
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Figure 74-29 Chronic pancreatitis and endoscopic intervention. A. On initial ERCP, there is a subtle extravasation into two pseudocysts 
( arrows ) and a stricture in the mid main pancreatic duet ( arrowhead ). B. Subsequently, a wire is placed into the pancreatic duet across the two 
segments communicating with the pseudocysts ( arrows) and stricture ( arrowhead). C. A final image from this first examination demonstrates the 
plastic stent Crossing the area of the two pseudocysts ( arrows ) and projecting across the presumed area of main pancreatic duet stricture. 

D. ERCP 5 months after the initial examination demonstrates that there is no filling of either pseudocyst, and the mid main pancreatic duet 
stricture ( arrowhead) has improved. 


Hemorrhage after ERCP occurs in about 1.3% of cases, with 
the majority of bleeding episodes being minor. 82 This complica- 
tion is mueh more likely to be related to sphineterotomy than 
when only a diagnostic examination is obtained. The bleeding 
usually exits into the gastrointestinal tract and mueh less com- 
monly into the ductal system. 79 

Perforation is seen in 0.1% to 0.6% of examinations. 79 It 
can be related to guidewire manipulation or perforation at 


the ampulla of Vater during endoscopic sphineterotomy or 
at a site separate from the papilla in the gastrointestinal 
tract. 83 

Infection is related to the biliary tract or even the gallbladder. 
Cholangitis is present in less than 1% of cases and appears to 
be related to extent of ductal manipulation, patient factors, and 
operator experience. 79,84 ' 86 Cholangitis is reported in 0.2% to 
0.5% of examinations. 84,85 
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Since the first clinical application of magnetic resonance chol¬ 
angiopancreatography (MRCP) in the early 1990s, MRCP has 
evolved from a technique with questionable potential for 
imaging of the biliary tract and pancreatic duet to one that is 
now recognized as a pivotal tool for diagnosis of pancreatico¬ 
biliary disease. In faet, the evolution of MRCP has been such 
that at many centers, MRCP has replaced diagnostic endoscopic 
retrograde cholangiopancreatography (ERCP) in a number of 
clinical scenarios. A prospective survey revealed that MRCP 
findings enhance the diagnostic confidence of gastroenterolo- 
gists and decrease the need for invasive procedures. 1 

For many years, ERCP has been considered the standard of 
reference for imaging of the biliary tract and pancreatic duet 
because of its ability to render high-quality images of the duets. 
However, ERCP is an invasive examination associated with 
complications that occur in up to 5% of all attempts and that 
range from subclinical to life-threatening. 2 Those complications 
include pancreatitis, hemorrhage, cholangitis, and gastrointes¬ 
tinal tract perforation. 

The relatively rapid acceptance of MRCP is related, in large 
part, to its ability to provide images of the duets similar to those 
of ERCP. These images can be obtained without the associated 
complications of ERCP while offering comparable sensitivity, 
specificity, and accuracy. In addition, MRCP is readily per- 
formed in the outpatient setting and does not expose patients 
to ionizing radiation. In most instances, performance of MRCP 
does not require administration of sedation. In contrast to 
ERCP, MRCP readily depicts duets proximal to a high-grade 
obstruction as well as duets in patients with surgical alterations 
of the biliary tract and gastrointestinal tract, such as biliary- 
enteric anastomoses. Although ERCP yields exquisite images of 
the ductal systems, it provides no direct information about the 


solid organs and vessels of the abdomen. However, when MRCP 
is performed in conjunction with conventional magnetic reso¬ 
nance imaging (MRI) and, when necessary, magnetic resonance 
angiography (MRA), a comprehensive examination is achieved. 
This information assists in determining resectability of neo¬ 
plasms, such as pancreatic carcinoma, and in detecting compli¬ 
cations of primary sclerosing cholangitis, such as cirrhosis and 
cholangiocarcinoma. 

Technique 

Before acquisition of the MRCP image, many advocate the use 
of heavily T2-weighted, non-fat-suppressed sequences, such 
as the half-Fourier acquisition single-shot turbo spin-echo 
(HASTE) sequence, to provide an overview of the entire 
abdomen (Fig. 75- 1A). These comprehensive images allow 
visualization of the solid organs as well as of the pancreaticobili¬ 
ary tract and gallbladder. The MRCP image is then acquired. 
This can be achieved by use of a two-dimensional (2D), heavily 
T2-weighted, fat-suppressed, breath-hold sequence. This 
sequence can provide single thick-slab images with slice thick- 
nesses ranging from 10 to 70 mm and multiple thin-slab images 
with slice thicknesses ranging from 2 to 5 mm 3,4 (Fig. 75-1B-D). 
The images depict the biliary tract, pancreatic duet, and gall¬ 
bladder as high signal intensity structures. Multiple acquisitions 
are conducted in the coronal and coronal oblique planes to 
optimally image the duets. In addition, the axial plane is useful 
in distinguishing stones, which layer in the dependent portion 
of the duet, from pneumobilia, which is nondependent. In 
general, the thin-slab images allow improved delineation of the 
finer details of the ductal systems, whereas the thick-slab images 
provide comprehensive views of the duets that assist in the 
depiction of diffuse ductal diseases, such as primary sclerosing 
cholangitis. Although the thin-slab images may be manipulated 
with a maximum intensity projection (MIP) algorithm, most 
diagnostic decisions are made direetly from the 2D images. In 
interpreting MIP images, it should be remembered that at times 
the high signal intensity that is characteristic of MIPs may 
obscure subtle intraductal filling defeets, such as small stones. 

More recently, three-dimensional (3D) sequences used in 
conjunction with respiratory triggering, thin sections (1-2 mm), 
and high matrices have been used to generate MRCP images. 
With this technique, the source images can be viewed as indi- 
vidual images, mueh like MRCP images acquired with 2D 
sequences. The advantage of 3D imaging is that it yields isotro- 
pic images that can be reformatted in any plane, thereby obviat- 
ing the need to acquire images in multiple planes. 

Some investigators advocate the performance of contrast- 
enhanced MRCP with 3D Tl-weighted sequences and 
hepatocyte-specific contrast agents that are exereted into 
the biliary tract. These agents are divided into two major 
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Figure 75-1 MRCP technique: normal anatomy. A. Coronal, non-fat-suppressed HASTE image provides an overview of the abdomen by 
depicting the liver and spleen as well as the distal half of the bile duet [arrow) and pancreatic duet ( arrowhead) in the head of the panereas. 

B. Coronal, fat-suppressed, thick-slab (40 mm) MRCP shows the intrahepatic bile duets, extrahepatic bile duet (arrow), pancreatic duet 
(. arrowheads ), and gallbladder (g) in a single image. C. Coronal oblique, fat-suppressed, thin-slab (5 mm) MRCP demonstrates the finer details 
of the extrahepatic bile duet (arrow) compared with the thick-slab MRCP. Extrinsic compression (curved arrow) of the proximal extrahepatic bile 
duet by the Crossing hepatic artery is noted. D. Coronal oblique, fat-suppressed, thin-slab (5 mm) MRCP reveals the gallbladder (g), the cystic 
duet (double arrow), and a portion of the extrahepatic bile duet (arrow). 


categories: manganese-based agents (no longer available in the 
United States) and gadolinium-based agents, such as gadoben- 
ate dimeglumine and gadoxetateC MRCP performed with 
Tl-weighted sequences and a manganese-based agent has been 
shown useful in the detection of biliary complications after 
laparoscopic cholecystectomy and in depicting the intrahepatic 
bile duets in living liver transplant donor candidates. 6,7 

The 2D and 3D techniques allow excellent depiction of the 
pancreatic duet in most cases. However, in those instances in 
which the pancreatic duet is not well visualized or determina¬ 
tion of pancreatic exocrine funetion is desired, secretin- 
enhanced MRCP may pro ve useful. 8 

Whereas the majority of MRCP studies are performed on 
1.5T MRI scanners, a growing number of MRCP studies are 
being performed on 3.OT MRI scanners, given their inereased 
availability and use. Although 3T scanners may improve image 
quality and therefore improve ductal delineation, 3T scanners 
produce inereased susceptibility artifacts compared with 1.5T 
scanners. 9 


Clinical Applications 

BILE DUCT CALCULI 

Historically, many patients with suspected choledocholithiasis 
and a normal sonogram or computed tomography (CT) scan 
underwent diagnostic ERCP to determine the presence or 
absence of stones. The introduction of MRCP provided a long- 
awaited, noninvasive alternative to diagnostic ERCP for the 
detection and exelusion of common bile duet stones. However, 
for MRCP to gain widespread acceptance, it had to compare 
favorably with ERCP. In an analysis of 72 patients studied with 
intraoperative cholangiography and ERCP, Frey and associates 10 
found a sensitivity of 90% and a specificity of 98% for ERCP 
in the setting of suspected choledocholithiasis. 

Initial reports of MRCP in the detection of common bile 
duet stones noted sensitivities as low as 81%. L However, techni- 
cal advances in MR hardware and the introduction of sequences 
that allowed breath-hold imaging and that suppressed artifacts 
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arising from surgical clips and bowel gas improved MRCP 
image quality substantially, which in turn enhanced the MRCP 
diagnosis of common bile duet stones. Subsequent studies per- 
formed with state-of-the-art scanners and sequences demon- 
strated sensitivities of 90% to 100%, specificities of 92% to 
100%, and positive predictive value of 96% to 100%, matching 
and in most cases exceeding those of ERCP. 3,12 ' 16 Although many 
physicians focus on the sensitivity offered by a technique, it is 
equally important to consider the negative predictive value. The 
negative predictive values of MRCP are high, ranging from 96% 
to 100%. 3,14,1 Therefore, if an MRCP study is interpreted as 
negative for common duet stones, one can be confident that 
stones are not present in most cases and ERCP can be avoided. 31 
In faet, one of the major benefits of MRCP in the setting of 
suspected biliary calculi is the reduction of unnecessary ERCP 
studies. 16 

In the setting of symptomatic gallstones, MRCP has been 
shown to be highly accurate in the detection of coexistent cho- 
ledocholithiasis in patients with high, moderate, and low 
risks for harboring common bile duet stones based on clinical, 
laboratory, and sonographic Åndings. 12 Kim and colleagues 12 


recommended that MRCP be performed before cholecystec- 
tomy in patients with a moderate or high risk of common bile 
duet stones in an effort to reduce morbidity associated with 
undetected choledocholithiasis and to decrease the perfor- 
mance of purely diagnostic ERCP. 

In addition to the detection of common bile duet stones, 
MRCP performs well in the detection of intrahepatic stones. 
One study revealed that the sensitivity and specifkity of MRCP 
for detection of intrahepatic stones were 97% and 93%, 
respectively, whereas those of ERCP were 59% and 97%, 
respectively. 18 

Both extrahepatic and intrahepatic bile duet stones are seen 
as well-defmed, low signal intensity filling defeets in the high 
signal intensity bile (Fig. 75-2). MRCP has been shown to 
detect stones as small as 2 mm even in normal-caliber duets. 3 
Although the coronal and coronal oblique planes demonstrate 
stones in most instances, at times it is helpful to acquire MRCP 
images in the axial plane to detect small stones and to dif- 
ferentiate stones that lie in the dependent portion of the duet 
from pneumobilia that lies in the nondependent portion of 
the duet (Fig. 75-3). 
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Figure 75-2 Multiple extrahepatic and 
intrahepatic bile duet calculi. A. Coronal HASTE 
MRCP provides a comprehensive image of the 
abdomen by showing multiple, low signal 
intensity calculi in the dilated extrahepatic bile 
duet ( arrows ), central intrahepatic duets 
( arrowheads ), and galIbladder (g). B. Thin-slab 
MRCP focusing on the distal bile duet ( arrows ) 
shows multiple intraductal calculi as well as 
gal Ibladder calculi ( arrowheads ). The fluid-filled 
duodenum (d) is noted. C. Thin-slab MRCP shows 
stones in the proximal extrahepatic bile duet 
( arrow ), central intrahepatic duets ( arrowheads), 
and gal Ibladder (g). 
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Figure 75-3 Small bile duet calculi: value of axial MRCP. A. Thin-slab MRCP reveals small, low signal intensity fod in the distal bile duet 
( arrow ) later removed during therapeutic ERCP. B. Axial MRCP shows the small, low signal intensity stones layering in the dependent portion of 
the intrapancreatic bile duet (arrow), with high signal intensity bile seen anteriorly in the duet. A similar stone-bile level ( arrowheads ) is noted in 
the gallbladder. 


Although MRCP performs well in the detection of stones, 
one must be aware of mimickers of stones that may result in 
false-positive diagnoses. These include pneumobilia, en face 
visualization of the cystic duet inserting into the bile duet, and 
compression of the duet by an adjacent vessel. 19,20 

NEOPLASMS 

MRCP is useful in the evaluation of suspected malignant neo- 
plasms of the pancreaticobiliary tract. Multiple studies have 
demonstrated the ability of MRCP to determine the presence, 
level, and type of malignant disease with a high degree of accu- 
racy. 3,21 In a study of 62 patients with biliary obstruction, Kim 
and associates 26 demonstrated that the addition of conventional 
MRI to MRCP significantly improves the accuracy in the diag- 
nosis of pancreaticobiliary disease and aids in the differentia¬ 
tion of benign from malignant causes of biliary dilation. When 
MRCP is supplemented by conventional MRI and MRA, a com- 
prehensive examination results that allows depiction of the pan¬ 
creaticobiliary tract, solid organs, and vasculature, which in 
turn permits determination of resectability of neoplastic disease. 
This comprehensive examination is most beneficial for patient 
care. Specifically, if a neoplasm is deemed resectable, the patient 
should be spared an unnecessary ERCP examination and stent 
placement as there is no established role for preoperative biliary 
drainage by ERCP in these patients. On the other hånd, if a 
neoplasm is deemed unresectable, the patient may be spared an 
unnecessary laparotomy. An additional advantage of MRCP 
offered in the setting of pancreaticobiliary tract malignant neo- 
plasms is that MRCP depicts the entire biliary and pancreatic 
duet even in the presence of high-grade strictures and allows 
planning of surgical and percutaneous interventions. 

Pancreatic Carcinoma 

With the use of newer scanners and sequences that afford high- 
resolution imaging, MRCP not only readily identifies the ductal 
dilation that occurs as the result of pancreatic carcinoma but 
also depicts the malignant ductal strictures themselves and 
localizes the neoplastic process to the panereas. MRCP depicts 


bile duet involvement by pancreatic carcinoma as an abrupt 
transition between the dilated suprapancreatic duet and the 
markedly narrowed intrapancreatic duet, often referred to as a 
rat-tail configuration (Fig. 75-4A, B). In the case of pancreatic 
head carcinoma obstructing the bile and pancreatic duets, 
MRCP shows dilation of both duets, known as the double duet 
sign. Whereas the double duet sign is often seen in association 
with pancreatic head carcinoma, it is a nonspecifk sign that 
may be due to a benign or malignant process involving the 
pancreatic head. 28 In the setting of carcinoma involving the 
body or tail of the panereas, the ductal dilation is limited to 
the pancreatic duet proximal to the obstruction. Because the 
entire pancreatic duet is rarely depicted on a single 2D MRCP 
image, axial MRCP images are often useful in demonstrating 
the obstructing tumor and the transition between the dilated 
and nondilated pancreatic duet. 

The performance of conventional MRI and MRA in con- 
junetion with MRCP allows determination of resectability (Fig. 
75-4C, D). Tl-weighted, fat-suppressed, unenhanced sequences 
are particularly helpful in depicting even small tumors in the 
panereas. Pancreatic adenocarcinomas are manifested as areas 
of low signal intensity against the high signal intensity of the 
normal pancreatic parenchyma. In addition to detection of the 
primary tumor, conventional MRI is useful in detecting liver 
metastases, nodal enlargement, and peritoneal carcinomatosis. 
MRA plays an important role in detecting neoplastic involve¬ 
ment of the celiac axis, hepatic artery, superior mesenteric 
artery and vein, and portal vein. In patients with unresectable 
pancreatic carcinoma, MRCP yields information important in 
planning of palliative and endoscopic drainage procedures. 

In a prospective study of 124 patients with clinical and 
sonographic findings strongly suggestive of pancreatic neopla- 
sia, Adamek and associates 23 showed that the sensitivity and 
specificity of MRCP in diagnosis of pancreatic carcinoma (84% 
and 97%) exceeded those of ERCP (70% and 94%). Unfor- 
tunately, the distinetion between pancreatic carcinoma and 
focal chronic panereatitis will likely remain a problem in some 
instances despite technical improvements in MRI, MRA, and 
MRCP. 29 
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Figure 75-4 Unresectable pancreatic head carcinoma: MRCP # MRI f and MRA. A. Thick-slab MRCP provides a comprehensive image of 
the pancreaticobiliary tract that demonstrates high-grade obstruction of the extrahepatic bile duet ( arrow ) and minor dilation of the pancreatic 
duet ( arrowheads ) in the body and tail of the panereas. B. Thin-slab MRCP reveals the finer details of the ductal systems and shows that the 
extrahepatic bile duet (arrow) is obstructed at the pancreatic head. The intrapancreatic portion of the bile duet ( curved arrow) and the pancreatic 
duet ( arrowhead) in the head of the panereas are narrowed. The distended galIbladder (g) and cystic duet (cd) are shown. C. Transverse, 
Tl-weighted, enhanced abdominal MRI shows that the cause of the obstruction is a low signal intensity pancreatic head carcinoma (arrow) that 
has occluded the distal superior mesenteric vein (arrowhead). There is no evidence of tumor surrounding the superior mesenteric artery (sma). 

D. Coronal, 2D time-of-flight MRI angiogram shows that the pancreatic head mass has occluded the distal superior mesenteric vein ( arrowhead) 
and is inseparable from the common hepatic artery (cha), proximal proper hepatic artery (pha), and gastroduodenal artery (gda). (From Fulcher 
AS, Turner MA: MR cholangiopancreatography. Radiol Clin North Am 40:1367, 2002.) 


Cholangiocarcinoma: Hilar and Distal Duet 

Hilar cholangiocarcinoma is the most common manifestation 
of cholangiocarcinoma and is depicted as a high-grade stricture 
of the confluence of the right and left hepatic duets. In the past, 
mueh emphasis was placed on palliative procedures, such as 
percutaneous biliary drainage and endoscopic stent placement, 
because of the poor prognosis associated with this neoplasm. 
However, with the advent of improved surgical and radiation 
therapy techniques, greater attention is directed toward imaging 
examinations that assist in determining disease extent and 
resectability. 

During the past decade, MRCP has become an important 
tool in the evaluation of cholangiocarcinoma in general and 
hilar cholangiocarcinoma in particular. Like direct cholangiog- 
raphy, MRCP demonstrates the marked narrowing of the proxi¬ 
mal extrahepatic bile duet, the often-present extension to the 
central right and left hepatic duets, and the dilation proximal 
to the obstruction 30,31 (Fig. 75-5A, B). Because MRCP readily 
depicts duets proximal to high-grade obstructions that are 


often not opacified at ERCP, MRCP typically is superior in 
determining disease extent and resectability. ’ 31 As with other 
pancreaticobiliary tract neoplasms, MRI performed in associa¬ 
tion with MRCP offers the added advantage of demonstrating 
disease that has extended from the duets into the liver and 
adjacent structures (Fig. 75-5C). These factors have allowed 
MRCP to assume an important role in the noninvasive evalua¬ 
tion of hilar cholangiocarcinoma and to facilitate planning of 
surgical, percutaneous, and radiation therapy procedures. Park 
and coworkers 32 demonstrated that MRCP combined with MRI 
provides information about cholangiocarcinoma extent and 
resectability comparable to that of multidetector CT with direct 
cholangiography. 

Cholangiocarcinomas that involve the extrahepatic duet 
distal to the confluence are often referred to as the distal duet 
type. Distal duet cholangiocarcinomas are seen as strictures 
or intraductal polypoid masses resulting in biliary obstruction 
on both MRCP and ERCP. In a retrospective study of 50 
patients with extrahepatic bile duet cholangiocarcinoma and 
23 patients with benign strictures, MRCP was shown to have 






1330 SECTION IX Gallbladder and Biliary Tract 



Figure 75-5 Hilar cholangiocarcinoma. A. Coronal thick-slab MRCP reveals high-grade isolated obstructions of the central right and left 
hepatic duets ( arrowheads ) due to hilar cholangiocarcinoma. The extrahepatic bile duet distal to the obstruction ( arrows ) is seen adjacent to the 
fluid-filled duodenal bulb. B. Thin-slab MRCP reveals in greater detail the points of obstruction of the central right and left hepatic duets 
( arrowheads ) due to cephalad extension of the hilar cholangiocarcinoma. The normal-caliber extrahepatic bile duet (arrow) located just distal to 
the tumor is noted. C. Tl-weighted, fat-suppressed, unenhanced abdominal MRI reveals low signal intensity tumor ( arrows ) that has extended 
beyond the confines of the biliary tract to invade the hepatic parenchyma. 


an accuracy comparable to that of ERCP in making the dis- 
tinetion between cholangiocarcinoma and benign strictures. 32 
Distal duet cholangiocarcinoma confined to the intrapancreatic 
bile duet is difficult to distinguish from pancreatic head car- 
cinoma with either MRCP or ERCP (Fig. 75-6). However, the 
clinical impact of this deficiency is of no consequence as the 
treatment of both tumors is identical and is predicated on 
resectability. 

Intraductal Papillary Mucinous Neoplasm 
of the Pancreas 

Intraductal papillary mucinous neoplasms (IPMNs) are catego- 
rized as main duet type and branch duet type, depending on 
the duet of origin, and may be benign or malignant. IPMNs are 
well demonstrated on MRCP because they produce muein, 
which appears as high signal intensity within the duets. 
MRCP can reveal the entire Spectrum of IPMNs—main duet 
dilation, cystic dilation of the side branches, nodules, septa, and 
intraductal filling defeets—and is able to show communication 
between the tumor and the pancreatic duet (Fig. 75-7). A study 
of 34 IPMNs in 31 patients examined with MRCP and correlated 
with surgical and pathologic findings revealed that intraductal 
filling defeets are indicative of malignant disease and that diffuse 
dilation of the main pancreatic duet of more than 15 mm in 
main duet-type tumors is strongly associated with malignant 
transformation. 3 In branch duet-type tumors, the absence of 
main pancreatic duet dilation suggests a benign tumor. 


CONGENITAL ANOMALIES 

Choledochal or Bile Duet Cysts 

MRCP reliably detects choledochal or bile duet cysts in adults 
and children and provides diagnostic information equivalent to 
that of ERCP without the risk of complications 36 " 39 (Fig. 75-8). 
MRCP nicely delineates the extent of the cyst and detects anom- 
alous pancreaticobiliary junetions, critical factors in planning 
of cyst excision and bile duet reconstruction. 40 Matos 36 and Yu 41 
and their colleagues noted that the accuracy of MRCP in the 
detection of anomalous pancreaticobiliary junetions is compa¬ 
rable to that of ERCP. For these reasons, MRCP has been pro¬ 
posed as the imaging modality of choice in evaluation of 
choledochal cysts. 37,38 

Anatomic Variants of the Biliary Tract 

Anatomic variations of the biliary tract occur in up to 37% of 
individuals. These include crossover anomalies, such as the dor- 
socaudal branch of the right hepatic duet entering the central 
left hepatic duet; trifurcations; accessory or aberrant duets that 
enter the extrahepatic duet or cystic duet; and cystic duet vari¬ 
ants. 42 MRCP has been shown to accurately detect these vari¬ 
ants. 4 " 44 Although ductal variants are usually of no consequence 
in the general population, they are of great importance in 
patients undergoing cholecystectomy because some variants 
predispose to ductal injury. 45 Ductal variants posed less risk in 
the era of open cholecystectomy because the biliary tract was 
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Figure 75-6 Distal duet cholangiocarcinoma. A. Coronal thick-slab MRCP shows a high-grade stricture of the intrapancreatic bile duet ( arrows ) 
resulting in proximal biliary ductal dilation. The pancreatic duet ( arrowheads ) is normal in caliber. B. T1-weighted, fat-suppressed, unenhanced 
abdominal MRI shows a mass ( arrows ) involving the pancreatic head that is low in signal intensity relative to the adjacent normal pancreatic 
parenchyma ( arrowhead ). Pathologic analysis revealed cholangiocarcinoma. A large, mesenteric metastasis (m) was present at the time of 
diagnosis. 



Figure 75-7 Malignant intraductal papillary mueinous neoplasm of the panereas, main duet type. A. Coronal thick-slab MRCP reveals a 
large cystic lesion ( arrows ) that contains nodular filling defeets and that communicates with the main pancreatic duet in the pancreatic body 
( arrowheads ). Incidental note is made of panereas divisum as evidenced by the horizontal orientation of the main pancreatic duet in the 
pancreatic head. B-D. Coronal oblique thin-slab MRCP, axial HASTE image, and axial Tl-weighted, fat-suppressed, contrast-enhanced 
abdominal MRI show in detail the lobulated cystic mass and the nodular filling defeets as well as the dilated pancreatic duet ( arrowhead) from 
which the mass arises. 
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directly visualized. Because most cholecystectomies are now 
performed laparoscopically, which does not provide the same 
degree of direct visualization of the biliary tract, the preopera- 
tive recognition of these anomalies is paramount. The increas- 
ing use of right lobe living donor liver transplantations 
has heightened the awareness of radiologists and surgeons alike 
to the importance of ductal variants such as crossover anoma¬ 
lies (Fig. 75-9). Whereas these variants do not preclude 



Figure 75-8 Type 1 choledochal or bile duet cyst. Coronal HASTE 
MRCP shows fusiform dilation of the majority of the extrahepatic bile 
duet [arrow) indicative of a type 1 choledochal or bile duet cyst. An 
anomalous pancreaticobiliary junetion ( arrowheads ) is present. The 
gallbladder (g) is noted. 



Figure 75-9 Aberrant bile duet: crossover anomaly. Coronal 
thick-slab MRCP depicts the dorsocaudal branch of the right hepatic 
duet (arrow) entering the central left hepatic duet. 


transplantation in most cases, preoperative identification assists 
in avoidance of inadvertent surgical ligations. Awareness of 
ductal variants is also important in the planning of complex 
percutaneous and endoscopic biliary interventions. 

Pancreas Divisum 

Pancreas divisum occurs in up to 5.5% to 7.5% of the general 
population. 46,47 Although most individuals with pancreas 
divisum demonstrate no symptoms referable to the pancreas, 
others present with recurrent bouts of unexplained panereatitis. 
In faet, pancreas divisum has been shown to occur with signifi- 
cantly greater frequency in patients with acute idiopathic pan¬ 
ereatitis than in the general population. 46 MRCP has gained an 
inereasingly prominent role in the evaluation of patients with 
idiopathic panereatitis because this technique can detect pan¬ 
creas divisum and other ductal anomalies with a high degree of 
accuracy. Unlike diagnostic ERCP, MRCP does not carry the 
risk of inducing panereatitis in this group of patients who are 
predisposed to its development. 38 Manfredi and associates 48 
noted that secretin-enhanced MRCP assists in identifying pan¬ 
creas divisum and sometimes the associated cystic dilation of 
the distal dorsal duet, often referred to as a santorinicele. MRCP 
is also useful in delineating the ductal changes of chronic 
panereatitis: dilation of the main pancreatic duet, side 
branch ectasia, strictures, and intraductal stones. In addition, 
Tl-weighted, fat-suppressed, unenhanced sequences performed 
in conjunction with MRCP assist in detecting associated pan¬ 
creatic atrophy and fibrosis. With these sequences, fibrosis is 
seen as decreased signal intensity of the pancreas compared 
with that of the liver secondary to replacement of aqueous 
protein in the pancreatic parenchyma. 

At MRCP, pancreas divisum is usually depicted as two sepa¬ 
rate drainage systems of the pancreas (Fig. 75-10). The larger 
dorsal duet drains the majority of the pancreas and enters the 
duodenum at the minor papilla cephalad to and separate from 
the ventral duet. The smaller ventral duet drains the inferior 
pancreatic head and uncinate process and enters the duodenum 
at the major ampulla with the distal bile duet. For the diagnosis 
of pancreas divisum to be established at MRCP, care must be 
taken to ensure that there is no communication between the 
dorsal and ventral duets. This is most readily achieved by 
reviewing the images at a workstation rather than on film. 

Postoperative Alterations of the 
Pancreaticobiliary Tract and 
Gastrointestinal Tract 

Multiple studies have demonstrated the Utility and accuracy of 
MRCP in depicting normal anatomy and pathologic changes of 
the duets in patients with postsurgical alterations of the pan¬ 
creaticobiliary tract and gastrointestinal tract. 49 Specifically, 
MRCP readily depicts anastomotic strictures, intraductal stones, 
bile plugs, and, in some cases, injuries of the duets after chole- 
cystectomy with sensitivities up to 100%. 50,52 

MRCP has been used successfully in imaging of patients after 
cadaveric and living donor liver transplantations, hepatic resec- 
tion, pancreatoduodenectomy, and creation of a biliary-enteric 
anastomosis (Fig. 75-11). MRCP is particularly well suited to 
the evaluation of patients with biliary-enteric anastomoses. The 
performance of ERCP is difficult if not impossible in these 
patients because of the surgical alteration of the gastrointestinal 
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Figure 75-10 Pancreas divisum. A. Coronal 
thick-slab MRCP demonstrates two separate 
duets draining the pancreas, the larger dorsal 
duet ( arrowheads ) and the smaller ventral duet 
(arrow). B. Coronal oblique thin-slab MRCP 
shows in greater detail the dorsal duet 
(arrowheads ) with a horizontal orientation in 
the pancreatic head entering the duodenum at 
the minor ampulla ( curved arrow). C. Coronal 
oblique thin-slab MRCP 5 mm posterior to 
B depicts the smaller ventral duet (arrow) joining 
with the distal bile duet to enter the duodenum 
at the major ampulla distal to and separate from 
the dorsal duet. 



Figure 75-11 Biliary-enteric anastomotic stricture and intraductal stones. A. Coronal oblique thin-slab MRCP shows dilation of the residual 
proximal extrahepatic bile duet (arrow) indicative of a stricture of the biliary enteric anastomosis (arrowheads). Intraductal filling defeets represent 
stones that have formed secondary to stasis. The rounded, fluid-filled structure (open arrow) represents the proximal aspect of the jejunal limb. 

B. Direct cholangiography performed during a percutaneous biliary drainage procedure confirms the biliary enteric anastomotic stricture 
(arrowhead ), ductal dilation (arrow), intraductal stones, and proximal jejunal limb (open arrow). Slow passage of contrast material occurred from 
the duet to the jejunal limb. 
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tract. Before the advent of MRCP, depiction of the duets in 
patients with biliary-enteric anastomoses could be achieved 
only by performing percutaneous transhepatic cholangiogra- 
phy (PTC), which is an invasive procedure associated with com- 
plications such as bleeding and infeetion. 

MRCP is often used to evaluate the biliary tract after liver 
transplantation for complications such as strictures and stones. 55 
ERCP and PTC may lead to serious complications in this group 
of seriously ill patients. If complications are detected with 
MRCP, patients can then be referred for therapeutic ERCP or 
PTC. If complications are exeluded with MRCP, the patient will 
be spared an unnecessary invasive procedure and its attendant 
complications. 

Although MRCP is highly accurate in imaging of the post¬ 
operative pancreaticobiliary tract, it is associated with a number 
of pitfalls and limitations. In patients with biliary-enteric anas¬ 
tomoses, pneumobilia may mimic intraductal stones as both 
appear as filling defeets in the high signal intensity bile. In most 
instances, the distinetion can be made by observing that pneu¬ 
mobilia is located in the nondependent portion of the duet and 
stones are located in the dependent portion of the duet on 
coronal and axial images. 49,50 A limitation of MRCP in the 
assessment of biliary strictures was noted by Ward and associ- 
ates, 49 who found a tendency of MRCP to overestimate the 
grade of strictures. Finally, despite studies reporting the Utility 
of MRCP performed in conjunction with agents exereted into 
the biliary tract for detection of bile duet leaks, 56 it is likely that 
diagnostic ERCP may remain the primary means of detecting 
leaks as ERCP also provides access for stent placement in the 
same setting as the diagnostic ERCP examination. Nevertheless, 
MRCP has emerged as an accurate, noninvasive means of evalu- 
ating the ductal systems in patients with postsurgical alterations 
of the pancreaticobiliary tract and gastrointestinal tract. 

Primary Sderosing Cholangitis 

For many years, direct cholangiography (ERCP and, to a lesser 
extent, PTC) has been considered the imaging examination of 
choice for diagnosis of primary sclerosing cholangitis (PSC) 


and observation of its progression. Although both ERCP and 
PTC yield exquisite images of the duets and provide access for 
interventions, these invasive examinations place patients at risk 
of complications such as cholangitis, panereatitis, hemorrhage, 
and infeetion. MRCP provides a noninvasive diagnostic alterna¬ 
tive for the evaluation of patients with known or suspected PSC. 

Direct cholangiographic Åndings of PSC include multifocal, 
annular strictures of the intrahepatic or extrahepatic bile duets 
that alternate with normal or slightly dilated segments, resulting 
in a beaded appearance of the duets; diverticulum-like out- 
pouchings; mural irregularities; and pruning of the peripheral 
intrahepatic bile ducts. 5/ Due to technical advances, MRCP is 
able to depict the fine details of the duets and to demonstrate 
the typical ductal abnormalities of PSC with a high degree of 
accuracy 58 ' 61 (Figs. 75-12 and 75-13). Vitellas and associates 60,61 
showed that MRCP is superior to ERCP for depiction of intra¬ 
hepatic duets and intrahepatic ductal strictures in part because 
of the ability of MRCP to demonstrate duets proximal to a 
high-grade obstruction. MRCP also is useful in detecting recur- 
rent PSC after liver transplantation as MRCP readily depicts the 
intrahepatic and extrahepatic bile duets in these patients with 
a biliary-enteric anastomosis who would otherwise require PTC 
for the biliary tract to be visualized. 58 Despite the Utility and 
accuracy of MRCP in the diagnosis of PSC, the distinetion 
between a benign stricture due to PSC and a malignant stricture 
related to cholangiocarcinoma will likely remain a problem. 

A prospective case-control study in which 102 patients (34 
with PSC and 68 age-matched Controls with hepatobiliary dis- 
eases other than PSC) underwent MRCP revealed that MRCP 
was accurate in detecting and localizing PSC. 58 In the detection 
of PSC, for two independent readers, the sensitivities were 85% 
and 88%; specificities, 92% and 97%; positive predictive value, 
85% and 94%; and negative predictive value, 93% and 94%. 
Interobserver agreement was excellent. All false-positive diagno¬ 
ses were related to distortion of the duets by underlying cirrho- 
sis. Five false-negative diagnoses occurred and were related to 
marked cirrhosis that obscured the intrahepatic duets in two 
patients and early changes of PSC that were limited to the 
peripheral intrahepatic duets in the remaining three patients. 



Figure 75-12 Intrahepatic and extrahepatic primary sclerosing cholangitis. A. Coronal oblique thin-slab MRCP depicts strictures ( arrows) 
and dilation of the intrahepatic bile duets and marked mural irregularity and diverticulum-like outpouchings of the extrahepatic bile duet 
( arrowheads ). B. Axial, T1-weighted, fat-suppressed, enhanced image of the abdomen reveals cirrhosis complicating PSC as evidenced by lateral 
segment (Is) hypertrophy and right lobe (ri) atrophy. Thickening and enhancement of the wall of the proximal extrahepatic bile duet ( arrowhead) 
is noted as well as intrahepatic ductal dilation (arrows). 
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Figure 75-13 Intrahepatic primary sclerosing cholangitis. Coronal 
thick-slab MRCP shows dilation ( arrowheads ) and multiple strictures 
( arrows ) of the intrahepatic bile duets. The slightly dilated 
extrahepatic bile duet shows no evidence of PSC. 


Talwalkar and colleagues 59 proposed to determine the 
average cost per correct diagnosis with MRCP or ERCP as 
the initial means for the diagnosis of PSC. Seventy-three 
patients with clinically suspected PSC formed the basis of the 
study; the prevalence of PSC in the study cohort was 32%. 
The sensitivity and specificity of MRCP for the diagnosis of 
PSC were 82% and 98%, respectively. Talwalkar and colleagues 59 
found that the accuracy of MRCP was comparable to that of 
ERCP and that MRCP resulted in cost savings when it was 
used as the initial test for diagnosis of PSC in their study 
population. The value of MRCP in the patient with PSC is 
enhanced when it is performed in association with conven- 
tional MRI, which can demonstrate cirrhosis, portal hyperten¬ 
sion, cholangiocarcinoma, and hepatic parenchymal changes 
related to altered perfusion and inflammation of the bile duets 62 
(see Fig. 75-12B). 

MRCP has emerged as a viable alternative to ERCP in the 
diagnosis of PSC. The Utility of MRCP in this setting is related 
to its accuracy and noninvasive nature and its ability to depict 
duets proximal to a high-grade obstruction. As a result, at some 
centers, ERCP is now used primarily as a means of gaining 
access for interventions such as stent placements instead of as 
a diagnostic tool. Nevertheless, ERCP, and at times PTC, may 
prove useful in detecting PSC in problematic cases, such as in 
patients with minor changes of PSC limited to the peripheral 
intrahepatic duets. 

Pancreatitis 

ACUTE PANCREATITIS 

The primary role of MRCP in the setting of acute pancreatitis 
is the identification of structural abnormalities that predispose 
to its development, such as common bile duet stones, panereas 
divisum, and tumors obstructing the pancreatic duet. Depend- 
ing on the severity of acute pancreatitis, edema of the pan¬ 
creatic parenchyma may result in smooth narrowing of the 



Figure 75-14 Acute pancreatitis. Coronal HASTE reveals dilation of 
the intrahepatic and suprapancreatic bile duets and smooth narrowing 
of the intrapancreatic bile duet ( arrows ) due to compression by the 
edematous panereas. MRCP performed after resolution of acute 
pancreatitis showed that the duet returned to a normal caliber (not 
shown). 


intrapancreatic bile duet or pancreatic duet (Fig. 75-14). When 
these Åndings are confined to the pancreatic head, the ductal 
narrowing and the pancreatic parenchymal enlargement may 
mimic pancreatic neoplasia. However, as the edema resolves, 
the duets and parenchyma return to normal. 

In the setting of acute pancreatitis, the combined MRI and 
MRCP examinations assist in detecting the cause, extent, and 
complications of this inflammatory process. Pancreatic enlarge¬ 
ment, simple and infeeted fluid collections, necrosis, thoraco- 
pancreatic fistulas, vascular thrombosis, and pseudoaneurysms 
are well depicted. In faet, MRI has been shown to perform well 
compared with CT in the evaluation of inflammation and 
necrosis and in the calculation of the severity index. 63 In one 
study, MRI was superior to CT and ultrasonography for detec- 
tion of debris in subacute pancreatic fluid collections, an 
important factor in assessing drainability. 64 

Therefore, an examination including both MRCP and MRI, 
and at times MRA, yields information about the pancreatico- 
biliary tract, pancreatic parenchyma, surrounding tissues, and 
vessels in a single, noninvasive examination that does not expose 
the patient to radiation or iodinated contrast material. The 
disadvantages of MRI in the setting of severe acute pancreatitis 
include the faet that MRI cannot be performed as rapidly as 
CT and that CT must be used for critically ill patients on 
ventilators. 

CHRONIC PANCREATITIS 

MRCP and MRI have emerged as useful tools in demonstrating 
the ductal and parenchymal manifestations of chronic pancre¬ 
atitis. 65 The ductal features include dilation of the main pan¬ 
creatic duet and its side branches, mural irregularity, intraductal 
stones, and strictures of the pancreatic duet and the intrapan¬ 
creatic bile duet (Fig. 75-15). A study comparing ERCP with 
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Figure 75-15 Chronic pancreatitis. A. Coronal thick-slab MRCP provides a comprehensive image of the pancreaticobiliary tract by 
demonstrating marked dilation of the main pancreatic duet ( arrows) and its side branches and a tapered stricture of the intrapancreatic bile duet 
( arrowhead ). B. Coronal oblique thin-slab MRCP focusing on the pancreatic body depicts the dilation of the main pancreatic duet (arrows), its 
dilated side branches ( arrowheads ), and rounded intrapancreatic pseudocysts. C. Coronal oblique thin-slab MRCP focusing on the pancreatic 
head demonstrates the smooth, tapered stricture of the intrapancreatic bile duet ( arrowhead) that results in dilation of the suprapancreatic bile 
duet. Again noted are the intrapancreatic pseudocysts and the dilated pancreatic duet and its side branches. 


MRCP revealed very good correlation between MRCP and 
ERCP findings but showed that both modalities failed to depict 
some abnormalities depicted by the other technique. 65 In 
another study including 36 patients with chronic pancreatitis, 
MRCP identifled biliary strictures in 16 and correctly classified 
all as benign." MRCP provides accurate delineation of the 
ductal manifestations of chronic pancreatitis, which is of utmost 
importance in determining disease extent and in planning sur- 
gical drainage procedures. In some instances, MRCP demon¬ 
strates the ductal disease more completely than ERCP does 
because MRCP readily demonstrates duets proximal to a high- 
grade stricture. 

MRI is helpful in showing parenchymal manifestations of 
chronic pancreatitis, such as atrophy and fibrosis, as well as 
peripancreatic findings, such as pseudocysts. Tl-weighted, 
fat-suppressed, unenhanced sequences are particularly useful 
in delineating fibrosis and atrophy that result in diminished 
signal intensity of the panereas relative to the liver because 
of the replacement of aqueous protein in the pancreatic 
parenchyma. 66,67 Pancreatic enhancement is reduced in 
patients with chronic calcific pancreatitis compared with 


giands without calcifications. 66 This is presumably due to 
more severe disease. 

Secretin-enhanced MRCP improves visualization of the 
morphologic features of chronic pancreatitis and can assist in 
determining funetion of the exocrine panereas by assessing 
fluid output. 8 ’ 68 70 

Gallbladder Diseases 

Sonography is the initial modality used to evaluate the gallblad¬ 
der as it is accurate, relatively inexpensive, readily available, 
rapidly performed, and portable. MRCP is useful in detecting 
abnormalities including gallstones, acute cholecystitis (Fig. 
75-16), gangrenous cholecystitis, gallbladder perforation, 
Mirizzi syndrome, carcinoma, and adenomyomatosis (Fig. 
75- 17). 3,71 3 In the setting of acute cholecystitis, MRCP coupled 
with MRI is useful in detecting bile duet stones and in demon¬ 
strating extension of infeetion from the gallbladder to the adja- 
cent hepatic parenchyma. When gallbladder carcinoma is 
suspected, MRI used in conjunction with MRCP assists in 
staging. 7274 
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Figure 75-16 Acute cholecystitis complicated 
by a bile duet stone and hepatic abscess. 

A. Axial HASTE image shows a distended 

galIbladder with a thick, irregular wall indicative 
of acute cholecystitis in this patient with right 
upper quadrant pain and leukocytosis. 

B. Coronal oblique thin-slab MRCP shows a 
distal common bile duet stone ( arrow). C. Axial, 
T1-weighted, fat-suppressed, enhanced MRI 
reveals an abscess (arrow) in the medial 
segment of the left hepatic lobe due to 
contiguous extension from the gal Ibladder. 



Figure 75-17 Adenomyomatosis. MIP image shows the "pearl necklace" sign of adenomyomatosis that represents dilated Rokitansky-Aschoff 
sinuses ( arrows ). Artifactual narrowing of the proximal extrahepatic bile duet ( arrowhead) is noted. 
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There are many congenital abnormalities of the gallbladder and 
bile duets, which, exeluding biliary atresia and choledochal 
cysts, are usually of no clinical or funetional significance. 1 These 
anomalies are usually found in the course of evaluating biliary 
disease in an adult patient and are of interest primarily to the 
surgeon, who must deal with the anatomic variation during the 
course of surgery. 2 ' 6 

Embryology 

When the human embryo is 2.5 mm in size, a bifid bud forms 
along the anterior margin of the primitive foregut and prolifer- 
ates laterally into the septum transversum. The more cephalad 
of these two diverticula is responsible for the formation of the 
liver and intrahepatic bile duets, whereas the caudal diverticu- 
lum develops into the gallbladder and extrahepatic biliary tree. 
At the 5-mm stage of development, the originally hollow pri- 
mordium of the gallbladder and common bile duet becomes 
occluded with endodermal cells but is soon revaeuolated. If 
recanalization is incomplete, a compartmentalized multiseptate 
gallbladder results. A single, transversely oriented septum 
results in the phrygian cap deformity, whereas longitudinal 
septa produce a bifid or triple gallbladder. The lumen of the 
common bile duet is reestablished at the 7.5-mm stage and the 
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gallbladder and duodenal lumen somewhat later. Bile is secreted 
by the 12th week. 4,5 

At the 10- to 15-mm stage (6-7 weeks), the gallbladder has 
formed and is connected to the duodenum by a canalized 
choledochocystic duet. This duet originates from the lateral 
aspect of the primitive foregut and eventually terminates on 
the medial or posteromedial aspect of the descending portion 
of the duodenum after the foregut completes its 270-degree 
rotation. 4 ' 6 

The formation of the intrahepatic duets is preceded by 
the development of the portal and hepatic veins and the 
formation of the hepatocytes and Kupffer cells. The intrahe¬ 
patic duets by the 18-mm stage consist only of a blindly 
ending solid core of cells that extends from the junetion of 
the cystic and common duets toward the liver hilum. At the 
point of contact between this blindly ending ductal anlage 
and the hepatocytes, the intrahepatic duets develop along the 
framework of the previously formed portal vein branches 
similar to vines on a trellis. Significant variation in the con- 
figuration of the intrahepatic duets can be accounted for by 
the unpredictable manner in which they wind around pre- 
existing portal veins. 4 ' 6 

Agenesis of the Gallbladder 

Agenesis of the gallbladder is caused by failure of development 
of the caudal division of the primitive hepatic diverticulum 
or failure of vaeuolization after the solid phase of embryonic 
development. Atresia or hypoplasia of the gallbladder also 
represents aborted development of the organ. 9 Other con¬ 
genital anomalies are present in two thirds of these patients, 
including congenital heart lesions, polysplenia, imperforate 
anus, absence of one or more bones, and rectovaginal fistula. 10 
There appears to be a genetic input as well because several 
families with multiple individuals having agenesis have been 
identified. 10 This malformation is reported in 0.013% to 0.155% 
of autopsy series, but many of these cases are in stillborn and 
young infants. The surgical incidence of gallbladder agenesis 
is approximately 0.02%. 10,11 Nearly two thirds of adult patients 
with agenesis of the gallbladder have biliary tract symptoms, 
and extrahepatic biliary calculi are reported in 25% to 50% 
of these patients. 12 ' 14 

Preoperative diagnosis of gallbladder agenesis is difficult, 
and the absence of the gallbladder is often an intraoperative 
finding. 2,8,14 Ultrasound or computed tomography (CT) may 
suggest the diagnosis, but this disorder is usually diagnosed at 
surgery when the gallbladder is not found at cholangiography. 15 
Intraoperative ultrasound may be helpful in establishing the 
diagnosis and exeluding a completely intrahepatic gallbladder. 16 
Agenesis of the gallbladder is a rare cause of false-positive hepa- 
tobiliary scintiscans. 1 





76 Anomalies and Anatomic Variants of the Gallbladder and Biliary Tract 1341 


Duplication of the Gallbladder 

Gallbladder duplication occurs in about 1 in 4000 people and 
4.8% of domestic animals. 18-20 This anomaly is caused by 
incomplete revacuolization of the primitive gallbladder, result¬ 
ing in a persistent longitudinal septum that divides the gallblad¬ 
der lengthwise. Another possible mechanism is the occurrence 
of separate cystic buds. To establish the diagnosis, two separate 
gallbladder cavities, each with its own cystic duet, must be 
present. These duplicated cystic duets may enter the common 
duet separately or form a Y configuration before a common 
entrance. 21 

Most reported cases of gallbladder duplication have a 
clinical picture of cholecystitis with cholelithiasis in at least 
one of the gallbladders. Sometimes one of the gallbladders 
appears normal on oral cholecystography, whereas the second, 
diseased, nonvisualized, and unsuspected gallbladder produces 
symptoms. 22-24 

A number of entities can mimic the double gallbladder 
at sonography: folded gallbladder, bilobed gallbladder, 
choledochal cyst, pericholecystic fluid, gallbladder diverticu- 
lum, vascular band across the gallbladder, and focal 
adenomyomatosis. 25 28 Complications associated with double 
gallbladder include torsion and the development of papil- 
loma, carcinoma, common duet obstruction, and secondary 
biliary cirrhosis. 27 Treatment of this disorder consists of 
removal of both gallbladders. 

Triple and quadruple gallbladders have also been reported. 28 
Diverticular gallbladders without cystic duets are classified as 
accessory gallbladders. 

Anomalies of Gallbladder Shape 

PHRYGIAN CAP 

Phrygian cap is the most common abnormality of gallblad¬ 
der shape, occurring in 1% to 6% of the population. 29 It is 
named after the headgear worn by ancient Greek slaves as 
a sign of liberation. This deformity is characterized by a 
fold or septum of the gallbladder between the body and 
fundus. Two variations of this anomaly have been described. 
In the retroserosal or concealed type, the gallbladder is 
smoothly invested by peritoneum, and the mucosal fold 
that projects into the lumen may not be visible externally. 
In the serosal or visible type, the peritoneum follows the 
bend in the fundus, then reflects on itself as the fundus 
overlies the body. This anomaly is of no clinical significance 
unless it is mistaken for a layer of stones or hyperplastic 
cholecystosis. 3, 15,24-29 

MULTISEPTATE GALLBLADDER 

The multiseptate gallbladder is a solitary gallbladder character¬ 
ized by multiple septa of various sizes internally and a faintly 
bosselated surface externally. The gallbladder is usually 
normal in size and position, and the chambers communicate 
with one another by one or more orifices from fundus to 
cystic duet. These septations lead to stasis of bile and gallstone 
formation." 1 On ultrasound studies, multiple communicating 
septations and locules are seen bridging the gallbladder 
lumen. 32 Oral cholecystography reveals the “honeycomb” 
multicystic character of the gallbladder. The sonographic 


differential diagnoses are desquamated gallbladder mueosa and 
hyperplastic cholecystoses. 

DIVERTICULA 

Gallbladder diverticula are rare and usually clinically silent. 
They can occur anywhere in the gallbladder and are usually 
single and vary greatly in size. Congenital diverticula are true 
diverticula and contain all the mural layers, as opposed to the 
pseudodiverticula of adenomyomatosis, which have little or no 
smooth muscle in their walls. Acquired traction diverticula 
from adjacent adhesions or duodenal disease must also be 
exeluded. 7,8,15 

Abnormalities of Gallbladder Position 

WANDERING GALLBLADDER 

When the gallbladder has an unusually long mesentery, it can 
“wander” or “float.” 33-: The gallbladder may “disappear” into 
the pelvis on upright radiographs or wander in front of the 
spine or to the leff of the abdomen. Rarely, the gallbladder can 
herniate through the foramen of Winslow into the lesser sac. In 
these cases, cholecystography reveals an unusual angulation of 
the gallbladder, which lies parallel and adj acent to the duodenal 
bulb with its fundus pointing to the leff upper quadrant. The 
herniation can be intermittent and may be responsible for 
abdominal pain. It is best seen by a barium meal in conjunction 
with oral cholecystography. Cross-sectional imaging may not be 
specific, showing only a cystic structure in the lesser sac. 

GALLBLADDER TORSION 

Three unusual anatomic situations give rise to torsion of the 
gallbladder, and they all produce twisting of an unusually 
mobile gallbladder on a pedicle: (1) a gallbladder that is com- 
pletely free of mesenteric or peritoneal investments except for 
its cystic duet and artery, (2) a long gallbladder mesentery 
sufficient to allow twisting, and (3) the presence of large stones 
in the gallbladder fundus that cause lengthening and torsion 
of the gallbladder mesentery. Kyphosis, vigorous gallbladder 
peristalsis, and atherosclerosis have also been implicated as 
other predisposing or contributing factors. 38 The mesentery is 
sufficiently long to permit torsion in 4.5% of the population. 
Most cases of gallbladder torsion occur in women (female- 
to-male ratio of 3:1 ). 39 The usual preoperative diagnosis is 
acute cholecystitis. The presence of fever is variable, leukocy- 
tosis is common, and one third of patients have a right upper 
quadrant mass. Gangrene develops in more than 50% of cases 
and is extremely common when the pain has been present 
for more than 48 hours. On cross-sectional imaging, the gall¬ 
bladder is distended and may have an unusual location and 
show mural thickening. The diagnosis is seldom made preop- 
eratively, however. 40,41 

ECTOPIC GALLBLADDER 

The gallbladder can be located in a variety of anomalous posi¬ 
tions. In patients with an intrahepatic gallbladder, the gallblad¬ 
der is completely surrounded by hepatic parenchyma. The 
intrahepatic gallbladder usually presents little diffkulty in 
imaging, but it may complicate the clinical diagnosis of acute 
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Figure 76-1 Gallbladder ectopia. 

A. Intrahepatic gallbladder (GB) 
demonstrated on CT scan. B. Retrohepatic 
gallbladder shown on an oral 
cholecystogram. C. Situs inversus with 
left-sided gallbladder. 


cholecystitis because of a paucity of peritoneal signs resulting 
from the long distance between the gallbladder and perito- 
neum. This anomaly also makes cholecystectomy more difficult. 
On sulfur colloid scans, the intrahepatic gallbladder presents as 
a cold hepatic defect. 

The gallbladder has also been reported in the following posi¬ 
tions: suprahepatic, retrohepatic (Fig. 76-1), supradiaphrag- 
matic, and retroperitoneal. In patients with cirrhosis, small or 
absent right lobes, or chronic obstructive pulmonary disease, 
the gallbladder together with the colon is often interposed 
between the liver and the diaphragm. 42 Left-sided gallbladders 
may occur in situs inversus or as an isolated finding. They can 
also lie in the falciform ligament, transverse mesocolon, and 
anterior abdominal wall. 

Abnormalities in Gallbladder Size 

CHOLECYSTOMEGALY 

Enlargement of the gallbladder has been reported in a number 
of disorders including diabetes (because of an autonomic neu- 
ropathy) and after truncal and selective vagotomy. The gallblad¬ 
der also becomes larger than normal during pregnancy, in 
patients with sickle hemoglobinopathy, and in extremely obese 
people. 43 ' 46 

MICROGALLBLADDER 

In patients with cystic fibrosis, the gallbladder is typically small, 
trabeculated, contracted, and poorly functioning. It often 


contains echogenic bile, sludge, and cholesterol gallstones. 
These changes are presumably due to the thick, tenacious bile 
that is characteristic of this disease. 47,48 

Biliary Tract Anomalies 

Anomalies of the biliary system are fo und in 2.4% of autop¬ 
sies, 28% of surgical dissections, and 5% to 13% of operative 
cholangiograms. 6 The most common anomaly is an aberrant 
intrahepatic duet draining a circumscribed portion of the 
liver, such as an anterior or posterior segment right lobe duet 
that drains into the left main rather than the right main 
hepatic duet. The aberrant duet can join the common hepatic 
duet, common bile duet, or cystic duet or insert into a low 
right hepatic duet. Rarely, it may run through the gallbladder 
fossa or into the gallbladder, predisposing it to injury at 
cholecystectomy. 

The hepatic duets may join either higher or lower than 
normal. Surgical difficulties may arise when the cystic duet 
enters into a low inserting right hepatic duet or when the right 
hepatic duet enters into the cystic duet before joining the left 
hepatic duet. Duplications of the cystic duet and common bile 
duet are rare. Anomalies of cystic duet insertion occur as well 
(Fig. 76-2). 

Congenital tracheobiliary fistula is a rare disorder that is 
manifested with respiratory distress and cough with bilious 
sputum. The fistula begins near the carina, traverses the dia¬ 
phragm, and usually communicates with the left hepatic duet. 
Pneumobilia may be seen on plain radiography, and the diag- 
nosis is confirmed with biliary scintigraphy. 
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Figure 76-2 Anatomic variants in the cystic duet. Drawings 
illustrate how the cystic duet may insert into the extrahepatic bile duet 
with a right lateral insertion (A), anterior spiral insertion (B), posterior 
spiral insertion (C), low lateral insertion with a common sheath (D), 
proximal insertion (E), or low medial insertion (F). (From Turner MA, 
Fulcher AS: The cystic duet: Normal anatomy and disease processes. 
RadioGraphics 21:3-22, 2001.) 


Choledochal cysts, choledochoceles, and Caroli’s disease are 
a part of a Spectrum of biliary anomalies that produce dilation 
of the biliary tree. They are discussed individually in the follow- 
ing section, and their relationship is illustrated in Figure 76-3. 

CHOLEDOCHAL CYSTS 

Choledochal cysts (Figs. 76-4 to 76-6) are congenital cystic 
diktions of any portion of the extrahepatic bile duets, most 
commonly the main portion of the common bile duet. 

It is postulated that this condition begins with an anomalous 
junetion of the common bile duet and pancreatic duet proxi¬ 
mal to the duodenal papilla. Higher pressure in the pancreatic 
duet combined with an absent ductal sphineter allows free 
reflux of enzymes into the biliary tree, weakening the wall 
of the common bile duet. There is a 3:1 female predomi- 
nance, and 60% of patients present before the age of 10 
years, although choledochal cysts can present from birth to 
old age. This anomaly is associated with an inereased inci- 
dence of gallbladder anomalies, other biliary anomalies (e.g., 
biliary stenosis or atresia), and congenital hepatic fibrosis. 
Complications of choledochal cysts in adults include rupture 
with bile peritonitis, secondary infeetion (cholangitis), biliary 
cirrhosis and portal hypertension, calculus formation, portal 
vein thrombosis, liver abscess, hemorrhage, and malignant 
transformation into cholangiocarcinoma. 55 57 



Type IVa Type IVb Type V 

Figure 76-3 Classification of choledochal cysts. 
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Figure 76-4 Type I choledochal cysts. A. Coronal oblique multiplanar reformatted CT image shows fusiform dilation of the common bile duet 
(arrow). Note also the dilation of the intrahepatic biliary tract ( arrowhead ). B. Percutaneous transhepatic cholangiogram in the same patient 
shows a large choledochal cyst (c) at the level of the extrahepatic bile duet. Note the aberrant entry of the common bile duet at the side of the 
pancreatic duet ( arrowhead ). C. MRCP in a different patient shows a dilated main common bile duet. 



Figure 76-5 Type III choledochal cyst: choledochocele. A. ERCP shows saccular dilation of the distal common bile duet (c) and choledocholithiasis 
(arrow). B. Coronal MRCP image demonstrates bulbous dilation of the intramural segment of the distal common bile duet ( arrows ), which protrudes 
into the duodenum (D). 


Newborns and infants present with obstructive jaundice. 
Older children and adults may have the classic triad of right 
upper quadrant pain, intermittent jaundice, and a palpable 
right upper quadrant mass. In adult patients, a choledochal cyst 
is often first diagnosed on cross-sectional imaging. CT (see Fig. 
76-4) and ultrasound demonstrate a fluid-filled structure 
beneath the porta hepatis separate from the gallbladder that 
communicates with the hepatic duets. An abrupt change in the 
caliber of the duets occurs at the site of the cysts. Intrahepatic 
ductal dilation may be present as well. 


Cholangiography is necessary to confirm the diagnosis. It 
demonstrates a cystic structure 2 to 15 cm in diameter that 
communicates with the hepatic duets. An abrupt change in 
ductal caliber occurs at the site of the cyst. Mild intrahe¬ 
patic ductal dilation, stones, or sludge may be present as 
well. Cholangiography is useful for fully defming ductal 
anatomy. 

Upper gastrointestinal series may show a soft tissue mass in 
the right upper quadrant that causes anterior displacement of 
the second portion of the duodenum and antrum or inferior 
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Figure 76-6 Type IV choledochal cyst. MRCP image shows massive 
dilation of the common bile duet (CBD) as well as the right (RHD) and 
left (LHD) intrahepatic duets. GB, Gallbladder. 


displacement of the duodenum or widening of the duodenal 
sweep. 54-56 

Ultrasound Åndings reflect the specific type of choledochal 
cyst, although a cystic extrahepatic mass is typically present. A 
portion of the proximal bile duet can often be seen extending 
into the choledochal cyst. Hepatobiliary scans show late filling 
and stasis of the isotope within the choledochal cyst. 53 They are 
useful in exeluding hepatic cyst, pancreatic pseudocyst, and 
enteric duplication. 

Direct coronal magnetic resonance (MR) imaging demon- 
strates a dilated tubular structure that follows the expected 
course of the common bile duet. MR cholangiopancreatog- 
raphy (MRCP) can also demonstrate these dilated biliary 
structures because the luminal contents of the bile appear 
hyperdense in contrast to the portal vein. MRCP can also 
diagnose biliary calculi and stricture formation that frequently 
complicate cystic disease of the bile duets. Two studies showed 
that MRCP offered equivalent information to endoscopic ret¬ 
rograde cholangiopancreatography (ERCP), without the poten¬ 
tial complications inherent in the latter procedure. In patients 
with choledochal cysts who are reluctant to undergo surgical 
resection, periodic follow-up ultrasound and MRCP may help 
achieve early detection of malignant change. 52 The manage¬ 
ment of choledochal cysts is surgical, with excision of all cyst 
tissue and reconstruction of continuity between the liver and 
gut by a Roux-en-Y hepaticojejunostomy. 

CHOLEDOCHOCELES 

A choledochocele is a rare, easily overlooked anomaly of 
unknown cause. This anomaly has been called variously an 
intraduodenal choledochal cyst, duodenal duplication cyst, 
diverticulum of the common bile duet, and enterogenous cyst 
of the duodenum. It is a protrusion of a dilated intramural 
segment of common bile duet into the duodenum, analogous 


to a ureterocele. 58 " 60 It is often seen on cholangiograms in 
patients who have had a cholecystectomy, so that the lesion may 
be partly acquired. 

Choledochoceles usually are manifested in adulthood with 
long-standing nausea, vomiting, and episodic abdominal pain. 
Stones and sludge are often present, and patients often have 
episodes of biliary colic, intermittent jaundice, and panereatitis 
as well. 54,55 

Cholangiography shows smooth clublike or saclike dilation 
of the intramural segment of the common bile duet (see Fig. 
76-5A). Barium studies demonstrate a smooth, well-defined 
intraluminal duodenal filling defeet in this region of the papilla 
that changes in shape with compression and peristalsis. In con¬ 
trast to intraluminal diverticula, choledochoceles do not hil 
with barium. 58 " 60 On MRCP images, they have a high signal 
intensity, “cobra-head” appearance bulging into the duodenum 
(see Fig. 76-5B). 

CAROLI'S DISEASE 

Caroli’s disease, also known as communicating cavernous 
ectasia, is characterized by multifocal segmental saccular dila¬ 
tion of the intrahepatic bile duets, a predisposition to biliary 
calculi and cholangitis, and an association with various forms 
of cystic renal disease. Caroli’s disease usually is manifested in 
adulthood; however, it can be seen in newborns and infants. 
Adult patients present with recurrent attacks of cholangitis and 
crampy right upper quadrant pain with occasional fever and 
mild jaundice. Infants and children may present with hemateme- 
sis caused by portal hypertension from hepatic fibrosis. 54,55,61 " 63 
This disease appears to be autosomal recessively inherited in 
most cases. Complications of Caroli’s disease include stone for¬ 
mation (95%) within the dilated intrahepatic duets, recurrent 
cholangitis, and liver abscess. There is also a 100-fold inerease 
in the incidence of bile duet carcinoma, occurring in 7% of 
patients. 

Caroli’s disease is best demonstrated by cholangiography 
(Fig. 76-7), which shows saccular diktions of the intrahepatic 
duets, stones, strictures, and communicating hepatic abscesses. 
CT can also demonstrate tiny dots with strong contrast enhance- 
ment within dilated intrahepatic bile duets (the central dot 
sign). These intraluminal dots correspond to intraluminal 
portal veins. 64 " 68 CT and ultrasound demonstrate multiple cystic 
areas within the liver 69 ' 71 (Fig. 76-8). Technetium Tc 99m sulfur 
colloid scans show multiple cold defeets, and hepatobiliary 
scans show an unusual pattern of retained activity throughout 
the liver. 54,55 

MRCP with three-dimensional display is an accurate method 
for demonstrating Caroli’s disease because the luminal contents 
of the bile duets appear hyperintense in contrast to the portal 
vein, which usually appears as signal void. Cystic expansions of 
the intrahepatic biliary tract are depicted as oval structures in 
continuity with the biliary tract (Fig. 76-9). They are nearly 
signal void on black bile techniques and have a high signal 
intensity on bright bile or MRCP sequences. 72 

Treatment depends on the clinical features and location of 
the biliary abnormality. When the disease is localized to one 
hepatic lobe, hepatectomy relieves symptoms and appears to 
remove the risk of malignancy. In diffuse Caroli’s disease, treat¬ 
ment options include conservative or endoscopic therapy, 
internal biliary bypass procedures, and liver transplantation in 
carefully selected cases. 
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Figure 76-7 Caroli # s disease: cholangiographic findings. ERCP 
demonstrates bulbous dilations of the peripheral intrahepatic biliary 
radicles characteristic of Caroli's disease. (From TaylorAJ, Bohorfoush 
AG: Interpretation of ERCP with Associated Digital Imaging. 
Philadelphia, Lippincott-Raven, 1997, p 52, with permission.) 



Figure 76-8 Caroli # s disease: CT findings. The dilated segments of 
the intrahepatic biliary tract may be visualized as "cysts" ( straight 
arrows), which are occasionally attached to more proximal ectatic 
segments of the biliary radicles ( curved arrow). The defining CT 
feature of Caroli's disease is the central dot sign (open arrow). There 
is ectasia of the distal nephrons in the kidneys. (From TaylorAJ, 
Bohorfoush AG: Interpretation of ERCP with Associated Digital 
Imaging. Philadelphia, Lippincott-Raven, 1997, p 52, with permission.) 



Figure 76-9 Caroli's disease: MR findings. A. Portal venous phase 
contrast enhanced TI gradient echo axial image shows scattered 
cystic dilated intrahepatic bile duets, some leading into mildly dilated 
duets (arrow). Also present is the low signal intensity dilated duet 
surrounding the enhanced portal vein radicle forming the "central dot 
sign" ( arrowhead ). B. Coronal T2-weighted image shows multiple 
saccular dilatation of the intrahepatic biliary tree some demonstrating 
a connection with the more normal diameter duets (arrows). C, 
common bile duet; GB, gallbladder. C. Coronal T2-weighted MRI more 
posteriorly located in this patient with the intrahepatic cystic ductal 
changes of Caroli's disease shows cystic change in both kidneys 
(arrows). Also present is an enlarged spleen as a manifestation of 
portal hypertension, which has developed in this patient. 
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This chapter provides a review of the imaging assessment of 
gallbladder and biliary calculi. Cholecystitis, both acute and 
chronic, and associated complications are discussed. Other dis- 
orders related to gallstones, including spilled gallstones after 
laparoscopic surgery, Mirizzi syndrome, and gallstone ileus, are 
also reviewed. The chapter concludes with a discussion of the 
Spectrum of noninflammatory gallbladder conditions referred 
to as the hyperplastic cholecystoses. 

The imaging evaluation of cholelithiasis and associated com¬ 
plications has evolved significantly in the past decade. Choles- 
cintigraphy and sonography continue to serve as the primary 
imaging modalities for the initial assessment of most suspected 
gallbladder disorders. Computed tomography (CT) and mag¬ 
netic resonance imaging (MRI), however, have proved to be of 
considerable value in certain circumstances. These may be per- 
formed for initial evaluation or serve as an important adjunct 
to other imaging modalities when further information is 
required. The role of CT and MRI in the evaluation of chole¬ 
cystitis, choledocholithiasis, and the hyperplastic cholecystoses 
is discussed. 
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Cholelithiasis 

PATHOGENESIS AND EPIDEMIOLOGY 

The prevalence of gallstones varies with age and gender. Gall¬ 
stones are present in an estimated 10% to 15% of men and 20% 
to 40% of women older than 60 years. 1 In general, the risk for 
stones increases with history of childbearing, estrogen replace- 
ment therapy, oral contraceptive use, and obesity. Stones are 
also associated with hypertriglyceridemia, Crohn’s disease, and 
parenteral hyperalimentation. Gallstones are symptomatic in 
20% to 30% of patients; biliary pain or colic is the most common 
symptom. This is most often related to impaction of a stone in 
the cystic duet. The most common acute complications of gall¬ 
stones are acute cholecystitis, acute panereatitis, and ascending 
cholangitis. Chronic complications include chronic cholecysti¬ 
tis, Mirizzi syndrome, cholecystenteric fistula, and gallstone 
ileus. 

Gallstones are composed mainly of cholesterol, bilirubin, 
and calcium salts with smaller amounts of protein and other 
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materials, including bile acids, fatty acids, and inorganic salts. 2 
Stones form when there is supersaturation of various bile com- 
ponents. Lithogenic bile usually results from increased biliary 
cholesterol output, but decreased bile acid synthesis or a com- 
bination defect may play a role in stone development. 1 Biliary 
dysmotility and prolonged intestinal transit may also be con- 
tributing factors. 3 

In Western countries, cholesterol is the principal constituent 
of more than 75% of gallstones. Many stones are more than 
80% cholesterol with smaller amounts of calcium bilirubinate. 
Pure cholesterol stones contain more than 90% cholesterol and 
are relatively uncommon, accounting for less than 10% of 
biliary calculi. Pigment stones contain less than 25% choles¬ 
terol and are relatively uncommon, representing 10% to 25% 
of gallstones in North America. 4 These stones consist of calcium 
salts of bilirubin and are categorized as black or brown pigment 
stones. Black pigment stones consist of polymers of bilirubin 
with large amounts of mucin glycoproteins. These are more 
common in patients with cirrhosis or chronic hemolytic 
anemias in whom biliary excretion is increased. Brown pigment 
stones are made up of calcium salts of unconjugated bilirubin, 
with variable amounts of protein and cholesterol, and are more 
commonly associated with bacterial infection. The deconjuga- 
tion of bile by bacterial enzymes is also considered an etiologic 
factor. 

IMAGING 

Abdominal Radiography 

Only about 15% to 20% of gallstones are calcified enough to be 
visualized on conventional abdominal radiographs 5 (Fig. 77-1). 
Therefore, abdominal radiographs have a limited role in the 
detection of gallstones. Oral cholecystography was introduced 
in the 1920s and for many years was the primary modality for 
evaluation of gallbladder disease, including stones. However, 
this technique has largely been replaced by sonography. 

Ultrasound 

Sonography is now considered the imaging tool of choice for 
the detection of gallstones, with a reported accuracy of 96%. 5 7 
However, recent advances in sonographic technology resulting 
in improved spatial resolution may allow even higher diag- 
nostic accuracy. Other advantages of sonography include the 
ability to perform studies at the bedside and lack of ionizing 
radiation. Sonography can also evaluate other structures in 
the right upper quadrant when alternative diagnoses are under 
consideration. 

At sonography, a gallstone appears as a highly reflective echo 
that is generally mobile and associated with posterior acoustic 
shadowing (Fig. 77-2). Both mobility and acoustic shadowing 
are important features that help differentiate gallstones from 
other echogenic foci in the gallbladder lumen, such as sludge or 
solid masses. An aggregate of sludge or sludge ball (also referred 
to as tumefactive sludge) may be mobile but will not cast an 
acoustic shadow (Fig. 77-3). A solid mass will not be mobile 
and will not shadow and may exhibit vascularity on color 
Doppler interrogation. 

Very small stones may not always cast a shadow. Ex vivo 
studies have demonstrated that calculi larger than 3 mm 
produce acoustic shadowing regardless of composition. 8 The 
demonstration of a posterior acoustic shadow, however, also 
depends on transducer frequency and beam width. In a study 



Figure 77-1 Gallstones: abdominal radiograph. Multiple calcified 
gallstones are identified. 


by Grossman, 10 when a 5-MHz transducer was used, 0.2- to 
0.3-cm stones were associated with shadowing, whereas when a 
2.25-MHz transducer was used, only stones measuring at least 
0.4 cm cast a shadow. Using a tissue phantom, Filly and associ- 
ates 9 found that acoustic shadowing was present when the stone 
was at or near the center of the beam but not at the periphery. 
These studies demonstrate that to maximize detection, the 
highest frequency transducer possible should be used with the 
focal zone placed at the level of the stone. In recent years, tissue 
harmonic imaging has been shown to improve the detection 
rate of gallbladder calculi 11,12 (Fig. 77-4). 

Gallstones may not be detected at sonography if they are 
small or hidden behind a gallbladder fold or in the cystic duet, 
if intraluminal sludge is present, or if the examination is techni- 
cally suboptimal related to the patient’s body habitus or the 
operators inexperience. Chintapalli and colleagues 13 studied 
946 patients with surgically proved gallstones. In 98.7%, preop- 
erative sonography showed single or multiple echogenic foci 
with or without acoustic shadowing in the gallbladder for a 
false-negative rate of 1.3%. In the patients with false-negative 
examinations, sonographic Åndings were consistent with polyps 
(five cases), sludge, or both, and the ultrasound was interpreted 
as normal in one patient. Missed stones were 5 mm or smaller 
in 10 patients and smaller than 1.0 cm in all 12 patients. Stones 
located in the gallbladder neck or trapped behind a fold may be 
overlooked when the patient is evaluated only in the supine 
position. Also, small stones may become more conspicuous 
when the patient is evaluated in the decubitus or upright posi¬ 
tion as they produce a shadow only when they are imaged in 
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Figure 77-2 Gallstones: sonography. A. Two highly reflective 
echoes ( arrows ) are located in the dependent portion of the 
gallbladder lumen with posterior acoustic shadowing ( arrowheads ). 
B. When the patient is imaged in the left lateral decubitus position 
(LLD), the gallstones ( arrows ) change location, indicating mobility. 


aggregate (Fig. 77-5). Therefore, it is always important to evalu- 
ate the patient in more than one position in assessing for the 
presence of gallstones. A follow-up study may be suggested if 
the clinical index of suspicion is high and the initial examina- 
tion is negative. 

If the gallbladder is contracted and the lumen is filled with 
shadowing stones, a high-amplitude echo results that is usually 
linear or curvilinear in configuration and associated with 
posterior acoustic shadowing. Careful observation will demon- 
strate a perceivable gallbladder wall separate from the intralu- 
minal stones, sometimes facilitatedby the use of a high-resolution 
linear transducer (Fig. 77-6). This appearance has been called 
the wall-echo-shadow sign. 14 The main differential diagnostic 
considerations are a porcelain gallbladder, with calcification in 
the gallbladder wall, and air in the gallbladder, such as in 
emphysematous cholecystitis. Correlation with abdominal radi- 
ography or CT can be helpful as a problem-solving tool 
(Fig. 77-7). 

Computed Tomography 

The ability to detect gall stones at CT depends on differing 
density of the stone with respect to bile. 15,16 The reported sen- 
sitivity of CT for detection of gallstones is approximately 75%. 17 
Calcified stones are readily identified as they are denser than 
bile (Fig. 77-8A). Stones with high concentration of cholesterol 
may also be readily identified as these stones are less dense than 
bile (Fig. 77-8B). When stones degenerate, nitrogen gas may 
collect in central fissures and create the Mercedes-Benz sign. 
This may be the only visualized evidence of a gallstone and 
appear as a focal collection of gas in the nondependent gallblad¬ 
der lumen (Fig. 77-8C). Noncalcified pigment stones are soft 
tissue attenuation density (Fig. 77-8D). Many stones are com- 
posed of a mixture of calcium, bile pigments, and cholesterol 
and may be similar in density to bile and therefore not visible 
at CT (Fig. 77-9). The size of the stone is also an important 
factor determining if a stone is visible at CT. Small stones are 
frequently missed unless the density differs markedly from bile. 
In one series, only 78.9% of patients with stones demonstrated 
at sonography were fo und to have stones at CT. 18 Most stones 
missed prospectively were faintly calcified and were retrospec- 
tively detected only as subtle defects within the gallbladder. A 
phantom study demonstrated that the sensitivity of CT for 



Figure 77-3 Tumefactive sludge: sonography. A. In the supine position, there is an echogenic nonshadowing focus ( arrow ) in the dependent 
portion of the gallbladder lumen. There is no posterior acoustic shadowing. B. In the upright position, the sludge ball moved into the 
gallbladder fundus (arrow). 
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Figure 77-4 Gallstones: 
improved sonographic 
visualization with tissue 
harmonic imaging. A. Image 
obtained with 4-MHz transducer 
demonstrates gallstones ( arrow). 
Near-field echoes ( arrowhead) 
correspond to reverberation 
artifact. B. Image obtained with 
tissue harmonic imaging 
eliminates reverberation artifact. 
Gallstones are better delineated 
(arrow), and posterior acoustic 
shadowing is more evident 
( arrowhead). 
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Figure 77-5 Gravel: 
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Figure 77-6 Wall-echo-shadow 
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points to posterior acoustic 
shadowing. 


detection of gallstones varies with peak voltage and is highest 
when CT is performed at 140 kVp rather than at lower voltage 
settings. 19 

Magnetic Resonance Imaging 

On T2-weighted MRI, gallstones are manifested as signal voids 
in the high signal intensity bile (Fig. 77-10). Cholesterol stones 
are generally isointense or hypointense on Tl-weighted images, 
whereas pigment stones have been shown to have high signal 
intensity on Tl-weighted images. This signal hyperintensity is 


caused by the presence of metal ions in the pigment stones, 
shortening the TI relaxation time. 20 n Another study of gall- 
stone appearance at MRI also correlated signal intensity with 
Chemical composition. 22 T2-weighted central high signal inten¬ 
sity corresponded to fluid-filled clefts in the stones, whereas 
central and peripheral high signal areas on Tl-weighted images 
corresponded to fluid clefts as well as regions high in copper 
content. Other intraluminal filling defects that may mimic gall¬ 
stones on T2-weighted images include tumor, biood clot, and 
gas bubbles. 






1352 SECTION IX Gallbladder and Biliary Tract 




Figure 77-7 Porcelain gallbladder: imaging 
features. A. Ultrasound demonstrates 
increased echogenicity of the wall ( arrow ) 
of the gallbladder (g). B. CT scan shows 
concentric mural calcification of the 
gallbladder (g), confirming porcelain 
gallbladder. C. Abdominal radiograph shows 
concentric mural calcification. 


Biliary Sludge 

PATHOGENESIS 

Biliary sludge, also referred to as microlithiasis, biliary sand or 
sediment, pseudolithiasis, and microcrystalline disease, is a sus¬ 
pension of bile and particulate material in the gallbladder. 23 The 
Chemical composition consists of various proportions of 
calcium bilirubinate and cholesterol monohydrate crystals and 
gallbladder mucus. The proposed pathogenesis is similar to that 
of gallstones. A combination of impaired gallbladder motility 
and alteration in nucleation factors leads to the formation of 
sludge, with additional precipitate aggregation resulting in gall- 
stone formation. 24 Clinical conditions that increase sludge for¬ 
mation include fasting, pregnancy, total parenteral nutrition, 
and critical illness. Sludge may resolve, have a cyclic pattern of 
appearance and disappearance, or progress to stone forma¬ 
tion. 25 Although patients may generally be asymptomatic, 
symptoms can include biliary pain, cholecystitis, cholangitis, or 
pancreatitis. Treatment is symptom directed. 

IMAGING 

At sonography, sludge typically appears as low-level echoes that 
layer dependently within the gallbladder lumen (Fig. 77-11). 


When the gallbladder lumen is entirely filled with sludge, this 
yields an appearance referred to as hepatization of the gallblad¬ 
der. In this situation, the gallbladder assumes the same echotex- 
ture as the liver parenchyma (Fig. 77-12A, B). The use of color 
Doppler imaging is important to exclude other more significant 
disease, such as intraluminal soft tissue masses. If Åndings are 
equivocal and there is suspicion for a possible intraluminal 
mass, MRI with contrast and subtraction images can be helpful 
(Fig. 77-12C, D). An aggregate of intraluminal sludge can also 
mimic a soft tissue density mass (tumefactive sludge). As dis- 
cussed, gravity dependence should be demonstrated to differ- 
entiate sludge from a gallbladder polyp or mass (Fig. 77-13). 
Doppler demonstration of vascularity within the abnormality 
confirms the presence of a soft tissue mass. However, absence 
of demonstrable vascularity is less helpful, and short-interval 
follow-up examination or assessment with precontrast and 
postcontrast CT or MRI may be indicated. 

Acute Cholecystitis 

PATHOGENESIS AND EPIDEMIOLOGY 

Acute cholecystitis occurs in approximately one third of patients 
with gallstones. It results from persistent obstruction of the 
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Figure 77-8 CT appearance of 
gallstones. A. Calcified stones 
depicted as calcified dependent 
densities in galIbladder lumen 
( arrow ). B. Noncalcified stones 
may be visible if they are less 
dense than bile ( arrows ). This 
patient also had acute 
cholecystitis. Note thickened 
gal Ibladder wall ( arrowhead). 

C. Mercedes-Benz sign. 
Gas-containing stone floating in 
bile (arrow). D. Pigment stone 
(arrow) is soft tissue density with 
only small central nidus of 
calcification. 



Figure 77-9 Noncalcified 
gallstones not visualized at CT. 

A. CT scan demonstrates no 
stones in the gal Ibladder (g). 

B. Ultrasound performed 
immediately after CT 
demonstrates shadowing stone 
(arrow) in gallbladder (g) lumen. 

C. CT scan in a different patient 
demonstrates no stones in the 
gallbladder. D. CT performed 
several days later in the same 
patient now demonstrates 
multiple stones in the 
gallbladder because of vicarious 
excretion of previously 
administered intravenous 
contrast material in the 
gallbladder. 
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Figure 77-10 MRI appearance of gallstones. Axial T2-weighted 
HASTE image demonstrates multiple low signal intensity filling 
defects in gallbladder lumen ( arrow ). 


cystic duet or gallbladder neck, with distention of the gallblad¬ 
der and inereased intraluminal pressure. 26. Inflammation of 
the gallbladder mueosa may result from Chemical injury caused 
by bile salts or superimposed infeetion. If left untreated, the 
inflammation eventually progresses to involve all layers of the 
gallbladder wall and may lead to necrosis, gangrene, and gall¬ 
bladder perforation. In most patients, acute cholecystitis is asso- 
ciated with gallstones. 

Acute cholecystitis is the most common cause of right upper 
quadrant pain, and the primary mode of treatment is laparo- 
scopic cholecystectomy. Clinical Åndings include fever, right 
upper quadrant pain, and elevated white biood cell count. 
Approximately one third of patients have a clinically positive 
Murphy sign, which refers to focal tenderness over the gallblad¬ 
der on inspiration. However, the clinical manifestations may 
overlap considerably with other intra-abdominal processes not 
related to the biliary tract, such as acute hepatitis, primary liver 
disease including abscess and neoplasm, peptic uleer disease, 
and panereatitis. Also, clinical Åndings in the elderly or critically 
ill patient may be more subtle. Approximately one third of 
patients with the presumptive diagnosis of acute cholecystitis 
will not have acute cholecystitis on follow-up, and 20% to 25% 
of patients who have surgery for acute cholecystitis will ulti- 
mately have a different diagnosis. 2 In a series of 52 patients with 
right upper quadrant pain thought to have acute cholecystitis, 
acute cholecystitis was conArmed in 34.6%, chronic cholecysti¬ 
tis was conArmed in 32.7%, and 32.7% had normal gallblad- 
ders. 29 Therefore, imaging evaluation is critical to provide 
prompt diagnosis and appropriate intervention. 

In 2007, the Tokyo Guidelines that describe the diagnostic 
and severity assessment criteria for acute cholecystitis were 
published, and these were recently updated in 2013. 30 31 Accord- 
ing to these guidelines, the diagnostic criteria for acute chole¬ 
cystitis are one local sign of inAammation (Murphy sign; mass, 
pain, or tenderness in right upper quadrant), one systemic sign 
of inAammation (fever, elevated C-reactive protein level, 



Figure 77-11 Sludge: sonographic findings. A. Ultrasound shows 
low-level, nonshadowing intraluminal echoes (s). B. Color Doppler 
shows no vascularity in sludge (s), helping to exelude a solid, 
intraluminal mass. 


elevated white biood cell count), and conArmatory imaging 
Åndings. Cholecystitis severity is classiAed as mild, moderate, 
or severe (stages I, II, III, respectively). Mild cholecystitis is 
deAned as cholecystitis with mild inAammatory changes adja- 
cent to the gallbladder without organ dysfunetion. Moderate 
cholecystitis includes elevated white biood cell count, palpable 
tender mass in the right upper quadrant, duration of symptoms 
longer than 72 hours, and marked local inAammation. Severe 
cholecystitis is deAned as cholecystitis combined with multiple 
organ dysfunetion. Radiologic Åndings may have an important 
impact on how a patient with acute cholecystitis is treated once 
the diagnosis is established. In a patient with sepsis and organ 
failure, percutaneous drainage with delayed cholecystectomy 
may be the best option. Patients without severe inAammation 
may be best managed with early laparoscopic cholecystectomy. 
Up to 30% of patients treated laparoscopically may undergo 
conversion to an open procedure, usually in the setting of severe 
complicated cholecystitis with dense pericholecystic inAamma¬ 
tion and adhesions. Preoperative imaging may also help predict 
which patients are likely to require conversion to an open 
procedure. 32 
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Figure 77-12 Sludge-filled 
gallbladder: sonography and 
MR features. Sagittal (A) and 
transverse (B) sonograms 
demonstrate gallbladder lumen 

(g) filled with echogenic material. 
The echotexture is similar to that 
of the adjacent liver parenchyma 

(h) . This appearance is referred 
to as hepatization of the 
gallbladder. C. Coronal 
T2-weighted HASTE MR image 
demonstrates intermediate signal 
intensity material in the 
gallbladder lumen (g). D. Axial 
contrast-enhanced Tl-weighted 
fat-suppressed MR image with 
subtraction shows no 
enhancement of gallbladder 
lumen (g), excluding an 
intraluminal mass. 


IMAGING 

The relative role of ultrasonography versus cholescintigraphy 
with technetium-tagged iminodiacetic acid (IDA) and IDA-like 
agents for the diagnosis of acute cholecystitis has been exten- 
sively addressed in the literature. In an early study published in 
1982, the accuracy of scintigraphy with IDA compared with 
sonography showed similar excellent results in 91 patients with 
suspected acute cholecystitis, with accuracy of ultrasound of 
88% and of scintigraphy of 85%. 33 A study in 1983 of 194 
patients showed that sensitivity of both modalities was high, but 
the specificity of ultrasound was lower at 64%, with a positive 
predictive value of 40%. 34 The sonographic Murphy sign, 
however, was not evaluated in this study, and there was no cor- 
relation with clinical data. More recent studies comparing cho¬ 
lescintigraphy and sonography for diagnosis of acute cholecystitis 
showed an accuracy of scintigraphy of 91% versus 77% for 
sonography and sensitivity of scintigraphy of 90.9% versus 62% 
for ultrasound. 35,36 Most recently, a systematic review and meta- 
analysis of diagnostic performance of imaging in acute chole¬ 
cystitis was performed. 1 Fifty-seven studies were included with 
evaluation of 5859 patients. The sensitivity and specificity were 
96% and 90% for cholescintigraphy compared with 81% and 
83% for ultrasound. 

Although it is possibly somewhat less sensitive and specific 
for the diagnosis of acute cholecystitis compared with choles¬ 
cintigraphy, ultrasound does have the advantages of being 


readily available and rapidly performed, involving no radiation, 
and allowing detection of cholecystitis-related complications as 
well as alternative diagnoses. Ultrasound can confirm the diag¬ 
nosis of acute cholecystitis and distinguish it from chronic cho¬ 
lecystitis with an accuracy of 95% to 99%. 26 The disadvantages 
of radionuclide scintigraphy include the time to perform the 
examination (up to 4 hours) and the inability to evaluate for 
nonbiliary conditions. Furthermore, false-positive results can 
occur in patients with high bilirubin levels and severe intercur- 
rent illnesses. False-negative results, however, are rare. 

Depending on the clinical circumstances, a combination of 
both cholescintigraphy and sonography may be required to 
make a definitive diagnosis of acute cholecystitis. The American 
College of Radiology appropriateness criteria for evaluation of 
patients with right upper quadrant pain, most recently updated 
in 2010, 8 score ultrasound higher than cholescintigraphy for 
evaluation of the patient with fever, elevated white biood cell 
count, and positive Murphy sign and State that cholescintigra¬ 
phy should generally follow ultrasound on the basis of ultra¬ 
sound Åndings. If there is pain but no fever or leukocytosis, 
ultrasound is given the highest score and may allow detection 
of stones and bile duet obstruction. If there are only gallstones 
and pain, cholescintigraphy, CT, and MRI are given equal scores. 
CT and MRI may allow detection of other causes of pain, 
improved detection of choledocholithiasis, and further evalua¬ 
tion when it is required, such as when complications are sus¬ 
pected (discussed further later). 
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Figure 77-13 Aggregate of sludge on ultrasound. A. Sagittal 
ultrasound image of the gallbladder demonstrates an echogenic 
nonshadowing abnormality located dependently within the 
gallbladder lumen ( arrow ). B. When the patient is imaged in the 
upright position, this abnormality changes location and configuration 
(arrow), confirming aggregate of sludge rather than soft tissue mass. 


Cholescintigraphy 

The hepatic parenchyma is normally observed within 1 minute, 
with peak activity at 10 to 15 minutes. 38 The bile duets are 
usually visible within 10 minutes, and the gallbladder should 
appear within 1 hour if the cystic duet is patent (Fig. 77-14A). 
If the gallbladder has not been defined, imaging should be 
carried out farther, up to 4 hours. Prompt biliary exeretion of 
tracer without demonstration of the gallbladder is the hallmark 
of acute cholecystitis (Fig. 77-14B). As noted before, false¬ 
positive results may occur in patients with abnormal bile flow 
because of liver disease or a prolonged fast with distended 
sludge-filled gallbladder. Also, delayed gallbladder filling can 
occur in the setting of chronic cholecystitis. If the gallbladder 
is not visualized after 1 hour and there is visualization of the 
biliary tree and duodenum, intravenous morphine may be 
administered, which causes spasm of the sphineter of Oddi, 


raising pressure within the bile duets and inereasing the likeli- 
hood of bile flow into the gallbladder. If the patient has been 
fasting for more than 24 hours, an oral fatty meal or intravenous 
cholecystokinin may be administered, resulting in gallbladder 
contraction so that the gallbladder can empty and then refill. 

Ultrasound 

The ultrasound findings in acute uncomplicated cholecystitis 
are well described and include gallstones, sonographic Murphy 
sign, gallbladder distention, wall thickening, and pericholecystic 
fluid 26,27,39 ' 41 (Figs. 77-15 and 77-16). The sonographic Murphy 
sign refers to maximum tenderness during compression with 
the ultrasound transducer placed direetly over the gallbladder. 
Of these findings, the first two are considered the most specific. 
In a study by Ralls and coworkers, 42 the sonographic Murphy 
sign and the presence of gallstones had a positive predictive 
value of 92% for the diagnosis of acute cholecystitis. It is cau- 
tioned that the sonographic Murphy sign may be blunted if the 
patient has received pain medication before ultrasound evalu- 
ation. Furthermore, impaired mental status may preclude eval- 
uation of this sign. Last, the sonographic Murphy sign may be 
absent in the setting of gangrenous cholecystitis (see later). If it 
can be demonstrated that a stone is impacted in the gallbladder 
neck or cystic duet, this is also an important Ånding that 
inereases the likelihood of acute cholecystitis (Fig. 77-15B). To 
determine that a stone is impacted in the gallbladder neck or 
cystic duet requires evaluating the patient in the leff lateral 
decubitus or upright position to assess for mobility of the stone. 

Less specific ultrasound findings of acute cholecystitis 
include gallbladder distention, wall thickening, pericholecystic 
fluid, and the presence of other intraluminal material such as 
sludge. In most cases of acute cholecystitis, the gallbladder will 
be distended. An exception to this occurs when acute cholecys¬ 
titis complicates chronic cholecystitis, when there may be mural 
fibrosis impeding distention. Also, if there has been free perfo- 
ration of the gallbladder, it may appear completely collapsed 
(discussed further later). Diffuse gallbladder wall thickening, 
measuring more than 3 mm, is present in 50% to 75% of 
patients with acute cholecystitis but may also be associated with 
chronic inflammation. 26 Furthermore, gallbladder wall thicken¬ 
ing may be associated with many other conditions, including 
liver disease such as acute hepatitis (Fig. 77-17), ascites, hypo- 
albuminemia, and aleoholism as well as congestive heart failure, 
acquired immunodeficiency syndrome (AIDS), and sepsis. In 
patients with AIDS, cholangiopathy may be related to infeetion 
with organisms such as Cryptosporidium. Other causes include 
adenomyomatosis and gallbladder neoplasm. In acute cholecys¬ 
titis, wall thickening is generally diffuse; if it is more focal, a 
complication such as gangrenous change or another cause, such 
as neoplasm, should be considered. Pericholecystic fluid is gen¬ 
erally associated with more severe cholecystitis and may be 
associated with perforation or abscess formation. However, this 
may also be nonspecific, especially in the setting of generalized 
ascites. Other entities that clinically can mimic acute cholecys¬ 
titis, such as peptic uleer disease and panereatitis, may also be 
associated with pericholecystic fluid. Sludge, related to bile 
stasis, can develop in patients with acute cholecystitis due to 
gallbladder obstruction. 

The role of color and power Doppler evaluation as an adjunet 
to gray-scale imaging in the diagnosis of acute cholecystitis is 
somewhat controversial. Although there may be overlap between 
findings in acute and chronic cholecystitis, 43 there may be a 
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Figure 77-14 Cholescintigraphy. A. Negative hydroxy iminodiacetic acid (HIDA) scintiscan shows prompt filling of the gallbladder lumen with 
tracer, confirming patency of the cystic duet. B. Positive HIDA scan. There is no filling of the gallbladder, confirming obstruction of the cystic duet 
and the presence of acute cholecystitis. (Images courtesy Dr. Elissa Kramer , Department of Nuclear Medicine, New York University Medical Center.) 






























1358 SECTION IX Gallbladder and Biliary Tract 



Figure 77-15 Acute cholecystitis: ultrasound. A. Gallbladder (g) is distended, with mural thickening ( arrowhead) and a stone in the 
gallbladder neck ( arrow). Sonographic Murphy sign was present. B. In the upright position, the gallbladder (g) is distended, and pericholecystic 
fluid is evident ( arrowhead ). Stone (arrow) does not change location, confirming impaction in gallbladder neck. 



Figure 77-16 Acute cholecystitis: ultrasound. A. Sagittal scan demonstrates gallbladder distention (g) and wall thickening ( calipers ). Arrow, 
Stones in gallbladder neck. B. Transverse scan of gallbladder (g) demonstrates wall thickening ( arrowhead) and pericholecystic fluid (arrow). A 
sonographic Murphy sign was demonstrated. 



Figure 77-17 Gallbladder manifestations of acute hepatitis: ultrasound findings. Sagittal (A) and transverse (B) images of the gallbladder 
demonstrate that the gallbladder lumen (g) is not significantly distended. The wall is markedly thickened (arrows) and has a striated appearance, 
indicating mural edema. 
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potential role for Doppler evaluation of the inflamed gallblad- 
der 44 (Fig. 77-18). 

Computed Tomography 

Although it is not the first-line imaging modality for the evalu¬ 
ation of suspected acute gallbladder disease, the role of CT in 
the evaluation of the patient with acute abdominal pain con- 
tinues to expand. The cause of the patient s symptoms may 
initially be unclear because of nonspecific clinical Åndings. In 
this setting, CT may be the initial study performed as it allows 
more comprehensive evaluation of the abdomen and pelvis and 
can identify other acute inAammatory processes that may simu- 
late acute cholecystitis. Therefore, it is important to become 
familiar with the Spectrum of CT Åndings in acute cholecystitis. 
CT is also a useful adjunct to ultrasound when ultrasound Ånd¬ 
ings are equivocal or when a complicated form of cholecystitis 
is suspected 45 (see later). In a retrospective study at the author’s 
institution, 46 the overall sensitivity, speciAcity, and accuracy of 
CT for the diagnosis of acute cholecystitis were 91.7%, 99.1%, 
and 94.3%, respectively. 

The CT Åndings of acute cholecystitis include gallstones, 
gallbladder distention, thickening of the gallbladder wall, peri- 
cholecystic inAammation, and Auid 17,41,47 ' 50 (Fig. 77-19). The CT 
Åndings of acute cholecystitis have been divided into major and 
minor criteria. 51 Major Åndings include calculi, mural thicken¬ 
ing of the gallbladder, pericholecystic Auid, and subserosal 
edema. Minor Åndings are gallbladder distention and sludge. 
CT is limited with respect to detection of gallstones as only up 
to 75% are visualized. 17 Of these signs, the presence of pericho¬ 
lecystic inAammatory change is believed to be the most 


speciAc. 17,48 Gallbladder wall thickening on CT is a nonspeciAc 
Ånding and may be secondary to a broad Spectrum of both 
inAammatory and neoplastic disorders. 52 Gallbladder carci- 
noma tends to cause greater mural thickening than benign dis¬ 
orders do. 53 

On occasion, it may be difAcult to differentiate gallbladder 
wall thickening from pericholecystic Auid. Pericholecystic Auid 
tends to be more focal and irregularly marginated, whereas 
mural thickening is concentric. Punctate foci of contrast 
enhancement corresponding to enhancing vessels within the 
gallbladder wall may be observed. A target appearance corre- 
sponds to an inner layer of enhancing mucosa and an outer 
layer of enhancing serosa with hypoattenuating submucosal 
edema between the two. 

An ancillary CT Ånding of gallbladder inAammation is 
increased contrast enhancement in the liver parenchyma adja- 
cent to the gallbladder 50,54,55 (Fig. 77-20). This Ånding results 
from hepatic arterial hyperemia secondary to gallbladder 
inAammation. Increased density of the gallbladder wall has 
been described as a Ånding on unenhanced CT, found in 
approximately 51% of patients. 6 This is found in patients with 
mucosal hemorrhage and necrosis and may be a predictor of 
gangrenous change. 

A study evaluating the use of 64-section helical CT for quan- 
titative and qualitative assessment of acute cholecystitis found 
that pericholecystic fat stranding, mural stratiAcation, pericho¬ 
lecystic hypervascularity, spontaneous hyperattenuation of the 
gallbladder wall, short (>32 mm) and long (>74 mm) gallblad¬ 
der axis enlargement, and gallbladder wall thickening (>3.6 mm) 
were the most discriminating and independent variables for the 



Figure 77-18 Acute 
cholecystitis: Doppler 
ultrasound. A. Sagittal scan of 
the gallbladder (g) demonstrates 
distention and wall thickening. 
Increased mural vascularity is 
demonstrated ( arrow ) with power 
Doppler. B. Spectral Doppler 
tracing confirms arterial 
waveform. 



Figure 77-19 Acute 
cholecystitis: CT features. 

A. The gallbladder lumen (g) 
is distended with marked 
mural thickening (arrow) and 
pericholecystic inflammatory 
changes ( arrowhead ). B. Slightly 
more inferior image 
demonstrates pericholecystic 
fluid (arrow). 
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Figure 77-20 Acute cholecystitis: CT demonstration of transient 
hepatic attenuation difference. Gallbladder (g) is distended with 
mural thickening. There is focal increase in contrast enhancement of 
the liver parenchyma adjacent to the gallbladder (arrow), representing 
hyperemia related to adjacent gallbladder inflammation. 


CT diagnosis of acute cholecysitis. 57 Comparative studies assess- 
ing accuracy of CT versus ultrasound for diagnosis of acute 
cholecystitis are limited. In a study by van Randen and associ- 
ates 58 that compared CT and ultrasound in 52 patients with 
acute cholecystitis, diagnostic accuracy did not differ signifi- 
cantly between the two modalities. However, in their meta- 
analysis, Kiewiet and colleagues 3 cautioned that additional 
studies evaluating the diagnostic accuracy of CT for acute cho¬ 
lecystitis are needed and that there is currently not enough 
evidence to support indiscriminate use of this modality in 
patients suspected of having acute cholecystitis. 

Brook and associates 59 reviewed 14 cases of misdiagnosis of 
acute cholecystitis at both ultrasound and CT in their practice 
during a 5-year period. Eight cases of misdiagnosis involved 
ultrasound and six cases involved CT. Three cases of overcall on 
ultrasound included cases of gallbladder wall edema that ulti- 
mately were diagnosed as hepatitis, sepsis, and chronic chole¬ 
cystitis. In none of these patients was the gallbladder distended. 
Therefore, if the gallbladder wall is thickened but there is no 
distention, an alternative diagnosis should be considered. Two 
cases of undercall at ultrasound were in patients in the intensive 
care unit, and two cases were due to lack of wall edema. In an 
additional patient, diagnosis was delayed because the ultra¬ 
sound report was not definitive. All of the misdiagnoses at CT 
were due to undercalls; in one patient, lack of intra-abdominal 
fat hindered recognition of pericholecystic fat stranding. In 
another patient, pericholecystic increased arterial enhancement 
in the liver was mistaken for fatty sparing, and in an additional 
patient, wall edema and mucosal enhancement were mistaken 
for a calculus. 

Magnetic Resonance Imaging 

Like CT, MRI is usually used in the setting of suspected acute 
cholecystitis when other imaging findings are equivocal or the 
clinical setting is ambiguous. 60 ' 64 Magnetic resonance cholan- 
giopancreatography (MRCP) is sensitive in the diagnosis of 


choledocholithiasis, which is particularly important if laparo- 
scopic cholecystectomy is performed. In addition to gallstones, 
MR readily demonstrates gallbladder wall edema, which is man¬ 
ifested as high signal intensity on T2-weighted images. 62,65 In 
one series, pericholecystic high signal intensity on single-shot 
fast spin-echo (SSFSE) images had an overall accuracy of 89%, 
specificity of 79%, positive predictive value of 87%, and 
negative predictive value of 85% for the diagnosis of acute 
cholecystitis. 66 Loud and associates 61 found contrast-enhanced 
Tl-weighted images useful for the diagnosis of acute cholecys¬ 
titis. Patients with surgically proved acute cholecystitis had 
greater than 80% contrast enhancement of the wall, which 
helped differentiate acute from chronic cholecystitis. A tran¬ 
sient increase in hepatic enhancement may be seen around the 
gallbladder in 70% of cases during the arterial phase of enhance¬ 
ment and, as with CT, may be an important indicator of acute 
gallbladder inflammation 61,62 (Fig. 77-21). Altun and col¬ 
leagues 67 found that increased gallbladder wall enhancement 
and increased transient pericholecystic hepatic enhancement 
had the highest combination of sensitivity and specificity for 
the diagnosis and differentiation of acute and chronic cholecys¬ 
titis. MR has been shown to be superior to ultrasound for 
detection of obstructing calculi in the gallbladder neck and the 
cystic duet (Fig. 77-21C, D). 68 MRI may also be helpful to iden- 
tify complications of acute cholecystitis. In the meta-analysis by 
Kiewiet and colleagues, 3 diagnostic accuracy of MR for diag¬ 
nosis of acute cholecystitis was found to be comparable to that 
of ultrasound, and it is suggested as a helpful imaging modality 
when ultrasound is technically limited. MRCP is more com- 
pletely discussed in Chapter 75. 

Acute Acalculous Cholecystitis 

PATHOGENESIS AND EPIDEMIOLOGY 

The reported incidence of acute cholecystitis in the absence of 
gallstones ranges from approximately 5% to 10%. 26 In one large 
surgical series, 69 acute acalculous cholecystitis (AAC) repre¬ 
sented 14% of cases of acute cholecystitis and was responsible 
for 2% of all cholecystectomies. Bile stasis, gallbladder ischemia, 
cystic duet obstruction, and systemic infeetion are considered 
to be the most important factors in pathogenesis of AAC. 70,71 
Histologic features include gallbladder wall inflammation, with 
necrosis of biood vessels in the muscularis and serosa of the 
gallbladder. 72 AAC occurs with increased incidence in patients 
who are critically ill or with prolonged illness, such as in the 
setting of trauma or after prolonged stay in the intensive care 
unit. Other risk factors include major cardiovascular disorders, 
cardiopulmonary bypass, diabetes, autoimmune disease, bacte- 
rial and fungal sepsis, hyperalimentation, and AIDS. Although 
it is mueh less common, the disease can occur de novo in the 
absence of these other risk factors in otherwise apparently 
healthy individuals. 73,74 

AAC is a more fulminant form of acute cholecystitis with 
higher morbidity and mortality and rapid progression to gan¬ 
grene and perforation. Mortality is reported to be as high as 
65% 75 ; therefore, early diagnosis is important. The diagnosis of 
AAC, however, often presents a challenge, particularly if there 
are no apparent risk factors. Clinical findings, such as fever and 
leukocytosis, are nonspecific. The diagnosis should be suspected 
in critically ill or injured patients who have fever or infeetion 
with no other apparent source. 
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IMAGING 

Ultrasound 

The reported sensitivity of ultrasound in AAC varies widely 
from 36% to 92% 69 (Fig. 77-22). Gallstones are not present, and 
afflicted patients are often insensitive to pain because of altered 
mental status or medications, thus making the sonographic 


Murphy sign unreliable. 76 These patients may also have hypo- 
albuminemia, congestive heart failure, and long-standing par- 
enteral nutrition, all of which are associated with gallbladder 
wall thickening, distention, and sludge. There is a great degree 
of overlap in ultrasound Åndings of intensive care unit patients 
with AAC and those without. In one study evaluating the ultra¬ 
sound Åndings in intensive care unit patients, the majority of 



Figure 77-21 Acute 
cholecystitis: MR findings. 

A. T2-weighted HASTE image 
demonstrates gallbladder 
distention (g). Dependent low 
signal gallstones are evident. 
Gallbladder wall is thickened, 
and there is pericholecystic fluid 
( arrow). B. Contrast-enhanced 
Tl-weighted gradient-echo 
fat-suppressed image 
demonstrates gallbladder 
distention (g) with wall 
thickening. Increased 
enhancement is present in 
adjacent liver parenchyma 
(arrow). C. Coronal HASTE image 
demonstrates distended 
gallbladder with multiple stones. 
Arrow, Stone in gallbladder neck. 
D. Coronal HASTE image 
demonstrates normal common 
bile duet (arrow). 



Figure 77-22 Acute acalculous cholecystitis: ultrasound and CT findings. 

A. Gallbladder (g) is distended, with mural thickening (arrow), and contains dependent 
echoes indicating sludge (arrowhead). These are common ultrasound findings in acutely 
ill patients. B. Noncontrast CT scan demonstrates gallbladder distention (g) with 
inflammatory changes in pericholecystic fat (arrow), confirming presence of gallbladder 
inflammation. 
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patients had some abnormality of the gallbladder/ Neverthe- 
less, ultrasound has the advantage of being performed portably 
at the bedside and remains a reasonable first study for the diag- 
nosis of AAC. Despite limitations, the American College of 
Radiology appropriateness criteria assign ultrasound the highest 
ranking for diagnosis of AAC. 28 

Cholescintigraphy is also of limited value in the diagnosis of 
AAC, with a significant false-positive rate (nonvisualization of 
the gallbladder) of up to 40% in patients with hepatocellular 
dysfunction, prolonged fasting, or severe illness. 76,78 A negative 
study is useful for excluding acalculous cholecystitis; however, 
a positive study must be interpreted with caution. The specifk- 
ity can be improved to 88% with the use of morphine. 79 
A prospective study comparing ultrasound and morphine 
scintigraphy in the diagnosis of AAC found the sensitivity of 
ultrasound and morphine scintigraphy to be 50% and 67%, 
specificity 94% and 100%, positive predictive value 86% and 
100%, negative predictive value 71% and 80%, and accuracy 
75% and 86%, respectively. 80 Combining the two modalities 
may lead to greater diagnostic accuracy. 

Computed Tomography and Magnetic 
Resonance Imaging 

CT or MRI may be helpful in the diagnosis of AAC in the 
patient who is stable enough to undergo imaging but should 
generally be performed as an adjunct to ultrasound. With the 
exception of the absence of gallstones, the CT and MRI findings 
of AAC are similar to those of calculous cholecystitis. The 
advantage of these modalities is that they may demonstrate 
pericholecystic inflammatory change and fluid and abnormali- 
ties of the gallbladder wall or adjacent hepatic parenchyma that 
may not be appreciated at sonography, allowing a more specific 
diagnosis 62,81-83 (Fig. 77-23). However, as at sonography, less 
specific findings that may be observed include gallbladder dis- 
tention, sludge, and wall thickening. A study demonstrated, 


however, that a totally normal gallbladder at CT excluded the 
diagnosis of AAC. 84 

Many times, these patients are too ill for additional cross- 
sectional imaging evaluation. If no other source of sepsis is 
discovered, it may be prudent to proceed with percutaneous 
cholecystostomy, which can be performed at the bedside. This 
has been shown to be a safe and effective procedure in the 
patient with acute cholecystitis who is not a surgical candidate. 85 
This can be helpful, for both diagnosis and treatment, in patients 
with sepsis of unknown cause and equivocal imaging findings 
of AAC. 86 8 A study showed that percutaneous cholecystostomy 
was superior to gallbladder aspiration in terms of clinical effec- 
tiveness and was associated with the same complications. 88 

Complications of Acute Cholecystitis 

GANGRENOUS CHOLECYSTITIS 

Gangrenous cholecystitis is a severe form of acute cholecystitis 
associated with vascular compromise and intramural hemor- 
rhage, necrosis, and intramural abscess formation. This is 
usually caused by a stone impacting the cystic duet, with pro¬ 
gressive distention of the gallbladder and ultimately ischemic 
necrosis of the wall. 89 The incidence ranges from 2% to approxi- 
mately 30% in various surgical series. 90 ' 92 The incidence is 
inereased in men, patients of advanced age, and those with 
cardiovascular disease. Once it is diagnosed, treatment is gener¬ 
ally emergency cholecystectomy to avoid life-threatening 
complications, such as perforation. There is a higher rate of 
conversion to open cholecystectomy than in uncomplicated 
acute cholecystitis. 93 " 95 

At sonography, the features of gangrenous cholecystitis 
include heterogeneous, striated thickening and irregularity of 
the gallbladder wall and intraluminal membranes resulting 
from desquamation of the gallbladder mueosa 96,97 (Figs. 77-24 



Figure 77-23 Acute acalculous cholecystitis: ultrasound and MR features. A. Ultrasound demonstrates markedly distended gallbladder (g) 
with layering sludge ( arrow). B. Axial Tl-weighted fat-suppressed gradient-echo image with gadolinium enhancement demonstrates distended 
gallbladder (g), wall thickening, and pericholecystic inflammatory change. Arrow points to small intramural abscess not suspected clinically. 
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and 77-25). The irregular or asymmetric thickening of the gall- 
bladder wall probably results from ulceration, hemorrhage, 
necrosis, or microabscess formation. In a series by Jeffrey and 
colleagues, 9 these findings were present in 50% of patients. A 
striated appearance of the gallbladder wall was found in 40% 
of patients in the series by Teefey and associates. 9 However, in 
a more recent analysis by this author, this finding was nonspe- 
cific for the presence of gangrenous cholecystitis and found in 
nongangrenous cholecystitis and other conditions that cause 
gallbladder wall edema, such as hepatitis. 98 The presence of 


intraluminal membranes is considered a more specific finding 
(see Fig. 77-25). The sonographic Murphy sign may not be 
present because of associated denervation of the gallbladder 
wall. In a series by Simeone and colleagues, 99 the sonographic 
Murphy sign was present in only 33% of patients with gangre¬ 
nous cholecystitis. Additional findings include intramural 
abscess formation and pericholecystic fluid collection or abscess 
formation caused by perforation of the gallbladder. 

CT findings of gangrenous cholecystitis parallel findings at 
sonography and include intraluminal membranes, intraluminal 




Figure 77-24 Acute gangrenous cholecystitis: 
ultrasound findings. Sagittal (A) and transverse 
(B) ultrasound images demonstrate distended 
gallbladder (g) containing intraluminal sludge (s). 
Gallbladder wall is irregular in contour with 
asymmetric thickening (arrow). C. Laparoscopic 
cholecystectomy image shows edematous, ischemic 
gallbladder wall. 



Figure 77-25 Acute gangrenous cholecystitis: ultrasound features. A. Sagittal image demonstrates echogenic, nonshadowing intraluminal 
material indicating aggregates of sludge (black arrow). Curvilinear intraluminal echogenic regions (white arrows ) represent intraluminal 
membranes secondary to sloughed mucosa. B. Transverse image demonstrates intraluminal membranes ( arrows ) in gallbladder (g) lumen. 
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hemorrhage, irregularity or disruption of the gallbladder wall, 
and pericholecystic abscess 17,46,48,100 " 102 (Fig. 77-26). An addi¬ 
tional finding detectable at CT is irregular or lack of gallbladder 
wall enhancement 46,102 (Fig. 77-27). A study by the author evalu- 
ated the sensitivity and specificity of CT for the diagnosis of 
gangrenous cholecystitis. 46 CT was highly specific for identify- 
ing acute gangrenous cholecystitis (96%) but had low sensitivity 
(29.3%). The most specific findings at CT for the presence of 
gangrenous cholecystitis were gas in the gallbladder wall or 
lumen, intraluminal membranes, irregularity or absence of the 
gallbladder wall, pericholecystic abscess, and lack of gallbladder 
wall enhancement. In this study, the presence of pericholecystic 
fluid, degree of gallbladder distention in the short axis, and 
degree of mural thickening were also predictive of the severity 
of gallbladder inflammation. In a more recent study by Wu 
and associates, 103 the presence of a perfusional defect of the 
gallbladder wall (discontinuity or decreased enhancement of 
the gallbladder wall) was associated with CT diagnosis of gan¬ 
grenous cholecystitis with accuracy of 80%, sensitivity of 
70.6%, specificity of 100%, and positive predictive value of 
100%. Therefore, when CT is performed to evaluate for cho¬ 
lecystitis, contrast material should be administered intrave- 
nously if possible because this improves delineation of the wall 
and identification of lack of enhancement, intramural abscess, 
and focal disruption, which are important features of gangre¬ 
nous cholecystitis. 

Gallbladder carcinoma may be mimicked by the mural 
changes in acute cholecystitis, particularly gangrenous chole¬ 
cystitis, and this is an important potential pitfall. If there is 
concern on the basis of ultrasound findings, CT may be of 
benefit in demonstrating an enhancing gallbladder mass and 


detecting direct invasion of the liver and presence of liver 
metastases. 45 Liang and colleagues 104 found that in the differen¬ 
tiation of acute cholecystitis and gallbladder carcinoma, fea¬ 
tures that favored carcinoma included focal gallbladder wall 
thickening, intraluminal mass, nondistended gallbladder with 
diffuse wall thickening, and enlarged regional lymph nodes. 

HEMORRHAGIC CHOLECYSTITIS 

Hemorrhagic cholecystitis is an uncommon complication of 
acute cholecystitis and usually occurs in the setting of choleli- 
thiasis and gangrenous cholecystitis. Transmural inflammation 
causes mural necrosis and ulceration and results in hemorrhage 
into the gallbladder lumen.' Atherosclerotic change in the 
gallbladder wall may be a predisposing factor. 1 Biood clots in 
the lumen may become impacted in the cystic duet or common 
bile duet (CBD) or pass into the small bowel. The clinical pre- 
sentation may be identical to uncomplicated acute cholecystitis 
with fever and right upper quadrant pain but may also include 
biliary colic, jaundice, hematemesis, and melena. 1 Massive 
upper gastrointestinal bleeding and hemoperitoneum rarely 
occur." Prompt diagnosis is essential because of the associated 
high mortality rate. 

At sonography, biood in the gallbladder lumen can be rec- 
ognized as hyperechoic material that demonstrates greater 
echogenicity than sludge (Fig. 77-28). This may form a depen- 
dent layer; however, clotted biood may appear as a clump or 
mass adherent to the gallbladder wall or heterogeneous echo- 
genic material. 10 1 10 An organized clot may simulate a pol- 

ypoid, intraluminal mass. 111 As the hemorrhage evolves, the 
clot may become more cystic in appearance. 11 In addition to 


Figure 77-26 Acute 
gangrenous cholecystitis: CT 
findings. A and B. Gallbladder 
(g) is distended with thickened, 
irregularly enhancing wall. Arrow, 
Intraluminal membranes. C. Scan 
obtained in a different patient 
shows distended gallbladder (g) 
with thickened wall, which 
demonstrates heterogeneous 
contrast enhancement. Low- 
attenuation areas correspond to 
intramural abscesses (a). Arrow, 
Loculated pericholecystic fluid 
collection secondary to 
contained gallbladder 
perforation. D. Slightly more 
inferior image demonstrates 
intraluminal membranes ( arrows ). 
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Figure 77-27 CT of gangrenous cholecystitis: lack of mural 
contrast enhancement. A. There is apparent discontinuity of the 
galIbladder wall ( arrows ) where no mucosal enhancement is noted. g, 
Distended ga I Ibladder. B. Contrast-enhanced CT scan in a second 
patient demonstrates distended gal Ibladder (g) with extensive 
pericholecystic inflammatory change. There is no contrast 
enhancement of gal Ibladder wall. 


other findings of cholecystitis, CT shows increased density of 
bile 105 (see Fig. 77-28B). A fluid-fluid level may be observed 
with a high-attenuation dependent component simulating the 
hematocrit effect observed in acute hemorrhage 108 (Fig. 
77-29A). Other causes of high-density bile include biliary 
excretion of iodinated contrast material and milk of calcium; 
these do not generally appear as echogenic at sonography, nor 
is a fluid-fluid level observed. If there is associated perforation 
of the gallbladder, hemoperitoneum will also be observed (Fig. 
77-29B). If there is active bleeding at the time of contrast- 
enhanced CT, this may appear as active extravasation of intra- 
venous contrast material inside the gallbladder lumen. 11 " On 
MRI, biood products appear as high signal intensity within 
the gallbladder lumen on Tl-weighted images and moderate 
to high heterogeneous signal intensity on T2-weighted images. 62 



Figure 77-28 Hemorrhagic cholecystitis: ultrasound and CT 
findings. A. Sagittal ultrasound scan demonstrates distended 
gallbladder (g) with lumen completely filled with echogenic material 
corresponding to hemorrhagic bile. B. CT scan demonstrates 
distended gallbladder (g) with fluid-fluid level ( arrow ) with high- 
attenuation dependent component. These findings represent 
intraluminal biood clot. 


The multiplanar capability of MRI may help differentiate 
intraluminal biood from hemorrhage in the wall. MR angi- 
ography may supplement conventional imaging if vascular 
disease is suspected. 

EMPHYSEMATOUS CHOLECYSTITIS 

Emphysematous cholecystitis is a rare life-threatening and 
rapidly progressive complication of acute cholecystitis. Cystic 
artery compromise is thought to promote the proliferation of 
gas-producing organisms in an anaerobic environment and 
penetration of gas into the gallbladder wall. 114,115 The organisms 
most commonly isolated are Clostridium welchii and Escherichia 
coli , 115 At pathologic examination, gallbladders with emphyse¬ 
matous cholecystitis have a higher incidence of endarteritis 
obliterans, supporting vascular insufficiency as a causative 
factor. This complication occurs with higher frequency in 
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patients with diabetes (up to 50%) and male patients (up to 
71%). 116 Gallstones may be absent in up to one third of patients, 
and there is a high risk of gangrene and a perforation rate hve 
times higher than in acute uncomplicated cholecystitis. 116,117 

The mortality rate for emphysematous cholecystitis is 15% 
versus 4% in uncomplicated acute cholecystitis. 116 Therefore, 
prompt diagnosis is critical. The clinical presentation is often 
indistinguishable from uncomplicated acute cholecystitis. In 
the diabetic patient, in particular, severe symptoms may be 
absent, and there needs to be a high clinical index of suspicion. 
Before cross-sectional imaging, emphysematous cholecystitis 


was diagnosed on the abdominal radiograph and classically 
described in three stages: stage 1, gas in the gallbladder lumen; 
stage 2, gas in the gallbladder wall; and stage 3, gas in the peri- 
cholecystic soft tissues. Ultrasound and CT are now considered 
more sensitive in the detection of smaller amounts of gas. Ultra¬ 
sound Åndings vary by the amount and location of gas. 26 ’ 27 ’ 118 ’ 1 19 
A small amount of gas in the wall may appear as an echogenic 
focus with associated ring-down or comet-tail artifact. Larger 
amounts of gas and intraluminal gas may appear as a curvilin- 
ear arc of increased echogenicity with associated “dirty” poste - 
rior acoustic shadowing 26 (Fig. 77-30A). In this setting, the 



Figure 77-29 Hemorrhagic cholecystitis: CT findings. A. CT demonstrates distended gallbladder containing layering material of high 
attenuation corresponding to intraluminal biood ( white arrow). There has been perforation of the gallbladder, resulting in hemoperitoneum 
(black arrow). B. Additional biood is demonstrated in the pelvis (arrow). 



Figure 77-30 Emphysematous cholecystitis: ultrasound and CT features. A. Sagittal gallbladder (g) scan demonstrates an arc of increased 
echogenicity (arrow) in expected location of the gallbladder wall. This is associated with "dirty" posterior acoustic shadowing (arrowhead), 
suggesting intramural gas. B. Transverse image demonstrates intramural gas (arrow) and intraluminal echogenic foci with posterior acoustic 
shadowing (arrowhead), indicating gallstones. C. Noncontrast CT demonstrates gas (white arrows) within lumen and wall of gallbladder (g). 
Low-attenuation area in the adjacent liver is due to an abscess (black arrow). D. Gas (arrows) is present in the pericholecystic soft tissues. 
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gallbladder may be difficult to visualize owing to associated 
acoustic shadowing. On sonographic evaluation, it may be dif¬ 
ficult to differentiate emphysematous cholecystitis from a con- 
tracted gallbladder with stones or a porcelain gallbladder with 
calcified wall. 118 

CT has a higher sensitivity than sonography for the identi- 
fication of emphysematous cholecystitis and plays an important 
complementary role to ultrasound. 12 5 If emphysematous chole¬ 
cystitis is suspected at sonography or there is a high clinical 
index of suspicion and ultrasound Åndings are equivocal, CT 
should be performed. CT is also indicated when the gallbladder 
cannot be adequately visualized at sonography. CT Åndings 
include gas within the gallbladder wall or nondependent portion 
of the lumen 45,121,122 (Fig. 77-31). There may be extension into 
the pericholecystic soft tissues. CT may also demonstrate other 
complications, such as abscess formation and perforation (Fig. 
77-30C, D and Fig. 77-3IB, C). Free intraperitoneal gas indi- 
cates associated free gallbladder perforation and constitutes a 
surgical emergency. 

The MRI features of emphysematous cholecystitis have not 
yet been well described. A report describing MRI features in 
a case of emphysematous cholecystitis included (1) a signal 
void in the nondependent portion of the gallbladder and inter- 
mediate signal intensity fluid in the dependent portion of the 
gallbladder, representing a gas-fluid level; (2) a low signal inten¬ 
sity rim surrounding the gallbladder, indicating gas in the gall¬ 
bladder wall; and (3) regions of very low signal intensity in the 
pericholecystic soft tissues, indicating extraluminal gas due to 


perforation. 1 5 Gas can be recognized as blooming artifact on 
gradient-echo and echo planar sequences. 

GALLBLADDER PERFORATION 

Gallbladder perforation can occur in the setting of choleli¬ 
thiasis, cholecystitis, trauma, neoplasm, steroid use, or vas- 
cular compromise. Perforation is most often a complication 
of severe acute cholecystitis, occurring in approximately 8% 
to 12% of cases. 124,125 In one series, associated mortality was 
24.1%. 124 In acute cholecystitis, progressive gallbladder disten- 
tion and inflammation is followed by vascular compromise, 
gangrene, necrosis, and ultimately perforation. 125,126 The 
fundus is the most frequent site of perforation because of 
the relatively poor biood supply in this area. Associated com¬ 
plications include bacteremia, septic shock, bile peritonitis, 
and abscess formation, with mortality rates ranging from 
6% to 70%. 124,127 ' 130 

Gallbladder perforation has been classified into three types 127 : 
(1) acute free perforation into the peritoneal cavity, (2) sub- 
acute perforation with pericholecystic abscess, and (3) chronic 
perforation with cholecystenteric fistula formation. Subacute 
perforation with pericholecystic abscess formation is the most 
common type. 128 Abscess formation may be confined to the 
gallbladder fossa or spread into the peritoneal cavity or involve 
the liver. 131,132 Type 1 free perforation is associated with the 
highest mortality rate. Type 3 perforation is associated with 
gallstone ileus, discussed later in this chapter. 



Figure 77-31 Emphysematous 
cholecystitis: ultrasound and CT features. 

A. Sagittal ultrasound demonstrates 
distended gallbladder (g) with thickened wall 
( arrowhead ). Anterior wall ( arrow ) 
demonstrates increased echogenicity with 
dirty posterior acoustic shadowing, consistent 
with gas. B. Noncontrast CT demonstrates 
crescent of gas (white arrow) in gallbladder (g) 
wall. Extraluminal gas (black arrow) indicates 
perforation. C. Coronal reformatted CT image 
demonstrates gas in a dependent location 
(white arrow), confirming intramural location. 
Gas in pericholecystic soft tissues (black 
arrow) indicates perforation. g, Gallbladder. 
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Prompt diagnosis of gallbladder perforation is imperative. 
Emergent cholecystectomy is the treatment of choice. Clini- 
cal signs and symptoms may be nonspecific and may be 
indistinguishable from uncomplicated cholecystitis, particu- 
larly in the diabetic patient, so that imaging plays an impor- 
tant diagnostic role. 133 At sonography, the gallbladder wall 
is irregular or ill-defmed with focal or global loss of its 
normal sonoreAectivity. 45 There is a large amount of peri- 
cholecystic fluid or a loculated pericholecystic collection 126 
(Fig. 77-32 A). A focal defect in the wall of the gallbladder 
is a more specific finding but may not always be visualized 1 4 
(Fig. 77-33A, B). 


CT plays an important role in the evaluation of suspected 
gallbladder perforation when ultrasound Åndings are equivo- 
cal. 131,135,136 Interruption of the gallbladder wall or a focal mural 
defect may be more readily identified at CT (Fig. 77-33C). 
Associated Åndings include pericholecystic or intrahepatic 
abscess and spilled stones (see Fig. 77-32B). Free gallbladder 
perforation is identiAed when there is free intraperitoneal Auid 
corresponding to bile (Fig. 77-34). In this setting, the gallblad¬ 
der may be collapsed, which may provide an additional diag¬ 
nostic challenge as the diagnosis of acute cholecystitis may 
not be readily apparent. In these instances, presence of local- 
ized pericholecystic inAammatory change offers a diagnostic 


Figure 77-32 Gallbladder 
perforation. A. Ultrasound 
demonstrates complex fluid 
collection in gallbladder fossa 
(arrow). Gallbladder wall is not 
delineated, and perforated 
gallbladder with abscess was 
suspected. Arrowhead, 
Gallstones. B. Noncontrast CT 
image demonstrates a large 
complex fluid collection in 
gallbladder fossa (arrow). There 
are spilled gallstones 
(arrowheads ) due to gallbladder 
perforation. 



Figure 77-33 Gallbladder 
perforation. A. Sagittal scan 
shows mural thickening with 
striations ( arrowhead ). Arrow, 
Multiple gallstones. 

B. Sagittal scan obtained with a 
linear transducer (8 MHz) 
produces higher resolution 
image. Focal defect in 
gallbladder wall ( black arrow) is 
now evident. This indicates a 
focal intramural abscess or 
contained perforation. White 
arrows, Gallstones. C. Contrast- 
enhanced CT confirms focal 
defect (arrow) in gallbladder (g) 
wall. Mural thickening and 
pericholecystic inflammatory 
changes are present, consistent 
with acute cholecystitis. 
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Figure 77-34 Free perforation 
of the gallbladder with 
associated bile peritonitis. 

Patient presented with several 
days of right upper quadrant 
pain and fever. A. Contrast- 
enhanced CT demonstrates that 
the gallbladder (g) is not 
distended. Calcified stone (black 
arrow) appears to be outside of 
gallbladder lumen. White arrow, 
Perihepatic free fluid. B. Image 
of the pelvis demonstrates 
moderate free fluid (f) 
corresponding to bile. 


clue as to the etiology of free fluid and peritoneal inflamma- 
tory changes. 

In a study comparing ultrasound with CT in 13 patients with 
surgically proven gallbladder perforation, a mural defect was 
visualized in 7 patients (53.8%) at CT but in no patient on 
ultrasound. 1 " 6 Ultrasound and CT were similar in demonstrat- 
ing pericholecystic fluid collections, gallbladder wall thickening, 
and cholelithiasis. Bulging or irregular contour of the gallblad¬ 
der was demonstrated on ultrasound in hve cases and on CT in 
two cases. In all cases, the site of the gallbladder wall defect or 
bulging on ultrasound or CT corresponded to the site of per¬ 
foration. These authors concluded that CT was superior to 
ultrasound for the diagnosis of gallbladder perforation because 
of improved ability to demonstrate a focal wall defect. A more 
recent study by Sood and associates, 13 however, found that 
there was no statistically significant difference in the ability of 
ultrasound or CT to detect a focal wall defect in 18 patients 
evaluated with both modalities. This may be due to recent 
improvements in ultrasound technology, allowing better reso¬ 
lution and definition of the gallbladder wall. MR, because of its 
superior soft tissue resolution and multiplanar imaging capabil- 
ity, may also be a useful adjunct if ultrasound and CT Åndings 
remain equivocal. 

Chronic Cholecystitis 

PATHOGENESIS AND EPIDEMIOLOGY 

Chronic cholecystitis is associated with cholelithiasis in 95% of 
cases and may occur after a single bout or multiple recurrent 
episodes of acute cholecystitis. Etiology is related to intermit- 
tent obstruction of the cystic duet or neck as well as gallbladder 
dysmotility. 2 Chronic inflammatory changes cause the gallblad¬ 
der wall to become thickened and fibrotic, and with inereasing 
fibrosis, the gallbladder eventually becomes shrunken and dis- 
torted. If there are coexisting acute and chronic inflammatory 
changes at pathologic examination, the term chronic active cho¬ 
lecystitis may be used. 138 

IMAGING 

A diagnosis of chronic cholecystitis is difflcult to establish 
with imaging, and clinical correlation is required. Ultra¬ 
sound Åndings include gallstones and thickened gallbladder 
wall with contraction of the gallbladder that persists in the 


fasting State (Fig. 77-35). On CT, pericholecystic inflamma¬ 
tory change may be absent. 50 On MR, gallbladder wall 
thickening related to chronic inflammation will demonstrate 
low signal intensity, whereas acute cholecystitis is associated 
with edema in the wall, which demonstrates inereased signal 
intensity on T2-weighted images. 62 Also, the inereased peri¬ 
hepatic contrast enhancement observed with acute cholecys¬ 
titis can be helpful in differentiating acute from chronic 
inflammation. 61 ’ 62,67 

CHRONIC ACALCULOUS CHOLECYSTITIS 

Chronic acalculous cholecystitis, a disorder characterized by 
recurrent biliary colic in a patient without radiographic evi- 
dence of gallstones, often creates a diagnostic dilemma for 
clinicians. In the absence of gallstones, it is often difflcult to 
attribute a patient s symptoms to gallbladder inflammation. 
However, these patients may benefit from cholecystectomy for 
relief of symptoms. 139 A specific diagnosis may require nuclear 
medicine evaluation, including evaluation of the gallbladder 
ejection fraction. A decrease in gallbladder ejection fraction 
is a common feature of both calculous and acalculous chronic 
cholecystitis. 140 Cholecystokinin cholescintigraphy with calcula- 
tion of gallbladder ejection fraction has been shown to be a 
predictor of disease as well as of subsequent symptom relief 
after cholecystectomy. 141 

XANTHOGRANULOMATOUS CHOLECYSTITIS 

Xanthogranulomatous cholecystitis (XGC) is a rare chronic 
inflammatory condition of the gallbladder, representing a form 
of chronic cholecystitis. Goodman and Ishak 142 reported the 
first series of cases at the Armed Forces Institute of Pathology 
in 1981. The estimated incidence is 1% to 2% of all cases 
of cholecystitis, 143 and most patients present in the sixth or 
seventh decade. 144 In one surgical review, this disorder was 
found in 1.46% of all cholecystectomy specimens and was 
associated with gallstones in 85%, with average age at pre- 
sentation of 52 years. 14 " The proposed etiology of this disorder 
involves chronic gallbladder infeetion, usually in the setting 
of cholelithiasis, with mural microabscesses that involve 
Rokitansky-Aschoff sinuses. This may result from obstruction 
of gallbladder outflow, extravasation of bile into the gallblad¬ 
der wall, and mucosal uleeration. Histiocytes accumulate in 
the gallbladder wall as a reaction to the extravasated bile, 
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and ultimately xanthogranulomatous nodules form in addition 
to extensive fibrous reaction. 146 On gross examination, the 
wall is thickened and irregular with yellow or brown nodules 
of varying sizes. On microscopic examination, the xantho¬ 
granulomatous nodules are composed of histiocytes, giant 
cells, and other chronic inflammatory cells such as lympho- 
cytes and plasma cells. Hemosiderin and extravasated bile 
along with cholesterol clefts are present in the gallbladder 
wall. There may be associated biliary obstruction secondary 
to extrinsic compression of the bile duet and associated Mirizzi 
syndrome. The gallbladder often becomes adherent to adjacent 
organs and may be associated with fistula formation. There 
are no specific clinical or laboratory features, and presentation 
may be similar to acute or chronic cholecystitis from any 
cause. Clinical symptoms may include right upper quadrant 
pain, nausea, vomiting, fever, anorexia, and weight loss. 146 

Both the ultrasound and CT features of XGC have been 
described 146 ' 151 and overlap with fmdings of acute and chronic 
cholecystitis. On both modalities, the gallbladder wall is often 
markedly thickened and irregular with loss of normal planes 
with adj acent structures. An infiltrating mass may be apparent. 
More recent studies have described the presence of intramural 
nodules visualized on both sonography and CT (Fig. 77-36). 
In their series, Chun and colleagues 150 found low-density 
nodules in 11 cases of XGC, compared with only 7 of 17 cases 
of carcinoma. Intramural nodules are also a prominent finding 
of XGC described in other series 147151 as well as a hypoechoic 
band aro und the gallbladder. 147,148 By performing ultrasound 
on pathologic specimens, Parra and associates 147 showed that 
the intramural hypoechoic nodules correspond to xantho¬ 
granulomatous nodules and the hypoechoic band may cor¬ 
respond to more generalized involvement. However, these 
nodules may also be confused with intramural abscesses in 



Figure 77-35 Chronic cholecystitis. A. Ultrasound 
demonstrates contracted gallbladder ( arrow) in 
patient with repeated episodes of right upper 
quadrant pain. Patient was fasting at time of 
examination. B. The finding was confirmed at CT, 
with completely contracted gallbladder (arrow). 
Cholecystectomy was performed, and chronic 
cholecystitis was confirmed at pathologic 
examination. C. Specimen photograph in a different 
patient shows multiple stones and a thick 
gallbladder wall. 


gangrenous cholecystitis and large Rokitansky-Aschoff sinuses 
in adenomyomatosis. 

It can be very difficult to prospectively distinguish between 
XGC and gallbladder carcinoma on cross-sectional imaging 
studies because of many overlapping features, such as marked 
gallbladder wall thickening, irregularity, nodularity, and infil¬ 
tration of the pericholecystic soft tissues. There is a 10% inci- 
dence of carcinoma in XGC, 144 and fme-needle aspiration biopsy 
has been successful in establishing the diagnosis. 152 Surgery is 
often difficult in these patients, with a high conversion rate to 
open cholecystectomy. A potential role for diffusion-weighted 
MRI has recently been proposed, with diffusion restriction seen 
more frequently in patients with carcinoma and higher appar¬ 
ent diffusion coefficient values in patients with XGC in one 
series 153 ; however, further work in this area is needed. 

Choledocholithiasis 

PATHOGENESIS AND EPIDEMIOLOGY 

Biliary stones that form de novo within the biliary tract are 
referred to as primary stones, whereas those that migrate from 
the gallbladder through the cystic duet or a cholecystochole- 
dochal fistula are referred to as secondary stones. 154 The major- 
ity of stones within the bile duets are secondary stones, and 
pathogenesis is similar to that of gallstones. Migration of gall- 
stones among asymptomatic patients is estimated to occur in 
3% to 5% of patients per year, with 1% to 2% of patients per 
year developing symptoms, including biliary colic or acute pan- 
creatitis. 155,156 Between 7% and 20% of patients undergoing 
cholecystectomy are found to have one or more stones in the 
CBD, and these may be clinically silent. 157 Twenty percent to 
30% of patients with gallstone panereatitis have persistent CBD 
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Figure 77-36 Xanthogranulomatous cholecystitis. A. Ultrasound demonstrates intraluminal echogenic material due to sludge. Gallbladder (g) 
wall is markedly thickened and contains hypoechoic nodules ( arrows ). B. Contrast-enhanced CT demonstrates marked gallbladder (g) wall 
thickening and hypoattenuating mural nodes (arrows). 


stones that fail to traverse the ampulla. 15 If a stone remains 
lodged in the CBD, this can also lead to a potentially life- 
threatening emergency because of associated cholangitis. 

Primary stones are classified according to their location 
within the biliary tract: intrahepatic, extrahepatic, or ampullary. 
These develop in the setting of bile stasis and colonization of 
the bile with enteric organisms. Obstruction of bile may be 
related to inflammatory or iatrogenic strictures, congenital 
strictures, or periampullary diverticula. 154 These stones are fre- 
quently associated with parasitic infections of the biliary tree, 
such as Ascaris lumbricoides. These worms become the nidus for 
stone and inflammatory stricture formation. 

IMAGING 

Endoscopic Retrograde Cholangiopancreatography 

Endoscopic retrograde cholangiopancreatography (ERCP) and 
percutaneous transhepatic cholangiography are highly accurate 
for the detection of choledocholithiasis and also provide access 
for therapeutic intervention. However, these are invasive proce¬ 
dures with associated risks, including pancreatitis, sepsis, and 
hemorrhage. The reported complication rate of ERCP ranges 
from 3.0% to 5.5%, and mortality rate ranges from 0.2% to 
1.0%. 159,160 Therefore, ERCP is generally reserved for patients 
who require therapy, such as secondary to an impacted stone, or 
with a high probability of stones and normal Åndings on prior 
examinations. Stones within the biliary tract may be readily 
detected with MRCP but less accurately with ultrasound and CT. 

Ultrasound 

Ultrasound is the primary imaging modality for evaluation of 
right upper quadrant pain and is considered superior to CT in 
the initial imaging evaluation of biliary disease. 41,161 The 
reported sensitivity of ultrasound ranges from 22% to 75% for 
CBD stones. 3,162 ' 164 Limited sensitivity results in part from 
inability to completely visualize the duet, particularly distally, 
because of interposed bowel gas, and distal stones are most 
commonly overlooked. In a study by Laing and colleagues, 165 8 
of 9 (89%) proximal and 16 of 23 (70%) distal CBD stones were 
visualized at sonography. Scanning the patient in the erect right 
posterior oblique or right lateral decubitus position minimizes 
gas in the gastric antrum and duodenum and improves visual- 
ization of the distal duet. Water may also be administered orally 


to provide an acoustic window in the gastric antrum or duode¬ 
num." Improved contrast enhancement and reduction of side 
lobe artifacts afforded by tissue harmonic imaging improve the 
sonographic detection of choledocholithiasis. 166 CBD stones 
appear as echogenic foci, which may or may not cause posterior 
acoustic shadowing, depending on size and composition (Figs. 
77-37 and 77-38). As with cholelithiasis, nonshadowing stones 
may be diffkult to differentiate from aggregates of sludge or soft 
tissue masses. Improved accuracy can be accomplished with the 
use of endoscopic ultrasound, 167 but this is more invasive and 
operator dependent. 

Computed Tomography 

Unenhanced conventional CT has a sensitivity of 75% in the 
detection of choledocholithiasis. 168 ' 170 Indirect signs, such as 
ductal dilation and abrupt termination of the duet, may be 
useful but are not conclusive. Multidetector CT (MDCT) has a 
higher sensitivity, ranging from 65% to 88%. 171 4 Multiplanar 
reconstruction coronal images through the CBD may be useful 
in depicting stones (Fig. 77-39; see also Fig. 77-37C). In specifi- 
cally evaluating for choledocholithiasis, water should be used to 
opacify the bowel because positive oral contrast material may 
obscure visualization of distal CBD stones and hil perivaterian 
duodenal diverticula. In a study comparing MDCT and ERCP 
for the detection of CBD calculi, CT had a sensitivity of 88%, 
specificity of 97%, and accuracy of 94%. 1 Bile window settings 
(adjustment of the window level setting to the mean attenua- 
tion of the CBD and the window width to 150 HU) improve 
visualization of noncalcified stones by creating better contrast 
between bile and soft tissues. 

The CT appearance of CBD stones is variable. Depending on 
their composition, stones may be calcified or soft tissue or low 
density with respect to bile. Calcified stones are the most readily 
identifled (Fig. 77-40A). Unenhanced images are better for 
detection as most stones are slightly hyperdense. Four CT cri- 
teria for detection of CBD stones are (1) a target sign, which 
refers to a central density, corresponding to the stone, sur- 
rounded by hypoattenuating bile or ampullary soft tissue; 

(2) the rim sign, which corresponds to a faint rim of inereased 
density along the margin of a low-density area (Fig. 77-40B); 

(3) the crescent sign, which refers to a calculus with inereased 
density surrounded by a crescent of hypoattenuating bile 
(Fig. 77-40C); and (4) indirect signs, which include abrupt 
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Figure 77-37 Choledocholithiasis: ultrasound 
and CT features. A. Sagittal image demonstrates 
common bile duet (cbd) dilation. There is an 
intraductal echogenic shadowing focus (arrow), 
consistent with a large stone. B. Axial contrast- 
enhanced CT demonstrates inereased density in 
dilated common bile duet (arrow) consistent with 
stones. g, Gallbladder. C. CT image reformatted in 
coronal plane. Multiple stones in the dilated duet 
(white arrow). Black arrow, Intrahepatic biliary 
dilation. 



Figure 77-38 Choledocholithiasis: ultrasound and CT findings. A. Ultrasound demonstrates dilated common bile duet (cbd) with small stone 
located distally (arrow). Note posterior acoustic shadowing (arrowhead). B. Contrast-enhanced CT demonstrates small distal stone (arrow) that 
was not identified prospectively. 


termination of a dilated distal CBD without visible surrounding 
mass or biliary dilation. 168 By use of these criteria, 76% of stones 
were detected in one series. 168 The investigator fo und that 
abrupt termination of the CBD without soft tissue mass was 
most often associated with pancreatic carcinoma; CBD stones 
manifested either as a densely calcified object or as a target sign. 

CT cholangiography is redefining the role of CT as a tech- 
nique for visualizing the biliary tract and choledocholithiasis. 
MDCT is performed after indirect opacification of the biliary 
tract with oral or intravenous iodinated cholangiographic 
agents. 175,176 Improved z-axis resolution is achieved with multi- 
detector array scanners and high-resolution reconstructions of 
the biliary tract. In one series, CT cholangiography was 
shown to provide excellent visualization of biliary anatomy and 


filling defeets, with 95% sensitivity for choledocholithiasis. 178 
Other more recent series also show promise of these techniques 
in evaluation of choledocholithiasis. 179 182 A major drawback of 
this technique is the associated risk of allergic reactions induced 
by contrast material. 183 At the author s institution, this tech¬ 
nique is currently used primarily to define donor biliary 
anatomy before liver transplantation and does not play a role 
in evaluation of choledocholithiasis. 

Magnetic Resonance Imaging 

MRCP was introduced in the 1990s as a noninvasive and low- 
risk technique to evaluate the biliary system and is an excellent 
modality for the detection of CBD stones. 184,185 Reported sensi¬ 
tivity, specificity, and accuracy of MRCP for choledocholithiasis 
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Figure 77-39 Choledocholithiasis: CT 
appearance. A. There are multiple small stones in 
galIbladder with dilation of CBD ( arrow ). B. More 
caudal image demonstrates small stone at level of 
ampulla (arrow). C. Coronal reformatted image 
shows CBD stone (arrow). 


9 




Figure 77-40 Choledocholithiasis: various 
appearances at CT. A. Calcified stone (arrow) in 
CBD. B. Rim calcified stone (arrow) in CBD. There 
is peripancreatic inflammatory change (arrowhead) 
due to acute pancreatitis. C. Soft tissue density 
noncalcified stone (arrow) in CBD with low-density 
crescent of bile. 
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range from 85% to 100%, 90% to 90%, and 89% to 97%, respec- 
tively. 186,187 MRCP has been shown to be more sensitive than 
ultrasound and CT 21 for the detection of CBD stones and is 
highly accurate for the detection of CBD stones in patients with 
symptomatic gallstones. 187 The MRCP technique is discussed 
more fully in Chapter 75. 

Thin-slice (3 or 4 mm) half-Fourier acquisition single-shot 
turbo spin-echo (HASTE) sequences, also referred to as half- 
Fourier rapid acquisition with relaxation enhancement (RARE), 
allow rapid acquisition, with imaging of the biliary tract in a 
single breath hold, decreasing motion artifact. 186,188-190 Conven- 
tional unenhanced TI- and T2-weighted MR images are 
also usually performed. Gadolinium-enhanced images are 
helpful if neoplasm or inflammatory disease is suspected. 190 
High-resolution fat-suppressed Tl-weighted three-dimensional 
gradient-echo sequences allow high-resolution images of the 
biliary tree that can be reconstructed in any plane. Additional 
techniques include the use of contrast agents that are taken up 
by hepatocytes and excreted through the biliary system, such as 
manganese dipyridoxyl diphosphate, and the use of oral con¬ 
trast agents, such as ferumoxsil (GastroMark; Mallinckrodt, 
Maryland Heights, MO), or diluted intravenous contrast mate- 
rial, such as gadopentetate dimeglumine (Magnevist; Berlex 
Laboratories, Wayne, NJ). Pineapple juice, which has a high 
manganese content, can also be used to decrease signal from 
hyperintense bowel fluid. 186 Recently, three-dimensional 
T2-weighted turbo spin-echo is also promising and offers 
improved anatomic accuracy, higher signal-to-noise ratio, and 
thinner sections without gaps. 191-193 When it is combined with 
new techniques, such as parallel acquisition technique, data 
acquisition time is shortened while spatial resolution and con¬ 
trast are retained. 194 Faster gradients and navigator-based respi- 
ratory triggering also allow improved image quality. 

AT MRCP, stones will generally appear as well-circumscribed 
low signal intensity filling defects in the biliary tract (Fig. 
77-41). MRCP can detect stones as small as 2 mm 21 and may be 
a helpful adjunct to ultrasound and CT when biliary calculi are 
suspected but not defmitively visualized (Fig. 77-42). MRCP 
may also be helpful if a noncalcified stone is difficult to dif- 
ferentiate from a soft tissue mass. Diagnostic pitfalls include gas, 


biood, and other abnormality within the duet simulating stones 
as well as signal loss due to surgical clips after cholecystectomy. 
High signal from adjacent fluid collections, ascites, or edema 
may also interfere with biliary signal. Pseudo-obstruction of the 
extrahepatic bile duet may be caused by arterial pulsatile com- 
pression, most commonly at the common hepatic duet, by the 
right hepatic artery, 195 and flow artifacts may mimic filling 
defects. 196 It is important to review coronal source and trans¬ 
verse T2-weighted images to avoid these pitfalls. 

Intrahepatic Biliary Calculi 

RECURRENT PYOGENIC CHOLANGITIS 

The presence of calculi within the intrahepatic bile duets is 
uncommon in patients with gallstones. This can occur in the 
setting of biliary strictures with long-standing obstruction, such 
as after biliary surgery or in the setting of Carolis disease. 197 In 
the Asian population, the most common entity associated with 
the formation of primary intrahepatic stones is recurrent pyo- 
genic cholangitis, also referred to as Oriental cholangiohepati- 
tis. This is an endemic disease in Southeast Asia that is more 
frequently encountered in the United States because of inereased 
immigration from Asia. 198,199 The hallmark features of this dis- 
order include pigment stone formation within the intrahepatic 
and extrahepatic bile duets, stricture development, and biliary 
dilation. This disorder is characterized clinically by recurrent 
attacks of fever, chilis, jaundice, and abdominal pain. The cause 
of this disorder is not entirely clear, although it is postulated 
that infeetion of the biliary tract with parasitic organisms such 
as Clonorchis sinensis results in biliary stasis and stone forma¬ 
tion. Ultimately, there is progression to stricture formation, 
biliary obstruction, and hepatic cirrhosis with an inereased risk 
of cholangiocarcinoma. 

IMAGING 

Although imaging of this disorder has traditionally been per¬ 
formed with invasive cholangiographic methods, noninvasive 
cross-sectional imaging techniques, including CT, ultrasound, 



Figure 77-41 Choledocholithiasis: MR findings. A. T2-weighted coronal HASTE image shows low signal intensity CBD stones ( arrows ). 
B. Two-dimensional thick-slab image demonstrates stones (arrows). 
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Figure 77-42 Choledocholithiasis: imaging features. An 80-year-old woman with right upper quadrant pain. A. CT shows small density 
suggestive of stone in distal CBD (arrow). B. Coronal T2-weighted HASTE MR image confirms the presence of stones in the distal duet ( arrow). 
C. Stones (arrow) demonstrated on two-dimensional thick-slab MR image. D. ERCP confirms stone (arrow). Sphincterotomy and stone retrieval 
were performed. 


and MRI, now play a more important role. 200 ' 204 Ultrasonogra- 
phy is usually the initial imaging modality and demonstrates 
intrahepatic and extrahepatic biliary dilation, with intrahepatic 
stones that may or may not shadow (Fig. 77-43A). A nonshad- 
owing stone may mimic an echogenic soft tissue mass. CT pro- 
vides more complete evaluation of the full extent of disease and 
associated complications, such as liver abscess and panereatitis 
(Fig. 77-43B). CT can be particularly helpful if the patient has 
already undergone biliary enteric bypass surgery, in which case 
associated pneumobilia may obscure Åndings at sonography. 
Noncontrast images may be helpful to identify noncalcified 
pigment stones that are soft tissue density 200 (Fig. 77-44). The 
use of intravenous contrast agents allows better detection of 
complications, such as cholangitis, with improved visualization 
of ductal wall and periductal enhancement indicating active 
infeetion or inflammation 2 52 as well as abscess formation (Fig. 
77-45). The leff hepatic lobe, particularly the lateral segment, 
most often shows biliary dilation and stone disease. This is 
an important distinguishing feature of this disorder. Chronic 
Åndings include segmental lobe atrophy involving the lateral 
leff lobe, portal vein thrombosis, and ultimately changes of 


cirrhosis. Hepatic atrophy has been shown to correlate with 
portal vein occlusion and is usually most prominent in the 
lateral segment of the lefl lobe. 205 MR and MRCP methods have 
also proved useful in the identification of intrahepatic biliary 
calculi and associated parenchymal abnormalities. 201 

Other Conditions Related 
to Gallstones 

SPILLED GALLSTONES AFTER LAPAROSCOPIC 
CHOLECYSTECTOMY 

Gallbladder perforation during laparoscopic cholecystectomy is 
reported to occur in 10% to 40% of cases, with spillage of gall¬ 
stones occurring less frequently, approximately 6% to 8% of the 
time. 206 This complication occurs more frequently during 
surgery for an acutely inflamed gallbladder and may occur 
during dissection of the gallbladder from the hepatic bed or 
removal through the umbilical incision. Late abscess formation 
due to spilled stones is rare, with an incidence of less than 
1%, 207 209 occurring more frequently when spillage of both bile 
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Figure 77-43 Recurrent pyogenic cholangitis. A. Hepatic ultrasound demonstrates cast of stones in intrahepatic duets of left lateral segment 
( arrows). These appear as echogenic material with posterior acoustic shadowing. B. Contrast-enhanced CT demonstrates soft tissue density 
material in dilated duets ( arrows ) corresponding to pigment stones. The lateral segment is primarily involved, a typical feature of recurrent 
pyogenic cholangitis. 



Figure 77-44 Recurrent pyogenic cholangitis: Utility of noncontrast CT. A. Precontrast CT scan shows cast of stones in dilated intrahepatic 
duets (arrows). B. After intravenous administration of contrast material, stones are less conspicuous. 



Figure 77-45 Recurrent pyogenic cholangitis with abscess. A. CT scan obtained during portal venous phase demonstrates stones in dilated 
intrahepatic duets of left lateral segment (black arrows). There is an abscess with fluid attenuation in the liver parenchyma (white arrow). B. Scan 
obtained during the arterial phase demonstrates inereased contrast enhancement around the abscess (arrow) related to hyperemia (transient 
hepatic attenuation difference). 
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and calculus occurs. Infectious complications are more likely to 
occur with bilirubinate stones because they contain viable bac- 
teria. The spilled stones may remain in the peritoneal cavity 
adj acent to the liver and cause a subhepatic abscess or abscess 
in the retroperitoneum below the subhepatic Space. However, 
because of pneumoperitoneum and peritoneal irrigation at the 
time of laparoscopy, stones may also migrate to distant sites. 
More unusual locations for abscess formation include the 
pleural Space, the abdominal wall at the trocar site, and within 
an incisional hernia. Because of the indolent nature of the infec- 
tion, the time interval for presentation after surgery is variable, 
ranging from 1 month to 10 years, with a reported peak inci- 
dence around 4 months. 206 The patient usually presents with 
vague constitutional symptoms, such as nausea, anorexia, and 
low-grade fever. 

Ultrasound, CT, and MRI are effective in identifying the 
abscess and associated dropped gallstones. The abscess appears 
as a thick-walled fluid collection, most commonly located pos- 
terior to the right lobe of the liver (Fig. 77-46). Stones appear 
as echogenic foci on ultrasound and as calcified densities at CT. 
At MRI, stones may be identified as low signal intensity foci on 
T2-weighted images. In a series of five patients by Mor rin and 
associates, 210 the diagnosis of abscess formation secondary to 
dropped stones was made in only two of five patients prospec- 
tively by a combination of imaging modalities. In retrospect, 
however, the diagnosis could be made in all patients. Recogniz- 
ing the history of prior laparoscopic cholecystectomy and 
careful search for spilled stones, particularly when an abscess is 
identified in the subhepatic Space, are important in making the 
diagnosis. The abscess may be misdiagnosed as tumor or abscess 
from another cause if the stones are not radiopaque or not 
recognized or if they are located in an atypical location (Fig. 
77-47). If stones are fo und in other locations, such as the pelvis, 
the presence of clips in an otherwise empty gallbladder fossa 
may help confirm the diagnosis (Fig. 77-48). Surgical or percu- 
taneous removal of the stones is necessary for complete cure as 
infected stones cannot be sterilized with antibiotic therapy. 2 1,212 

MIRIZZI SYNDROME 

Mirizzi syndrome refers to common hepatic duet or CBD 
obstruction due to extrinsic compression from an impacted 
gallstone in the gallbladder neck or cystic duet or from associ¬ 


ated inflammatory changes. This may be complicated by a 
cholecystocholedochal fistula. 213 215 Mirizzi syndrome is an 
uncommon complication of long-standing cholelithiasis; the 
usual clinical presentation is recurrent episodes of jaundice and 
cholangitis. This syndrome is reported in up to 2% of patients 
operated on for symptomatic gallstone disease. 216 Preoperative 
diagnosis is important because standard cholecystectomy tech- 
nique is associated with an inereased risk of extrahepatic bile 
duet injury secondary to dense fibrosis and edema around the 
hepatoduodenal ligament. 17 

Mirizzi syndrome may be diagnosed with ultrasound, CT, 
or MRI. 218,219 The hallmark is intrahepatic biliary dilation and 
dilation of the common hepatic duet to the level of the porta 
hepatis with normal caliber of the more distal CBD. A stone 
may be identified in the gallbladder neck or cystic duet (Fig. 
77-49). Multiplanar reconstruction imaging with either CT or 
MR can be particularly helpful to identify the extrinsic nature 
of the obstruction. MRI has been proposed as most useful for 
demonstrating dilation of the intrahepatic duets, level of 
obstruction, and location of gallstones. 219 

GALLSTONE ILEUS 

Gallstone ileus is mechanical obstruction of the bowel by an 
impacted gallstone and results from perforation of the gallblad¬ 
der and fistula formation between the gallbladder and an adja- 
cent viscus. Fistula formation most commonly occurs between 
the gallbladder and duodenum, followed by the colon and 
stomach. 3,220 Obstruction usually occurs in the small intestine 
when a gallstone larger than 2.5 cm lodges in the lumen. The 
most common sites of gallstone impaction are the ileum (54%- 
65%), the jejunum (27%), and the duodenum (l%-3%). 2 The 
term Bouveret’s syndrome refers to proximal gallstone impaction 
resulting in duodenal or pyloric obstruction. Gallstone ileus 
accounts for approximately 1% to 5% of all cases of nonmalig- 
nant small bowel obstruction, inereasing up to 25% in patients 
older than 65 years. 221 

Less than half of patients presenting with gallstone ileus have 
a known history of preexisting gallbladder disease. Patients 
usually present with clinical symptoms of bowel obstruction, 
and abdominal radiography may be the initial imaging study 
performed. The classic triad of Åndings, referred to as Riglers 
triad, 222 includes presence of bowel obstruction, pneumobilia, 



Figure 77-46 Spilled 
gallstones after laparoscopic 
cholecystectomy. A. Contrast- 
enhanced CT obtained before 
surgery demonstrates multiple 
calcified stones in thick-walled 
gallbladder (arrow) with 
pericholecystic fluid, indicating 
acute cholecystitis. B. CT 
obtained 1 year after 
cholecystectomy when the patient 
returned with right upper 
quadrant pain demonstrates 
abscess posterior to the right 
hepatic lobe containing spilled 
stones ( arrows ). 
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Figure 77-47 Spilled gallstones after 
laparoscopic cholecystectomy with perinephric 
abscess. A. Initial contrast-enhanced CT 
demonstrates multiple calcified stones in 
gallbladder neck (arrow). B. Six months after 
laparoscopic cholecystectomy, the patient 
returned with right upper quadrant and flank pain. 
An abscess with retained stones (arrow) is 
identified posterior to the right hepatic lobe. 

C. Stones had also migrated to perinephric space 
(arrow), causing a perinephric abscess. 



Figure 77-48 Spilled gallstones after laparoscopic cholecystectomy with stones located in the pelvis. A. Contrast-enhanced CT 
demonstrates two partially calcified stones in the pelvis (arrows). A surgical clip is also noted. B. Clips are present in the otherwise empty 
gallbladder fossa, compatible with prior cholecystectomy. 
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Figure 77-49 Mirizzi syndromer imaging features. 

A. Ultrasound demonstrates large gallstone in 
gallbladder neck (arrow) associated with intrahepatic 
biliary dilation ( arrowhead). B. Axial T2-weighted 
HASTE MR image demonstrates the large stone in the 
gallbladder neck (arrow) as well as the intrahepatic 
biliary dilation. C. Coronal T2-weighted HASTE MR 
image demonstrates stone (arrow), which is located 
outside of the CBD (arrowhead). 


and the obstructing gallstone. However, this is visualized in only 
30% to 35% of patients 223 (Fig. 77-50). CT is frequently used to 
evaluate patients with bowel obstruction to confirm diagnosis, 
to determine etiology of obstruction, and to evaluate for com- 
plications. CT is superior to plain abdominal radiography for 
visualization of the obstructing gallstone and detection of small 
amounts of gas in the gallbladder and biliary tree 221,224-226 (Fig. 
77-51). The cholecystenteric fistula may also be demonstrated. 
Cholecystenteric fistula may develop in the absence of gallstone 
ileus, usually resulting from chronic gallbladder inflammation. 
CT findings include a contracted gallbladder containing air 
and visualization of a fistulous track (Fig. 77-52). 

Hyperplastic Cholecystoses 

The term hyperplastic cholecystoses was introduced in 1960 by 
Jutras 22 to designate a Spectrum of gallbladder abnormalities 
separate from inflammatory disease. Hyperplastic refers to a 
benign proliferation of normal tissue elements, and cholecysto¬ 
ses are pathologic processes distinet from inflammation. The 
two major conditions within this Spectrum of disorders are 
cholesterolosis and adenomyomatosis. 

CHOLESTEROLOSIS 

Pathogenesis and Epidemiology 

Cholesterolosis results from the accumulation of neutral 
lipid, in particular cholesterol esters and triglyceride, within 


macrophages in the lamina propria of the gallbladder. 2 The 
cholesterol is probably deposited in the epithelium initially, 
accumulates in the lamina propria, and subsequently is taken 
up by the macrophages. 228 The accumulation of lipid creates 
yellow excrescences on the surface of the mueosa that can be 
seen by the naked eye. Associated hyperemia of the mueosa 
gives the appearance of a strawberry, and the term strawberry 
gallbladder has been used to describe the appearance of the 
gallbladder in this disorder. 2 " The pathogenesis of this disorder 
is not completely understood. Altered hepatic cholesterol syn- 
thesis may play an etiologic role leading to inereased cholesterol 
levels in the bile. Impaired cholesterol transport out of the 
mueosa may also play a role. This disorder is not associated with 
cholesterol gallstones, hyperlipidemia, or atherosclerosis. There 
may be an inereased incidence of gallstones, present in 50% in 
one surgical series. 2 In an autopsy study involving 1319 cases, 
there were 165 cases of cholesterolosis for an incidence of 
12.5%. 232 There are no specific clinical findings, and presenta- 
tion is usually the result of a complicating disorder, such as 
cholelithiasis or cholecystitis. 

On pathologic examination, cholesterolosis is defined by the 
deposition of lipid within the gallbladder mueosa in one of four 
patterns: (1) diffuse involvement (80%); (2) cholesterol polyps 
resulting from focal excrescences of lipid-containing epithelium 
projecting in to the gallbladder lumen, usually measuring 2 to 
10 mm; (3) combined diffuse and polypoid form (10%); and 
(4) focal cholesterolosis with only a portion of the gallbladder 
affeeted. 233 Cholesterol polyps account for 60% to 90% of 
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Figure 77-50 Gallstone ileus: Bouveret's syndrome. A. Abdominal radiograph demonstrates dilated, gas-filled stomach (S). Rounded calcified 
density ( arrowhead) represents a large stone in the region of the distal gastric antrum. There is pneumobilia ( arrow). The presence of bowel 
obstruction, pneumobilia, and obstructing gallstone constitutes Rigler's triad. B. Oral and intravenous contrast-enhanced CT demonstrates 
distended, contrast-filled stomach (g) consistent with gastric outlet obstruction. There is oral contrast material and bubbles of air in gallbladder 
fossa (arrow) consistent with cholecystenteric fistula. C. Slightly more inferior CT image demonstrates large obstructing gallstone (arrow) within 
the proximal duodenum. Air is also present in the CBD ( arrowhead). D. Upper gastrointestinal series demonstrates stone as large filling defect 
that has migrated to duodenal-jejunal junction (white arrow). Fistula between the gallbladder and proximal duodenum is also demonstrated 
(black arrow). 


gallbladder polyps and are not true neoplasms. 2 They may be 
solitary but are most commonly multiple. At histologic evalua- 
tion, the polyp has a vascular connective tissue stalk and a 
branching villous or complex papillary pattern; however, foamy 
macrophages within the lamina propria are the dominant cel¬ 
lular component. 

Imaging 

The diffuse form of cholesterolosis cannot be diagnosed at 
imaging. Traditionally, oral cholecystography was used to diag¬ 
nose the polypoid variety, which appears as numerous fixed 
filling defects in the lumen of the gallbladder. As this technique 
is no longer widely performed, Åndings are now apparent pri- 
marily at sonography. Cholesterol polyps may appear as single 
or multiple nonshadowing foci adherent to the gallbladder wall 
and projecting into the gallbladder lumen (Fig. 77-53). Gall¬ 
bladder polyps may also be visible at CT (Fig. 77-54). It is 
estimated that polypoid lesions of the gallbladder are seen in 
approximately 1.4% to 7% of the adult population undergoing 
abdominal sonography. 2 " 4 2 5 When polypoid lesions in the gall¬ 
bladder are identified at either ultrasound or CT, small (<1 cm) 
and multiple, the diagnosis of benign cholesterol polyps is most 
likely. 23 The management of gallbladder polyps detected at 


imaging remains somewhat controversial. Initial 3- to 6-month 
ultrasound follow-up can be performed for 1 to 2 years to 
ensure stability, and this approach has been advocated by many. 
A study evaluating 346 patients with incidentally detected gall¬ 
bladder polyps at ultrasound with ultrasound follow-up in 149 
patients, 42 patients with cholecystectomy, and 155 patients 
with clinical follow-up concluded that the incidence of neo- 
plasm in gallbladder polyps 6 mm or smaller is negligible and 
that these polyps require no further follow-up. Others have 
proposed that follow-up may not be necessary for polyps of 
5 mm or smaller. However, when polyps are single, are larger 
than 10 mm, are sessile, occur in individuals older than 50 years, 
or demonstrate interval increase in size during surveillance, 
differentiation from other polypoid neoplasms such as adeno- 
mas or primary or metastatic neoplasm is not possible and 
surgical evaluation may be required. 238 ' 240 In a surgical series of 
gallbladder polypoid lesions, with use of size larger than 10 mm, 
a 100% sensitivity and 86.95% specificity in the diagnosis of 
malignant disease were achieved. 241 A more recent surgical 
series recommended that ultrasound size larger than 9 mm, 
ultrasound suggestion of invasion at the liver interface, and wall 
thickening of more than 5 mm, especially in the presence of 
gallstones, should increase suspicion of malignant disease. 235 






77 Cholelithiasis, Cholecystitis, Choledocholithiasis, and Hyperplastic Cholecystoses 1381 




Figure 77-51 Gallstone ileus. A. CT demonstrates 
dilated fluid-filled small bowel (s). There is a partially 
calcified gallstone at the point of transition in the right 
lower quadrant ( arrow). B. CT image of upper abdomen 
demonstrates collapsed galIbladder (arrow). The stomach 
(s) is dilated and fluid filled. C. Slightly more inferior image 
demonstrates air in the CBD (arrow). 



Figure 77-52 Cholecystoduodenal fistula secondary to chronic cholecystitis. A. CT demonstrates contracted gallbladder containing air 
(black arrow). There is also air in the CBD (white arrow). B. Upper gastrointestinal series demonstrates fistula between gallbladder and proximal 
duodenum (arrow). 


ADENOMYOMATOSIS 

Pathogenesis and Epidemiology 

Adenomyomatosis of the gallbladder, also referred to as 
adenomyomatous hyperplasia and intramural diverticulosis, 
is an acquired, hyperplastic lesion of the gallbladder char- 
acterized by excessive proliferation of surface epithelium with 
invaginations into the thickened, hypertrophied muscularis 


propria. 233 The intramural diverticula formed by epithelial 
invaginations into the muscularis are referred to as Rokitansky- 
Aschoff sinuses (RAS), and dilated RAS are a prominent 
feature of this disorder. The pathophysiologic mechanism of 
this disorder is not entirely certain. It is not usually associ- 
ated with cholesterolosis, indicating a separate pathophysi¬ 
ologic process. Pathogenesis has been postulated to result 
from mechanical obstruction of the gallbladder (from stones, 
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Figure 77-53 Cholesterol polyps: ultrasound and pathology findings. A. Sagittal ultrasound image demonstrates two echogenic 
nonshadowing fod ( arrows ) adherent to the posterior wall of the gallbladder (g), consistent with cholesterol polyps. B. Specimen image in a 
different patient demonstrates a diffuse granular pattern of cholesterolosis with several cholesterol polyps. 



Figure 77-54 Cholesterol polyp: CT. CT demonstrates polypoid 
excrescence arising from the gallbladder wall ( arrow). 


cystic duet kinking, or congenital septum), chronic inflam¬ 
mation, and anomalous pancreaticobiliary ductal union. 
The functional obstruction to bile outflow causes inereased 
pressure within the gallbladder lumen and results in invagi- 
nation of the mueosa through the muscularis, forming the 
dilated RAS. The reported incidence of adenomyomatosis in 
cholecystectomy specimens is up to 8%. 242 The association 
of this disorder with clinical findings is controversial. The 
disorder may be asymptomatic or associated with symptoms 
of chronic cholecystitis. More than 90% of cases are associ¬ 
ated with gallstones, which may be responsible for biliary 
symptoms. 2 Adenocarcinoma of the gallbladder has been found 
in association with adenomyomatosis; however, a causal link 
has not been established. 233 In a surgical series of 3000 resected 
gallbladders, there was a higher frequency of gallbladder car- 
cinoma (6.4%) in gallbladders with segmental adenomyoma¬ 
tosis than in those without. 

Adenomyomatosis may be generalized, segmental, or 
focal, and the focal form is most common. 243 Diffuse adeno¬ 
myomatosis causes thickening and irregularity of the mueosa 


and muscle layer with associated RAS, which on gross 
inspection appear as collections of bile in the gallbladder 
wall. In the segmental or annular form, a focal circumfer- 
ential stricture divides the gallbladder lumen into separate 
compartments. The focal form, which causes a focal mass 
or nodule, usually is fundal in location, frequently referred 
to as an adenomyoma. 

Imaging 

In the past, oral cholecystography played an important role in 
the diagnosis of adenomyomatosis. 2 The hallmark of this dis¬ 
order is the filling of intramural diverticula with contrast mate- 
rial, which are manifested as radiopaque dots that parallel the 
gallbladder lumen. In the fundal form, findings may mimic a 
polyp or other mass. The segmental form may be manifested as 
circumferential narrowing of the lumen. 

Ultrasound. The ultrasound findings in adenomyomatosis 
have been well described and include diffuse or segmental 
thickening of the gallbladder wall and anechoic intramural 
diverticula. 244 ' 247 Biliary sludge or gallstones within the diver¬ 
ticula may appear as echogenic fod. 2 21 A V-shaped reverbera- 
tion or comet-tail artifact may emanate from small cholesterol 
stones that are lodged in the RAS (Fig. 77-55). This artifact is a 
result of sound reverberating within or between cholesterol 
crystals and helps differentiate gallbladder wall thickening 
related to adenomyomatosis from other abnormalities (Fig. 
77-56A). The use of high-resolution transducers has been 
shown to inerease detection of intramural cysts or echogenic 
foci, enabling a more confident diagnosis of adenomyomato¬ 
sis. 24 An additional diagnostic clue is the presence of color 
Doppler twinkling artifacts in the gallbladder wall that probably 
result from calcifications or cholesterol depositions with rough 
interfaces present in the RAS 249,250 (see Fig. 77-55C, D). This 
feature may be better demonstrated with a lower frequency 
transducer/ If these features are not identified, there may be 
nonspecific thickening of the gallbladder wall. This mural thick¬ 
ening may be indistinguishable from acute or chronic cholecys¬ 
titis or gallbladder carcinoma on the basis of imaging; therefore, 
knowledge of the clinical setting is essential. The segmental 
form of adenomyomatosis results in annular narrowing, usually 
of the body of the gallbladder, with resulting compartmental- 
ization or segmentation of the gallbladder lumen. In this setting, 
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Figure 77-55 

Adenomyomatosis: ultrasound 
and pathologic features. 

A. Ultrasound demonstrates 
multiple comet-tail artifacts 
( arrows ) arising from the wall of 
the galIbladder (g). B. Histologic 
specimen in a different patient 
demonstrates debris in a 
Rokitansky-Aschoff sinus. 

C. Comet-tail artifacts are 
present only in the superior 
aspect of the gal Ibladder in this 
patient with segmental 
adenomyomatosis (arrows). 

D. Color Doppler demonstrates 
twinkle artifact (arrows). 




Figure 77-56 Diffuse adenomyomatosis. 

A. Ultrasound demonstrates diffuse thickening of 
gal Ibladder (g). There are echogenic foci in the 
wall (arrow) with associated comet-tail artifact. 

B. Contrast-enhanced CT demonstrates thickening 
gal Ibladder wall (arrow) with intramural regions of 
low attenuation. C. Axial T2-weighted HASTE image 
demonstrates thickened gal Ibladder wall with 
multiple high signal intensity areas (arrows) 
corresponding to the dilated Rokitansky-Aschoff 
sinuses. 
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the fundal compartment may be overlooked. Stones are often 
trapped within this fundal compartment and are not readily 
visualized. Again, if the reverberation artifact is not observed, 
this focal mural thickening may be indistinguishable from gall¬ 
bladder carcinoma (Fig. 77-57A). The focal form of adenomyo- 
matosis most commonly appears as a sessile, polypoid mass in 
the region of the fundus, protruding into the gallbladder lumen 
(Fig. 77-58A). This may mimic other gallbladder masses, includ- 
ing neoplasm. Coexisting gallstones are a frequent Ånding, with 
increased incidence in patients with the segmental form. 252 

Computed Tomography. On CT, the diffuse form of gallblad¬ 
der adenomyomatosis is manifested with gallbladder wall thick¬ 
ening and visualization of intramural diverticula 245,253,254 (see 
Fig. 77-56B). The segmental and focal forms can be particularly 
difficult to differentiate from carcinoma because they appear as 


focal thickening of the gallbladder wall or a fundal intraluminal 
mass (Figs. 77-57B and 77-58B). A study addressing the CT 
differentiation of adenomyomatosis and gallbladder cancer 
concluded that the diagnosis of adenomyomatosis can be made 
with reasonable accuracy when diffuse or focal thickening of 
the gallbladder wall is seen in association with small cystic- 
appearing spaces. 255 In this study, specificity for diagnosis of 
adenomyomatosis ranged from 79% to 93%. When the Åndings 
at CT are not diagnostic, follow-up with ultrasound is neces- 
sary. The advantage of ultrasound is that the reverberation arti¬ 
fact related to the RAS may be demonstrated. This Ånding is 
not seen with adenocarcinomas. However, small RAS may be 
overlooked. 253 

Magnetic Resonance Imaging. MR has been shown to 
serve as a helpful problem-solving tool in patients with 




Figure 77-57 Annular/segmental adenomyomatosis. A. Sagittal ultrasound image of 
the gallbladder (g) demonstrates focal thickening in the midportion of the gallbladder 
(arrow), resulting in compartmentalization. Echogenic foci with ring-down artifact are 
noted at this location, which helps exclude other causes of focal gallbladder wall 
thickening, such as carcinoma. B to D. Sequential CT images in a second patient from 
the level of the gallbladder fundus to neck demonstrate focal mural thickening at the 
midportion of the gallbladder in the area of focal adenomyomatosis ( white arrow). There 
are two compartments of the gallbladder: one in the region of the fundus ( black arrow), 
and one in the region of the neck ( arrowhead). E. Coronal T2-weighted HASTE image in 
a third patient demonstrates compartmentalization of the gallbladder with annular 
narrowing at midportion, resulting in two compartments ( arrowhead and black arrow). 
Low signal intensity filling defect in the fundal compartment ( arrowhead) corresponds to 
a trapped stone in the fundal compartment. At point of narrowing, there are high signal 
intensity foci ( white arrow) corresponding to the dilated Rokitansky-Aschoff sinuses. 
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Figure 77-58 Focal fundal adenomyomatosis. 

A. Sagittal ultrasound image of the gallbladder (g) 
demonstrates focal fundal thickening [arrow) with 
multiple comet-tail artifacts. B. CT in a different patient 
demonstrates a nodule (arrow) in the region of the 
fundus of the gallbladder (g). There is a low-attenuation 
area centrally corresponding to dilated Rokitansky- 
Aschoff sinus. C. Coronal T2-weighted HASTE MR image 
in a third patient demonstrated multiple high signal 
intensity foci (arrow) in the region of the fundus of the 
gallbladder (g) corresponding to the dilated Rokitansky- 
Aschoff sinus. This has been referred to as the string of 
pearls sign. 


gallbladder adenomyomatosis. 64 The demonstration of RAS 
on T2-weighted images is critical in diagnosis of this disor- 
der." These appear as high signal intensity foci in the gall¬ 
bladder wall (Figs. 77-56C, 77-57E, and 77-58C). In a study 
comparing ultrasound, CT, and MRI, MRI using a half- 
Fourier RARE sequence was superior to helical CT and trans- 
abdominal ultrasound in establishing the diagnosis of 
adenomyomatosis. Helical CT showed most lesions as a thick- 
ened wall or mass, with limited ability to delineate the RAS. 
MRI was found to have an accuracy of 93% versus 75% for 
CT and 66% for ultrasound. MRI offers more complete visu- 
alization of the gallbladder and more definitive identification 
RAS. Yoshimitsu and colleagues 256 also found a higher sensi- 
tivity of MRI for detection of the RAS in the thickened gall¬ 
bladder wall and referred to this finding as the “string of 
pearls” sign (see Fig. 77-58C). The specificity of this sign for 
adenomyomatosis is 92%, helpful in the differentiation from 
gallbladder carcinoma, in which this sign is never observed. 
If Åndings on ultrasound are equivocal, MR with MRCP is 
the next best test. There is an increased incidence of gallblad¬ 
der carcinoma reported in patients with segmental adeno¬ 
myomatosis 242 ; therefore, these patients should be closely 
observed. 

Acute cholecystitis may occur in a gallbladder with ade¬ 
nomyomatosis, and there may be overlap in imaging fea¬ 
tures, such as wall thickening. If ultrasound findings are 
equivocal, cross-sectional imaging with CT or MR, which 


may demonstrate additional features, such as hyperemia in 
the adjacent liver, may be used as a problem-solving tool 
(Fig. 77-59). 

Milk of Calcium Bile 

When the cystic duet is obstructed by a gallstone, the gallblad¬ 
der may become chronically inflamed, filling with a putty-like 
material consisting of calcium carbonate. This dense material 
can be visualized on abdominal plain films (Fig. 77-60) 
and CT. 

Gallbladder Hydrops 

Massive enlargement of the gallbladder can develop proximal 
to an obstructing stone in the gallbladder neck or cystic duet. 
If there is no supervening infeetion, the gallbladder lumen 
becomes progressively distended from the accumulation of 
sterile mueus secreted by the epithelial cells (Fig. 77-61). The 
patient usually has few symptoms but may have chronic right 
upper quadrant discomfort. A right upper quadrant mass may 
be palpable. 

Plain radiographs may show a right upper quadrant mass 
indenting the lateral border of the duodenum. Sonography 
shows a distended gallbladder (>5 cm) with a biconvex shape 
and normal wall thickness. Sludge may be present. CT shows 
lumen distention and normal mur al thickness. 
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Figure 77-59 Segmental adenomyomatosis with associated acute cholecystitis. A. Contrast-enhanced CT demonstrates focal gallbladder 
wall thickening and stone in the fundal compartment (arrow). B. There is hyperemia in the adjacent liver, compatible with active inflammation, 
helping to confirm diagnosis of acute cholecystitis (white arrow). The inferior portion of the gallbladder demonstrates normal wall thickness (black 
arrow). 



Figure 77-61 Hydrops of gallbladder: gross specimen. 
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Interventional radiology continues to play a key role in the 
management of patients with gallbladder and biliary tract 
disease. Advances in techniques and technologies have improved 
patient care with the availability of minimally invasive proce¬ 
dures that include percutaneous drainage, biopsy, and stone 
removal. Diagnostic procedures include percutaneous transhe¬ 
patic cholangiography and intraluminal biopsy. Therapeutic 
procedures include percutaneous drainage-decompression of 
the biliary tree or gallbladder, dilation of a bile duet stenosis or 
surgical anastomosis, placement of endobiliary plastic or metal - 
lic stents, removal of gallstones, and, finally, percutaneous intra¬ 
luminal treatment of biliary tumors. This chapter reviews the 
indications, techniques, outeomes, and recent advances of these 
interventional procedures in a multidisciplinary setting. 

Preprocedural Management 

The interventionalist should be familiar with the patient’s 
history, notably previous interventions including surgery. A 
recent physical examination is useful in evaluating the patient’s 
general condition and is necessary if moderate conscious seda- 
tion is being used, in which case the patient should be fasting 
for at least 6 hours. Review of previous imaging is also helpful 
for clarification of anatomy and prior procedures. 

The clinical practice guidelines of the Society of Interven¬ 
tional Radiology attempt to define practice principles that 
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generally should assist in producing high-quality medical care. 
The membership of the Society of Interventional Radiology 
Standards of Practice Committee represents experts in a broad 
Spectrum of interventional procedures from both the private 
and academic sectors of medicine, and as such they represent a 
valid expertise on preprocedural coagulation status and antibi- 
otic prophylaxis. 

A platelet count of 50,000/pL or lower requires a platelet 
infusion at the time of the interventional procedure. 1 We gener¬ 
ally prefer a prothrombin time of 18 seconds or less and will 
recommend administration of vitamin K and fresh frozen 
plasma in the nonacute and acute settings, respectively, to 
achieve this. Cessation of warfarin and clopidogrel is recom- 
mended for 4 to 5 days before the procedure. Unfractionated 
heparin should be stopped at least 4 hours and low-molecular- 
weight heparin should be stopped at least 12 hours in advance 
of the procedure. 2 

Although the risk is low in nonobstructed ductal systems, 
infeetion is a significant contributor to morbidity and mortal- 
ity, particularly in elderly or immunocompromised patients 
with gallbladder and hepatobiliary disease. We recommend pro- 
phylactic intravenous antibiotics in all patients undergoing pro¬ 
cedures with few exceptions. 3 Our prefer red antibiotics are 1 g 
of ceftriaxone and 1.5 to 3 g of ampicillin/sulbactam. The hos¬ 
pital pharmacy and the infeetious disease service are useful 
resources for appropriate antibiotic use. 

Preprocedural verification and skin marking should be 
standard as part of the Universal Protocol. 4 The Universal 
Protocol was created to address the continuing occurrence of 
wrong site, wrong procedure, and wrong person surgery in Joint 
Commission-accredited organizations. The three principal 
components of the Universal Protocol include a preprocedure 
verification, site marking as previously mentioned, and a time- 
out. A time-out for patient safety is called immediately before 
the procedure, which includes identifying the patient by name 
and the type and site of procedure to be done. 5 

Percutaneous Cholecystostomy 

Acute cholecystitis is the most common cause of acute right 
upper quadrant pain and occurs in approximately one third of 
patients with gallstones. In most cases, the condition is due to 
calculous obstruction of the gallbladder neck or cystic duet, 
leading to inereased intraluminal pressure and distention of the 
gallbladder. 

Although early laparoscopic cholecystectomy is typically the 
preferred and definitive treatment for acute cholecystitis, the 
morbidity and mortality inerease with the patient’s age and 
complexity, and percutaneous cholecystostomy (PC) has been 
used as a temporizing and sometimes definitive therapy in 
high-risk patients. This is a minimally invasive method of 





78 Interventional Radiology of the Gallbladder and Biliary Tract 1393 


percutaneous placement of a drainage catheter in the gallblad¬ 
der lumen under ultrasound and fluoroscopic guidance. A 
positive clinical response, which varies between 56% and 100%, 
is considered when there is a decrease in white biood cell 
count, defervescence, and decrease in the need for vasopres- 
sors. The risks of PC (bleeding, infection, and visceral perfora- 
tion) are low. Mortality is associated mainly with the underlying 
medical conditions. PC can be followed by elective cholecys- 
tectomy at a later stage if the patient’s condition permits or 
by expectant or conservative management in those with acal- 
culous cholecystitis. 

The earliest reports describing PC for the treatment of acute 
cholecystitis date back some 30 years. 6,7 Since then, multiple 
relatively small and predominantly single-institution series have 
been published, collectively supporting a role for imaging- 
guided percutaneous gallbladder decompression in high-risk 
patients. 812 

In a review of Medicare data between 1994 and 2009, annual 
PC procedures increased by 567% (from 1085 to 7239). During 
the same period, laparoscopic cholecystectomy procedures 
increased by 3% (from 203,836 to 209,650), and open proce¬ 
dures declined by 73%. 13 Clinical acceptance of PC and the 
availability and expertise of interventional radiologists have 
both contributed to an increased use of PC. Expanding the 
availability of PC may have acted as a “convenience factor” as 
well, lowering thresholds for use over time and thus contribut- 
ing to PC’s growth. Some growth is also attributable to an aging 
population with an increasing number of comorbidities. 

Traditionally, it was believed that whereas percutaneous 
drainage represented a valuable intervention, secondary chole¬ 
cystectomy was mandatory in cases of acute calculous cholecys¬ 
titis. 14 However, considering limited survival and a low 
recurrence rate of cholecystitis in elderly high-risk patients with 
acute cholecystitis, PC is increasingly being accepted as a defini¬ 
tive treatment, and cholecystectomy may not be necessary after 
resolution of the acute symptoms with gallbladder drain 
exchanges every 6 to 8 weeks. 15-17 

Without evidence from randomized controlled trials com- 
paring PC with surgery in such populations, however, the 
optimal role and timing of PC remain unclear. Historically, PC 
has been used in higher risk, often elderly and critically ill 
patients. As a result, studies comparing the percutaneous tech- 
nique with cholecystectomy have shared a retrospective study 
design and selection bias as they have not evaluated comparable 
groups. Abi-Haidar and colleagues 18 described a 10-year cohort 
of patients who underwent both techniques. As in other studies, 
the PC patients were older, had higher American Society of 
Anesthesiologists classification, and had more comorbidities. 19 
Not surprisingly, they experienced more readmissions and 
complications and had a longer hospital stay. The Cochrane 
Database Review Group compared two randomized prospective 
studies, PC followed by early laparoscopic cholecystectomy 
versus delayed laparoscopic cholecystectomy (70 patients) and 
PC versus conservative treatment (86 patients), and concluded 
that the studies had high risk of bias. 20 2 There was no signifi- 
cant difference in overall morbidity between the two interven¬ 
tion groups. On the basis of available evidence from these 
randomized clinical trials, the Cochrane Review Group was 
unable to determine the role of PC in the clinical management 
of high-risk surgical patients with acute cholecystitis and 
expressed a need for adequately powered randomized clinical 
trials of low risk of bias. 


Two patient populations deserve consideration for this pro¬ 
cedure: those with critical illness and those with a high likeli- 
hood of conversion from a laparoscopic to an open procedure. 
In the case of critical illness, particularly patients who develop 
acute cholecystitis during an intensive care unit stay, PC has a 
continued role in light of evidence that emergency cholecystec¬ 
tomy in the critically ill is associated with higher mortality rates 
than cholecystectomy. 23 

An international consensus panel of hepatobiliary surgeons 
defined the diagnostic criteria and severity assessment of acute 
cholecystitis as part of the Tokyo Guidelines (TG07) in January 
2007. In the TG07, PC should be used in patients with grade II 
(moderate) cholecystitis only when they do not respond to 
conservative treatment and for patients with grade III (severe) 
disease. For patients with severe (grade III) disease, gallbladder 
drainage is recommended, followed by intensive care. 

The updated Tokyo Guidelines 2013 (TG 13) describe the 
surgical treatment for acute cholecystitis according to the grade 
of severity, the timing, and the procedure used for cholecystitis 
in a question-and-answer format using the evidence concerning 
surgical management of acute cholecystitis. Consequently, it 
was agreed that cholecystectomy is preferable early after admis¬ 
sion. However, literature concerning the surgical treatment 
according to the grade of severity could not be quoted because 
there have been no publications on this topic, but the consensus 
was to perform percutaneous drainage when conservative treat¬ 
ment is failing. One prospective study showed that predictors 
for failure of conservative treatment are age older than 70 years, 
diabetes, tachycardia, and distended gallbladder at admission. 
Likewise, white biood cell count (>15,000 cells/mL), elevated 
temperature, and age older than 70 years were found to be 
predictors for the failure of conservative treatment at 24- and 
48-hour follow-up. 24 

The CHOCOLATE trial is a current randomized controlled, 
parallel-gro up, superiority multicenter trial in The Netherlands 
in which high-risk patients with acute calculous cholecystitis 
will be randomized to laparoscopic cholecystectomy or PC. 25 

TECHNIQUE 

Work-up includes review of the patient’s clinical status and 
imaging. The authors use a combination of ultrasound and 
fluoroscopic guidance to place a locking pigtail catheter in the 
gallbladder by a modified Seldinger technique. Liberal use 
of subcutaneous lidocaine is recommended in addition to 
conscious sedation with intravenous midazolam and fentanyl. 
Typically, an 18-gauge needle is advanced percutaneously into 
the gallbladder, after which the track is dilated over a short 
Amplatz stiff guidewire (Cook Medical, Bloomington, IN) with 
6F and 8F dilators, followed by placement of an 8F locking 
pigtail that is connected to gravity drainage (Fig. 78-1). Speed 
is of the essence during the procedure as bile leakage during 
dilator exchange and catheter placement may be very painful. 
Technique modifications include use of a transhepatic instead 
of a transperitoneal route because of a higher risk of complica¬ 
tions due to drain dislocation and also the use of a single-stick 
or trocar method to access the gallbladder instead of the Seld¬ 
inger technique. Intuitively, the trocar or single-stick technique 
should be less painful and is preferred by some to the Seldinger 
technique for catheter placement. However, we think that the 
trocar technique may be more diffkult in patients whose gall- 
bladders are small or thick walled. 
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Figure 78-1 Percutaneous cholecystostomy. A. Ultrasound confirms position of needle in the gallbladder. B. Placement of a guidewire in the 
gallbladder. C. Placement of 8F pigtail drain in the gallbladder. D. Tube check several days later confirms a gallstone in the gallbladder and 
patency of the cystic duet. The tube was capped, and the patient had a cholecystectomy. 


We rarely inject more than a few milliliters of contrast mate- 
rial to confirm the location of the tube to avoid bacteremia. A 
tube check is better done within 5 to 7 days to evaluate for cystic 
and common duet patency, followed by capping of the tube to 
promote internal drainage. 

Percutaneous Gallbladder Aspiration 

Ultrasound-guided aspiration of gallbladder contents offers a 
less invasive and sometimes just as effeetive an alternative to 
percutaneous gallbladder drainage for acute cholecystitis. The 
procedure can be performed at the bedside under ultrasound 
guidance with either a 21- or 18-gauge needle and has two main 
advantages over PC. First, the quoted complication rate is lower 
because aspiration involves fewer steps than drainage and the 
needle is narrower than any drainage catheter placed. Second, 
the patient’s comfort and convenience are better with aspiration 
as the presence of a drainage catheter and bag may be eumber- 
some. In certain situations, however, PC is preferable to gall¬ 
bladder aspiration. Aspiration may not be technically feasible 
in patients with viscous bile. Also, because it does not provide 


continuous drainage, gallbladder aspiration is inappropriate in 
patients in whom the indication for gallbladder drainage is to 
provide relief from a distal biliary obstruction. 

In a meta-analysis of 11 studies comparing aspiration 
with PC, the clinical response to PC was slightly better 
compared with aspiration. 26 However, the complication rate 
of PC was also higher than that of aspiration, with 4 of 
the 11 studies in this review having a complication rate in 
the range of 10% to 23%, which is well above the threshold 
set by the Society of Interventional Radiology Standards 
Committee. 27 

In one of these comparative studies, the authors recom- 
mended that aspiration should be the procedure of choice in 
high-risk patients, reserving PC as a salvage procedure if aspira¬ 
tion is technically or clinically unsuccessful. 28 Interestingly, 
almost one quarter of patients in this study did not show a 
clinical response within 72 hours of gallbladder aspiration and 
had a salvage PC. Using this approach of gallbladder aspiration 
with salvage PC, the authors avoided PC in 77% of patients 
while obtaining the overall positive clinical response rate close 
to that of PC. 




78 Interventional Radiology of the Gallbladder and Biliary Tract 1395 





Figure 78-2 One-stick percutaneous transhepatic biliary drainage (PTBD). A. The 22-gauge needle tip is advanced into an appropriate duet 
for conversion. AP, Anteroposterior view; LAT, lateral view. B. After removal of the stylet, a 0.018-inch guidewire is inserted and advanced into 
the common bile duet. The 22-gauge needle is removed, and coaxial dilators are inserted. C. The inner dilator is removed, which permits 
placement of larger guidewires that negotiate the obstruction into the duodenum. Subsequently, a PTBD catheter is inserted. (From Kadir S: 
Percutaneous transhepatic cholangiography and biliary drainage. In Kadir S [ed]: Current Practice of Interventional Radiology. Philadelphia, BC 
Decker, 1991, pp 497-510.) 


Acalculous Cholecystitis 

Acute cholecystitis can develop without gallstones in critically 
ill or injured patients. However, the development of acute 
acalculous cholecystitis is not limited to surgical or injured 
patients or even to the intensive care unit. Diabetes, malignant 
disease, abdominal vasculitis, congestive heart failure, choles- 
terol embolization, and shock or cardiac arrest have been asso- 
ciated with acute acalculous cholecystitis. Children may also be 
affeeted, especially after a viral illness. The pathogenesis of acal¬ 
culous cholecystitis is thought to include ischemia and reperfu- 
sion injury, but opioids, positive pressure ventilation, and total 
parenteral nutrition have been implicated. The clinical presen- 
tation is nonspecific, and significant delays in diagnosis result 
in a high incidence of gangrene, perforation, abscess, and 
death. 30,31 To improve outeome, a high index of suspicion with 
early imaging, often using multiple studies, is necessary. Ultra- 
sound of the gallbladder is the most accurate diagnostic modal- 
ity in the critically ill patient, with gallbladder wall thickness of 
3.5 mm or greater and pericholecystic fluid being the two most 
reliable Åndings. 32 

Boland and associates 9 recommend prophylactic PC for 
all intensive care unit patients with abdominal sepsis who 
are not improving and for whom no other etiology can be 
found. In their series, almost 60% of these patients improved 


without further treatment. In the rest, the gallbladder was 
exeluded as the source of sepsis, redirecting the search 
elsewhere. 

Interval cholecystectomy is usually not indicated after acal¬ 
culous cholecystitis in survivors. If the absence of gallstones is 
confirmed and the precipitating disorder has been controlled, 
the cholecystostomy tube can be removed once a track has 
formed after the patient has recovered. 32 

Percutaneous Transhepatic 
Cholangiography and Drainage 

Percutaneous transhepatic cholangiography (PTC) is used to 
visualize the intrahepatic and extrahepatic ductal system, 
most commonly to identify the nature and location of biliary 
obstruction due to stones, tumor, or benign stricture and less 
commonly to detect a bile leak (Fig. 78-2). If either obstruction 
or leak is diagnosed, percutaneous biliary drainage, with or 
without adjunetive stenting, is usually attempted at the same 
time. Although magnetic resonance cholangiopancreatography 
(MRCP) also visualizes the ductal system, the combination of 
PTC and drainage (PTCD) allows a one-step diagnosis and 
treatment procedure. The majority of patients requiring drain¬ 
age have malignant disease and eventually have a metallic stent 
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placed. Percutaneous transhepatic access is also useful for 
balloon dilation of strictures and biopsy. 

TECHNIQUE 

For a right-sided fluoroscopic approach, an intercostal point 
in the midaxillary line is marked in the mid liver with atten¬ 
tion paid to the locations of the pleura and colon. The patient 
should have received antibiotics and conscious sedation. After 
liberal injection of local anesthetic subcutaneously and down 
to the hepatic capsule, a 15-cm 22-gauge needle is advanced 
into the liver in a slightly cephalad direction. The needle obtu- 
rator is removed and the needle is gradually withdrawn while 
contrast material is injected gently. Opacification of a bile 
duet is characterized by an accumulation of contrast material, 
which persists, unlike vascular opacification, which is transient. 
Another confirmatory feature is that contrast material in the 
biliary system drains toward the hilum, in contrast to hepatic 
arterial or portal venous flow, which is away from the hilum. 
However, if the biliary tract is occluded, flow of contrast mate¬ 
rial within it may be very slow. Nondilated duets are more 
difficult to access. Next, having confirmed that the opacified 
bile duet has been accessed peripherally, one should advance 
a 0.018-inch guidewire into the ductal system as far as the 
obstruction under fluoroscopic guidance. The authors prefer 
to use a Neff set (Cook), which is a tapered triaxial access 
system. Once the Neff dilator is in the duet, its inner two 
components can be removed, and a 5F Kumpe catheter (Cook) 
and guidewire can be used to traverse the duet obstruction 
and to access the duodenum. Once the catheter is in the duo- 
denum, the guidewire can be changed for a stiffer version 
over which an 8F or 10F internal/external biliary drainage 
catheter is advanced and the pigtail loop formed in the duo¬ 
denum. This drainage catheter has multiple side holes allowing 
drainage above and below the biliary tract obstruction. If tra¬ 
versal of the biliary obstruction is not possible initially, place- 
ment of a pigtail drain above the obstruction allows external 
decompression, and traversal of the obstruction is reattempted 
after several days. 

A left-sided PTC is usually under ultrasound guidance with 
a subeostal approach to access a segment II or III duet. Once 
the intraductal needle tip location is confirmed on ultrasound, 
contrast material is injected, outlining the duet. Again, place- 
ment of an internal/external or external biliary drainage cath¬ 
eter is as previously described. 

COMPLICATIONS 

Important complications include bleeding, infeetion, and vis- 
ceral perforation. 33 Signiflcant bleeding, which occurs in 2% to 
3%, may be classified on the basis of its source: perihepatic 
bleed sites (hemothorax, hemoperitoneum, subeapsular hepatic 
hematoma); gastrointestinal bleeding (hemobilia or melena); 
and bleeding from the percutaneous biliary drain itself, which 
is the most common clinical presentation. Methods to evalu- 
ate and to treat this complication include tractography, angiog- 
raphy, track embolization, arterial embolization, and track site 
changes. 35 Bleeding is more common when the ductal system is 
accessed centrally than peripherally. Left-sided PTCD is associ- 
ated with a higher bleeding complication rate than a right-sided 
approach, presumably because of the greater proximity to larger 
vessels. 36 


Signiflcant pain can occur after removal of transhepatic 
catheters from biliary access tracks, after percutaneous biliary 
drainage or stenting. The track may be embolized to prevent 
bile leak and bleeding, reducing the patient’s pain. 3 

Biliary Strictures 

MALIGNANT STRICTURE 

Bile duet obstruction is commonly caused by pancreaticobiliary 
malignant neoplasms including gallbladder cancer, cholangio- 
carcinoma, and pancreatic neoplasms that are frequently unre- 
sectable at the time of diagnosis. Inoperable malignant bile duet 
obstruction can be palliated with surgical bypass, placement of 
percutaneous biliary drainage catheters, and endoscopic or per¬ 
cutaneous biliary stenting. Indications for biliary drainage/ 
stenting include pruritus, cholangitis, and lowering of bilirubin 
concentration (<2 mg/dL) before chemotherapy. 

Percutaneous biliary drainage is achieved by placement of an 
internal/external or external plastic pigtail drain after PTC as 
outlined before. In a review of patients with malignant biliary 
obstruction who had placement of internal/external biliary 
drains for lowering of bilirubin concentration, pericatheter 
leakage occurred in nearly one third of cases, requiring three 
visits per 100 catheter-days, or approximately one per month. 38 
Only 31% of patients attained a normal serum bilirubin level 
by 100 days, and median overall survival was 107 days. Careful 
patient selection is warranted before biliary drainage for this 
indication. Maximal biliary drainage, a preprocedure total 
serum bilirubin concentration of less than 9 mg/dL, and a lower 
international normalized ratio were factors associated with nor- 
malization of the serum bilirubin level in this cohort. In another 
study from the same institution, it was found that the patient’s 
“quality of life” did not improve after catheter drainage regard- 
less of technical success. Whereas palliation of pruritus was 
probable, the procedure was less successful in lowering the 
serum bilirubin concentration to a level that permitted the 
administration of chemotherapy. The authors concluded that 
biliary drainage without a clear clinical indication was not 
supported. 39 

Internalization of drainage may be achieved with either 
plastic or metal stents. Compared with plastic stents, metal 
stents are of larger diameter, have better long-term patency, and 
are more expensive. The use of metal stents is preferred for 
patients who are expected to survive for more than 6 months, 
whereas for patients who are likely to survive for less than 6 
months, the use of plastic stents is appropriate. Obstruction in 
a metal stent may be caused by bile sludge, food debris, or 
tumor ingrowth. To overcome the last problem, covered metal 
stents were developed, and these stents are now used in patients 
with malignant distal biliary obstruction. However, despite 
their superiority over noncovered stents in terms of improved 
patency, the incidence of acute cholecystitis and stent migration 
is higher. 40 

Traditionally, endoscopic stent placement was the preferred 
method to treat bile duet obstruction because it had higher 
success and lower complication rates and did not require an 
external drainage catheter. 41 More recent studies reflect a rever¬ 
sal of this experience, with percutaneous stent placement being 
more successful and associated with fewer complications than 
endoscopic procedures, with the main procedural complication, 
cholangitis, occurring almost five times more commonly with 
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endoscopically placed stents than with percutaneously placed 
ones. 42-44 Percutaneous transcholecystic placement of metallic 
stents is a feasible and effective method to manage malignant 
obstruction at the lower level of the common bile duet when 
conventional biliary drainage through transhepatic or endo- 
scopic access is technically difficult. 45 

In primary stenting, the stent is placed at the same session 
as the initial biliary system access, and this has been found to 
be effective and safer than a staged procedure with secondary 
stenting. In a review of 61 patients stented transhepatically for 
malignant biliary duet obstruction, the rate of major complica- 
tions was 23% in the primarily stented group and 54% in the 
secondarily stented group. 46 Primary stenting is also more cost- 
effeetive because of a shorter hospital stay. Reduced morbidity 
and hospital stay with this technique has been corroborated by 
other investigators. 47-49 

A reasonable approach to draining patients with bilobar 
biliary obstruction may be to insert only a single metallic stent 
into a liver lobe that constitutes 70% or more of the liver 
volume, is less involved by tumor than the other lobe, and is 
supplied by a patent lobar portal vein branch. Patients with 
liver lobes of similar size and patent lobar portal vein branches 
might benefit from bilobar drainage. Drainage of more than 
two biliary segments is best avoided, except in patients present- 
ing with cholangitis, because of a higher complication rate. The 
main predictive factor for drainage effeetiveness in patients with 
hilar tumors was a drained liver volume of more than 50%, 
especially in Bismuth III strictures, which may require bilateral 
stent placement. Draining an atrophic lobe (<30% of volume) 
is ineffeetive and inereases the risk of cholangitis. 


BENIGN STRICTURE 

Percutaneous balloon dilation has become a safe and effective 
long-term alternative to endoscopic or surgical treatment for 
benign biliary strictures of various causes. 52,5 " According to the 
location of the involved duet, the strictures can be categorized as 
duet anastomotic, biliary-enteric anastomotic, and duet non- 
anastomotic. The anastomotic strictures represent localized 
narrowing caused by fibrosis, whereas the nonanastomotic stric¬ 
tures are likely to be associated with ductal ischemia from 
damage to the bile duet arteries from a variety of causes, includ- 
ing hepatic artery thrombosis. A stricture developing after 
biliary-enteric anastomosis after low division of the bile duet 
may be explained by damage to the bile duet artery. Recent expe- 
rience suggests that anastomotic strictures are more amenable 
than nonanastomotic strictures to balloon dilation 54 (Fig. 78-3). 

The dilation of the benign stricture is usually performed 
with a noncompliant balloon (8- to 12-mm diameter) and 
may be repeated at regular intervals until cholangiography 
demonstrates free drainage of contrast material to the bowel 
and no residual stenosis. The internal/external biliary drain is 
removed after a clinical trial of catheter damping and a normal 
cholangiogram. 

Percutaneous treatment of benign biliary strictures with 
extended use of a calibrated internal/external (up to 15F) plastic 
drain has also had good long-term results. 55 Endoscopically 
placed retrievable covered self-expandable metal stents are a 
recent alternative to progressive plastic stenting for the treat¬ 
ment of benign strictures with the prospect of a higher treat¬ 
ment effkacy and the need for fewer tube changes. 56 




Figure 78-3 Stent placement for benign 
stricture. This patient developed a biliary- 
enteric stricture after hepaticojejunostomy for 
benign pancreatic disease. Repeated balloon 
dilation of the stricture was unsuccessful. 

A. PTC shows a biliary-enteric stricture 
(arrow), across which an internal/external drain 
has been placed. B and C. Transhepatic 
deployment of a self-expanding Gianturco Z 
metallic stent. 
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Endoscopic intervention is frequently not possible after a 
Roux-en-Y hepaticojejunostomy or choledochojejunostomy, 
and percutaneous transhepatic biliary intervention is limited by 
its inability to access all segments of the biliary tree in a single 
puncture and carries morbidity as well as discomfort for the 
patient. A percutaneous transjejunal approach uses an efferent 
or afferent limb of the Roux-en-Y loop, which is fixed to the 
peritoneum with the fixation site marked with surgical clips 
(Hutson loop). Radiologic access is provided to the biliary tree 
for diagnostic cholangiography, stricture dilation, and intrahe- 
patic stone clearance. Percutaneous catheters need be leff in 
place only for short-term planned repeated interventions 
(usually in the same admission) for stone disease or for ade- 
quate drainage in the case of purulent cholangitis. High success 
rates and short hospitalizations together with few complica- 
tions make this option a well-accepted and integral part of 
managing complex biliary problems. 5 

Common Duet Stone Removal 

Up to 18% of people undergoing cholecystectomy for gallstones 
have common duet stones, which may be treated with explora- 
tion (open or laparoscopic) or with endoscopic retrograde chol- 
angiopanereatography (ERCP) before or after cholecystectomy 
in two stages, usually combined with either sphineterotomy 
(most common) or sphincteroplasty (papillary dilation) for 
common bile duet clearance. 

The interventionalist may be asked to treat retained bile duet 
stones through a postoperative drain (T tube or transcystic) 
placed during cholecystectomy. A less commonly used alterna¬ 
tive to these approaches is percutaneous transhepatic removal 
of bile duet stones when the endoscopic approach fails because 
of anatomic anomalies or is refused by the patient. Percutane¬ 
ous transhepatic balloon dilation of the papilla of Vater is 
performed, followed by pushing of the stones out into the 
duodenum with a Fogarty balloon catheter. If the stone diam¬ 
eter is larger than 15 mm, basket lithotripsy is recommended 
before balloon dilation. The overall success rate is greater than 
95%, with cholangitis occurring in less than 3% of patients. 59,60 

Transhepatic cholangioscopy may be necessary for treatment 
of patients with intrahepatic lithiasis or common bile duet 
calculi not approachable with retrograde endoscopy, in which 
direct vision is essential. In patients with very large ductal 
stones, cholangioscopy combined with percutaneous intracor- 
poreal lithotripsy equipment remains a useful tool. 6162 

Percutaneous cholecystolithotomy represents a minimally 
invasive alternative to cholecystectomy with the disadvantage 
that gallstones may recur. The procedure consists of three parts: 
initial PC, track dilation and stone removal, and track evalua- 
tion and tube removal. The success rate is as high as 97%, with 
the main major complication of bile leakage after tube removal 
reported in less than 10% of patients. 63,64 

Bile Duet Injury 

Bile duet injury (BDI) may occur after gallbladder, panereas, 
colonic, and gastric surgery, with laparoscopic cholecystectomy 
responsible for 80% to 85% of occurrences. Although rare, 
BDI during laparoscopic cholecystectomy is twice as frequent 
compared with injury during an open procedure (0.3% open 
vs. 0.6% laparoscopic), a difference that is not statistically 
signifkant. Historically, most BDIs were surgical in nature, 
with laparoscopic cholecystectomy and liver transplantation 


accounting for the majority of cases. Increasingly, ischemic 
bile duet strictures and bilomas are recognized as a result 
of hepatic artery chemoembolization and radioembolization 
treatments for hepatic malignant neoplasms. 65 5 

Only one third of laparoscopic BDIs are recognized during 
operation. The majority of patients present initially with non- 
specific symptoms. Management depends on timing of recogni- 
tion and the type, extent, and level of the injury. Immediate 
recognition and repair are associated with improved outeome, 
and the standard of care after recognition of BDI is referral to 
a tertiary care hospital that can provide a multidisciplinary 
approach. Inadequate management may lead to severe compli- 
cations, with the late clinical course of BDI resulting in chronic 
liver disease, cirrhosis, and portal hypertension, for which liver 
transplantation is an option. 68 

BDI may cause bile leakage, abscesses, cholangitis, and sec- 
ondary biliary cirrhosis due to chronic strictures. The role of 
interventional radiology in managing patients with BDI is to 
doeument the location and nature of the injury, to drain or 
divert bile, and to promote and provide long-term biliary 
drainage when appropriate. 9 Imaging is essential for the evalu- 
ation of BDI and subsequent treatment and includes choles- 
cintigraphy, ultrasonography, computed tomography, ERCP, 
PTCD, and fluoroscopy with a contrast medium injected 
through a surgically or percutaneously placed biliary drainage 
catheter. 

PTC accurately depicts the location and nature of major 
BDIs in most patients but may not reliably distinguish injuries 
at the confluence of the lob ar duets from injuries involving 
the cephalad 2 cm of the common hepatic duet. 70 MRCP is 
replacing PTC as the main diagnostic technique for detecting 
and localizing bile leaks and has become a reliable and non- 
invasive way of evaluating the intrahepatic and extrahepatic 
system. 71 ' 73 

Depending on the type of injury, management may include 
endoscopic, percutaneous, and open surgical interventions or a 
combination of all three options. Percutaneous interventions 
include drainage of bilomas, abscesses, and obstructed duets. 
Additional percutaneous procedures include U-tube placement 
and balloon dilation and stenting of bile duet strictures. Endo¬ 
scopic and percutaneous interventional procedures may be per¬ 
formed for definitive treatment in patients with biliary-enteric 
continuity or as adjunets to definitive surgical repair. The inter¬ 
ventionalist is sometimes challenged to restore biliary-enteric 
continuity with remarkable ingenuity and innovation. 

In a 10-year review of 51 patients with intact biliary-enteric 
continuity referred for management of BDI, all patients had 
PTCD followed by balloon dilation and long-term internal/ 
external catheter drainage. 76 Fifty patients (98%) were drain 
free at mean follow-up of 76 months, and the success rate of 
percutaneous management was 58%, without need for subse¬ 
quent intervention. Percutaneous treatment was more likely to 
fail in patients who had an internal/external drain for less than 
4 months. 

Multiple BDI classifications have been developed before and 
during the laparoscopic era. The Bismuth-Corlette classification 
was introduced before laparoscopy and is based on the complete 
section of the common bile duet and the length of the proximal 
bile duet stump. Type I is a low injury with a stump length of 
more than 2 cm. Type II is a middle-level injury with a stump 
length of less than 2 cm. Type III is a high-level injury without 
common hepatic duet available but preserved confluence. Type 
IV involves loss of hepatic confluence with no communication 
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between right and left duets. There is no Type V. It is difficult 
to apply this classification system to laparoscopic BDI as most 
of the technical factors and mechanisms of injury are different 
from open surgery. 

The Strasberg classification offers a comprehensive classifi¬ 
cation of laparoscopic BDI. B Injuries are divided into five 
groups (A to E); the E class is similar to the Bismuth classifica¬ 
tion, a complex BDI with a complete transection of the duet. 
Only right and left partial injuries (which account for less than 
10% in most series) are not included in this classification. Class 
A represents a bile leak from the cystic duet or an accessory 
duet. In both conditions, there is continuity with the common 
bile duet. Class B is the section of an accessory duet with no 
continuity with the common bile duet. Class C represents a leak 
from a bile duet with no continuity with the common bile duet. 
Class D is a partial section of a bile duet with no complete loss 
of continuity with the rest of the bile duet system. Class E is a 
complete transection of the bile duet with subtypes according 
to the length of the stump (E1-E5) (Strasberg types E1-E4 cor- 
respond to Bismuth types I-V). 

BDIs are frequently accompanied by vascular injuries, which 
may worsen the injury and cause liver ischemia. Right hepatic 
artery vasculobiliary injury is the most common variant and 
extends the biliary injury to a higher level than the grossly 
observed mechanical injury. Vasculobiliary injury results in 
slow hepatic infaretion in about 10% of patients. Repair of the 
artery is rarely possible and the overall benefit is unclear. Inju¬ 
ries involving the portal vein or common or proper hepatic 
arteries are mueh less common but have more serious effeets, 
including rapid infaretion of the liver. Routine arteriography is 
recommended in patients with a biliary injury if early repair is 
contemplated. Consideration should be given to delaying repair 
of a biliary injury in patients with occlusion of the right hepatic 
artery. Patients with injuries to the portal vein or proper or 
common hepatic artery should be emergently referred to ter- 
tiary care centers. 

A Strasberg class E5 injury is defined by a complete loss of 
biliary-enteric continuity and is best treated surgically. Devas- 
cularization and loss of bile duet tissue necessitate creation of 
a Roux-en-Y hepatojejunostomy, a procedure that guarantees 
well-perfused bile duets and a low-tension anastomosis (Fig. 
78-4). Partial resection of IV and V segments may be necessary 
to facilitate identification of bile duets and proper positioning 
of the jejunal loop. By contrast, the less preferable choledocho- 
choledochal or hepatoduodenal anastomoses involve devascu- 
larized duets and the duodenum tends to move caudally, 
inereasing the anastomotic tension. 

In a meta-analysis of 31 studies, a total of 99 partial hepa- 
tectomies were reported among 1756 (5.6%) patients referred 
for postcholecystectomy BDI. 0 Multivariate analysis showed 
that hepatic arterial and Strasberg E4 and E5 injuries were inde- 
pendent factors associated with partial hepatectomy, and those 
patients with combined arterial and Strasberg E4 or E5 injury 
were 43.3 times more likely to undergo partial hepatectomy 
than were patients without complex injury. Despite the high 
postoperative morbidity, mortality rates were comparable with 
those of hepaticojejunostomy. 

Primary Sderosing Cholangitis 

Primary sderosing cholangitis (PSC) is a chronic inflammatory 
disease characterized by the destruction of medium-sized to 
large bile duets and intense concentric fibrosis. Complications 



Figure 78-4 Bile duet injury. Right-sided PTC shows a complete 
occlusion at the duet confluence due to a surgical clip. Traversal of 
this occlusion and placement of an internal/external drain were not 
possible, and the patient required a hepaticojejunostomy. 


of PSC include bacterial cholangitis, cirrhosis, and cholangio- 
carcinoma. BDI results from the sustained inflammation and 
production of inflammatory cytokines. Biliary strictures may 
cause further damage as a result of bile stasis and recurrent sec- 
ondary bacterial cholangitis. A retrospective study of 71 patients 
with PSC showed no additional benefit from stenting after 
balloon dilation in the treatment of dominant strictures. Stent¬ 
ing was associated with more complications. 81 The only proven 
curative treatment for PSC is liver transplantation. 

Patients with PSC are at risk for development of superim- 
posed cholangiocarcinoma with a 10-year eumulative incidence 
of approximately 7% to 9%. Cholangiocarcinoma mimics the 
stricturing process of PSC, and the diagnosis of cholangiocar¬ 
cinoma in the setting of PSC remains challenging if a mass 
lesion is not identified by imaging studies. The most definitive 
evidence of cholangiocarcinoma is a mass lesion with delayed 
venous phase enhancement on imaging and a positive cytology 
or biopsy finding. 82 

Biopsy 

Malignant disease of the biliary tract may be a difficult diagno¬ 
sis to make as radiologic features are nonspecific. Biliary stric¬ 
tures may be direetly sampled by brushing, forceps biopsy, 
fine-needle aspiration, or a combination of these. Cytologic 
evaluation of brushings obtained endoscopically from the 
biliary tree is currently the standard of care in most institutions. 
However, this technique has been plagued by low sensitivity and 
interpretative difficulties in differentiating reactive from malig¬ 
nant cytologic features. Simply submitting the entire cytology 
brush for histologic sectioning may inerease the sensitivity to 
90%. 83 The use of fluorescent in situ hybridization technique 
also inereases the sensitivity of cytology. 
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Alternatively, percutaneous transluminal forceps biopsy is a 
safe procedure that is easy to perform through a transhepatic 
biliary drainage tract, in which it is relatively accurate in the 
diagnosis of malignant biliary obstructions." In a comparative 
study, 108 patients underwent forceps biopsy plus cytologic 
sampling by washing of the forceps device in cytologic solution. 
Histologic diagnosis after forceps biopsy was more successful 
than cytology, with a sensitivity of 78% versus 61% and negative 
predictive value of 30% versus 19%. Cytology results were never 
positive when the forceps biopsy finding was negative. 

Photodynamic therapy (PDT) is a local, minimally invasive 
palliative treatment for unresectable cholangiocarcinoma. PDT 


uses a photosensitive molecule that accumulates in tumors. 
Activation of the photosensitizer by a laser introduced endo- 
scopically or percutaneously generates reactive oxygen radicals, 
leading to selective tumor cell death. Results from two prospec- 
tive randomized controlled trials comparing PDT after stent 
insertion with stents alone for patients with unresectable chol¬ 
angiocarcinoma have shown dramatically prolonged median 
survival and improved performance status in the PDT group 
compared with the non-PDT group. 86,8 The procedures were 
generally well tolerated and are associated with outcomes as 
favorable as those of adjuvant and neoadjuvant therapy for 
cholangiocarcinoma. 


REFERENCES 


1. Patel IJ, Davidson JC, Nikolic B, et al: Consensus 
guidelines for periprocedural management of 
coagulation status and hemostasis risk in percu¬ 
taneous image-guided interventions. J Vase 
Interv Radiol 23:727-736, 2012. 

2. Patel IJ, Davidson JC, Nikolic B, et al: Adden- 
dum of newer anticoagulants to the SIR consen¬ 
sus guideline. J Vase Interv Radiol 24:641-645, 
2013. 

3. Venkatesan AM, Kundu S, Sacks D, et al: Prac- 
tice guidelines for adult antibiotic prophylaxis 
during vascular and interventional radiology 
procedures. Written by the Standards of Practice 
Committee for the Society of Interventional 
Radiology and Endorsed by the Cardiovascular 
Interventional Radiological Society of Europe 
and Canadian Interventional Radiology Asso¬ 
ciation [corrected]. J Vase Interv Radiol 21: 
1611-1630, quiz 1631,2010. 

4. The Joint Commission: Universal protoeol for 
preventing wrong site, wrong procedure, wrong 
person surgery, http://www.jointcommission 
. org/standards_information/up. aspx. 

5. Angle JF, Nemcek AA, Jr, Cohen AM, et al: 
Quality improvement guidelines for preventing 
wrong site, wrong procedure, and wrong person 
errors: Application of the Joint Commission 
“universal protoeol for preventing wrong site, 
wrong procedure, wrong person surgery” to the 
practice of interventional radiology. J Vase 
Interv Radiol 20(Suppl):S256-S262, 2009. 

6. Radder RW: Ultrasonically guided percutaneous 
catheter drainage for gallbladder empyema. 
Diagn Imaging 49:330-333, 1980. 

7. Shaver RW, Hawkins IF, Jr, Soong J: Percutane¬ 
ous cholecystostomy. AJR Am J Roentgenol 
138:1133-1136, 1982. 

8. Browning PD, McGahan JP, Gerscovich EO: Per¬ 
cutaneous cholecystostomy for suspected acute 
cholecystitis in the hospitalized patient. J Vase 
Interv Radiol 4:531-537, discussion 537-538, 

1993. 

9. Boland GW, Lee MJ, Leung J, Mueller PR: Per¬ 
cutaneous cholecystostomy in critically ill 
patients: Early response and final outeome in 82 
patients. AJR Am J Roentgenol 163:339-342, 

1994. 

10. Lo LD, Vogelzang RL, Braun MA, Nemcek AA, 
Jr: Percutaneous cholecystostomy for the diag¬ 
nosis and treatment of acute calculous and 
acalculous cholecystitis. J Vase Interv Radiol 
6:629-634, 1995. 

11. Cherng N, Witkowski ET, Sneider EB, et al: Use 
of cholecystostomy tubes in the management of 
patients with primary diagnosis of acute chole¬ 
cystitis. J Am Coll Surg 214:196-201, 2012. 


12. Joseph T, Unver K, Hwang GL, et al: Percutane¬ 
ous cholecystostomy for acute cholecystitis: 
Ten-year experience. J Vase Interv Radiol 23:83- 
88.el, 2012. 

13. Duszak R, Jr, Behrman SW: National trends in 
percutaneous cholecystostomy between 1994 
and 2009: Perspectives from Medicare provider 
claims. J Am Coll Radiol 9:474-479, 2012. 

14. Melloul E, Denys A, Demartines N, et al: Percu¬ 
taneous drainage versus emergency cholecystec- 
tomy for the treatment of acute cholecystitis in 
critically ill patients: Does it matter? World J 
Surg 35:826-833, 2011. 

15. Griniatsos J, Petrou A, Pappas P, et al: Percuta¬ 
neous cholecystostomy without interval chole- 
cystectomy as definitive treatment of acute 
cholecystitis in elderly and critically ill patients. 
South Med J 101:586-590, 2008. 

16. Li M, Li N, Ji W, et al: Percutaneous cholecys¬ 
tostomy is a definitive treatment for acute cho¬ 
lecystitis in elderly high-risk patients. Am Surg 
79:524-527, 2013. 

17. de Mestral C, Gomez D, Haas B, et al: Cho¬ 
lecystostomy: A bridge to hospital discharge 
but not delayed cholecystectomy. J Trauma 
Acute Care Surg 74:175-179, discussion 179— 
180, 2013. 

18. Abi-Haidar Y, Sanchez V, Williams SA, Itani KM: 
Revisiting percutaneous cholecystostomy for 
acute cholecystitis based on a 10-year experi¬ 
ence. Arch Surg 147:16-22, 2012. 

19. Smith TJ, Manske JG, Mathiason MA, et al: 
Changing trends and outcomes in the use of 
percutaneous cholecystostomy tubes for acute 
cholecystitis. Ann Surg 257:1112-1115, 2013. 

20. Gurusamy KS, Rossi M, Davidson BR: Percuta¬ 
neous cholecystostomy for high-risk surgical 
patients with acute calculous cholecystitis. 
Cochrane Database Syst Rev (8):CD007088, 
2013. 

21. Akyurek N, Salman B, Yiiksel O, et al: Manage¬ 
ment of acute calculous cholecystitis in high- 
risk patients: Percutaneous cholecystotomy 
followed by early laparoscopic cholecystectomy. 
Surg Laparosc Endosc Percutan Tech 15:315- 
320, 2005. 

22. Hatzidakis AA, Prassopoulos P, Petinarakis I, 
et al: Acute cholecystitis in high-risk patients: 
Percutaneous cholecystostomy vs conservative 
treatment. Eur Radiol 12:1778-1784, 2002. 

23. Orlando R: Cholecystectomy or percutaneous 
cholecystostomy for acute cholecystitis: Is it 
any clearer which to choose?: comment on 
“revisiting percutaneous cholecystostomy for 
acute cholecystitis based on a 10-year experi¬ 
ence.” Arch Surg 147:422, 2012. 


24. Barak O, Elazary R, Appelbaum L, et al: Conser¬ 
vative treatment for acute cholecystitis: Clinical 
and radiographic predictors of failure. Isr Med 
Assoc J 11:739-743, 2009. 

25. Kortram K, van Ramshorst B, Bollen TL, et al: 
Acute cholecystitis in high risk surgical patients: 
Percutaneous cholecystostomy versus laparo¬ 
scopic cholecystectomy (CHOCOLATE trial): 
Study protoeol for a randomized controlled 
trial. Trials 13:7, 2012. 

26. Chung JH, Kim SG, Kim YS, et al: Clinical use- 
fulness of percutaneous transhepatic gallblad¬ 
der aspiration in patients with acute calculous 
cholecystitis. J Clin Gastroenterol 47:288-290, 
2013. 

27. Saad WE, Wallace MJ, Wojak JC, et al: Quality 
improvement guidelines for percutaneous 
transhepatic cholangiography, biliary drainage, 
and percutaneous cholecystostomy. J Vase Interv 
Radiol 21:789-795, 2010. 

28. Chopra S, Dodd GD, 3rd, Mumbower AL, et al: 
Treatment of acute cholecystitis in non- 
critically ill patients at high surgical risk: Com- 
parison of clinical outcomes after gallbladder 
aspiration and after percutaneous cholecystos¬ 
tomy. AJR Am J Roentgenol 176:1025-1031, 
2001 . 

29. Huffman JL, Schenker S: Acute acalculous cho¬ 
lecystitis: A review. Clin Gastroenterol Hepatol 
8:15-22, 2010. 

30. Kalliafas S, Ziegler DW, Flancbaum L, Choban 
PS: Acute acalculous cholecystitis: Incidence, 
risk factors, diagnosis, and outeome. Am Surg 
64:471-475, 1998. 

31. Ryu JK, Ryu KH, Kim KH: Clinical features of 
acute acalculous cholecystitis. J Clin Gastroen¬ 
terol 36:166-169, 2003. 

32. Barie PS, Eachempati SR: Acute acalculous cho¬ 
lecystitis. Curr Gastroenterol Rep 5:302-309, 
2003. 

3 3. Winick AB, Waybill PN, Venbrux AC: Complica- 
tions of percutaneous transhepatic biliary inter¬ 
ventions. Tech Vase Interv Radiol 4:200-206, 
2001 . 

34. Saad WEA, Davies MG, Darcy MD: Manage¬ 
ment of bleeding after percutaneous transhe¬ 
patic cholangiography or transhepatic biliary 
drain placement. Tech Vase Interv Radiol 11:60- 
71, 2008. 

35. Choi SH, Gwon DI, Ko GY, et al: Hepatic arterial 
injuries in 3110 patients following percutaneous 
transhepatic biliary drainage. Radiology 261: 
969-975, 2011. 

36. Rivera-Sanfeliz GM, Assar OS, LaBerge JM, 
et al: Incidence of important hemobilia follow¬ 
ing transhepatic biliary drainage: Left-sided 



78 Interventional Radiology of the Gallbladder and Biliary Tract 1401 


versus right-sided approaches. Cardiovasc 
Intervent Radiol 27:137-139, 2004. 

37. Lyon SM, Terhaar O, Given MF, et al: Percutane- 
ous embolization of transhepatic tracks for 
biliary intervention. Cardiovasc Intervent 
Radiol 29:1011-1014, 2006. 

38. Thornton RH, Ulrich R, Hsu M, et al: Outcomes 
of patients undergoing percutaneous biliary 
drainage to reduce bilirubin for administration 
of chemotherapy. J Vase Interv Radiol 23:89-95, 
2012 . 

39. Robson PC, Heffernan N, Gonen M, et al: Pro- 
spective study of outcomes after percutaneous 
biliary drainage for malignant biliary obstruc¬ 
tion. Ann Surg Oncol 17:2303-2311, 2010. 

40. Tsuyuguchi T, Takada T, Miyazaki M, et al: 
Stenting and interventional radiology for 
obstructive jaundice in patients with unresect- 
able biliary tract carcinomas. J Hepatobiliary 
Pancreat Surg 15:69-73, 2008. 

41. Speer AG, Cotton PB, Russell RC, et al: Ran- 
domised trial of endoscopic versus percutane¬ 
ous stent insertion in malignant obstructive 
jaundice. Lancet 2:57-62, 1987. 

42. Saluja SS, Gulati M, Garg PK, et al: Endoscopic 
or percutaneous biliary drainage for gallbladder 
cancer: A randomized trial and quality of life 
assessment. Clin Gastroenterol Hepatol 6:944- 
950.e3, 2008. 

43. Kloek JJ, van der Gaag NA, Aziz Y, et al: Endo¬ 
scopic and percutaneous preoperative biliary 
drainage in patients with suspected hilar chol- 
angiocarcinoma. J Gastrointest Surg 14:119- 
125, 2010. 

44. Walter T, Ho CS, Horgan AM, et al: Endoscopic 
or percutaneous biliary drainage for Klatskin 
tumors? J Vase Interv Radiol 24:113-121, 2013. 

45. Yasumoto T, Yokoyama S, Nagaike K: Percutane¬ 
ous transcholecystic metallic stent placement 
for malignant obstruction of the common bile 
duet: Preliminary clinical evaluation. J Vase 
Interv Radiol 21:252-258, 2010. 

46. Chatzis N, Pfiffner R, Glenck M, et al: Compar- 
ing percutaneous primary and secondary biliary 
stenting for malignant biliary obstruction: A 
retrospective clinical analysis. Indian J Radiol 
Imaging 23:38-45, 2013. 

47. Lee MJ, Dawson SL, Mueller PR, et al: Palliation 
of malignant bile duet obstruction with metallic 
biliary endoprostheses: Technique, results, and 
complications. J Vase Interv Radiol 3:665-671, 
1992. 

48. Inal M, Aksungur E, Akgiil E, et al: Percutane¬ 
ous placement of metallic stents in malignant 
biliary obstruction: One-stage or two-stage pro¬ 
cedure? Pre-dilate or not? Cardiovasc Intervent 
Radiol 26:40-45, 2003. 

49. Yoshida H, Mamada Y, Taniai N, et al: One-step 
palliative treatment method for obstructive 
jaundice caused by unresectable malignancies 
by percutaneous transhepatic insertion of an 
expandable metallic stent. World J Gastroen¬ 
terol 12:2423-2426, 2006. 

50. Veal DR, Lee AY, Kerlan RK, Jr, et al: Outcomes 
of metallic biliary stent insertion in patients 
with malignant bilobar obstruction. J Vase 
Interv Radiol 24:1003-1010, 2013. 

51. Vienne A, Hobeika E, Gouya H, et al: Prediction 
of drainage effeetiveness during endoscopic 
stenting of malignant hilar strictures: The role 
of liver volume assessment. Gastrointest Endosc 
72:728-735, 2010. 

52. Cantwell CP, Pena CS, Gervais DA, et al: Thirty 
years’ experience with balloon dilation of benign 
postoperative biliary strictures: Long-term out¬ 
comes. Radiology 249:1050-1057,2008. 


53. House MG, Cameron JL, Schulick RD, et al: 
Incidence and outeome of biliary strictures after 
pancreaticoduodenectomy. Ann Surg 243:571- 
576, discussion 576-578, 2006. 

54. Cho KJ: Biliary stricture dilation: Are the 
unknowns known? J Vase Interv Radiol 23: 
1355-1357, 2012. 

55. Glas L, Courbiére M, Ficarelli S, et al: Long-term 
outeome of percutaneous transhepatic therapy 
for benign bilioenteric anastomotic strictures. 
J Vase Interv Radiol 19:1336-1343, 2008. 

56. Poley JW, Cahen DL, Metselaar HJ, et al: A pro- 
spective group sequential study evaluating a 
new type of fully covered self-expandable metal 
stent for the treatment of benign biliary stric¬ 
tures (with video). Gastrointest Endosc 75:783- 
789, 2012. 

57. Fontein DB, Gibson RN, Collier NA, et al: Two 
decades of percutaneous transjejunal biliary 
intervention for benign biliary disease: A review 
of the intervention nature and complications. 
Insights Imaging 2:557-565, 2011. 

58. Eschelman DJ, Sullivan KL: Retrograde place¬ 
ment of biliary endoprostheses through a 
Hutson loop. J Vase Interv Radiol 5:633-635, 
1994. 

59. Szulman C, Giménez M, Sierre S: Antegrade 
papillary balloon dilation for extrahepatic bile 
duet stone clearance: Lessons learned from 
treating 300 patients. J Vase Interv Radiol 22: 
346-353, 2011. 

60. Ozcan N, Kahriman G, Mavili E: Percutaneous 
transhepatic removal of bile duet stones: Results 
of 261 patients. Cardiovasc Intervent Radiol 
35:890-897, 2012. 

61. Hatzidakis AA, Alexandrakis G, Kouroumalis H, 
Gourtsoyiannis NC: Percutaneous cholangios- 
copy in the management of biliary disease: 
Experience in 25 patients. Cardiovasc Intervent 
Radiol 23:431-440, 2000. 

62. Hatzidakis A, Krokidis M, Gourtsoyiannis N: 
Percutaneous removal of biliary calculi. Cardio¬ 
vasc Intervent Radiol 32:1130-1138, 2009. 

63. Picus D, Hicks ME, Darcy MD, et al: Percutane¬ 
ous cholecystolithotomy: Analysis of results and 
complications in 58 consecutive patients. Radi¬ 
ology 183:779-784, 1992. 

64. Kim YH, Kim YJ, Shin TB: Fluoroscopy-guided 
percutaneous gallstone removal using a 12- 
Fr sheath in high-risk surgical patients with 
acute cholecystitis. Korean J Radiol 12:210-215, 
2011. 

65. Miyayama S, Yamashiro M, Okuda M, 
et al: Main bile duet stricture occurring after 
transcatheter arterial chemoembolization for 
hepatocellular carcinoma. Cardiovasc Intervent 
Radiol 33:1168-1179, 2010. 

66. Atassi B, Bangash AK, Lewandowski RJ, et al: 
Biliary sequelae following radioembolization 
with yttrium-90 microspheres. J Vase Interv 
Radiol 19:691-697, 2008. 

67. Ito K, Ito H, Kemeny NE, et al: Biliary sclerosis 
after hepatic arterial infusion pump chemo¬ 
therapy for patients with colorectal cancer liver 
metastasis: Incidence, clinical features, and risk 
factors. Ann Surg Oncol 19:1609-1617, 2012. 

68. Lau WY, Lai EC, Lau SH: Management of bile 
duet injury after laparoscopic cholecystectomy: 
A review. ANZ J Surg 80:75-81, 2010. 

69. Thompson CM, Saad NE, Quazi RR, et al: Man¬ 
agement of iatrogenic bile duet injuries: Role of 
the interventional radiologist. Radiographics 
33:117-134, 2013. 

70. Fidelman N, Kerlan RK, Jr, Laberge JM, Gordon 
RL: Accuracy of percutaneous transhepatic 
cholangiography in predicting the location and 


nature of major bile duet injuries. J Vase Interv 
Radiol 22:884-892, 2011. 

71. Hoeffel C, Azizi L, Lewin M, et al: Normal and 
pathologic features of the postoperative biliary 
tract at 3D MR cholangiopancreatography and 
MR imaging. Radiographics 26:1603-1620, 
2006. 

72. Alegre Castellanos A, Molina Granados JF, 
Escribano Fernandez J, et al: Early phase detec- 
tion of bile leak after hepatobiliary surgery: 
Value of Gd-EOB-DTPA-enhanced MR cholan¬ 
giography. Abdom Imaging 37:795-802, 2012. 

73. Kantarci M, Pirimoglu B, Karabulut N, et al: 
Non-invasive detection of biliary leaks using 
Gd-EOB-DTPA-enhanced MR cholangiogra¬ 
phy: Comparison with T2-weighted MR chol¬ 
angiography. Eur Radiol 23:2713-2722, 2013. 

74. Lim JB, Andrews RT, Geschwind JF: Balloon 
tamponade: A novel technique for visualizing 
and catheterizing the common bile duet after 
partial transection. J Vase Interv Radiol 12:117— 
120 , 2001 . 

75. Arellano RS, Gervais DA, Boland GW, Mueller 
PR: Percutaneous reconstruction of isolated bile 
duets: Combination of percutaneous and endo¬ 
scopic biliary techniques. Cardiovasc Intervent 
Radiol 25:527-529, 2002. 

76. Misra S, Melton GB, Geschwind JF, et al: Percu¬ 
taneous management of bile duet strictures and 
injuries associated with laparoscopic cholecys¬ 
tectomy: A decade of experience. J Am Coll Surg 
198:218-226, 2004. 

77. Bllumgart LH: Postoperative strictures of the 
bile duets. The Biliary Tract, New York, 1982, 
Churchill Livingstone. Clinical Surgery Interna¬ 
tional, vol 5. 

78. Strasberg SM, Herti M, Soper NJ: An analysis of 
the problem of biliary injury during laparo¬ 
scopic cholecystectomy. J Am Coll Surg 180: 
101-125, 1995. 

79. Strasberg SM, Helton WS: An analytical review 
of vasculobiliary injury in laparoscopic and 
open cholecystectomy. HPB (Oxford) 13:1-14, 
2011. 

80. Truant S, Boleslawski E, Lebuffe G, et al: Hepatic 
resection for post-cholecystectomy bile duet 
injuries: A literature review. HPB (Oxford) 
12:334-341, 2010. 

81. Kaya M, Petersen BT, Angulo P, et al: Balloon 
dilation compared to stenting of dominant 
strictures in primary sclerosing cholangitis. 
Am J Gastroenterol 96:1059-1066, 2001. 

82. Chapman R, Fevery J, Kalloo A, et al: Diagnosis 
and management of primary sclerosing cholan¬ 
gitis. Hepatology 51:660-678, 2010. 

83. Chadwick BE: Beyond cytomorphology: 
Expanding the diagnostic potential for biliary 
cytology. Diagn Cytopathol 40:536-541, 2012. 

84. Jung GS, Huh JD, Lee SU, et al: Bile duet: Analy¬ 
sis of percutaneous transluminal forceps biopsy 
in 130 patients suspected of having malignant 
biliary obstruction. Radiology 224:725-730, 
2002. 

85. Tapping CR, Byass OR, Cast JE: Cytological 
sampling versus forceps biopsy during percuta¬ 
neous transhepatic biliary drainage and analysis 
of factors predicting success. Cardiovasc Inter¬ 
vent Radiol 35:883-889, 2012. 

86. Ortner ME, Caca K, Berr F, et al: Successful pho- 
todynamic therapy for nonresectable cholangio- 
carcinoma: A randomized prospective study. 
Gastroenterology 125:1355-1363, 2003. 

87. Zoepf T, Jakobs R, Arnold JC, et al: Palliation of 
nonresectable bile duet cancer: Improved sur- 
vival after photodynamic therapy. Am J Gastro¬ 
enterol 100:2426-2430, 2005. 


Neoplasms of the Gallbladder 
and Biliary Tract 

BYUNG IHN CHOI I JEONG MIN LEE 


CHAPTER OUTLINE 


Gallbladder Carcinoma 

Epidemiology 

Etiology 

Pathologic Findings 
Clinical Findings 
Radiographic Findings 
Treatment and Prognosis 

Other Malignant Gallbladder Neoplasms 
Benign Gallbladder Neoplasms 

Cholangiocarcinoma 

Epidemiology 
Pathologic Findings 
Clinical Findings 
Radiographic Findings 
Treatment 

Periampullary Carcinoma 

Cystic Bile Duet Neoplasms: Cystadenoma and 
Cystadenocarcinoma 

Other Malignant Neoplasms of the Bile Duets 
Benign Bile Duet Neoplasms 


Most neoplasms that arise from the gallbladder and bile duets 
are malignant. Although infrequent, gallbladder and bile duet 
carcinomas are not rare. Gallbladder carcinoma is the seventh 
most common malignant neoplasm of the gastrointestinal tract 
and the most common biliary malignant neoplasm; bile duet 
carcinoma occurs less often. 1 Familiarity with the imaging char- 
acteristics of gallbladder and bile duet neoplasms is important 
to expedite diagnosis and appropriate treatment of patients, 
who often present with nonspecific symptoms of right upper 
quadrant pain, jaundice, and weight loss. 

Gallbladder Carcinoma 

EPIDEMIOLOGY 

Carcinoma of the gallbladder is responsible for at least 3000 
deaths per year in the United States. 1 Gallbladder cancer is the 
sixth most common cancer of the digestive system but accounts 
for only 3% to 4% of all gastrointestinal cancers. Carcinoma of 
the gallbladder is two to three times more common in women 
than in men, and its incidence steadily inereases with age, 
although it varies greatly in different parts of the world. 2 ' 6 More 
than 90% of patients are older than 50 years; the peak incidence 
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is 70 to 75 years. Some geographic areas have a high incidence 
of gallbladder cancer, including South America and India. 5 
Certain groups, such as Israelis, Native Americans, Spanish 
Americans in the Southwest United States, and Eskimos in 
Alaska, have a significantly higher incidence of gallbladder car¬ 
cinoma and cholelithiasis than do populations. 

ETIOLOGY 

Several factors have been associated with an inereased risk for 
development of gallbladder carcinoma. The presence of gall- 
stones is considered to be an important risk factor for gallblad¬ 
der carcinoma. Of patients with gallbladder carcinoma, 65% to 
90% have gallstones, an incidence considerably higher than that 
for age- and sex-matched control groups. 6,9 Many gallbladder 
cancers are unsuspected and found incidentally during surgery 
for gallstones or on final histologic analysis of the specimen. 
Diffuse mural calcification, the “porcelain” gallbladder, is 
another predisposing factor, ranging from 20% to 50% leading 
to cancer. 10,11 Other risk factors include the presence of gallblad¬ 
der adenomas, an anomalous pancreaticobiliary duet junetion, 
and exposure to carcinogenic Chemicals. 6,12,13 

PATHOLOGIC FINDINGS 

Most carcinomas of the gallbladder are adenocarcinomas (85%- 
90%) and can be papillary, tubular, mueinous, or signet cell 
type. The remainder are anaplastic, squamous cell, or adeno- 
squamous carcinomas. 14,15 On macroscopic examination, carci¬ 
nomas of the gallbladder can appear as poorly defined areas of 
diffuse gallbladder wall thickening (infiltrating), often with a 
desmoplastic reaction, or as a cauliflower mass (fungating) that 
grows into the gallbladder lumen. The infiltrating type invades 
the gallbladder wall and ultimately replaces the lumen with a 
tumor mass. The papillary form grows into and eventually hils 
the lumen. 16 Some tumors may show a combination of the 
infiltrating and fungating patterns. Approximately 60% of car¬ 
cinomas originate in the fundus, 30% in the body, and 10% in 
the neck. In some cases, the tumor may diffusely infiltrate the 
entire gallbladder, making its organ of origin impossible to 
identify. 

The gallbladder has unique anatomic features; the wall 
consists of a mueosa, lamina propria, smooth muscle layer, 
perimuscular connective tissue, and serosa without a submu- 
cosa. Furthermore, no serosa exists at the attachment to the 
liver and along the hepatic surface. The connective tissue is 
continuous with the interlobular connective tissue of the liver. 
Gallbladder carcinoma is staged surgically by the depth of 
invasion, extension of disease into adjacent structures, involve- 
ment of lymph nodes, and presence of metastases by the 
American Joint Committee on Cancer TNM staging system 2,18 
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BOX 79-1 TNM CLASSIFICATION SYSTEM FOR 

STAGING GALLBLADDER CARCINOMA 


PRIMARY TUMOR (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

TI Tumor invades mucosa or muscle layer 

Tla Tumor invades the mucosa 

Tlb Tumor invades the muscle layer 

T2 Tumor invades the perimuscular connective tissue; no 

extension beyond the serosa or into the liver 
T3 Tumor perforates the serosa (visceral peritoneum) and/ 

or directly invades the liver and/or one other adjacent 
organ or structure such as stomach, duodenum, colon, 
pancreas, omentum, or extrahepatic bile duets 
T4 Tumor invades main portal vein or hepatic artery or 

invades two or more extrahepatic organs or structures 

REGIONAL LYMPH NODES (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

NI Metastases to nodes along the cystic duet, common bile 

duet, hepatic artery, and/or portal vein 
N2 Metastases to periaortic, perieaval, superior mesenteric 

artery and/or celiac artery lymph nodes 

DISTANT METASTASIS (M) 

MO No distant metastasis 

Ml Distant metastasis 


b 1 Abt UKUUHINU 

Stage 0 

Tis 

NO 

MO 

Stage 1 

TI 

NO 

MO 

Stage II 

T2 

NO 

MO 

Stage INA 

T3 

NO 

MO 

Stage IIIB 

TI-3 

NI 

MO 

Stage IVA 

T4 

N0-1 

MO 

Stage IVB 

Any T 

N2 

MO 


Any T 

Any N 

Ml 


From Edge SB, Byrd DR, Compton CC, et al (eds): AJCC Cancer 
Staging Manual, 7th ed. Chicago, Springer, 2010, pp 211-217. 


(Box 79-1). Invasion of the muscularis mucosa distinguishes 
TI from T2 cancers. 

CLINICAL FINDINGS 

Gallbladder carcinoma most often is manifested with right 
upper quadrant abdominal pain simulating more common 
biliary and nonbiliary disorders. 19 Weight loss, jaundice, and 
an abdominal mass are less common presenting symptoms. 
Patients may have long-standing symptoms of chronic cho- 
lecystitis with a recent change in the quality or frequency 
of the painful episodes. Other common presentations are 
similar to either acute cholecystitis or symptoms of biliary 
malignant disease. Hepatomegaly and ascites suggest liver 
invasion. Gallbladder carcinoma is occasionally an incidental 
finding on abdominal imaging studies. Elevated serum levels 
of a-fetoprotein and carcinoembryonic antigen have been 
reported in association with gallbladder carcinoma. 

RADIOGRAPHIC FINDINGS 

Traditional plain oral cholecystography and barium studies of 
the gastrointestinal tract have a limited role in the imaging of 


gallbladder carcinoma. Abdominal radiographs may show 
calcified gallstones, porcelain gallbladder, or, rarely, punetate 
calcifications from mueinous carcinomas. 21 Biliary gas from 
malignant gallbladder-enteric fistula is another rare finding. 22 
The gallbladder fails to opacify in at least two thirds of patients 
with carcinoma of the gallbladder, usually because of cystic duet 
obstruction. 16 Barium study findings are abnormal in limited 
cases, showing displacement or direct invasion of the duode¬ 
num or anterior limb of the hepatic flexure. 

Ultrasound, computed tomography (CT), and magnetic 
resonance imaging (MRI) are the most valuable imaging 
modalities for evaluation of patients with gallbladder carci¬ 
noma. Patients with right upper quadrant pain should initially 
be examined with ultrasound. Ultrasound can detect lesions 
suggestive of gallbladder cancer, such as a wide polyp base and 
irregular horders. The diagnostic accuracy of ultrasound in gall¬ 
bladder cancer is more than 80%, but it has limitations in tumor 
staging. 23 Ultrasound can be useful for differentiating adeno- 
myomatosis from the wall-thickening type of gallbladder cancer 
by detecting intramural cystic spaces or echogenic foci within 
the wall. 24 28 Doppler imaging can be useful for differentiating 
polyp from tumefactive sludge by demonstrating biood flow to 
the polypoid tumors (Fig. 79-1). Endoscopic ultrasound is 
useful in depicting the depth of tumor invasion and for char- 
acterizing polypoid lesions. 26,27 CT is superior to ultrasound in 
assessing lymphadenopathy and spread of the disease into the 
liver, porta hepatis, or adjacent structures and is useful in pre- 
dicting which patients will benefit from surgical therapy (Fig. 
79-2). 28,29 Although MRI can be useful in assessing the cause of 
focal or diffuse mural thickening and helps differentiate gall¬ 
bladder cancer from adenomyomatosis and chronic cholecysti¬ 
tis, 30 31 magnetic resonance cholangiopancreatography (MRCP) 
provides more detailed information than ultrasound or CT 
about biliary involvement of the tumor. In addition, adding 
diffusion-weighted imaging to the standard MRI protoeol may 
improve sensitivity for distinguishing gallbladder cancers from 
benign gallbladder diseases with wall thickening (Fig. 79-3). 32-34 
Although direct cholangiographic techniques such as endo¬ 
scopic retrograde cholangiopancreatography (ERCP) and per- 
cutaneous transhepatic cholangiography are of little value in 
detecting the presence of gallbladder carcinoma, they are helpful 
in planning the surgical procedure because they can show 
tumor growth into adjacent intrahepatic duets or into the 
common bile duet. 6 The cholangiographic differential diagnosis 
includes cholangiocarcinoma, metastases, Mirizzi syndrome, 
and pancreatic carcinoma. 

Radiologic Evaluation of the Primary Tumor 

Gallbladder carcinomas have three major histologic and imaging 
presentations: focal or diffuse thickening or irregularity of the 
gallbladder wall; polypoid mass originating in the gallbladder 
wall and projecting into the lumen; and most commonly, a mass 
obscuring or replacing the gallbladder, often invading the adja¬ 
cent liver. 25,28,30 

Carcinoma Manifesting as Mural Thickening. Focal or diffuse 
thickening of the gallbladder wall is the least common pre- 
sentation of gallbladder carcinoma and is the most difficult 
to diagnose, particularly in the early stages. Gallbladder car¬ 
cinoma may cause mild to marked mural thickening in a focal 
or diffuse pattern. This thickening is hest appreciated sono- 
graphically; the gallbladder wall is normally 3 mm or less in 
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Figure 79-1 Ultrasound and Color Doppler imaging findings of polypoid gallbladder carcinoma. A. Subcostal sonogram shows a polypoid 
mass with a homogeneous tissue texture that is fixed to the gallbladder wall at its base. B. Color Doppler imaging shows biood flow signals in 
the polypoid mass. C. Precontrast axial CT scan demonstrates a polypoid mass (arrow) showing hyperattenuation to surrounding bile of the 
gallbladder. D. Axial CT scan demonstrates a homogeneously enhancing polypoid gallbladder carcinoma (arrow) with an enhancing vessel (open 
arrow). E. Photograph of the opened resected specimen shows the cauliflower-like intraluminal growth of a papillary adenocarcinoma. 



Figure 79-2 Polypoid gallbladder carcinoma with nodal 
metastasis. CT scan demonstrates a polypoid gallbladder carcinoma 
(black arrow) and low-density portocaval and para-aortic lymph nodes 
containing metastases (white arrows). 

thickness. 35 Carcinomas confined to the gallbladder mucosa 
may be manifested as flat or slightly raised lesions with mucosal 
irregularity that are difficult to appreciate sonographically. In 
one sonographic series, half the patients with these early car¬ 
cinomas had no protruding lesions, and fewer than one third 
were identified preoperatively. 36 More advanced gallbladder 
carcinomas can cause marked mural thickening, often with 


irregular and mixed echogenicity (Fig. 79-4). The gallbladder 
may be contracted, normal sized, or distended, and gallstones 
are usually present. When cancer occurs in the neck portion 
of the gallbladder, identification of cystic duet involvement by 
the tumor on imaging merits consideration of focal bile duet 
resection to achieve a negative resection margin (see Fig. 79-4). 

Four factors interfere with the sonographic recognition of 
carcinoma as the cause of gallbladder wall thickening: 

1. Changes of early gallbladder carcinoma may be only 
subtle mucosal irregularity or mural thickening. 

2. Gallbladder wall thickening is a nonspecific Ånding that 
can also be caused by acute or chronic cholecystitis, 
hyperalimentation, portal hypertension, adenomyomato- 
sis, inadequate gallbladder distention, hypoalbuminemia, 
hepatitis, hepatic failure, cardiac failure, or renal failure. 
The echo architecture of the wall can sometimes help 
narrow the differential diagnosis. 3 In acute cholecysti¬ 
tis, the wall often has irregular, discontinuous hypoechoic 
and echogenic bands. Chronic cholecystitis often results 
in a uniformly echodense band surrounding the mucosa, 
and hypoproteinemia may have a hypoechoic central 
band. Pronounced wall thickening (>1.0 cm) demon- 
strated by ultrasonography with associated mucosal irreg¬ 
ularity or marked asymmetry should raise concerns for 
malignant disease or complicated cholecystitis. 24 25 

3. Chronic cholecystitis is often present in patients with gall¬ 
bladder carcinoma. 

4. Shadowing stones or gallbladder wall calcifkation may 
obscure the carcinoma. 
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Figure 79-3 Gallbladder cancer showing enhancement on MRI and a high signal intensity on diffusion-weighted imaging. A. Fat- 
suppressed T2-weighted MR image shows an asymmetrically thickened gallbladder wall with hypointensity ( arrows ) compared with edematous 
surrounding wall. B. Postgadolinium fat-suppressed Tl-weighted image reveals slightly heterogeneous enhancement of the thickened 
gallbladder wall (arrows). C. High b value (b = 1000) diffusion-weighted imaging demonstrates a high signal intensity of the tumor ( arrows) 
involving the fundus of the gallbladder. D. MRCP demonstrates a luminal narrowing of the fundus ( arrows ) caused by the tumor and a normal 
appearance of the bile duet. 




Figure 79-4 Gallbladder cancer manifesting 
as mural thickening at the neck portion. 

A. Intercostal sonogram shows a marked 
thickening of gallbladder wall ( arrows ) in the neck 
portion. B. Coronal reformatted CT image shows 
an enhancing, thick gallbladder wall ( arrows ) with 
lumen narrowing. C. Photograph of the opened 
resected specimen shows an irregular wall 
thickening of the neck portion of the gallbladder 
as well as a patent cystic duet (arrows). 
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Although CT is inferior to ultrasound for evaluating the 
gallbladder wall for mucosal irregularity, mural thickening, and 
cholelithiasis, it is superior for evaluating the thickness of por¬ 
tions of the gallbladder wall that are obscured by interposed 
gallstones or mural calcifications on ultrasound." On 
contrast-enhanced CT, thick (>2.5 mm) and strong enhance- 
ment of the inner wall and irregular contour of the affected wall 
are significant predictors for a malignant cause of gallbladder 
wall thickening (Fig. 79-5). 29,40 When focal or irregular thicken¬ 
ing of the gallbladder wall is encountered on CT, the images 
should be carefully inspected for bile duet dilation, local inva¬ 
sion, metastasis, or adenopathy. 29,40 Multiplanar reformatted 
images of multidetector CT (MDCT) scans could be valuable 
for demonstrating extent of gallbladder cancers as well as rela- 
tionship with adjacent organs, similar to biliary malignant 
tumors 41 ' 44 (see Fig. 79-4). Studies have also demonstrated that 
diffusion-weighted MRI could contribute to the improvement 
of the diagnostic capability for gallbladder wall thickening or 
polypoid lesions by demonstrating high signal intensity on high 
b value diffusion-weighted imaging and a lower apparent dif¬ 
fusion coefficient value of gallbladder cancers than that of 
benign gallbladder diseases (see Fig. 79 -3). 32,33 

Carcinoma Manifesting as a Polypoid Mass. About one fourth 
of gallbladder carcinomas are manifested as a polypoid mass 
projecting into the gallbladder lumen. Identification of these 
neoplasms is particularly important because they are well dif- 
ferentiated and are more likely to be confined to the gallbladder 
mueosa or muscularis when discovered. 36,45 

Polypoid carcinomas on ultrasound usually have a homoge- 
neous tissue texture, are fixed to the gallbladder wall at their 
base, and do not cast an acoustic shadow 25,27 (Fig. 79-6; see also 
Fig. 79-1). Most are broad based with smooth horders, although 
occasional tumors have a narrow stalk or villous fronds. The 


polyp may be hyperechoic, hypoechoic, or isoechoic relative to 
the liver. Gallstones are usually present, and the gallbladder is 
either normal sized or expanded by the mass. A small polypoid 
carcinoma can be indistinguishable from a cholesterol polyp, 
adenoma, or adherent stone. Most benign polyps are small, 
measuring less than 1 cm. 26,27,37 If a gallbladder polyp is larger 
than 1 cm in diameter and is not clearly benign, cholecystec- 
tomy should be considered. 36 Tumefactive sludge or biood clot 
can simulate a polypoid carcinoma. 2 " Positional maneuvers 
usually differentiate these entities; clots and sludge move, albeit 
slowly, whereas cancers do not. Color Doppler imaging is also 
valuable for differentiating a polypoid tumor from tumefactive 
sludge by demonstrating vascular flow within tumors 28 (see Fig. 
79-1). When polypoid carcinomas are sufficiently large, they are 
manifested as soft tissue masses that are denser than surround- 
ing bile on CT scans or show a hypointensity to surrounding 
bile on T2-weighted MR imaging (see Fig. 79-6). 30 The polypoid 
cancer usually enhances homogeneously after administration of 
contrast medium, and the adj acent gallbladder wall may be 
thickened (see Figs. 79-1 and 79-6). Necrosis or calcification is 
uncommon. 

Carcinoma Manifesting as a Gallbladder Fossa Mass. A large 
mass obscuring or replacing the gallbladder is the most common 
(42%-70%) presentation of gallbladder carcinoma. 28,30 On 
sonographic examination, the mass is often complex, with 
regions of necrosis, and small amounts of pericholecystic fluid 
are often present. Gallstones are commonly seen within the ill- 
defined mass, which typically invades hepatic parenchyma. 

On CT scans, infiltrating carcinomas that replace the gall¬ 
bladder often show irregular contrast enhancement with 
scattered regions of internal necrosis (Fig. 79-7). 30 Unless the 
associated gallstones are densely calcified, they may be difficult 
to identify. Invasion of the liver or hepatoduodenal ligament, 




Figure 79-5 Gallbladder carcinoma: mural 
thickening. A. Subcostal sonogram shows a 
markedly thickened, inhomogeneous gallbladder 
wall ( arrows ). B. CT shows an enhancing, thick 
gallbladder wall ( arrows) with lumen narrowing. 

C. Photograph of the opened resected specimen 
shows a thickening of the gallbladder wall (arrows). 
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Figure 79-6 Polypoid 
gallbladder carcinoma having a 
wide base with a gallbladder 
wall. A. Sonogram shows a large 
homogeneous, hyperechoic 
polypoid gallbladder carcinoma 
( arrow ) relative to surrounding 
bile. The mass was immobile with 
changes in the patient's position. 

B. Precontrast axial CT scan 
demonstrates a hyperattenuated 
soft tissue density polypoid tumor 
(arrow) in the gallbladder. 

C. Postcontrast axial CT scan 
demonstrates a homogeneously 
enhancing polypoid gallbladder 
carcinoma that is broad based 
with smooth border (arrow). 

D. Postcontrast TI-weighted 
MR image also demonstrates a 
polypoid mass showing 
hyperenhancement (arrow). 

E. Coronal T2-weighted image 
demonstrates a hypointense 
polypoid tumor (arrow) in the 
gallbladder. F. Photograph of the 
opened resected specimen shows 
a polypoid gallbladder cancer 
(arrow). 



Figure 79-7 Gallbladder 
carcinoma manifesting as a 
gallbladder fossa mass. A. CT 

scan demonstrates an irregular 
hypodense mass replacing the 
gallbladder extending into the 
hepatic parenchyma (arrows). 
Note dilated common duet with 
wall thickening, suggesting 
spreading to the extrahepatic 
bile duet. B. Photograph of the 
resected specimen shows a large 
mass replacing the gallbladder 
(arrows). 
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satellite lesions, hepatic or nodal metastases, and bile duet dik¬ 
tion are also common. 

MRI findings in gallbladder carcinoma are similar to those 
reported with CT. MRI demonstrates prolongation of the TI 
and T2 relaxation time in gallbladder carcinoma. These lesions 
are heterogeneously hyperintense on T2-weighted images 
and hypointense on Tl-weighted images compared with 
liver parenchyma. 46 Ill-defmed early enhancement is a typical 
appearance of gallbladder carcinoma on dynamic gadolinium- 
enhanced MRI 29 (Fig. 79-8). MRI with MRCP offers the poten¬ 
tial of evaluating parenchymal, vascular, biliary, and nodal 
involvement with a single noninvasive examination (Fig. 
79-9). 30 On the basis of MRI alone, it may be diffkult to dis- 
tinguish carcinoma of the gallbladder from inflammatory and 
metastatic disease. 

Differential Diagnosis 

The differential diagnosis of infiltrating gallbladder carcinomas 
includes more common inflammatory and noninflammatory 
causes of wall thickening. These include heart failure, cirrhosis, 
hepatitis, renal failure, complicated cholecystitis, xanthogranu- 
lomatous cholecystitis, and adenomyomatosis. 28,38,39 Clinically 
and radiologically, gallbladder carcinoma can be difficult to 
differentiate from cholecystitis with pericholecystic fluid and 
abscess. A inereased attenuation intrahepatic halo surrounding 
the gallbladder wall on contrast-enhanced CT scans or MRI is 
fairly specific for complicated cholecystitis. 46 4 8 Gallbladder 
carcinoma should be suspected when there are features of a 
focal mass, lymphadenopathy, hepatic metastases, and biliary 
obstruction at the level of the porta hepatis. Diffuse gallbladder 
wall thickening and streaky densities in the pericholecystic fat 
are seen with both inflammation and carcinoma. 40 Xantho- 
granulomatous cholecystitis is a pseudotumoral inflammatory 


condition of the gallbladder that radiologically simulates gall¬ 
bladder carcinoma. 49 In the few cases in which it is impossible 
to distinguish complicated cholecystitis from neoplasm, 
ultrasound-directed or CT-directed needle biopsy can provide 
a tissue diagnosis. Adenomyomatosis, which is characterized 
by focal or diffuse gallbladder wall thickening with dilated 
Rokitansky-Aschoff sinuses, may simulate gallbladder carci¬ 
noma on CT. MRI can be useful for distinguishing this entity 
from gallbladder carcinoma. 0 31 

The differential diagnosis of those tumors that are mani¬ 
fested as an intraluminal polypoid mass includes adenomatous, 
hyperplastic, and cholesterol polyps; carcinoid tumor; meta¬ 
static melanoma; and hematoma. 28 The differential diagnosis 
for a mass replacing the gallbladder fossa includes hepatocel- 
lular carcinoma, cholangiocarcinoma, and metastatic disease 
to the gallbladder fossa. 0 Hepatomas occurring near the gall¬ 
bladder fossa may be confused with gallbladder cancer radio- 
graphically, but they usually occur in cirrhotic livers and do 
not typically invade the gallbladder. Patients with liver metas¬ 
tases to the gallbladder fossa usually have a known primary 
neoplasm. 

Pathways of Tumor Spread 

Gallbladder carcinoma spreads beyond the wall by several 
routes: direct invasion of the liver, hepatoduodenal ligament, 
duodenum, or colon; lymphatic spread to regional lymph 
nodes; hematogenous spread to the liver; intraductal tumor 
extension; and metastasis to the peritoneum. Distant metas¬ 
tases are unusual. 

Gallbladder carcinoma spreads most commonly by direct 
invasion of the liver. 50 ' 52 Liver invasion is facilitated by its prox- 
imity and the thin gallbladder wall, which lacks a submueosa 
and has only a single muscle layer. Invasion of the gastrohepatic 




Figure 79-8 Gallbladder carcinoma: MR 
features. A. T2-weighted MR image shows a 
thickened, moderately hyperintense gallbladder 
wall ( arrows). B. Tl-weighted MR image 
demonstrates a thickened hypointense gallbladder 
wall (arrows). C. Postgadolinium fat-suppressed 
Tl-weighted image reveals slightly heterogeneous 
enhancement of the thickened gallbladder wall 
(arrows). 
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Figure 79-9 Gallbladder carcinoma with direct spread to the bile duet. A and B. Coronal MR images demonstrate an enhancing gallbladder 
carcinoma with involvement of adjacent bile duet ( arrows ). C. MRCP maximum intensity projection image demonstrates a malignant stricture 
involving the common hepatic duet as well as narrowing of the lumen at neck portion of the gallbladder ( arrow ). D. Direct cholangiography also 
demonstrates the stricture (arrow) involving the confluence of the right and left hepatic duets (hilum of the bile duet), with dilation of the 
intrahepatic bile duets. 


ligament is also common and may cause biliary obstruction at 
the porta hepatis. Invasion into the duodenum or colon is less 
common. On ultrasound images, the gallbladder wall becomes 
ill-defmed as an inhomogeneous mass extends into the liver 
parenchyma. On CT scans, portions of the invading tumor 
show enhancement after administration of contrast medium. 53 
The gallbladder wall is poorly defrned adjacent to the carcinoma 
invading liver parenchyma. Detection of subtle hepatic invasion 
is improved by use of narrow collimation to avoid partial 
volume averaging and by coronal or sagittal reformations. 54 On 
MRI, direct hepatic invasion and distant liver metastases are 
well shown on T2-weighted or gadolinium-enhanced images. 
The tumor has the same signal intensity as the primary tumor 
in most cases. 30 

The prevalence of lymphatic spread is high in gallbladder 
carcinoma 55 (see Fig. 79-2). Lymphatic metastases progress 
from the gallbladder fossa through the hepatoduodenal liga¬ 
ment to nodal stations near the head of the panereas. The cystic 
and pericholedochal lymph nodes are the most commonly 
involved at surgery and are a critical pathway to involvement 
of the celiac, superior mesenteric, and para-aortic lymph 
nodes. 52 Because the gallbladder drains into these more distal 
nodes, hepatic hilar nodes are usually not involved. Positive 
lymph nodes are more likely to be greater than 10 mm in 
anteroposterior diameter and have heterogeneous contrast 
material enhancement. 53,54 

Dilated bile duets are present in about half the patients at 
the time of presentation. 28,53,54 Biliary obstruction may develop 


in patients with gallbladder cancer for a variety of reasons: 
lymphadenopathy, usually surrounding the common bile duet; 
tumor invasion into the hepatoduodenal ligament, often at the 
porta hepatis (see Fig. 79-9); intraductal tumor growth; or 
rarely, choledocholithiasis. Adenopathy and invasion into the 
hepatoduodenal ligament are the most common causes of 
obstruction; intraductal spread is infrequent but may be seen 
as a polypoid mass extending into the common bile duet. Ultra¬ 
sound, CT, and MRI reveal biliary dilation and can usually show 
the level of obstruction. Invasion of the hepatoduodenal liga¬ 
ment is often better demonstrated with coronal reformatted CT 
or MRI than with axial CT. 56 58 

TREATMENT AND PROGNOSIS 

Survival in patients with gallbladder carcinoma is strongly 
influenced by the pathologic stage at presentation. 16,59 Patients 
with cancer limited to the gallbladder mueosa have an excellent 
prognosis, but most patients with gallbladder carcinoma have 
advanced, unresectable disease at the time of presentation. As a 
result, less than 15% of all patients with gallbladder carcinoma 
are alive after 5 years. Surgical management of gallbladder car¬ 
cinoma is based on the local extension of the tumor. If there is 
direct extension of disease to the muscularis propria, a radical 
cholecystectomy is necessary. When disease extends through the 
serosa, more radical procedures including extended cholecys¬ 
tectomy, pancreatoduodenectomy, and major hepatic resection 
can be performed. However, radical tumor resection in this 
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setting is associated with a high operative mortality and few 
long-term survivors. 

Other Malignant 
Gallbladder Neoplasms 

A number of malignant diseases can metastasize to the gallblad¬ 
der. Among the most common primary malignant neoplasms 
are melanoma, breast carcinoma, hepatocellular carcinoma, and 
lymphoma. ’ 60 ' 62 On cross-sectional images, metastases show 
focal wall thickening, one or more polypoid masses, or replace- 
ment of the gallbladder by neoplasm (Fig. 79-10). Metastatic 
neoplasms of the gallbladder may be indistinguishable from 
primary gallbladder carcinoma except that gallstones are less 
frequently seen in patients with metastases. 

Primary carcinoid tumors, lymphomas, and sarcomas of 
the gallbladder have also been reported. 16,54 Carcinoids and 
lymphomas are manifested as polypoid masses that some- 
times obstruct the cystic duet. 63 Sarcomas are bulky polypoid 
masses that are indistinguishable from primary gallbladder 
carcinoma. 

Benign Gallbladder Neoplasms 

A diverse Spectrum of benign tumors arise from the gallbladder. 
Benign neoplasms are derived from the epithelial and non- 
epithelial structures that compose the normal gallbladder. 64 
Although these lesions are relatively uncommon, their 


importance lies in their ability to mimic malignant lesions of 
the gallbladder. Most benign neoplasms of the gallbladder are 
adenomas. At gross examination, gallbladder adenomas appear 
as polypoid structures and may be sessile or peduneulated. 
They are generally smaller than 2 cm. Tubular adenomas are 
typically lobular in contour, whereas papillary adenomas have 
a cauliflower-like appearance. 64 

On ultrasound, adenomas appear as small, broad-based, 
nonshadowing, sessile or peduneulated polypoid filling defeets 
that do not move with gravitational maneuvers. The echotex- 
ture of adenomas is typically homogeneous and hyperechoic. 
Adenomas tend to be less echogenic and more heterogeneous 
as they inerease in size 64 (Fig. 79-11). Focal gallbladder wall 
thickening adjacent to a polypoid mass should raise concern for 
malignant disease. These polyps are manifested as enhancing 
intraluminal soft tissue masses. They are difficult to distinguish 
from the more common cholesterol polyp. Cholesterol polyps 
are more often smaller and multiple. Other rare benign neo¬ 
plasms of the gallbladder include cystadenoma, granular cell 
tumors, hemangioma, lipoma, and leiomyoma. 64 ' 66 

Cholangiocarcinoma 

EPIDEMIOLOGY 

Cholangiocarcinoma is a malignant tumor arising from the 
epithelium of the bile duets and is the second most common 
primary hepatobiliary cancer after hepatocellular carcinoma. 
Cholangiocarcinoma is an uncommon tumor; between 2500 





Figure 79-10 Gallbladder metastases. A. CT scan obtained during hepatic 
arterial phase shows an enhancing polypoid mass ( arrow) of the gallbladder. 
Note that left kidney is not shown in the left renal fossa because of previous 
nephrectomy (star). B. Gray-scale ultrasound and color Doppler scans show a 
polypoid tumor with strong vascular signals (arrow). C. Photograph of the 
opened resected specimen shows a polypoid tumor that was pathologically 
confirmed as a metastatic renal cell carcinoma (arrow). 
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Figure 79-11 Gallbladder 

adenoma. A. Sonogram shows a 
sessile polypoid mass ( arrow ). 

B. CT scan demonstrates an 
enhancing polypoid gallbladder 
adenoma ( arrows). 


and 3000 new cases of cholangiocarcinoma are diagnosed 
annually in the United States. 4,18,19 This tumor is more preva- 
lent in the Far East and Southeast Asia, where liver fluke 
infection and choledocholithiasis are common. Cholangiocar- 
cinomas occur slightly more often in men, with a male-to- 
female ratio of 1.3:1; the average age at diagnosis is between 
50 and 70 years/ Risk factors for this neoplasm include 
primary sclerosing cholangitis, choledochal cyst, familial pol¬ 
yposis, congenital hepatic fibrosis, bile duet stone disease, 
prior biliary-enteric anastomosis, infection with the Chinese 
liver fluke Clonorchis sinensis , and history of exposure to 
thorium dioxide (Thorotrast). 68,69 

PATHOLOGIC FINDINGS 

More than 95% of cholangiocarcinomas are adenocarcinomas 
originating from bile duet epithelium. Most cholangiocarcino¬ 
mas are well to moderately differentiated adenocarcinomas 
with a tendency to develop desmoplastic reactions and early 
perineural invasion. 69 Cholangiocarcinoma is classified ana- 
tomically into three groups: intrahepatic and peripheral to the 
liver hilum, hilar, or extrahepatic. These three types of cholan¬ 
giocarcinoma are regarded as distinet disease entities therapeu- 
tically. Intrahepatic tumors are treated with hepatectomy, when 
possible, and hilar tumors are managed with resection of the 
bile duet, preferably with hepatectomy. Extrahepatic tumors are 
treated in a fashion similar to other periampullary malignant 
neoplasms with pancreatoduodenectomy. Although their 
precise definitions are controversial, a tumor that arises periph¬ 
eral to the secondary bifurcation of the left or right hepatic 
duet is considered an intrahepatic cholangiocarcinoma. A 
tumor that arises from one of the hepatic duets or from the 
bifurcation of the common hepatic duet is classified as a hilar 
cholangiocarcinoma. Peripheral intrahepatic cholangiocarci¬ 
noma accounts for 10% of all cholangiocarcinomas, hilar chol¬ 
angiocarcinoma for 25%, and extrahepatic cholangiocarcinoma 
for 65%. 71 

Cholangiocarcinomas are also divided into three types on 
the basis of their morphology: mass forming; periductal infil- 
trating, causing stricture; and intraductal growing. This 
morphologic classification of cholangiocarcinoma is of great 
importance as it reflects biologic behavior and mode of spread 
of the tumor, and different types of cholangiocarcinoma may 
need different staging systems or different treatment strate¬ 
gies 73,74 Mass-forming intrahepatic cholangiocarcinoma is a 
gray-white mass often accompanied by satellite nodules (Fig. 
79-12). Fibrosis and necrosis are frequently seen centrally. The 


periductal infiltrating type of cholangiocarcinoma grows along 
the bile duet wall, resulting in concentric mural thickening and 
proximal dilation. 73 A dense fibroblastic reaction may encase 
the adjacent hepatic artery or portal vein, complicating surgical 
resection (Fig. 79-13). 75 77 Intraductal growing papillary chol¬ 
angiocarcinoma is characterized by the presence of intralumi- 
nal papillary tumors of the intrahepatic or extrahepatic bile 
duets with partial obstruction and dilation of the bile duets 
(Fig. 79-14). 72 The tumors are usually small but often spread 
superficially along the mucosal surface, resulting in multiple 
tumors along the adj acent segments of the bile duets or a tumor 
cast. 78 Some papillary tumors of the bile duets produce a large 
amount of muein and may impede the flow of bile. Duets 
both proximal and distal to the tumor can be dilated because 
muein may obstruct the papilla of Vater. 

CLINICAL FINDINGS 

Patients with hilar or extrahepatic cholangiocarcinomas usually 
present with painless jaundice. Anorexia, weight loss, vague gas- 
trointestinal symptoms, ill-defmed upper abdominal discom- 
fort, and elevated serum alkaline phosphatase and bilirubin 
levels also can be seen. Cholangitis is unusual as a presenting 
symptom but most commonly develops after biliary manipula¬ 
tion. Patients with intrahepatic cholangiocarcinoma are usually 
asymptomatic and are rarely jaundiced until late in the course 
of disease. 

RADIOGRAPHIC FINDINGS 

The radiologic evaluation of patients with cholangiocarcinoma 
should delineate the overall extent of the tumor, including 
involvement of the bile duets, liver, and portal vessels and 
distant metastases. 19 Various imaging tests are available to assess 
patients with cholangiocarcinoma, and the initial radiographic 
studies consist of either ultrasound or CT. Ultrasound can 
quickly establish the level of biliary obstruction. Nowadays, 
MDCT has become the noninvasive diagnostic test of choice for 
detailed evaluation and staging of cholangiocarcinoma 76,77 as it 
is widely available and able to indicate the location of the tumor 
and show the relationship between adjacent tissues, such as 
hepatic artery, portal vein, and liver parenchyma. In addition, 
it also helps survey the entire abdomen for disease staging. In 
most centers, ERCP or percutaneous transhepatic cholangiog- 
raphy is used to evaluate the extent of biliary involvement and 
to provide palliation for jaundice. 76 ' 78 MRI with MRCP offers 
the potential of evaluating parenchymal, vascular, biliary, and 
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Figure 79-12 Intrahepatic mass-forming type 
of cholangiocarcinoma. A. Unenhanced CT shows 
a low-density mass ( arrows ) with focal capsular 
retraction ( arrowhead ). B. Hepatic arterial phase 
CT shows a nonspecific, malignant-appearing mass 
with peripheral enhancement ( arrows ) in the right 
lobe of the liver. C. Portal venous phase scan 
shows a gradual enhancement of the tumor 
(arrows) except for central nonenhancing necrotic 
foci. D. Photograph of the resected specimen 
shows a gray-white mass with capsular retraction 
(arrow). Fibrosis and central necrosis ( arrowhead) 
are seen in the center. 



Figure 79-13 Periductal infiltrating type of cholangiocarcinoma. A. Portal venous phase scan shows a luminal narrowing of right intrahepatic 
bile duet with wall thickening (arrow) with invasion into adjacent hepatic parenchyma and upstream ductal dilation. Note dilation of left 
intrahepatic bile duet, suggestive of liver fluke ( Clonorchis sinensis ) infestation. B. Photograph of the resected specimen of a periductal 
infiltrating cholangiocarcinoma shows irregular thickening of the right main hepatic duet, with parenchymal invasion (arrow) as well as upstream 
ductal dilation (open arrow). 
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Figure 79-14 Intraductal 
growing papillary 
cholangiocarcinoma. A and B. 

Precontrast and postcontrast CT 
scans show an intraluminal tumor 
with papillary projections with 
weak enhancement (arrow) in the 
dilated hilar duet. C. Axial 
T2-weighted image shows a 
papillary cholangiocarcinoma 
(arrow) in the hilar duet. 

D. Contrast-enhanced axial 
Tl-weighted image demonstrates 
a heterogeneously enhancing 
polypoid tumor (arrow) in the 
dilated common bile duet. 

E. MR cholangiography shows a 
papillary intraductal mass (arrow) 
at the hilar portion of the 
common bile duet with dilation 
of bilateral intrahepatic duet. 

F. Photograph of the resected 
specimen shows a large papillary 
tumor in left hepatic duet and 
common bile duet (arrow). 


nodal involvement with a single noninvasive examination (see 
Chapter 80). Although both MDCT and MRI with MRCP 
showed excellent diagnostic capability for assessing the longi¬ 
tudinal extent and tumor resectability of bile duet cancer, in 
general, MDCT or MRI generally underestimates the tumor 
involvement of vessels and lymph nodes. 79,80 The imaging 
features of cholangiocarcinoma depend on tumor location 
and type. 

Intrahepatic Type 

The most common appearance of a mass-forming cholangio¬ 
carcinoma on sonography, CT, and MRI is a well-defined, pre- 
dominantly homogeneous mass with irregular horders. 8182 On 
sonographic examination, these masses may have mixed echo- 
genicity or may be predominantly hypoechoic or hyperechoic. 
Because of the peripheral location of the mass, bile duet obstruc¬ 
tion is uncommon. Unenhanced CT scans show a hypoattenu- 
ating mass, either solitary or with satellite lesions (see Fig. 
79-12). After the administration of contrast medium, there is 


irregular peripheral and patchy enhancement in the tumor. The 
dense fibrotic nature of the tumor often produces capsular 
retraction. Small necrotic regions and focal intrahepatic bile 
duet dilation around the mass are common. 82 A higher inci- 
dence of cholangiocarcinoma is associated with clonorchiasis 
(Fig. 79-15). The CT appearance of clonorchiasis is diffuse, mild 
dilation of the intrahepatic biliary duets, especially the periph¬ 
eral portions, without any evidence of obstruction. 83 Capsular 
retraction, dilation of the peripheral bile duets, and presence of 
satellite nodules are frequent Åndings accompanying mass- 
forming intrahepatic cholangiocarcinoma. 82 ' 85 

The typical appearance of cholangiocarcinoma on MRI is a 
nonencapsulated mass that is hypointense on Tl-weighted 
images and hyperintense on T2-weighted images 84 (Fig. 79-16). 
Central hypointensity corresponding to fibrosis may be seen on 
T2-weighted images. Capsular retraction is fo und in 21% of 
mass-forming cholangiocarcinomas and seems to be related to 
the dense fibrotic nature of the tumor. 84,86 In addition, in 
patients with associated clonorchiasis, dilation of the peripheral 
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portion of the intrahepatic bile duets is occasionally seen. Chol- 
angiography demonstrates displacement of bile duets away 
from the intrahepatic cholangiocarcinoma, obstruction of an 
intrahepatic duet, or a polypoid mass in the intrahepatic duets. 

Exophytic, intrahepatic cholangiocarcinomas simulate other 
hepatic malignant neoplasms, particularly hepatocellular carci- 
noma, on cross-sectional imaging. Most cholangiocarcinomas, 



Figure 79-15 Intrahepatic cholangiocarcinoma associated with 
clonorchiasis. Contrast-enhanced CT scan shows an irregular 
low-density cholangiocarcinoma ( arrows ) in the right lobe of the liver 
and mild, diffuse dilation of intrahepatic bile duets, suggesting 
clonorchiasis. 


however, occur in noncirrhotic livers. In addition, on dynamic 
CT or MRI, typical mass-forming cholangiocarcinoma shows 
thin rimlike or thick bandlike enhancement around the tumor 
during the hepatic arterial and portal venous phases. 82,83,87 On 
delayed (10-15 minutes) scans, there is progressive and concen- 
tric filling of the contrast material 81,86 (see Fig. 79-16). The 
enhancement pattern of cholangiocarcinoma is explained by 
slow diffusion of contrast material into the interstitial spaces of 
the tumor. 84 This pattern differs from that of hepatocellular 
carcinoma, which typically shows robust enhancement in the 
hepatic arterial phase and isoattenuation or low attenuation on 
the portal venous phase. 8 A study 86 reported that hepatobiliary 
phase imaging of gadoxetic acid-enhanced MRI could improve 
detection of daughter nodules and intrahepatic metastases 
compared with dynamic phase images, which might be benefi- 
cial for staging and surgical planning of mass-forming chol¬ 
angiocarcinomas. Hypovascular metastases, especially from 
adenocarcinoma of the gastrointestinal tract, may show an 
enhancement pattern similar to that of peripheral cholangio¬ 
carcinomas. Absence of a known primary malignant neoplasm, 
relatively large tumor size, and bile duet dilation favor mass- 
forming cholangiocarcinomas over metastases. 81 

Intrahepatic cholangiocarcinomas may also be polypoid or 
focally stenotic (Fig. 79-17). If exophytic intrahepatic cholan¬ 
giocarcinomas are exeluded, about three fourths of cholangio¬ 
carcinomas are manifested as a focal stricture, and one fourth 
are polypoid or diffusely stenotic. 8 Focally stenotic or papillary 
cholangiocarcinomas often cause segmental bile duet dilation 
and may induce lobar atrophy if the tumor is central in location. 
Papillary intrahepatic cholangiocarcinoma occasionally pro- 
duces abundant muein, resulting in a well-marginated cystic 


Figure 79-16 Intrahepatic 
cholangiocarcinoma. 

A. T2-weighted turbo spin-echo 
image shows a heterogeneously 
hyperintense cholangiocarcinoma 
( arrows ) in the right lobe of 
the liver. B. Opposed-phase 
Tl-weighted MR image 
demonstrates a hypointense 
mass (arrows). C and D. Dynamic 
gadolinium-enhanced 
Tl-weighted gradient-echo 
images at 1 and 5 minutes after 
injection of contrast material 
reveal progressive centripetal 
enhancement of the tumor 
(arrows). 
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mass that resembles biliary cystadenocarcinoma (Fig. 79-18). A 
correct diagnosis of intraductal cholangiocarcinoma can be 
made by demonstrating direct continuity of the peripheral bile 
duets with the tumor and incorporated hepatic parenchyma 
between cysts. 9 Mucin may result in tumor calcification and 
can also obstruct the duet lumen distal to the carcinoma 
(Fig. 79-19). 

Hilar Type 

Cholangiocarcinomas most often occur at the confluence of the 
right and left bile duets and the proximal common hepatic duet. 



Figure 79-17 Papillary cholangiocarcinoma. Sonogram shows a 
papillary cholangiocarcinoma filling the dilated right intrahepatic bile 
duet ( arrow). 


These so-called Klatskins tumors are usually periductal infil- 
trating types. 90 ' 92 The sonographic features of Klatskin s tumors 
include duet dilation, isolation of the right and left bile duet 
segments, mass or bile duet wall thickening at the hilum, and 
lobar atrophy with crowded, dilated bile duets. 92 93 Klatskins 
tumors almost invariably cause biliary dilation. Although the 
tumor can appear as mural thickening or an encircling mass 
along the bile duet wall, a defmite mass is rarely seen on 
ultrasound 90 94 (Fig. 79-20). Less often, a polypoid mass can 
cause hilar obstruction. 

CT is more sensitive than ultrasound in detecting obstruct- 
ing ductal masses, which are usually small (Fig. 79-21). MDCT 
allows more accurate evaluation of these small lesions and 
better demonstrates the status of the hepatic arterial or portal 
venous circulation. 92 The mass is hypodense to liver on most 
scans before administration of contrast material. 81 On contrast- 
enhanced CT, infiltrating tumors are seen as a focal thickening 
of the duet wall, obliterating the lumen. About 80% of these 
tumors are hyperattenuating relative to the liver on arterial or 
portal phase or both (see Fig. 79-13). 91,92,95 Because of their 
sclerotic nature, most lesions show delayed tumor enhancement 
up to 8 to 15 minutes after injection of contrast medium (Fig. 
79-22). 95,96 

Cholangiocarcinomas are either isointense or low in signal 
intensity relative to the liver on Tl-weighted images. On 
T2-weighted images, the tumor signal intensity ranges from 
markedly inereased to mildly inereased relative to liver. Tumors 
with high fibrous content tend to have lower signal intensity 
on T2-weighted images 98 (Fig. 79-23). Cholangiocarcinomas 
enhance to a moderate degree on gadolinium-enhanced 
Tl-weighted MR images. MRI with MR cholangiography can 
provide comprehensive evaluation of axial and longitudinal 
tumor extent of hilar cholangiocarcinomas as well as of vascular 




Figure 79-18 Multiple papillary 
cholangiocarcinomas. A. Contrast-enhanced 
CT shows multiple enhancing papillary 
cholangiocarcinomas ( arrows ) in the dilated left 
intrahepatic bile duet. B. Contrast-enhanced CT 
scan caudal to A demonstrates multiple polypoid 
tumors ( arrows ) in the dilated common bile duet. 
C. Photograph of the resected specimen shows 
multiple polypoid tumors in left hepatic duet and 
common bile duet. 
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Figure 79-19 Mucin-secreting 
cholangiocarcinoma. A. CT 

shows a polypoid mass ( arrow ) in 
the left hepatic lobe and dilated 
left and right intrahepatic bile 
duets (curved arrows ) and dilated 
left and common hepatic bile 
duets. B. ERCP demonstrates 
muein expanding the 
extrahepatic bile duets (arrows). 
At endoscopy, muein was seen 
coming from the common bile 
duet. 




Figure 79-20 Klatskin # s tumor. Sonography of Klatskin's tumor 
shows dilation of intrahepatic bile duets and nonunion of right and 
left intrahepatic bile duets (arrows). 


involvement by the tumors 77,99,100 (Fig. 79-24). As with CT, con- 
trast enhancement is better appreciated on delayed images 
because of the nature of the tumor (Fig. 79-25). 

Lobar hepatic atrophy with marked dilation and crowding 
of bile duets is seen on CT and MRI in approximately one 
fourth of patients with hilar cholangiocarcinomas. 94 There 
is dominant involvement of the duet supplying the atrophied 
segment. Lobar hepatic atrophy with biliary dilation strongly 
suggests cholangiocarcinoma, although long-standing biliary 
obstruction from surgical trauma or focal biliary obstruction 
can cause similar Åndings (see Fig. 79-24). 58,92,100 The liver 
parenchyma and hepatoduodenal ligaments are commonly 
invaded by Klatskin’s tumors. 70,90,92,101 Lymphatic metastases 
most commonly involve the portoeaval, superior panereati- 
coduodenal, and posterior pancreaticoduodenal lymph nodes. 54 
Retroperitoneal lymphadenopathy, peritoneal spread, and 
proximal intestinal obstruction occur in advanced stages of 
hilar cholangiocarcinoma. 

Although periductal infiltrating cholangiocarcinoma is the 
most common type of hilar cholangiocarcinoma, less often, 


intraductal growing cholangiocarcinoma can occur in the hilar 
duet. The intraductal tumors may show higher attenuation than 
bile on precontrast CT images and hypoenhancement with 
regard to the hepatic parenchyma on contrast-enhanced images, 
probably because of lack of fibrotic stroma 97 (see Fig. 79-14). 
When intraductal tumors are developed as multiple intralumi- 
nal lesions, they can be easily mistaken for intrahepatic duet 
stones or extrahepatic bile duet stones. 98,99 Contrast enhance¬ 
ment of the intraluminal lesions on contrast-enhanced CT or 
MRI can differentiate intraductal growing type cholangiocarci¬ 
noma from stones (see Fig. 79-14). 97,98 

In patients with hilar cholangiocarcinoma, accurate evalu- 
ation of tumor extent is necessary for proper treatment and 
assessment of resectability. 19 Nonresectability of hilar chol¬ 
angiocarcinoma is suggested by cholangiographic evidence 
of severe bilateral involvement of the secondary confluence 
(see Fig. 79-24), involvement of the main trunk of the portal 
vein, involvement of both branches of the portal vein or 
bilateral involvement of the hepatic artery and portal vein, 
or vascular involvement on one side of the liver and exten- 
sive bile duet involvement on the other side. 1 0102 Unilateral 
involvement of the hepatic artery or portal vein or both 
vessels is compatible with resection. 18,19,100 Precise preopera- 
tive evaluation of tumor extent often requires several 
imaging studies. 7 

Direct cholangiography (Fig. 79-26) is used to evaluate the 
extent of hilar cholangiocarcinomas. ’ There is characteristic 
stenosis of the central, right, and left common hepatic duets, 
with smooth shoulders or irregular tapering of duets. These 
neoplastic strictures tend to branch and may extend into 
second-order biliary radicles. Direct cholangiography is of 
limited value in assessing submucosal tumor spread and lesions 
that extend beyond the porta hepatis because of incomplete 
filling of bile duets proximal to the tumor. In addition, CT is 
ineffeetive in detecting superfkially spreading tumors that 
extend above the level of biliary obstruction because tumor 
with a superficial spreading pattern shows enhancement of the 
inner wall of the bile duet with a preserved lumen. 70 Therefore, 
combined assessment with CT and state-of-the-art cholangi¬ 
ography or choledochoscopy (through the percutaneous trans- 
hepatic biliary drainage tract) and biopsy are needed to evaluate 
tumor extent. 70,81 Along these lines, a combination of MRCP 
and conventional MRI can provide complete tumor staging 
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Figure 79-21 Contrast- 
enhanced CT scans reveal a 
small enhancing hilar cancers 
causing biliary strictures ( arrow) 
involving central portion of the 
left (A) and right (B) bile duet. 



Figure 79-22 Hilar 
cholangiocarcinoma showing 
delayed hyperenhancement on 

CT. Contrast-enhanced CT scans 
during arterial phase (A and B) 
and delayed phase (C) reveal a 
homogeneously hyperenhancing, 
circumferential wall thickening of 
the hilar duet (arrow) with dilation 
of both the right and left bile 
duets (not shown). Photograph of 
the resected specimen (D) shows 
a luminal narrowing and wall 
thickening ( arrows ) caused by an 
infiltrating cholangiocarcinoma 
involving the proximal common 
duet as well as bilateral main 
hepatic duets. 


that assesses liver, portal node, and portal vein involvement 102 
(Fig. 79-27). 

Hilar cholangiocarcinomas can usually be differentiated 
cholangiographically from hilar lymphadenopathy or benign 
stricture. However, differentiating between benign and malig- 
nant biliary strictures is sometimes challenging. Indeed, peri- 
ductal infiltrating type cholangiocarcinomas, especially in the 
early stage, may be difficult to differentiate from benign stric¬ 
tures. 80 ’ 103,104 Lymphadenopathy compresses and displaces rather 
than invades the extrahepatic duets. Benign strictures compli- 
cating cholecystectomy or distal gastric surgery are typically 
short and cause symmetric narrowing of the common hepatic 
bile duet. 103 Rarely, lymphoma or sarcoidosis of the bile duets 
may be indistinguishable from cholangiocarcinoma. 102 Longer 
and thicker involvement, luminal irregularity, asymmetric 


narrowing, hyperenhancement during portal venous phase, 
periductal soft tissue lesion, and lymph node enlargement 
suggest a malignant stricture rather than a benign stricture 103 ' 105 
(see Figs. 79-25 and 79-26). Recently, great attention has focused 
on immunoglobulin G4 (IgG4)-related sclerosing cholangitis, 
which can often mimic periductal infiltrating cholangiocarci¬ 
noma. Imaging findings such as involvement of intrapancreatic 
common duet, smooth outer margin, symmetric narrowing of 
bile duets, lower degree of dilation of upstream duet, and lower 
degree of contrast enhancement are more frequent in IgG4- 
related sclerosing cholangitis than in cholangiocarcinoma 1 ' 
(Fig. 79-28). In addition, coexisting autoimmune panereatitis, 
good response to steroid therapy, and inerease in IgG and IgG4 
are helpful clinical and laboratory findings for the diagnosis of 
IgG4-related sclerosing cholangitis. 106,107 
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Figure 79-23 Hilar 
cholangiocarcinoma: MR 
findings. A. T2-weighed 
MR image shows a slightly 
hyperintense hilar 
cholangiocarcinoma ( arrow ). 

B. Fat -suppressed Tl-weighted 
MR image reveals a hypointense 
hilar cholangiocarcinoma (arrow). 

C. Gadolinium-enhanced 
Tl-weighted image demonstrates 
an enhancing mass (arrow) in 

left main hepatic duet. 

D. Photograph of the resected 
specimen shows an infiltrating 
cholangiocarcinoma involving the 
left main hepatic duet and 
proximal common duet. 



Figure 79-24 Comprehensive 
evaluation of hilar 
cholangiocarcinoma by MRI 
with MR cholangiography for 
surgical resectability. A and B. 
Coronal and axial thick-slab 
single-shot MR cholangiograms 
demonstrate hilar 
cholangiocarcinoma involving 
both secondary biliary 
confluences with upstream ductal 
dilation. Note that segmental 
intrahepatic duets of the left 
lobe are separated by the 
tumor (arrow). C and D. 
Postcontrast Tl-weighted 
MR images demonstrate a 
periductal infiltrating hilar 
cholangiocarcinoma involving 
ductal bifurcation area and 
both main hepatic duets (arrow). 
The mass (arrow) shows 
hypoenhancement compared 
with adjacent liver parenchyma. 
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Figure 79-25 Delayed contrast enhancement of cholangiocarcinoma: MRI. A. Gadolinium-enhanced Tl-weighted image obtained during 
portal venous phase shows an infiltrating hilar cholangiocarcinoma involving ductal bifurcation area and both main hepatic duets ( arrows ). B. A 
10-minute delayed Tl-weighted MR image shows delayed enhancement of the mass (arrows). Tumor involves periportal fat with encased left 
portal vein. 



Figure 79-26 Cholangiogram of Klatskin # s tumor. Hilar strictures 
are associated with proximal bile duet dilation. 


Extrahepatic Type 

Carcinomas of the distal common hepatic or common bile duet 
are usually small and have a better prognosis than the more 
central Klatskins tumor. 18,19 Fifty percent to 75% of extrahe¬ 
patic cholangiocarcinomas occur in the upper third, 10% to 
30% in the middle third, and 10% to 20% in the lower third of 
the extrahepatic duet. 108 Cholangiography, either direct cholan- 
giography or MR cholangiography, demonstrates a short stric- 
ture or, less often, a polypoid mass, which almost always causes 
biliary obstruction. CT and MRI can depict an obstructing 
nodular mass or a concentric or asymmetric thickening of the 
bile duet wall with enhancement at the transition zone or intra- 
ductal polypoid tumors as well as biliary ductal dilation 109 (Fig. 
79-29). Adjacent periductal fat may be infiltrated by direct inva¬ 
sion, and lymph node metastasis is relatively frequent. Cholan¬ 
giocarcinomas that arise in the intrapancreatic portion of the 


common bile duet are well depicted as low signal intensity 
masses against the background of the high signal intensity head 
of the panereas on Tl-weighted fat-suppressed images and as 
hyperenhanced thickening of the involved bile duet wall on 
contrast-enhanced Tl-weighted images 110 (Fig. 79-30). 

For patients with advanced primary sclerosing cholangitis, 
the risk for development of cholangiocarcinoma is signifkant. 
In one study, careful pathologic examination of the native liver 
removed for transplantation showed that 8% of patients with 
primary sclerosing cholangitis had coexisting cholangiocarci¬ 
noma. 111 It is often difficult to appreciate malignant degenera¬ 
tion in sclerosing cholangitis. Features that suggest malignancy 
include progression of strictures on serial cholangiograms, 
marked biliary dilation above a dominant stricture, and a pol¬ 
ypoid ductal mass of 1 cm in diameter or greater 112 (Fig. 79-30). 

Adults with fusiform extrahepatic choledochal cysts also 
are at inereased risk for development of cholangiocarcinoma 
(Fig. 79-31). These neoplasms develop within the cyst itself 
in only about 50% of cases and elsewhere in the biliary 
system in the remainder. In faet, the cancer can occur after 
resection of the cyst. 113 Most are manifested as polypoid 
masses that may be large enough to be visible on cross- 
sectional imaging. 

TREATMENT 

Treatment of cholangiocarcinoma includes surgical resection, 
radiation, laser therapy, biliary stenting, systemic chemother- 
apy, and liver transplantation. 18,19,114 There are some long-term 
survivors after resection, and radiation and bile duet stenting 
may palliate symptoms for months to years. 

Periampullary Carcinoma 

Periampullary carcinomas are those tumors arising from or 
within 1 cm of the papilla of Vater and include ampullary, pan- 
creatic, bile duet, and duodenal cancers. 115 It is often impossible 
by histologic examination to be certain of the origin of the 
tumor. There is a high incidence of these tumors in patients 
with familial adenomatous polyposis, and cancer is often pre- 
ceded by ampullary or duodenal adenomas. 1 Periampullary 
neoplasms tend to be polypoid and lower in grade than more 
proximal biliary neoplasms. 
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Figure 79-27 Hilar cholangiocarcinoma: MRI 
and MRCP. A. Oblique coronal T2-weighted 
image reveals hilar obstruction indicative of 
cholangiocarcinoma. Extension into right and left 
hepatic duets ( arrows ) causes dilation of 
intrahepatic bile duets. B. MRCP demonstrates 
hilar obstruction (arrow) and proximal extent of 
disease. Hilar cholangiocarcinoma involves bilateral 
secondary biliary confluences. C. Gadolinium- 
enhanced coronal Tl-weighted gradient-echo 
image obtained during portal venous phase shows 
an infiltrative, enhancing mass (arrow), indicating 
hepatic tumor extension. 



Figure 79-28 lgG4-related cholangitis mimicking cholangiocarcinoma. A. Axial CT during the portal venous phase shows a hypoenhancing 
mass (arrow) in common hepatic duet with upstream ductal dilation. B. Coronal MR cholangiography image demonstrates dilation of both 
intrahepatic duets as well as a luminal narrowing (arrow) of common bile duet. C. 18 F-FDG PET/CT demonstrates a diffuse inereased FDG activity 
of the hilar lesion (arrow). D. Follow-up CT scan after steroid treatment demonstrates complete resolution of the biliary stricture and upstream 
ductal dilation. 
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Figure 79-29 Extrahepatic 
cholangiocarcinoma. A. Axial CT 
during the portal venous phase 
shows an enhancing mass [arrow) 
in common bile duet. B. Coronal 
multiplanar reconstructed (MPR) 
image demonstrates focal mural 
thickening and enhancement 
(arrow) of common bile duet. 



Figure 79-30 Cholangiocarcinoma complicating sclerosing 
cholangitis. Cholangiocarcinoma is causing a stricture ( arrows ) in the 
common hepatic duet in a patient with primary sclerosing cholangitis. 
Despite the dominant stricture with some biliary dilation proximally, 
this narrowing could be inflammatory or neoplastic. Calculi are 
present in the right intrahepatic bile duets. 


Biliary dilation to the level of the ampulla of Vater is seen in 
75% of cases, and pancreatic ductal dilation is seen in 67%. 115 
These masses tend to be small and may not be seen on CT scans, 
in which case abrupt termination of a dilated bile duet in the 
head of the panereas is demonstrated, or abrupt termination of 
the common bile duet without mass may be seen on cholangi- 
ography. 116 Ampullary cancer can often be manifested as a pol- 
ypoid mass at the ampulla with dilation of both main pancreatic 
duet and common bile duet on three-dimensional contrast- 
enhanced CT or MRI with MRCP 116 (Fig. 79-32). On occasion, 
a villous polypoid lesion may be seen in the distal common bile 
duet and duodenum. Liver metastasis or lymphadenopathy is 


present at the time of diagnosis in only a small percentage 
of cases. 

On Tl-weighted fat-suppressed images, periampullary 
tumors appear as a low signal intensity mass in the region of 
the ampulla. On immediate postgadolinium Tl-weighted 
images, these lesions are often visualized as areas of low signal 
intensity, reflecting their hypovascular character compared with 
background pancreatic tissue. 116 On 2-minute postgadolinium 
fat-suppressed images, a thin rim of enhancement is commonly 
observed along the periphery of the tumor 58 (Fig. 79-33). MRCP 
and sectional MRI can be useful in determining the origins of 
periampullary carcinomas. 


Cystic Bile Duet Neoplasms: 
Cystadenoma and 
Cystadenocarcinoma 

Biliary cystadenoma and cystadenocarcinoma are rare cystic 
neoplasms lined by mucin-secreting columnar epithelium. 63 
On histologic evaluation, they are similar to cystadenomas and 
cystadenocarcinomas of the ovary and panereas. They are 
usually seen in middle-aged women, who present with abdomi- 
nal pain, distention, and occasionally jaundice. Most cystadeno¬ 
mas and cystadenocarcinomas are manifested as intrahepatic 
masses that are hypoechoic on ultrasound and have a low- 
attenuation, uniloculated or multiloculated, cystic appearance 
on CT. 63 The CT attenuation of the fluid component in a 
biliary cystadenoma depends on the fluid content. Whereas 
CT is usually superior in demonstrating the size and extent 
of these tumors, sonography is superior to CT in depicting 
internal morphology 117 (Fig. 79-34). Irregular, papillary growths 
and mural nodules along the internal septa and wall are 
seen in cystadenoma and cystadenocarcinoma, although papil¬ 
lary excrescences and solid portions are more common in 
cystadenocarcinoma J 7119 (Fig. 79-35). Cystadenomas occasion¬ 
ally have fine septal calcifications; cystadenocarcinomas may 
have thick, coarse, mural, and septal calcifications. 117118 Com- 
munication of these tumors with large intrahepatic duets is 
rare. Several case reports have suggested malignant trans¬ 
formation of cystadenomas to cystadenocarcinomas on the 
basis of several years of follow-up after resection. 120,121 The 
differential diagnosis of biliary cystadenoma and cystadeno¬ 
carcinoma includes hepatic cysts, hydatid cysts, liver abscesses, 
cystic metastases, hematoma, cystic sarcomas, and choledochal 
cysts. 117 






1422 


SECTION IX Gallbladder and Biliary Tract 



Figure 79-31 Cholangiocarcinoma complicating choledochal cyst. A. Contrast-enhanced axial CT scan shows a choledochal cyst ( arrow). 
B. CT scan caudal to A shows an asymmetric thickening (arrow) of intrapancreatic common bile duet with enhancement. 



Figure 79-32 Ampulla of Vater cancer. A. Axial contrast-enhanced CT scan shows a dilation of the common bile duet and the main pancreatic 
duet. B and C. Axial and coronal contrast-enhanced CT scans show a hyperenhancing tumor (arrow) of the ampulla with extension into the main 
pancreatic duet. D. Photograph of the resected specimen shows an irregular mass of the ampulla of Vater (arrows) involving the distal common 
duet as well as the main pancreatic duet. 


Other Malignant Neoplasms 
of the Bile Duets 

In adults, cholangiocarcinoma and biliary cystadenocarcinoma 
account for most malignant bile duet neoplasms. Lymphomas, 
leiomyosarcomas, carcinoid tumors, and metastases rarely 
occur in the bile duets (Fig. 79-36). Non-Hodgkins lymphoma 
of the bile duets can rarely mimic cholangiocarcinoma or 
primary sclerosing cholangitis. 1 In a patient with known 
lymphoma, cholangiographic Åndings of smooth, tapered stric- 
tures combined with the absence of a portal mass on CT should 


suggest the diagnosis. Sarcomas and metastases are manifested 
as masses projecting into the bile duet lumen, causing biliary 
obstruction. 124,125 

After choledochal cyst, embryonal rhabdomyosarcoma is the 
second most common cause of jaundice in the pediatric popu¬ 
lation. After infancy, it usually occurs between the ages of 4 and 
6 years but has been reported in children aged 1 to 11 years. 
Sonography and CT will show intrahepatic duet dilation and a 
soft tissue mass in the region of the common bile duet or porta 
hepatis. The radiologic appearance of the lesion is similar to 
that of congenital choledochal cyst if there is no local invasion 
to adjacent tissues. 126 
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Figure 79-34 Biliary cystadenoma. A. CT 

scan shows a homogeneous, water density mass 
(arrow) with thin septation in left lobe of the liver. 
B. Septations (arrow) in the cystadenoma are more 
easily seen on T2-weighted MR image than on CT 
scan. C. Postcontrast Tl-weighted MR image 
shows a mostly nonenhancing mass with thin 
enhancing septa ( arrowheads ) in the left hepatic 
lobe. 



Figure 79-35 Biliary cystadenocarcinoma. A. Transverse sonogram shows a large, lobulated cystic mass with thick septation and multiple 
mural nodules ( arrows ). B. CT scan shows a lobulated cystic mass with thick septation and enhancing mural nodules ( arrows). 
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Figure 79-36 Leiomyosarcoma 
metastatic to the common 
hepatic duet. A. CT scan shows 
an enhancing polypoid tumor 
(black arrow) in dilated 
common bile duet. White 
arrow indicates a liver metastasis. 
B. Cholangiography shows an 
intraluminal mass (arrow) of the 
common bile duet. 



Figure 79-37 Multiple bile 
duet adenomas. A. Contrast- 
enhanced axial CT scan shows an 
intraluminal polypoid tumor 
(arrow) with homogeneous 
enhancement in dilated left 
intrahepatic bile duet. B. CT scan 
caudal to A demonstrates similar 
intraductal mass (arrow) in the 
common bile duet. 



Benign Bile Duet Neoplasms 

Benign neoplasms of the bile duets are rare. 64 Adenomas are the 
most common type; others include granular cell tumors, ham- 
artomas, fibromas, neuromas, lipomas, and heterotopic gastric 
or pancreatic mucosal rests. 

Most adenomas are manifested as small asymptomatic 
polyps in the extrahepatic bile duets that are found incidentally 
at surgery (Fig. 79-37). On occasion, they become large and 
cause biliary obstruction. Multiple papillary adenomas have 


been reported in association with obstructive biliary villous 
adenoma and ampullary carcinoma. 64,127,128 Granular cell 
tumors of the bile duets occur most often in young African 
American women and cause abdominal pain and jaundice. 65 
Most granular cell tumors are extrahepatic masses and are 
less than 3 cm in greatest dimension, and as the cell infiltrates 
the wall of the bile duet, the lumen is obliterated. CT and 
ultrasound usually show bile duet obstruction without iden- 
tifying the mass. Cholangiography demonstrates either the 
extrahepatic bile duets or a small polypoid mass. 64 Surgical 
resection is curative. 
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Primary Sclerosing Cholangitis 

EPIDEMIOLOGY AND CLINICAL FINDINGS 

Primary sclerosing cholangitis (PSC) is a chronic cholestatic 
liver disease of unknown cause. This disease has a typical onset 
from 20 to 30 years of age but may begin in childhood; it has 
a 2:1 male-to-female predilection. 1 PSC is commonly associ- 
ated with inflammatory bowel disease, particularly ulcerative 
colitis but also, to a much lesser extent, Crohns disease. 
Approximately 70% of patients with PSC have ulcerative colitis. 
In patients with ulcerative colitis, 3% to 7.5% have or will 
develop PSC. 2 The term primary is used even when there is 
associated ulcerative colitis because there is no convincing 
evidence that PSC is caused by or is secondary to inflamma¬ 
tory bowel disease. In faet, the hepatobiliary disease precedes 
the clinical onset of the bowel disease in some patients. Other 
associated conditions include sicca complex, RiedePs struma, 
retroperitoneal fibrosis, and mediastinal fibrosis, but none of 
these has been reported consistently. 3,4 Patients with PSC also 
have an inereased risk for cholangiocarcinoma, with a lifetime 
risk of 10% to 15%. 


Approximately 25% of patients with PSC are asymptomatic 
at presentation. 2 Clinical features of PSC include fatigue, pru- 
ritus, jaundice, right upper quadrant pain, and hepatospleno- 
megaly. Elevations of serum bilirubin concentration and serum 
aspartate transaminase activity are usually not as marked or as 
consistent as inereased serum alkaline phosphatase activity. 
There is strong evidence that genetic and immunologic factors 
are important in the pathogenesis of PSC. There is no specific 
serologic marker for PSC. 5,6 However, approximately 80% of 
PSC patients have perinuclear antineutrophil cytoplasmic anti- 
bodies, also called antimitochondrial antibodies; antinuclear 
antibodies and anti-smooth muscle antibody are found in 20% 
to 50% of PSC patients. These markers are nonspecific. 

The natural history of PSC is variable but usually pro- 
gressively downhill, with a 5-year survival of 88% and a 
median survival of 11.9 years from the time of diagnosis. 3 
No known therapy, short of liver transplantation, has been 
proved effeetive. 

PATHOLOGY 

PSC is characterized by fibrosing inflammation of the biliary 
tree (Fig. 80-1). Inflammatory cells are scanty on microscopic 
examinations, however, and ductal fibrosis is nonspecific and 
difficult to quantitate pathologically. The diagnosis therefore 
cannot be made solely on the basis of an extrahepatic duet 
biopsy specimen. 7 In faet, biopsy specimens of the extrahepatic 
duets should not be obtained unless cholangiocarcinoma must 
be ruled out. 

Tissue samples from the liver may rarely show specific find¬ 
ings of PSC: cholangiectasis in combination with fibrous oblit- 
eration of large intrahepatic bile duets. 7,8 These tissue samples 
are generally available only at autopsy or transplantation and 
not during routine clinical work-up of the patient. Histologic 
changes found on conventional needle liver biopsy, although 
not diagnostic, may strongly support the diagnosis of PSC 
(nonsuppurative, nongranulomatous destruction of septal or 
interlobular bile duets in some portal tracts). Other portal tracts 
in the same patient may demonstrate ductal proliferation and 
periportal edema secondary to large duet obstruction. 9 The 
histologic stages of PSC are as follows: portal hepatitis or chol¬ 
angitis (stage 1); periportal hepatitis or fibrosis (stage 2); septal 
fibrosis or bridging necrosis, or both (stage 3); and cirrhosis 
(stage 4). The injury to the liver in PSC is the result of both a 
chronic hepatitis and bile duet obstruction, and the staging 
system applies to the liver disease, not the bile duet lesions. 

The term pericholangitis has been used when features of stage 
1 and stage 2 disease are seen. These changes are now considered 
to be part of the Spectrum of PSC, and patients are classified as 
having small duet PSC (visible microscopically) or large duet 
PSC (visible cholangiographically), or both. 
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Figure 80-1 PSC: pathologic findings. A. Cirrhosis from PSC is illustrated here. The liver in PSC typically is green and becomes progressively 
darker green with advancing stage. B. In this advanced case, a peripheral cholangiocarcinoma is present. C. Early phases of ductal fibrous 
cholangitis show concentric periductal fibrosis and mild epithelial atrophy. D. Trichrome stain shows dense fibrosis ( blue ) in this liver. 


Large duet PSC virtually always involves the intrahepatic 
duets and almost always the extrahepatic duets. The common 
bile duet, the common hepatic duet, and the first 1 cm of the 
left and right hepatic duets (which are truly anatomically extra¬ 
hepatic in most patients) are spared cholangiographically in 
only 1% to 2% of patients. In 20% of patients, the disease is 
confmed cholangiographically to the intrahepatic and hilar 
duets. 

In the absence of complicating cholangiocarcinoma, large 
duet PSC progresses slowly. In one series, 80% of patients with 
uncomplicated PSC showed no change on serial cholangio- 
grams during a period of 6 months to 6.5 years. 10 

Gallbladder abnormalities occur in 40% of patients with 
PSC; the most common abnormality is gallstones (26%). Direct 
involvement of the gallbladder wall by PSC occurs in about 15% 
of patients, and approximately 4% of patients have gallbladder 
neoplasms, such as adenoma and adenocarcinoma. 11 

RADIOGRAPHIC FINDINGS 

Whereas findings from liver biopsy may be compatible with 
PSC, they alone are not diagnostic. In general, the diagnostic 
criteria for PSC should include the following: typical radio- 
graphic appearance of cholangiographic abnormalities; appro- 
priate clinical, biochemical, and histologic findings obtained 
from liver biopsy; and exelusion of secondary causes of scleros- 
ing cholangitis. Of these, typical radiographic cholangiographic 
abnormalities are crucial for the diagnosis of PSC. 

FLUOROSCOPIC CHOLANGIOGRAPHY 

Although features of PSC can be demonstrated on a variety 
of imaging modalities, the most important and most 


characteristic radiographic findings are seen at fluoroscopic 
cholangiography 12 (Fig. 80-2). Fluoroscopic cholangiography 
is usually accomplished by endoscopic retrograde cholangio- 
panereatography (ERCP). If certain segments of the biliary 
tract are unable to be visualized by ERCP, percutaneous 
transhepatic cholangiography may be performed. 

Multiple segmental strictures involving both the intrahepatic 
and extrahepatic bile duets are the hallmark of PSC. The fluo¬ 
roscopic cholangiographic findings in PSC depend on the stage 
of the disease process. Random segments of the biliary tree may 
be involved by periductal inflammation and fibrosis. In the early 
phases of PSC, normal or less-involved duet segments may 
alternate with segmental strictures, producing the classic beaded 
appearance. Stricture length can vary from 1 to 2 mm (so-called 
band strictures) to several centimeters; the most common 
length is 1 to 1.5 cm. Strictures usually occur at the bifurcation 
of bile duets and are out of proportion to upstream ductal dik¬ 
tion. When the periductal fibrosis worsens, the bile duets take 
on a “pruned tree” appearance that reflects peripheral duet 
obliteration. In addition, the angles formed with the central 
duets become more obtuse. 

Diverticular outpouchings, varying in size from 1 to 2 mm 
to 1 cm, are seen in about 25% of patients on high-quality 
cholangiograms and are a characteristic feature of PSC. Some 
diverticula appear to develop as herniations adj acent to stric¬ 
tures, whereas others arise in the absence of strictures, appar- 
ently as mucosal extensions into the thickened duet wall. 

Almost half of patients with PSC have some degree of mural 
irregularity varying from a fine, brush-border appearance to a 
coarse, shaggy, or frankly nodular appearance. The combined 
findings of short strictures, beading, pruning, diverticula, and 
mural irregularities often result in a composite cholangio¬ 
graphic appearance that is nearly pathognomonic for PSC. 
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Figure 80-2 PSC: ERCP findings. A and B. There are multifocal, irregular strictures and dilations involving the intrahepatic and extrahepatic 
bile duets. The strictures are usually short and annular, may appear as webs, and alternate with normal or slightly dilated segments, producing a 
beaded appearance. Coarse nodular mural irregularities as well as small eccentric outpouchings are often seen. 


ULTRASOUND, COMPUTED TOMOGRAPHY, 

AND MAGNETIC RESONANCE IMAGING 

Ultrasound, computed tomography (CT), and magnetic reso- 
nance imaging (MRI) are common first-line imaging tests for 
abnormal liver funetion. These modalities can assess for the 
presence of biliary tract abnormalities. Cross-sectional imaging 
allows evaluation of not only the bile duet but also the bile duet 
wall and the surrounding liver parenchyma. In patients with 
PSC, cross-sectional imaging allows detection of complications 
such as cirrhosis and malignant disease. 

Because ultrasound (Fig. 80-3) is relatively inexpensive and 
can effeetively evaluate the biliary system, it is commonly the 
initial imaging modality used in the evaluation of cholestatic 
liver disease. Findings of PSC by ultrasound evaluation include 
duet dilation and wall thickening of the common bile duet or 
the intrahepatic duets in a smooth or irregular manner. The 
normal intrahepatic bile duets have a wall thickness of less than 
1 mm and appear sonographically as a thin echogenic line. 
Thickened bile duets appear as two parallel echogenic lines with 
a central hypoechoic stripe. 13 Bile duet wall thickening in PSC 
usually measures 2 to 5 mm. Common bile duet wall thicken¬ 
ing, when it is present, can be easily seen by ultrasound exami- 
nation. Detection of intrahepatic bile duet wall thickening, on 
the other hånd, is difficult as this modality is operator depen- 
dent and this is a subtle finding not always readily apparent. 

With ever-improving technology, CT scanning continues to 
serve as one of the primary imaging modalities for the evalua¬ 
tion of abdominal disease. Current-generation multidetector 
CT scanners allow rapid acquisition of data and the creation of 
high-resolution reformatted images for the evaluation of the 
biliary system, a technique known as CT cholangiography. CT 
cholangiography uses axial CT data, which are then recon- 
structed into two-dimensional and three-dimensional images 
to evaluate the biliary tree, particularly the extrahepatic bile 
duets. Oral or intravenous cholangiographic contrast material 
is used to opacify the bile duets before scanning. CT cholangi¬ 
ography allows cross-sectional imaging of the biliary tree in 
patients who do not qualify for MRI, such as patients who have 
aneurysm clips or a pacemaker, who are claustrophobic, or who 



Figure 80-3 PSC: sonographic findings. Mural thickening of the 
common bile duet (CBD) is identified on this transverse sonogram. 


have too many surgical clips within the porta hepatis from prior 
surgery. 14 

CT findings of PSC are similar to ERCP findings and include 
segmental intrahepatic biliary duet disproportional dilation 
with focal constrictions (Fig. 80-4). The common hepatic duet 
and common bile duet can also demonstrate alternating nar- 
rowing and dilation. Mural contrast enhancement of the extra¬ 
hepatic bile duets can be seen, although this is a nonspecific 
finding that can be seen with other causes of cholangitis (see 
Fig. 80-10). Intrahepatic bile duet calculi are present in approxi- 
mately 8% of patients with PSC. These calculi appear as foci of 
faint high attenuation or as coarse calcifications and are best 
seen on non-contrast-enhanced images. 15 Upper abdominal 
lymphadenopathy is frequently seen in patients with PSC, 
although this is nonspecific. The presence of lymphadenopathy 
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Figure 80-4 PSC: CT findings. 

A. Irregular intrahepatic bile 
duet dilation with periductal 
hyperenhancement is seen. 

B. Abnormal mural thickening 
and enhancement are identified 
in the common bile duet. 

C. Non-contrast-enhanced scan 
shows an intrahepatic bile duet 
stone (arrow). D and E. In a 
different patient, non-contrast- 
enhanced CT scan shows a 
nodular liver with marked atrophy 
of the lateral segment of the 

left lobe (arrow) and enlargement 
of the caudate lobe (CL). 

F. Contrast-enhanced scan in a 
different patient shows cirrhosis 
of the liver, splenomegaly (S), and 
adenopathy in the porta hepatis 
(arrow), a common finding in 
patients with PSC. 



does not necessarily indicate the development of cholangiocar- 
cinoma and should not be regarded as an exelusion criterion 
for liver transplantation. 16 

There are unique hepatic morphologic changes associated 
with PSC-induced cirrhosis that can be seen with CT. The liver 
is markedly deformed with severe contour lobulations, creating 
an organ that appears rounded. This is due to atrophy of both 
the posterior segment of the right hepatic lobe and the lateral 
segment of the left lobe and marked hypertrophy of the caudate 
lobe. In addition, the atrophied right hepatic lobe may be 
hypodense (due to fibrosis) relative to the hypertrophied 
caudate lobe, creating the effeet of a pseudotumor. When these 
morphologic changes are seen in conjunction with scattered, 
dilated intrahepatic bile duets and intrahepatic bile duet stones, 
PSC can be suggested as the cause of the cirrhosis. 1 There is 
substantial overlap in the appearance of livers affeeted by cir¬ 
rhosis due to PSC and those affeeted by end-stage cirrhosis 


caused by the usual factors (aleohol and hepatitis). The typical 
findings of cirrhosis due to any cause include a nodular liver 
surface from variably sized regenerative nodules, areas of con- 
fluent fibrosis, atrophy of the right hepatic lobe, and hypertro¬ 
phy of the caudate lobe. 

Introduced in 1991, magnetic resonance cholangiopancrea- 
tography (MRCP) is a technique that uses heavily T2-weighted 
pulse sequences to depict the bile and pancreatic duets. MRCP 
is noninvasive and does not require the use of iodinated con- 
trast material or ionizing radiation. 18 Studies have shown good 
correlation between MRCP and ERCP in the diagnosis of 
PSC. 19 22 MRCP findings of PSC are similar to ERCP findings 
and include multifocal segmental strictures alternating with 
normal or slightly dilated bile duet segments (Fig. 80-5). The 
strictures are usually out of proportion to the degree of upstream 
ductal dilation. Periductal inflammation and fibrosis prevent 
the duets from dilating; therefore, high-grade strictures can be 
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Figure 80-5 PSC: MR findings. 

A and B. MR cholangiogram 
shows characteristic irregular 
strictures and segmental dilations 
of the intrahepatic and 
extrahepatic duets. C. Abnormal 
periductal enhancement is seen 
after contrast enhancement. D. MR 
image of patient with secondary 
biliary cirrhosis due to sclerosing 
cholangitis. 


present with only minimal proximal dilation. With progressive 
fibrosis, the peripheral bile duets are obliterated, resulting in a 
pruned tree appearance at MRCP, similar to findings at fluoro- 
scopic cholangiography. Other findings include mural irregu- 
larities, webs, diverticula, and stones. 23 

Hepatic parenchymal changes associated with PSC can be 
observed by MRI. Extension of the ductal inflammation into 
the hepatic parenchyma, retention of bile salts, and accumula- 
tion of copper in hepatocytes are thought to be responsible 
for the parenchymal changes seen on MRI. 24 The extrahepatic 
bile duet demonstrates wall thickening (1.5 mm or more) and 
enhancement. On Tl-weighted images, randomly distributed 
areas of high signal intensity can be seen in a minority of 
patients. This abnormal signal is assumed to be due to 
cholestasis and lipofuscin deposits in atrophic liver cells. 25 
T2-weighted images may demonstrate inereased signal intensity 
in a peripheral wedge-shaped or fine reticular pattern. Exten¬ 
sion of periductal inflammation to involve the vascular and 
lymphatic channels is considered to be the reason for the signal 
abnormality. Inflammatory changes of the hilar bile duets result 
in a high T2 signal along the porta hepatis. 24 Postcontrast 
images can demonstrate peripheral areas of enhancement pos- 
sibly due to alterations in biood flow in response to regional 
inflammation. 25 

The morphologic changes of the liver affeeted by cirrhosis 
from chronic PSC have been previously discussed with respect 
to CT. These similar changes and others can be observed by 
MRI. A macronodular pattern of cirrhosis can be demonstrated 


in patients with PSC. These large nodules (usually more than 
3 cm) can be found predominantly within the central portion 
of the liver. The nodules are typically isointense on Tl-weighted 
images and hypointense on T2-weighted images. After the 
administration of contrast material, the nodules are hypoin¬ 
tense immediately after the injection and 2 minutes afterward, 
eventually becoming isointense. 26 The peripheral wedge-shaped 
areas of parenchymal atrophy seen with PSC-induced cirrhosis 
are typically hypointense on Tl-weighted images and hyperin- 
tense on T2-weighted images. Corresponding areas demon¬ 
strate hypoenhancement on images obtained immediately after 
administration of contrast material and hyperenhancement on 
images obtained 2 minutes afterward. 26 

DIFFERENTIAL DIAGNOSIS 

Cholangiocarcinoma 

In 90% of cases, cholangiocarcinoma is manifested cholangio- 
graphically either as a focal stricture or, less often, as a polypoid 
mass, neither of which should be confused with PSC. In about 
10% of cases, however, there is metastatic spread or multicen- 
tricity, or both, such that the tumor involves the biliary tree 
diffusely and simulates PSC. When diffuse band strictures and 
multiple diverticula are identified by cholangiography, PSC may 
be confidently diagnosed because these findings do not occur 
in cholangiocarcinoma. Only one fourth of patients with PSC 
demonstrate these findings, leaving a large percentage of PSC 
patients in whom cholangiocarcinoma cannot be exeluded. 
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Even more of a problem is the faet that cholangiocarcinoma 
complicates PSC in about 10% to 15% of patients, and when 
the two diseases coexist, the duet alterations from the underly- 
ing PSC can easily mask the presence of the carcinoma. 10 
Because of the segmental nature of PSC, some portions of the 
biliary tree remain relatively free of fibrosis and retain the 
ability to dilate in response to obstruction. Cholangiocarcino- 
mas usually obstruct more completely than the fibrous stric- 
tures of PSC do. Unfortunately, there is no cholangiographic 
feature that is specific for cholangiocarcinoma. The clinical 
manifestations of the two diseases are somewhat different; chol¬ 
angiocarcinoma is more likely when a patient has rapid clinical 
deterioration of jaundice, pruritus, and weight loss in combina- 
tion with a rapid rise in serum bilirubin concentration and liver 
funetion test results. With regard to cholangiographic fmdings, 
more markedly dilated duets should be viewed as a worrisome 
sign of complicating carcinoma. 

Because PSC is usually a slowly progressive disease, interval 
stricture formation and biliary dilation on serial cholangio- 
grams favor the presence of superimposed malignant disease, 
especially in association with clinical deterioration. 10,27 Intralu- 
minal filling defeets occur in 5% to 10% of PSC patients but 
are usually small, measuring 2 to 5 mm in diameter. 

Filling defeets of 1 cm or larger occur in about 50% of 
patients with PSC complicated by cholangiocarcinoma. When 
they are present, a presumptive diagnosis of malignant disease 
should be made if choledocholithiasis can be exeluded. 

On cholangiographic examination, about 25% of patients 
with PSC show a dominant stricture , in which a segment of 
the biliary tree, often near the hilum, appears more severely 
strictured than the remainder of the duets. Although the 
concept of the dominant stricture was originally proposed 
to justify aggressive surgical approaches for management of 
benign strictures of PSC, some dominant strictures actually 
represent cholangiocarcinomas. 23 If cholangiography or clinical 
course suggests the possibility of complicating cholangiocar¬ 
cinoma, ultrasound, CT, or MRI should be performed. Cross- 
sectional imaging can confirm the presence of neoplasm in 
50% to 80% of cases, 2 particularly neoplasms arising from 
intrahepatic duets, where cholangiocarcinomas often form 
bulky, exophytic masses. Mural thickening of the extrahepatic 
bile duets of 5 mm or more is presumptive evidence of chol¬ 
angiocarcinoma. 31 Periportal soft tissue of 1.5 cm or more in 
thickness is also suggestive of malignant tumor. 32 Contrast- 
enhanced CT and MRI with thin sections and delayed images 
are superior to 10-mm-thick, unenhanced images and inerease 
the sensitivity for detection of malignant tumors in patients 
with PSC. 

Benign Ductal Diseases 

Primary biliary cirrhosis (PBC), secondary sclerosing cholangi- 
tis (from a variety of known causes), and some parasitic infesta- 
tions all share some pathologic, clinical, and imaging features 
with PSC. The differential diagnostic considerations for these 
disorders are discussed under their separate headings. 

Thiabendazole (Mintezol), an anthelmintic medication, has 
been reported to cause a cholestatic disorder characterized his- 
tologically by destruction of interlobular bile duets, possibly 
with an auto immune basis. 22 Although the microscopic fmdings 
can be confused with small duet PSC, the large duets are normal 
on cholangiograms, and the history of thiabendazole treatment 
is diagnostic. 


Hepatic sarcoidosis can lead to a granulomatous cholangitis, 
which on liver biopsy resembles PSC or PBC in some cases. 34 In 
addition, strictures of the extrahepatic bile duets have been 
reported in sarcoidosis. The diagnosis is usually known because 
clinical evidence of sarcoidosis has preceded the onset of cho- 
lestasis in reported cases. 

Eosinophilic cholangitis is another rare cause of extrahepatic 
biliary obstruction. Marked wall thickening of the extrahepatic 
duets can be seen on CT and sonography. 35 

Arteriohepatic dysplasia (Alagille’s syndrome) is a rare 
familial cholestatic syndrome characterized by abnormalities of 
the heart, skeleton, and eyes; characteristic physiognomy includ- 
ing a broad forehead, flattened malar eminence, and pointed 
mandible; and loss of interlobular bile duets as seen on liver 
biopsy. 36 Cholangiograms show segmental strictures of both the 
intrahepatic and extrahepatic bile duets, resembling PSC. These 
ductal changes, however, appear to be due to a defeet in duet 
development, leading to segmental hypoplasia or atresia, rather 
than to be secondary to fibrosis or ductal destruction as found 
in PSC. The familial inheritance, onset during infancy, absence 
of associated uleerative colitis, and characteristic facies should 
allow easy distinetion from PSC (see Chapter 119). 

Allograft rejection after liver transplantation can lead to loss 
of interlobular bile duets and strictures of the intrahepatic 
and extrahepatic bile duets, closely resembling PSC. 3 Similar 
changes in the large bile duets can result from ischemia if there 
is a delay in reestablishment of hepatic arterial circulation or if 
hepatic artery thrombosis occurs after transplantation. O ther 
causes of biliary ischemia may also result in biliary strictures 
resembling PSC. 38 In transplantation for PSC, recurrent disease 
should be considered in patients in whom strictures occur in 
the absence of rejection, infeetion, or ischemia. A complete 
discussion of biliary complications of liver transplantation can 
be found in Chapter 92. 

A spontaneous stricture of the biliary tree, usually a major 
duet, occasionally causes diagnostic confusion. In most cases, 
focal biliary strictures have a malignant cause. Some cholangio¬ 
carcinomas induce so mueh fibrosis that biopsy results are 
falsely negative, leading to an erroneous diagnosis of benign 
stricture. Nevertheless, benign, focal biliary strictures do occur 
rarely in the absence of previous surgery, known infeetion, or 
other injury. These are sometimes labeled PSC but probably 
represent a different disease process or at most a forme fruste 
of PSC. 

Primary Biliary Cirrhosis 

EPIDEMIOLOGY AND CLINICAL FINDINGS 

Although the term primary biliary cirrhosis was first used in 
1950, the condition was originally described nearly 100 years 
earl i er. 0 Similar to PSC, PBC is a chronic cholestatic syn¬ 
drome of unknown cause characterized by destruction of 
small bile duets, portal inflammation, and progressive scar- 
ring, with four histologic stages seen on liver biopsy. 41 Chronic 
cholestasis leads to hepatic copper overload in both PBC and 
PSC, but the role of copper in duet injury remains unclear 
(Fig. 80-6). 

PBC is the cause of 1% to 2% of deaths from cirrhosis. The 
disease typically is manifested in middle-aged women with 
symptoms of fatigue and pruritus and laboratory test evidence 
of cholestasis. The clinical presentation of PBC is often 


80 Inflammatory Disorders of the Biliary Tract 1433 



Figure 80-6 PBC: pathologic 
findings. A and B. Gross 
appearance of stage 4 disease; a 
mixture of tan and green 
regenerative nodules is typical. 

C. Histologic specimen showing 
periportal inflammation with 
lymphocytes and plasma cells. 

D. Periductal lymphocytic 
infiltration is present. 


dominated by the insidious onset of diffuse pruritus owing to 
cutaneous accumulation of bile salts. Itching generally precedes 
the onset of cutaneous jaundice by 6 months to 2 years. In later 
stages of the disease, osteomalacia, liver failure, and portal 
hypertension are seen. 

Alterations of cell-based immunity are an important feature 
of PBC. Sensitized T lymphocytes and possibly B lymphocytes 
may mediate the duet injury. 4 PBC is often associated with 
other autoimmune diseases, and serum antimitochondrial anti- 
body tests are highly sensitive for PBC. Associated autoimmune 
and collagen-vascular diseases include rheumatoid arthritis, 
Sjogrens syndrome, Hashimoto’s thyroiditis, dermatomyositis, 
scleroderma, CRST (calcinosis cutis, Raynaud’s phenomenon, 
sclerodactyly, and telangiectasia) syndrome, and systemic lupus 
erythematosus. 

As in PSC, serum alkaline phosphatase activity is reliably 
inereased, whereas serum bilirubin concentration is more likely 
to fluctuate and is seldom significantly elevated at presentation. 
Serum bilirubin is an important prognostic indicator; elevated 
levels are inversely related to life expectancy. 

Despite some similarities to patients with PSC, patients with 
PBC exhibit important differences clinically and pathologically. 
About 90% of patients with PBC are female; the ratio of males 
to females in PSC is more than 2:1. Ulcerative colitis is common 
in PSC but is not associated with PBC. Serologic markers, espe- 
cially antimitochondrial antibody, are frequently present in 
PBC, often in high titers, whereas they are not consistently 
present in PSC. On pathologic examination, small duet destruc- 
tion in PBC is accompanied by inflammatory cellular infiltrate, 
including lymphocytes, plasma cells, histiocytes, and eosino- 
phils, and by granuloma formation. In contrast, the destructive 
cholangitis in PSC is relatively hypocellular and lacks granu¬ 
loma formation. The conspicuous fibrous thickening of bile 
duet walls seen in PSC is absent in PBC. The natural history of 
PBC is variable but usually inexorably downhill; the mean sur- 
vival in symptomatic patients is 5.5 to 6 years, with a range of 
3 to 11 years. 43 


RADIOGRAPHIC FINDINGS 

Imaging typically plays a minor role in the diagnosis of PBC. 
The diagnosis is usually based on clinical features and labora- 
tory evaluation. Cross-sectional imaging has traditionally been 
used to stage liver disease by demonstrating portal hypertension 
and cirrhosis. Imaging is useful to detect the development of 
hepatic malignant neoplasms. 

In most patients with PBC, cholangiograms are normal, 
especially during the early stages of the disease. With disease 
progression, the intrahepatic bile duets can become tortuous 
and attenuated in response to the surrounding cirrhosis (Fig. 
80-7). In areas of parenchymal atrophy, the duets become 
crowded and tortuous; in areas of compensatory hypertrophy 
or nodular regeneration, the duets become splayed or displaced. 
There can be extrinsic compression of the common bile duet 
due to lymphadenopathy within the porta hepatis. 44 

CT and ultrasound scans performed at the time of diag¬ 
nosis usually demonstrate hepatomegaly (Fig. 80-8). With 
progression of PBC, the liver volume decreases with atrophy 
of the right liver lobe and relative hypertrophy of the caudate 
and leff lobes. Several different patterns of fibrosis can be 
seen in patients with PBC, but the one that seems charac- 
teristic is the lacelike pattern of thin or thick bands of low 
attenuation that surround regenerating nodules. Regenerating 
nodules are seen as small, rounded, hyperdense foci on unen- 
hanced scans. Fibrosis is best demonstrated on non-contrast- 
enhanced examinations. Lymphadenopathy is seen in 80% to 
90% of patients with PBC and is typically present within the 
porta hepatis and portaeaval locations. 45 Ascites, splenomegaly, 
and varices are findings indicative of portal hypertension. 
These findings can sometimes be observed before clinical and 
CT findings of cirrhosis develop. 

MRI findings are similar to CT scan findings in patients with 
PBC, demonstrating morphologic changes associated with cir¬ 
rhosis and lymphadenopathy. An MRI sign that has been 
described as the “periportal halo sign” can aid in the diagnosis 
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of end-stage PBC (Fig. 80-9). The periportal halo sign is con- 
sidered present when a small (5-mm to 1-cm) rounded lesion 
of decreased TI and T2 signal intensity is seen surrounding a 
portal venous branch. Typically, the lesions are numerous, 
involve all hepatic segments, and fail to exert mass effect. 46 The 



Figure 80-7 PBC: ERCP findings. The intrahepatic bile duets are 
small and attenuated, giving the "pruned tree" appearance. The 
extrahepatic duets are normal. In PSC, the intrahepatic and 
extrahepatic ductal systems are usually both involved. 


lesions must be differentiated from regenerating nodules, which 
are usually variable in size and signal intensity and may exhibit 
mass effect. The sign should also not be confused with peripor¬ 
tal edema, which is seen as high signal intensity on T2-weighted 
images in a periportal distribution. Histologic examination 
reveals that the periportal halo sign correlates with periportal 
hepatocellular parenchymal extinetion, which is encircled by 
regenerating nodules. 46 

Cholangiography can be helpful in differentiating PSC from 
PBC. Strictures are the hallmark of PSC by cholangiography. 
With PBC, the bile duet deformities are less severe and mainly 
confmed to the intrahepatic bile duets. 12 The diverticular out- 
pouchings and mural irregularities that are classic in PSC are 
not seen with PBC. 

Obstructive Cholangitis 

Biliary obstruction induces bile stasis and predisposes to bacte- 
rial infeetion. Although bacterial cholangitis is nearly always 
associated with biliary obstruction, benign causes (choledocho- 
lithiasis, surgical anastomotic stricture, papillary stenosis) are 
mueh more likely to lead to clinical infeetion than are malignant 
causes (cholangiocarcinoma, pancreatic carcinoma, malignant 
hilar lymphadenopathy). 47 

Patients present clinically with right upper quadrant abdom- 
inal pain, chilis, fever, and jaundice. Escherichia coli is the most 
common infeeting organism, but most infeetions are polymi- 
crobial. In acute ascending cholangitis, purulent bile may be 
identifled as intraluminal echogenic material within involved 
duets by ultrasound or as high-density intraductal material by 
CT. Cholangiography may demonstrate irregular tubular filling 
defeets in dilated duets above the obstruction. Hepatic abscesses 




Figure 80-8 PBC: CT and ultrasound findings. 

A. Transverse nonenhanced CT scan (narrow window 
setting) shows a small liver with a nodular contour, 
heterogeneous parenchyma, hypertrophy of the 
lateral segment, and splenomegaly. Enlarged lymph 
nodes are present in the porta hepatis. B. Contrast- 
enhanced CT scan of a different patient shows a 
nodular hepatic contour, hypertrophy of the lateral 
segment (LS) of the left lobe, and a relatively 
normal-sized caudate lobe (CL). End-stage PBC is 
almost always associated with caudate lobe 
hypertrophy and left lobe atrophy. C. Longitudinal 
scan of the left lobe shows multiple regenerating 
nodules producing multiple echogenic masses. 

(Case courtesy Peter Cooperberg, MD, Vancouver , 
British Columbia, Canada.) 
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Figure 80-9 PBC: MR features. A to D. Patients with PBC may have a distinctive, 
conspicuous abnormality of low signal intensity centered around portal venous branches on 
TI- and T2-weighted MR images, the "periportal halo sign." This abnormality consists of a 
rounded lesion centered on a portal venous branch, 5 mm to 1 cm in size. This pattern may 
involve all hepatic segments and appear as foci of low signal intensity on TI - and 
T2-weighted images with no mass effect. These criteria allow differentiation of this finding 
from regenerating nodules, which are usually of various sizes and signal intensity, may exert 
mass effect, and are not centered on portal venous branches. (Case courtesy Glenn Krinsky, 
MD, New York , NY.) 



not uncommonly complicate the bacterial cholangitis. They are 
readily demonstrated by ultrasound and CT, and communica- 
tion with the biliary tree can be documented on fluoroscopic 
cholangiography (Fig. 80-10). 

Although all of the aforementioned are important radiologic 
signs in obstructive cholangitis, the most important diagnostic 
objective is to identify the nature and level of the obstruction 
and to decide the hest means of relieving the obstruction. Injec- 
tion of contrast medium under pressure above an obstruction 
may exacerbate an existing infection or introduce an infection 
into a previously sterile biliary tree. If intraductal pressure 
exceeds portal venous pressure or if communication to the 
hepatic venous system becomes established, life-threatening 
septicemia may ensue. Thus, prompt biliary drainage and 
broad-Spectrum antibiotic cover age are mandato ry whenever 
an obstructed infected biliary system is identified on direct 
cholangiography. 47 

Chronic obstructive cholangitis with repeated episodes of 
infection may lead to duet strictures, peripheral attenuation of 
the intrahepatic bile duets, and biliary cirrhosis. The appear- 
ances may resemble PSC, but the cause of obstruction, such as 
choledocholithiasis or postoperative stricture, is usually clini- 
cally or radiologically obvious. 

Bacterial infection, usually accompanied by stone forma¬ 
tion, may complicate a preexisting biliary tract disease. Con- 
genital cystic disease, including Caroli’s disease, is frequently 


complicated by choledocholithiasis, infection, and stricture 
formation, which may potentially mask the underlying disease. 
Similarly, patients with PSC often form pigment stones within 
poorly draining portions of the biliary tree, which makes it 
difficult to establish a primary diagnosis. If clinical and radio¬ 
logic evidence of an underlying disease is compelling, however, 
pigmented duet stones and clinical infection should be con- 
sidered secondary phenomena. 15,48 Intrahepatic duet stones 
in PSC patients may be subtle and are often overlooked on 
contrast-enhanced CT. 

Recurrent Pyogenic Cholangitis 
(Oriental Cholangiohepatitis) 

Certain Asian populations have a propensity to form pigmented 
stones in the intrahepatic and extrahepatic bile duets that are 
commonly accompanied by recurrent gram-negative bacterial 
infeetions. 47,49 ' 53 This condition has been variously termed Ori¬ 
ental cholangiohepatitis, Oriental cholangitis, Hong Kong 
disease, and biliary obstruction of the Chinese. A more inclusive 
name, recognizing the sporadic occurrence in non-Asians, is 
recurrent pyogenic cholangitis (RPC). The pattern of stone 
disease in RPC differs from that in typical Western populations, 
in which the ductal stones are primarily extrahepatic, are pre- 
dominantly composed of cholesterol, and most often originate 
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Figure 80-10 Ascending obstructive cholangitis. A. Sagittal 
sonogram shows a markedly dilated common bile duet ( arrows ) filled 
with sludge and stones. B. ERCP shows a dilated intrahepatic and 
extrahepatic biliary system with multiple filling defeets ( arrow). The 
patient recovered after urgent papillotomy and administration of 
antibiotics and intravenous fluids. (From Flanbidge AE, Buckler PM, 
O'Malley ME, et al: Imaging evaluation for acute pain in the upper 
abdomen. RadioGraphics 24:1117-1135, 2004.) 



Figure 80-11 Oriental cholangiohepatitis. Percutaneous 
transhepatic cholangiography shows severe stricture (arrow), with 
dilated duets, multiple filling defeets, and abrupt tapering in the 
right anterior segment. (From Mi-Suk Park M-S, Yu J-S, Kim KW, 
et al: Recurrent pyogenic cholangitis: Comparison between MR 
cholangiography and direct cholangiography. Radiology 220:677-681, 
2001 .) 


Dilated duets containing stones and sludge are usually iden- 
tifiable by CT and ultrasound, although large amounts of 
nonshadowing, isodense material may mask duet dilation on 
ultrasound evaluation. All segments of the biliary tree may 
be involved, but the lateral segment of the left lobe is most 
often and extensively involved. Additional cross-sectional 
imaging fmdings of RPC include parenchymal atrophy, fatty 
metamorphosis, duet wall enhancement, segmental parenchy¬ 
mal enhancement, hepatic abscess, biloma, and pneumobi- 
lia. 50,51 Strictures are suggested by the presence of abruptly 
tapered duets. Cholangiography provides the best detail on 
the status of the duets (Fig. 80-11) and is a necessary com- 
ponent of the radiologic interventional management of stones 
and strictures. 49,54 


in the gallbladder. 53 Parasitic infestation (Clonorchis sinensis , 
Ascaris lumbricoides), malnutrition, and portal bacteremia have 
been etiologically implicated in RPC, but the cause and patho- 
genesis remain unproved. 

Right upper quadrant pain, chilis, fever, and jaundice are the 
common clinical features of RPC; the natural history is charac- 
terized by exacerbations and remissions of cholangitis, with 
duet injury and cholestasis leading to biliary cirrhosis. During 
the acute phases, sepsis may be life-threatening. 

A suggestive diagnostic finding for RPC is intrahepatic 
and extrahepatic biliary dilation due to multilevel strictures 
with associated variable density biliary calculi and sludge. 


Cholangitis Related to Acquired 
Immunodeficiency Syndrome 

A secondary cholangitis resembling PSC is an uncommon but 
well-recognized component of acquired immunodeficiency 
syndrome (AIDS). The condition is thought to be secondary to 
opportunistic infeetion by Cryptosporidium, cytomegalovirus, 
or both. 5 In addition to biliary tract signs and symptoms, 
patients with AIDS-related cholangitis may have abdominal 
pain and diarrhea from cryptosporidial enteritis. 

Cholangiograms typically show irregularities and strictures 
of the intrahepatic and extrahepatic bile duets with associated 
ductal dilation. Papillary stenosis can occur as an isolated 
phenomenon or in conjunction with more proximal ductal 
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Figure 80-12 AlDS-related papillitis. ERCP shows marked dilation 
of the common bile duet and pancreatic duet, a finding indicating low 
obstruction. 


strictures (Fig. 80-12). Polypoid intraluminal filling defeets 
resulting from granulation tissue have been reported in one 
fourth of patients on ERCP. 58 CT and ultrasound may demon- 
strate mural thickening of the gallbladder and bile duets as well 
as other extraductal manifestations of AIDS. A hyperechoic 
nodule at the distal end of the common duet, attributed to 
inflammation and edema of the papilla of Vater, has been 
reported in one series of patients. 59 

Floxuridine Cholangitis 

Intra-arterial infusion of chemotherapeutic agents for the 
treatment of liver metastasis has been shown to cause bile 
duet strictures. 38,60 ' 63 In one series, 15% of patients receiving 
intra-arterial ther apy showed abnormalities on cholangio- 
grams in the absence of tumor progression. 63 Floxuridine 
(5-fluorodeoxyuridine) has been the offending agent in almost 
all cases. Ductal damage is believed to be due to Chemical 
toxic effeets of the drug on the duets or drug-induced intra- 
vascular thrombosis of hilar vessels. 38 Histologic examination 
of strictured areas shows dense fibrosis of involved bile duets 
and surrounding liver parenchyma. Nevertheless, cholangio- 
grams obtained after cessation of chemotherapy have shown 
reversibility of some strictures. 

In patients with chemotherapy-related cholangitis, direct 
cholangiography shows segmental strictures of variable length, 
similar to those seen in PSC. Floxuridine-associated strictures 
have a marked propensity to involve the hilar area and to 
spare the lower common duet and the peripheral intrahepatic 
duets. The gallbladder and cystic duet are also usually more 
severely involved in floxuridine cholangitis than in PSC. The 
clinical setting leaves no doubt about the diagnosis if tumor 
progression can be exeluded by CT, MRI, ultrasound, or 
other means. 


Parasitic Infestation 

ASCARIASIS 

Ascaris lumbricoides is the most prevalent human helminth 
worldwide (Fig. 80-13). Infestation results from ingestion of 
ova, with adult worms becoming established in the small bowel 
after larval migration through the liver and lungs. Clinical 
symptoms depend on the magnitude of infestation and are 
generally more frequent and severe in children. The most 
common clinical presentation is intestinal obstruction second- 
ary to obstruction of the small bowel lumen by a mass of entan- 
gled worms. Acute appendicitis and panereatitis also occur. 
Biliary colic develops when worms occupy and obstruct the 
common duet. Surgical removal is curative, but if worms 
become trapped in the biliary tree and are not removed, thou- 
sands of eggs may be released as the worms disintegrate, leading 
to acute and chronic suppurative cholangitis. In mild cases, 
ascaridic cholangitis resolves with granuloma formation and 
scarring. In more severe cases, life-threatening complications 
may ensue. Extension into the portal or hepatic veins may lead 
to inflammation and thrombosis (pylephlebitis). Liver abscesses 
can potentially perforate into the peritoneal cavity and extend 
into the pleural space. 

Worms may be seen as longitudinal filling defeets up to 
several inches in length on direct or intravenous cholangio- 
grams or as thin, long, or coiled echogenic intraluminal struc- 
tures on ultrasound scans. 64,65 The diagnosis of biliary ascariasis 
is usually made by ultrasound. The roundworms can be observed 
by ultrasound as intrabiliary tubular structures with echogenic 
walls and an anechoic line inside. An echogenic focus within a 
duet can have a “bull’s-eye” appearance. 66 A central anechoic 
component, probably representing the worm’s digestive tract, 
has also been described. Worms may occupy any portion of the 
biliary tree, including the gallbladder. Real-time ultrasound 
confirms the diagnosis by demonstrating the worm’s motil- 
ity. 66,67 Coexisting intrahepatic and extrahepatic biliary stones 
may be seen. Uncommonly, roundworms may be found in the 
liver parenchyma, where they cause secondary hepatic abscesses. 
This unusual condition is more commonly seen in children 
with malnutrition. 

CLONORCHIASIS 

The most clinically important liver fluke is Clonorchis sinensis , 
for which humans are the definitive host (Fig. 80-14). The eggs 
of C. sinensis are passed in human feces, and infestation occurs 
by ingestion of fish after an initial intermediate phase hosted by 
one of several types of freshwater snails. Clonorchiasis is 
endemic in Asia but may be seen in Western countries as a result 
of travel and immigration. 

Within the biliary tree, the worms obstruct the flow of bile 
and incite an inflammatory cell infiltrate. In later stages, peri- 
ductal fibrosis, ductal epithelial hyperplasia, and cholangiocar- 
cinoma are seen. 47 Clinical symptoms depend on the number 
of flukes, the duration of infestation, and the presence of com¬ 
plications. With mild infeetions, patients may be asymptomatic. 
Early symptoms associated with moderate disease are nonspe- 
cific and include anorexia, dyspepsia, abdominal fullness, and 
right upper quadrant discomfort. Severe disease induces more 
significant systemic symptoms, including palpitations, weight 
loss, and diarrhea. Jaundice results from obstruction of the 
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Figure 80-13 Ascariasis. A. Life 
cycle: Adult worms (1) live in the 
lumen of the small intestine. A 
female may produce 
approximately 200,000 eggs per 
day, which are passed with the 
feces (2). Unfertilized eggs may 
be ingested but are not infective. 
Fertile eggs embryonate and 
become infective after 18 days to 
several weeks (3), depending on 
the environmental conditions 
(optimum: moist, warm, shaded 
soil). After infective eggs are 
swallowed (4), the larvae hatch 
(5), invade the intestinal mucosa, 
and are carried through the 
portal and then the systemic 
circulation to the lungs (6). The 
larvae mature further in the lungs 
(10 to 14 days), penetrate the 
alveolar walls, ascend the 
bronchial tree to the throat, and 
are swallowed (7). On reaching 
the small intestine, they develop 
into adult worms (1). Between 2 
and 3 months are required from 
ingestion of the infective eggs to 
oviposition by the adult female. 
Adult worms can live 1 to 2 years. 
(Source: CDC; available at 
h ttp:// www. dp d. cd c. gov.) 

B. ERCP shows a linear filling 
defect in the common bile duet, 
which is the ascaris worm ( arrow ). 

C. Worm extracted with biopsy 
forceps from the papilla of Vater 
during ERCP. 
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Figure 80-14 Clonorchiasis. A. Life cycle. Embryonated eggs are discharged from the biliary duets and in the stool (1). Eggs are ingested by a 
suitable snail intermediate host; there are more than 100 species of snails that can serve as intermediate hosts. Each egg releases miracidia (2 a ), 
which go through several developmental stages [sporocysts (2 b ), rediae (2 C ), and cercariae (2 d )]. The cercariae are released from the snail, and 
after a short period of free-swimming time in water, they come in contact and penetrate the flesh of freshwater fish, where they encyst as 
metacercariae (3). Infection of humans occurs by ingestion of undercooked, salted, pickled, or smoked freshwater fish (4). After ingestion, the 
metacercariae excyst in the duodenum (5) and ascend the biliary tract through the ampulla of Vater (6). Maturation takes approximately 1 month. 
The adult flukes (measuring 10 to 25 mm long by 3 to 5 mm wide by 1 mm thick) reside in small and medium-sized biliary duets. In addition to 
humans, carnivorous animals can serve as reservoir hosts. (Source: CDC; available at http://www.dpd.cdc.gov.) B. T-tube cholangiogram shows 
innumerable 1- to 2-cm filling defeets within the dilated bile duets. The flukes can be identified by their typical comma-shaped or crescentic 
outlines; other filling defeets may represent associated stones and biliary sludge. Short strictures and gross dilations of the duets are present as 
the result of chronic obstruction and cholangitis. C. Nonenhanced CT scan in the same patient shows hyperdense material within grossly 
distended major intrahepatic bile duets that on pathologic examination was proved to be a combination of pigmented biliary stones and sludge 
and Clonorchis flukes. Several calcified stones can be seen in peripheral duets. The spleen is enlarged. (B and C courtesy Joan A. Kendall, MD, 
Honolulu, Hl.) 
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biliary tree by the worms, periductal tissue reaction, or 
cholangiocarcinoma. 

The normal habitat of C. sinensis is the intrahepatic bile 
duets, where on cholangiograms they appear as ellipsoid, leaf- 
like filling defeets measuring 2 to 10 mm in length. 68 Contrast 
opacification of the peripheral intrahepatic duets is impeded by 
the worms and periductal tissue reaction. 

CT and ultrasound show characteristic dilation of the small 
intrahepatic duets with accompanying thickening of the duet 
wall and periductal tissues. The extrahepatic duets are typically 
spared. 69 Flukes and fluke aggregates are more easily identified 
within the duets by ultrasound than by CT. Unenhanced CT 
scans demonstrate branching low-density structures represent- 
ing a combination of dilated duets and periductal inflammatory 
fibrosis. With contrast enhancement, the apparent diameter 
of these structures diminishes as the periductal tissue com- 
ponent inereases in density and blends in with the surrounding 
parenchyma. 

The association of C. sinensis and cholangiocarcinoma is well 
known. 68,70 Carcinomas in this setting tend to occur peripher- 
ally, where the flukes are most concentrated. Therefore, jaundice 
is often absent, and the tumors may reach considerable size 
before detection. Stippled or powder-like areas of high attenu- 
ation, corresponding to muein on pathologic examination, have 
been reported within cholangiocarcinomas associated with 
clonorchiasis but not in cholangiocarcinomas without clonor- 
chiasis. 70 Additional complications of clonorchiasis include 


intraductal calculus formation, suppurative cholangitis, cholan- 
giohepatitis, and liver abscess, all of which may yield positive 
Åndings on cross-sectional imaging and cholangiography. 71 

INFESTATION WITH OTHER LIVER FLUKES 

O ther liver flukes known to infest humans share many features 
with C. sinensis, including similar life cycles and morphologic 
features, mode of infestation, and pathologic alterations in 
the liver and biliary tree with the exception of cholangiocar¬ 
cinoma. Opisthorchis felineus and Opisthorchis viverrini gain 
access to the biliary tree through the ampulla of Vater; Fasciola 
hepatica gains access transperitoneally, by penetrating the liver 
capsule. 47 ’ 72 

ECHINOCOCCAL CHOLANGITIS 

Echinococcus granulosus and Echinococcus multilocularis are 
small tapeworms whose larvae may lodge in human livers. 47 
E. granulosus produces hydatid cysts in the liver; E. multilocu¬ 
laris produces “alveolar” echinococcosis, a more aggressive, 
invasive form with mueh tissue destruction. Either form may 
compress the biliary tract or rupture into it, producing obstruc¬ 
tion, inflammation, and secondary bacterial infeetion. 73 Acute 
cholangitis may occur when a hepatic hydatid cyst ruptures into 
the bile duets. A more complete discussion of hepatobiliary 
echinococcosis can be found in Chapter 88. 
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The two most common surgical procedures of the biliary 
tract likely to be encountered in day-to-day practice are 
laparoscopic cholecystectomy (LC) and biliary-enteric anas¬ 
tomosis. Specifically, given the high prevalence of cholelithiasis 
or gallstones in the United States, with roughly 20 to 25 
million people affected, a large number of patients undergo 
cholecystectomy each year (-700,000). The revolutionary 
development and refmement of laparoscopic techniques 
during the last two decades have allowed LC to largely sup- 
plant open surgery. 1 The creation of a biliary-enteric anas¬ 
tomosis (most often hepaticojejunostomy), on the other hånd, 
can be performed for any number of different indications, 
the most common of which include liver transplantation, 
resection of tumors involving the biliary tree, benign or 
malignant biliary obstruction, biliary stones, and bile duet 
injuries. 4,5 

Whereas LC and hepaticojejunostomy are both relatively 
well tolerated procedures with a low risk of complications, the 
large number of these procedures performed in the United 
States each year makes it critical for radiologists to recognize 
the different complications that may be associated with these 
surgical procedures and to understand the basic diagnostic and 
treatment algorithms for each of these complications. This 
chapter discusses a number of complications associated with LC 
and hepaticojejunostomy and illustrates their appearances by a 
number of different radiologic modalities. In addition, this 
chapter concludes with a discussion of the radiologic diagnosis 
of post-traumatic lesions of the biliary tree. These traumatic 
injuries to the bile duets and gallbladder are relatively rare but 
can carry a high morbidity and mortality in cases of missed or 
delayed diagnosis. 6 ' 8 
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Laparoscopic Cholecystectomy 

TECHNICAL CONSIDERATIONS OF 
LAPAROSCOPIC CHOLECYSTECTOMY 

The most common indication for LC is symptomatic cho¬ 
lelithiasis, although the procedure is also commonly per¬ 
formed for acalculous cholecystitis, large gallbladder polyps, 
gallbladder dyskinesia, gallbladder malignant neoplasms, and 
trauma. 911 Contraindications to the procedure are uncommon 
but typically relate to an inability to toler ate general anes- 
thesia, intractable bleeding disorders, or end-stage liver disease 
or cirrhosis. 12,13 

Traditionally, LC has been performed with four incisions 
(four-port LC; Fig. 81- 1A). A 1-cm incision is made adjacent to 
the umbilicus, and a blunt trocar is inserted into the abdominal 
cavity, with the subsequent establishment of pneumoperito- 
neum (10-12 mm Hg) by the insufflation of carbon dioxide 
through a Veress needle. After the establishment of pneumo- 
peritoneum, a laparoscope is inserted through this first incision. 
Next, three additional smaller incisions are made in the right 
lateral upper abdomen and to the left of the falciform ligament, 
and three trocars are inserted through these sites (Fig. 81- IB). 
Specialized grasping instruments are then inserted through 
these trocars to grasp the fundus and infundibulum of the 
gallbladder, to expose the surgical held, to dissect and clip the 
cystic artery and duet (with placement of a surgical clip), to 
remove the gallbladder through the periumbilical port, and to 
coagulate the gallbladder fossa (Fig. 81-1C, D). 10,13,14 

Increasingly, however, as a result of patient cosmetic con- 
cerns and a desire to reduce operative trauma to the abdominal 
wall, there has been a trend toward the use of fewer incisions 
and ports. The newest operative technique, known as single¬ 
port laparoscopic surgery, entails the creation of a single peri¬ 
umbilical incision, with the subsequent use of a specialized 
single port that contains four openings: one for gas insufflation 
and three for trocars to perform the surgical procedure. 14 
Whereas data on these new single-port techniques are still 
fortheoming, early studies have suggested improved cosmesis 
and decreased postoperative pain. 14 

NORMAL IMAGING FINDINGS AFTER 
UNCOMPLICATED LAPAROSCOPIC 
CHOLECYSTECTOMY 

In most cases, the imaging findings after LC should be relatively 
minimal. 

• A small amount of pneumoperitoneum is an expected 
finding. 15,16 The volume of free air after laparoscopic 
procedures is generally smaller and lasts for a shorter 
time compared with open surgery, largely as a result of 
the relatively small incisions in the anterior abdominal 
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Figure 81-1 Laparoscopic surgery. A. The four trocar insertion sites during laparoscopic cholecystectomy. B. Trocars in place during surgery. 
C. Clips are applied to cystic duet. D. Gallbladder is prepared for removal. 


wall and the use of carbon dioxide for insufflation (which 
is rapidly absorbed). 17 19 As with other abdominal surger- 
ies, the presence of a large amount of pneumoperitoneum 
after surgery, or pneumoperitoneum that persists for a 
longer than expected duration (10-14 days), should raise 
concern for bowel injury or perforation during the 
procedure. 

• A small amount of subeutaneous emphysema at the inci- 
sion site is not uncommon, usually resulting from the 
dissection of insufflated carbon dioxide around the trocars 
into the subeutaneous soft tissues. This finding is common 
in the first 24 to 48 hours after surgery but should not be 
seen in significant amounts thereafter. 16,20 

• Small densities in the subeutaneous fat surrounding the 
trocar insertion sites can develop over time and probably 
represent sites of fat necrosis or scarring related to the 
surgical intervention. 20 

• Small postoperative fluid collections in the gallbladder 
fossa are a common finding immediately after surgery 
and may be associated with a tiny amount of free 
fluid in the pelvis. 20 23 These fluid collections are almost 
always asymptomatic and should resolve spontaneously. 21 


Nevertheless, if there are clinical signs of infeetion, reimag- 
ing may be helpful as these collections can rarely become 
superinfeeted and develop into abscesses. 

• Permanent surgical materials, such as surgical clips, 
are a common finding in the gallbladder fossa. Poten¬ 
tially confusing, however, is the presence of absorbable 
hemostatic sponges, occasionally used intraoperatively 
to control bleeding, which should gradually be absorbed 
over time. The most commonly used of these materials 
is gelatin sponge (Gelfoam; Pharmacia and Upjohn, 
Kalamazoo, Mich) or oxidized absorbable cellulose (Sur- 
gicel; Ethicon, Somerville, NJ). The appearance of these 
absorbable agents on computed tomography (CT) is 
typically as a discrete mass with mixed or low attenu- 
ation and with central or peripheral gas collections 
(Fig. 81-2). In the absence of a reliable clinical history, 
such an appearance can be extremely difficult to dis- 
tinguish from a postoperative abscess or fluid collection, 
and a discussion with the surgeon may be necessary to 
arrive at the correct diagnosis. 24 If not, this absorbable 
material should disappear in a period of weeks on serial 
CT examinations. 
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Figure 81-2 Hemostatic agents (Gelfoam or Surgicel) 
in gallbladder fossa in three different patients. A to C. 

CT several days after LC in three different patients shows 
a low-attenuation, oval, masslike lesion in the gallbladder 
fossa with focal gas bubbles but no air-fluid level ( arrow). 
This typical appearance of hemostatic agents should not 
be confused with abscess. 


GENERAL POSTSURGICAL COMPLICATIONS 

Postsurgical complications after LC are relatively rare. Overall, 
there is no evidence in the literature that the transition from 
open to laparoscopic surgical technique has resulted in any 
appreciable increases in morbidity or mortality. A Cochrane 
Database review that examined 38 different studies in the litera¬ 
ture (with 2338 patients) found no difference in mortality 
between open cholecystectomy and LC, and although there was 
the suggestion of a lower overall complication rate with laparo¬ 
scopic technique, this could not be validated in the highest 
quality studies. Moreover, laparoscopic technique is clearly 
associated with a shorter hospital stay, better cosmetic results, 
less postoperative pain, and faster return to work. 13,25 

Nevertheless, postsurgical complications are not infrequently 
encountered regardless of the surgical technique used. Compli¬ 
cations are thought to be more likely in patients with active (or 
prior bouts of) cholecystitis, longer time (typically >72 hours) 
between the onset of cholecystitis symptoms and surgery, male 
gender, prior upper abdominal surgery, significant perichole- 
cystic fluid, high body mass index, diabetes, and advanced age, 
all of which are factors that may render LC more technically 
difficult. 13)26)27 Notably, these same patient factors represent the 
most common risk factors for conversion of LC into an open 
procedure, and the conversion rate is thought to be as high as 
12%. 3,28,29 As one would expect, patients with significant gall¬ 
bladder inflammation (including gangrenous and emphysema- 
tous cholecystitis) are also at higher risk for complications and 
conversion to an open procedure. 30 

Complications of LC include those associated with the lapa¬ 
roscopic component of the procedure as well as those related to 
the cholecystectomy itself. 10 The most common complications 
related to laparoscopy include abdominal wall or omental 
bleeding, intraperitoneal or retroperitoneal vessel injury, bowel 


injury or perforation, and solid visceral organ injury. The most 
common complications related to cholecystectomy include gall¬ 
bladder fossa bleeding, bile duet injury, bile leakage, gallbladder 
perforation (with stone spillage), retained biliary stones, and 
biliary strictures. 10 Less commonly, laparoscopic cholecystecto- 
mies can be complicated by vascular injuries, with an incidence 
ranging between 0.05% and 0.25%. Vascular injury is the second 
leading cause of death in patients undergoing laparoscopic pro¬ 
cedures (of any kind), and the hepatic artery is the most fre- 
quently injured vessel during LC. Given that the mortality rate 
for patients suffering vascular injuries during laparoscopy can 
be as high as 9%, careful evaluation of the hepatic artery along 
its entire course is critically important in evaluating multidetec- 
tor CT (MDCT) studies in patients who have recently under- 
gone LC. 31 

The majority of complications are manifested in the early 
postoperative period, but others may appear weeks or even 
months after the procedure. 10,21 2 Most patients undergoing LC 
experience an uneventful, straightforward postoperative course, 
but a high index of suspicion is essential for those patients who 
demonstrate any concerning symptoms, including fevers, per- 
sistent abdominal pain, tachycardia, vomiting, or high degrees 
of bile output from a drain or wound site. 

BILIARY TRACT COMPLICATIONS 

Biliary tract complications are the most important complica¬ 
tions of cholecystectomy and represent a major source of litiga- 
tion. 33 Biliary tract complications can be encountered with both 
open and laparoscopic cholecystectomies, and there is little evi¬ 
dence of any inerease in biliary tract complications with lapa¬ 
roscopic technique. Many of these complications are often not 
recognized at the time of surgery and are not uncommonly 
diagnosed after a significant delay, resulting in considerable 
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patient morbidity and mortality. 6,27,33,34 The most important 
biliary complications for the radiologist to recognize are bile 
duet injury, bile leak, retained stones, bile duet strictures, and 
spilled stones in the peritoneal cavity. 21 

Bile Duet Injury and Bile Leak 

There are more than 2500 bile duet injuries related to LC in the 
United States each year, and many of these injuries are attribut- 
able to acute or chronic inflammation obscuring fat planes 
surrounding the gallbladder or intraoperative misidentification 
of the common bile duet (CBD) by the surgeon." 5 Other risk 
factors include inadequate exposure, patient obesity, congenital 
anatomic anomalies of the bile duets, emergent surgery, and 
failed cholangiography. 36 38 The incidence of bile duet injury 
after LC is 0.1% to 1.3%, and although there does not appear 
to be a significant difference in the incidence of bile duet inju¬ 
ries compared with open procedures, injuries after LC may 
possibly be more severe. 13,26,33,37,39 47 

Bile duet injuries encompass a wide range of different 
lesions, including tears, transections, and ligations. 48 The most 
common injury results in a defeet of the CBD due to a portion 
of the CBD having been mistaken for the cystic duet and, as 
a result, being partially or completely transected. 45 Many minor 
bile duet injuries (perhaps seen in up to 1.2% of patients) 
are now successfully treated with endoscopic management 
(usually internal drainage), allowing bile flow away from the 
site of injury into the duodenum and consequently allowing 
the injured bile duet segment to heal. On the other hånd, 
complex or severe bile duet injuries (i.e., common hepatic 
duet, CBD, right hepatic duet, or transection of the right pos- 
terior sectoral duet) are almost always treated with surgical 
biliary reconstruction. 37,49 

There is debate within the surgical literature as to whether 
the routine use of intr aoperative cholangiography (IOC) can 
help reduce the incidence of bile duet injury, and some surgeons 


advocate that cholangiography should constitute a routine 
component of every LC. Proponents argue that IOC can help 
better define biliary anatomy, thereby reducing the incidence of 
biliary injuries. Moreover, in those cases in which injuries occur, 
proponents argue that IOC allows earlier discovery of these 
injuries. 51 However, those who argue against routine cholangi¬ 
ography suggest that instead of reducing the incidence of bile 
duet injury, surgeons performing IOC may actually cause a bile 
duet injury while attempting to cannulate the cystic duet or by 
inadvertently cannulating the CBD. 51 Moreover, IOC undoubt- 
edly inereases operative time and surgical costs. 44,47 

Depending on its severity, bile duet injury can result in a 
frank bile leak (Figs. 81-3 to 81-9). Whereas bile leaks can theo- 
retically occur at any site of bile duet injury, the most common 
locations are the cystic duet stump, the duet of Luschka, and 
the gallbladder bed. 39 When leaks occur at the cystic duet stump 
(the most common site of bile leak), causes can include a mis- 
placed surgical clip, resulting in inadequate closure of the cystic 
duet; necrosis of the cystic duet after placement of a clip; ele- 
vated CBD pressures (often due to a distally impacted CBD 
stone) transmitted to the cystic duet, resulting in cystic duet 
“blow-out”; and operative injury to the cystic duet. 2 In those 
cases attributable to operative injury, leaks may occur because 
of difficulty in dissecting the cystic duet and common hepatic 
duet, particularly when adhesions are present, and as a result of 
unrecognized aberrant duets. 20 The second most common site 
of bile leak is from the duet of Luschka, an accessory duet in 
the right hepatic lobe that traverses the gallbladder fossa and 
can drain into either the right or common hepatic duet. This 
bile duet is uniquely vulnerable to injury and leak as a result of 
its variable course and location within the operative held. 39 

Bile leaks carry a high risk of morbidity and mortality and 
should be suspected in any patient who presents with fever, 
jaundice, abdominal pain, peritonitis, or elevated liver funetion 
test results in the first week after surgery." 9 In particular, a 



Figure 81-3 Bile leakage 
resulting in a biloma, biliary 
ascites, and peritonitis. A. CT 

6 days after LC shows an oval 
fluid collection, a biloma, in the 
gallbladder fossa ( arrow) adjacent to 
a surgical clip ( arrowhead ). The 
leaking bile assumes a pear-shaped 
configuration resembling the 
gallbladder. There is some free fluid 
in Morison's pouch. B. Inflammatory 
changes induced by leaking bile 
seen as marked omental infiltration 
(arrow), displacing the ascending 
colon medially. C. Large amount of 
fluid in pelvis ( arrows ); its clear 
density, although nonspecific, is 
compatible with bile. D. Subsequent 
ERCP shows active extravasation of 
contrast material, probably from the 
cystic duet remnant (arrow). 
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Figure 81-4 Bile leakage inducing bile peritonitis A. Ten days after LC, CT shows free fluid, compatible with bile, around the spleen and the 
liver. B. Pelvic CT shows a large amount of free fluid and marked infiltration of the mesentery and omentum, indicating infected bile. 





Figure 81-5 Bile leak confirmed by hepatobiliary 
scintigraphy and ERCP. A. CT on sixth postoperative 
day after LC shows minimal fat infiltration near 
gallbladder bed (arrow) and a small amount of free 
fluid around the liver. B. Inflammatory changes in the 
omentum in right midabdomen (arrow). C. Small to 
moderate amount of clear free fluid in pelvis (arrow). 
Its clear density, although nonspecific, is compatible 
with bile. D. Hepatobiliary scintigraphy shows active 
extravasation of radiotracer in the gallbladder fossa 
(arrow). E. Subsequent ERCP shows active 
extravasation of contrast material from the cystic duet 
stump (arrow). 
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Figure 81-6 Bile leak confirmed 
by ERCP. A. CT obtained 5 days 
after LC shows free fluid in the 
upper abdomen mainly around the 
spleen and the liver and some fluid 
also in the galIbladder fossa, 
adjacent to a surgical clip. B. ERCP 
after the CT study shows extensive 
extravasation, probably from the 
cystic duet remnant ( arrows ). 



Figure 81-7 Bile leak confirmed 
by hepatobiliary scintigraphy. 

A. CT on second postoperative 
day after LC in 63-year-old woman 
with leukocytosis shows minute 
amount of free fluid around liver 
(long arrow) and in gal Ibladder 
fossa (short arrow); however, a 
large amount of clear fluid is seen 
in the pelvis (B). C. 99m Tc-labeled 
iminodiacetic acid (HIDA) by single 
photon emission computed 
tomography (SPECT) on twelfth 
postoperative day shows active 
extravasation of radiotracer in the 
gallbladder fossa (short arrow) and 
biliary ascites around liver and in 
right paracolic gutter (long arrow). 


markedly elevated serum bilirubin level and, alternatively, the 
presence of significant bile output from an abdominal drain are 
both features highly suggestive of a large biloma, although the 
absence of bile output from an abdominal drain cannot exelude 
a bile leak. 3 Bile can leak freely in to the peritoneal cavity, result¬ 
ing in either sterile or infeeted biliary ascites (see Figs. 81-3 to 
81-7 and 81-9), or accumulate into a loculated fluid collection, 
resulting in a sterile biloma (see Figs. 81-3A and 81-8) or an 
infeeted abscess (Fig. 81-10). 38,55 


The treatment of bile duet injuries and leaks remains con- 
troversial, and there are a number of different management 
algorithms in use. In general, patients with a suspected bile leak 
and a single fluid collection or biloma on CT are initially treated 
with placement of a percutaneous drainage catheter. Although 
it is uncommon, in a small subset of patients with a minor leak 
and minimal bile duet injury, there is the possibility of sponta- 
neous resolution of the leak after placement of the drainage 
catheter. If the leak then fails to resolve, patients typically 
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proceed to endoscopic retrograde cholangiopancreatography 
(ERCP), in which minor leaks are treated with placement of a 
biliary stent. The biliary stent diverts bile away from the site of 
biliary injury in to the duodenum, giving the injured segment 
time to heal (see Fig. 81-9B). Notably, whereas sphincterotomy 
has traditionally been thought to be useful in these patients, 
there is now little consensus in the literature on its Utility; some 
studies suggest that this procedure raises the risk of perforation, 
bleeding, and mortality, and there are few data to suggest that 
sphincterotomy provides benefit in terms of leak resolution. 34 
If a major bile leak or significant biliary injury is detected 
on ERCP, patients undergo operative repair and biliary 
reconstruction. 37,56,57 



Figure 81-8 Bile leak from cystic duet stump. Endoscopic 
retrograde cholangiography 9 days after LC shows leak of contrast 
material originating adjacent to surgical clips ( arrowhead) at the cystic 
duet stump. The leaking contrast material assumes a pear-shaped 
configuration, a biloma, resembling the gallbladder ( arrows ). 


Retained Biliary Stones 

Small biliary stones occasionally remain after LC, often within 
the intrahepatic or extrahepatic biliary tract. 9 Moreover, in 
some cases in which LC is technically challenging as a result of 
difficulty in identifying anatomic landmarks, adhesions, marked 
bleeding, or severe gallbladder inflammation, portions of the 
gallbladder infundibulum may be inadvertently left behind 
(subtotal cholecystectomy), and this gallbladder remnant may 
contain stones. 41,58 Such incomplete resection of the gallbladder 
is relatively common, occurring in up to 13.3% of cholecystec- 
tomies. 59 For the same reasons, particularly in patients with an 
unusually long cystic duet, portions of the cystic duet contain- 
ing stones may also be left behind after surgery. 58 

These retained stones, regardless of whether they reside 
within the intrahepatic biliary tree, CBD, cystic duet stump, 
or gallbladder remnant, may subsequently migrate distally into 
the CBD, resulting in biliary obstruction (Fig. 81-11). The 
overall incidence of retained stones, regardless of location, after 
LC is 0.5%; the most common location for retained stones is 
within the CBD, with an incidence ranging between 5% and 
15%. 60 ' 65 There is some debate in the literature as to the neces- 
sity of defining the presence of biliary tract stones (outside 
the gallbladder) by preoperative magnetic resonance cholan¬ 
giopancreatography (MRCP), and some surgeons advocate 
performing intraoperative cholangiography for the purpose of 
detecting biliary stones in the highest risk patients during 
cholecystectomy. 65,66 

It is thought that retained stones in the biliary system after 
cholecystectomy may be a common cause for postcholecystec- 
tomy syndrome, a term used to describe the recurrent biliary 
colic symptoms suffered by 10% to 40% of patients after cho¬ 
lecystectomy. 41,58 Symptoms of retained biliary stones can 
include jaundice and right upper quadrant pain, and the diag- 
nosis is usually made in the first 2 months postoperatively. 27 44 
Rarely, retained distally impacted stones in the CBD may sec- 
ondarily result in biliary leakage from the cystic duet remnant 
by causing inereased biliary pressure that displaces the cystic 
duet clips, a phenomenon often referred to as cystic duet blow- 
out. 9 Retained stones can usually be extracted by ERCP and 
sphincterotomy. Open or laparoscopic CBD exploration is only 
rarely necessary. 27,44 


Figure 81-9 Bile leak after 
cholecystectomy. A and B. ERCP 
10 days after cholecystectomy (for 
gallbladder cancer) shows active 
extravasation of contrast material 
(arrows). This was considered a 
"minor" leak and treated with 
ERCP-guided stent placement 
(arrowheads in B). 
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Figure 81-10 Postoperative abscess after LC. A. Contrast-enhanced CT shows gas-containing abscess anterior to liver (A). Fluid and gas in 
galIbladder fossa (short arrow). Fluid around liver (long arrow). B. Coronal reformat shows full extent of abscess cavity (A). C. Coronal reformat 
shows fluid in gal Ibladder fossa (straight arrow ) and pelvis (curved arrow). 


Bile Duet Strictures 

Postoperative biliary strictures are not uncommon with both 
open and laparoscopic cholecystectomies. Several different 
causes have been proposed, including focal bile duet ischemia 
due to intraoperative damage and thermal injury during surgi- 
cal dissection, intense connective tissue response with fibrosis 
and scarring as a result of bile duet manipulation, inadvertent 
clipping or ligation of the bile duet, and scarring as a result of 
T-tube placement (Figs. 81-12 and 81-13). 38 ’ 54 ’ 59 ’ 67 

Biliary stricture after cholecystectomy is relatively rare, 
occurring in 0.2% to 0.5% of patients. In many cases, these 
strictures are not recognized for months or years after the 
patient’s surgery, with a mean time to stricture of 3 to 6 
months. 67 Many patients are not overtly symptomatic, and the 


diagnosis is often made on the basis of progressive biliary dik¬ 
tion on cross-sectional imaging. In other cases, patients can 
present with painless jaundice, cholangitis, or sepsis. Patients 
with a markedly delayed diagnosis may ultimately present with 
advanced biliary cirrhosis and its complications. 38 

Whereas surgical treatment (usually in the form of a Roux- 
en-Y hepaticojejunostomy) has traditionally been the treatment 
of choice for iatrogenic biliary strictures related to LC, endo- 
scopic treatment is inereasingly becoming the first-line treat¬ 
ment of choice. In addition to being safer and better tolerated 
(with lesser degrees of associated morbidity and mortality), 
endoscopic balloon diktion with stent placement has been 
associated with a lesser risk of recurrent strictures and cholan- 
gitis, although patients may require multiple sessions of balloon 
diktion with periodic replacement of bile duet stents. 6C In 
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particular, endoscopic approaches appear to be more effective 
for strictures in the distal CBD, whereas surgery may still be the 
preferred option for complex strictures in the more proximal 
CBD. 67 

Imaging of Postoperative Bile Duet Injuries 

Ultrasound and Multidetector Computed Tomography. In 

most patients with a suspected bile duet injury or leak after LC, 
ultrasound and contrast-enhanced CT are the most common 
initial imaging studies performed. Both studies can be com¬ 
pleted quickly and efficiently, even in the most critically ill 
patients, and ultrasound can be performed at the bedside in the 


* A 




Figure 81-11 Retained stone in CBD. ERCP 16 days after LC shows 
a calculus (arrow) in distal part of the CBD. Sphincterotomy was 
performed and the stone was removed. 


critical care setting. In most cases, both studies will demonstrate 
an intra-abdominal fluid collection, most often in the right 
upper quadrant (often the subhepatic Space or gallbladder 
fossa) close to the surgicalbed (see Figs. 81-1 and 81-3 to 81-7). 
CT, in particular, can better delineate peripheral enhancement 
and complexity and distinguish free bile fluid from a loculated 
biloma. Notably, however, neither imaging modality can distin¬ 
guish a biloma from other common causes of a postoperative 
fluid collection, including a seroma, abscess, hematoma, or lym- 
phocele; the distinetion between these different entities is often 
based on the analysis of fluid obtained from surgical drains or 
the direct aspiration of a fluid collection under image guidance 



Figure 81-12 Inadvertent ligation of CBD. ERCP shows CBD filling 
to level of surgical clips (arrow), indicating the site where the cystic 
duet had originated. No contrast material is identified proximally in 
the bile duet. 



Figure 81-13 Bile duet injury during LC resulting in CBD stricture. A. ERCP shows abrupt narrowing (arrow) of CBD at level of 
cholecystectomy clips. B. Subsequent ERCP, with wire advanced proximal to stricture, better delineates site of stricture (arrow). 
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(CT or ultrasound). In addition, the location of a collection 
may not be helpful in distinguishing these entities; bile fluid can 
potentially disperse widely throughout the peritoneal cavity 
(see Figs. 81-1 and 81-3 to 81-7) andbecome loculated relatively 
distant to the site of bile leak, whereas lymphoceles, abscesses, 
seromas, and hematomas can develop in close contiguity with 
the biliary tree (i.e., gallbladder fossa or subhepatic space; see 
Fig. 81-10). 35 In addition, neither ultrasound nor CT can 

accurately define the source of a leak, and cholangiography may 
be necessary to differentiate leaks originating from different 
sites in the biliary tree (see Figs. 81-3D, 81-5E, 81-6B, 81-8, 
and 81-9). 

Both CT and ultrasound are also important tools in identify- 
ing evidence of biliary dilation, often before there is biochemi- 
cal evidence of obstruction. New biliary dilation after a 
cholecystectomy should suggest either the presence of a retained 
CBD stone (with associated obstruction) or, alternatively, the 
development of a bile duet stricture. At the same time, a mild 
degree of biliary dilation after cholecystectomy is a normal 
finding and should not be overinterpreted as obstruction. 
Although the presence of bowel gas will o ft en obscure the distal 
CBD and ampulla (perhaps in a majority of cases), in certain 
rare cases, ultrasound may be able to define a distal CBD stone 
as a highly echogenic focus with posterior acoustic shadowing. 9 
Alternatively, although the diagnosis can be difficult on CT, the 
use of multiplanar reformations and three-dimensional recon- 
structions can help define the course of the CBD along its entire 
length and may demonstrate a meniscus sign at the site of 
obstruction by a CBD stone. Depending on the calcium content 
of a stone, an obstructing retained stone may be radiodense and 
calcified or of soft tissue attenuation. Whereas bile duet injury 
or stricture is the other diagnostic possibility when one is con- 
fronted with progressive dilation of the biliary tree after chole¬ 
cystectomy, the absence of bile duet dilation on CT or ultrasound 
does not exelude bile duet injury, and further investigations 
will often be necessary if these entities are strongly suspected 
clinically. 33 38,53 

Hepatobiliary Scintigraphy. Hepatobiliary scintigraphy, 
most often performed with technetium Tc 99m mebrofenin (or 
a number of other technetium-based agents) has proved to be 
an extremely sensitive method for detecting both bile leaks and 
biliary obstruction (see Figs. 81-5D and 81-7C). 32,70,71 In par- 
ticular, hepatobiliary scintigraphy has proved to be extremely 
accurate in identifying bile leaks in the setting of a recent cho¬ 
lecystectomy, with a sensitivity that may approach 100%, even 
including leaks into diagnostically difficult locations, such as 
the lesser sac. 2 Not only can the extravasation of radiotracer 
from the biliary system during scintigraphy reliably identify the 
presence of a leak, the absence of a leak can allow the clinician 
to confidently proceed with conservative management. 

Nevertheless, hepatobiliary scintigraphy has certain key limi- 
tations, which can diminish its Utility. Most important, whereas 
scintigraphy can identify the presence of leak, it cannot accu¬ 
rately delineate the site of leak, limiting its ability to guide 
further intervention. Moreover, although the modality can 
identify the leak, it provides no information about the severity 
of the leak or bile duet injury, again somewhat limiting its use- 
fulness in terms of guiding subsequent therapy and interven¬ 
tion. 33 For example, scintigraphy cannot differentiate between 
the complete transection of a duet (which would typically 
require surgery) and a minimal tear of a duet (which could 
potentially be treated endoscopically). 


Percutaneous Transhepatic Cholangiography . Whereas eval- 
uation of the biliary system after a suspected bile duet injury 
almost always begins with ERCP, this modality struggles in cer¬ 
tain situations; specifically, in performing ERCP, occlusion or 
transection of a large central bile duet is visualized as only a 
“stump” of the CBD, and the more proximal biliary tract cannot 
be visualized. This is of critical importance as the more proximal 
biliary tract must be visualized to facilitate surgical planning as 
well as to evaluate for other sites of potential bile duet injury. 
Moreover, injuries to the right posterior segmental bile duet 
draining segments VI and VII will often be missed on ERCP, 
and this is a commonly underdiagnosed and underappreciated 
site of bile duet injury during cholecystectomy. 73 As a result, 
percutaneous transhepatic cholangiography (PTC) is consid- 
ered to be the “gold standard” radiographic examination in 
the evaluation of patients with suspected biliary injuries or 
strictures as it allows evaluation of the entire proximal biliary 
tree (even in cases with a significant distal bile duet injury) 
and the reliable identification of injuries to the right posterior 
segmental bile duet. 

In most institutions, ERCP is typically performed first in the 
setting of a suspected bile duet injury to differentiate patients 
with a cystic duet leak or incomplete tear of a duet from those 
with a complete duet transection. Those patients with a com- 
pletely transected duet then undergo PTC for evaluation of the 
proximal ductal system. 73 In addition to its valuable diagnostic 
role, PTC also serves as the first step in the placement of a per¬ 
cutaneous transhepatic catheter, allowing decompression of the 
biliary system either to treat or to prevent cholangitis resulting 
from biliary obstruction. Moreover, PTC can also facilitate 
the percutaneous treatment of biliary strictures, usually with 
balloon dilation. 21,34,44 

Endoscopic Retrograde Cholangiopancreatography. ERCP 
is an excellent modality for both the diagnosis and management 
of many biliary complications after LC. In almost all cases, 
ERCP will be the first diagnostic study performed in the setting 
of a suspected leak, and in many cases, it may be the only 
required study. 

With regard to biliary leaks, ERCP can identify the site of 
bile leak in more than 95% of cases, a clear advantage relative 
to other diagnostic studies, such as contrast-enhanced magnetic 
resonance imaging (MRI) and hepatobiliary scintigraphy, which 
cannot reliably identify the exact site of leakage (see Figs. 81-3D, 
81-5E, 81-6B, 81-8, and 81-9). Compared with PTC, ERCP has 
a generally lower rate of complications and carries a lesser risk 
of iatrogenic bile duet injury, bile leak, cholangitis, and sepsis. 
ERCP is also a highly effeetive means of treating bile duet leaks 
as these complications can be managed endoscopically in more 
than 80% of cases (biliary stents with or without sphineterot- 
omy). 53 Nevertheless, ERCP is an invasive modality with an 
associated risk of postprocedural complications and the need 
for patient sedation. 9 

Whereas ERCP alone is sufficient in the diagnosis of low- 
grade strictures and injuries to the major central bile duets, it 
is insufficient in patients with complete obstruction of the 
extrahepatic biliary tree or with high ductal injuries as the intra- 
hepatic bile duets more proximally cannot be visualized. In 
these cases, PTC is needed to evaluate the intrahepatic duets 
and to fully define the exact length of a patient’s stricture. 34 44 4 
When both studies are performed, a gap of several centimeters 
may be present between a blind-ending distal duet demon- 
strated on ERCP and the proximal bile duets opacified on PTC, 
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precluding percutaneous transhepatic stricture dilation. 44 As 
mentioned previously, the treatment for bile duet strictures is 
gradually moving away from surgical reconstruction and toward 
endoscopic management (usually balloon dilation and stenting; 
see Fig. 81-9), although surgery continues to play a major role 
in certain lesions. 

Magnetic Resonance Cholangiopancreatography. During 
the last several years, the introduction of a number of different 
hepatobiliary contrast agents for MRI, the most important of 
which is gadoxetate disodium (Eovist; Bayer Healthcare Phar- 
maceuticals), has made MRI a highly valuable option for the 
detection of bile leaks. These agents, which are exereted into the 
biliary system in varying amounts, allow the acquisition of 
normal contrast-enhanced images in the arterial, venous, and 
delayed phases, followed by excellent opacification of the biliary 
system in the delayed hepatobiliary phase (usually at 10 to 20 
minutes). This opacification of the biliary system has been 
improved with the introduction of gadoxetate disodium, 50% 
of which is exereted through the hepatobiliary system, com- 
pared with 3% to 5% of older hepatobiliary contrast agents, 
allowing faster and more avid enhancement of the bile duets. A 
number of studies, conducted with a variety of different hepa¬ 
tobiliary agents, have suggested that contrast-enhanced MRI 
does very well in the identification of bile leaks, with a sensitiv- 
ity up to 95% and a specificity up to 100%. 75 ' 80 Bile leaks on 
these images appear as areas of active extravasation of contrast 
material from the involved segment of the biliary tree into the 
peritoneum and perihepatic Space. In the more chronic setting, 
contrast-enhanced MRI with hepatobiliary agents can also be 
potentially helpful in terms of identifying sites of biliary nar- 
rowing or obstruction as a result of biliary strictures. Although 
it is not completely necessary, conventional MRCP images 
(highly T2 weighted volumetric images) may be helpful as an 
ancillary imaging sequence to identify obstructing stones as well 
as to provide high-resolution volumetric images of the biliary 
tree to identify subtle sites of stricture or narrowing. 

However, the use of these agents is limited in patients with 
cirrhosis, jaundice, or significant hepatobiliary disease as exere- 
tion of the contrast agent into the biliary system may be signifi- 
cantly impaired in such patients. 0 This can be a significant 
obstacle to the use of this technique in patients with bile duet 


injury or bile leak after cholecystectomy as many of these 
patients present with hepatobiliary dysfunetion and jaundice. 
Moreover, as with other MRI examinations, the quality of 
images depends heavily on the patient’s ability to adequately 
perform a breath-hold maneuver, a necessity that can be a 
problem in critically ill patients. 9 

Spilled Gallstones 

Whereas LC has proved extremely effeetive during the last two 
decades, largely obviating the need for open cholecystectomy 
except in the most complicated cases, the use of this technique 
has resulted in an inereased incidence of “spilled,” “dropped,” or 
“retained” gallstones during the procedure. 81 Spilled gallstones 
result from perforation of the gallbladder during cholecystec¬ 
tomy, with subsequent spillage of stones into the intraperitoneal 
Space. Unlike in open cholecystectomy, in which these stones 
are relatively easy to identify and to retrieve during the course 
of the procedure itself, surgeons performing LC may not realize 
that stones have been spilled or alternatively may not have ade- 
quate surgical exposure to retrieve the stones laparoscopically. 81 ' 86 
The incidence of gallbladder perforation during LC may be as 
high as 36%, and the rate of gallstone spillage may reach 19%. 87 
Moreover, when spillage occurs, one series found that up to 
50% of stones were lost and not retrieved during the proce¬ 
dure. 82,88 If spilled stones are noted intraoperatively, the surgeon 
will often attempt to retrieve as many stones as possible. Nev- 
ertheless, given the low rate of associated complications, most 
surgeons will not convert the procedure to an open cholecys¬ 
tectomy to retrieve every possible stone, and some stones will 
undoubtedly be left behind. 89 

Whereas spilled gallstones are common, the incidence of 
complications related to these stones is relatively rare, occurring 
in 8.5% of patients. 82,84,85,87,89 Most patients are asymptomatic, 
and in many cases, stones are simply discovered as an incidental 
Ånding on an imaging examination (usually CT or MRI) (Ligs. 
81-14 to 81-16). 81 Complications are thought to be more likely 
with infeeted stones (in the setting of acute cholecystitis), larger 
stone size (>1.5 cm), pigment stones, and inereased age of the 
patient. 8 " The most common complication related to spilled 
stones is the development of an abscess surrounding the stones, 
either within the abdominal cavity (usually the subhepatic 


Figure 81-14 Spilled gallstones, 
incidentally seen on CT 10 years 
after LC. A. Two small peripherally 
calcified gallstones medial to liver, 
adjacent to gastroesophageal 
junetion ( arrow). B. Slightly larger 
peripherally calcified gallstone 
caudal to liver (arrow). 
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space or in the retroperitoneum inferior to the subhepatic 
space) or within the anterior abdominal wall itself (Figs. 81-17 
and 81-18). 81,85,91,92 These abscesses can develop months or even 
years after surgery, and radiologists should always consider this 
a potential cause when confronted with a patient who develops 
an abdominal abscess of unknown etiology. 82 The delay between 
cholecystectomy and abscess presentation can be considerable, 
probably as a result of the indolent nature of the inflammatory 
process and the often unusual sites of these abscesses. 86 In one 
review, the time interval between cholecystectomy and the onset 
of symptoms was 5.5 months (range, 0-36 months). 85,86 



Figure 81-15 Spilled gallstones. Innumerable tiny dropped 
gallstones along Morison's pouch ( arrows ) in an asymptomatic patient 
several years after LC. Similar appearance of innumerable tiny 
gallstones was seen on preoperative ultrasound (not shown). 


Other more rare complications include fistula formation, 
pain as a result of stones lodged in unusual locations (i.e., a 
hernia sac, ovary, fallopian tube), liver abscesses, bacteremia, 
adhesions, bowel obstruction, and even transdiaphragmatic 
migration of stones. Stones can migrate into the thorax either 
secondary to the erosion of gallstones through the diaphragm 
or from the formation of a subphrenic abscess, which subse- 
quently connects supradiaphragmatically into the pleural space, 
lung, or bronchial tree. 88 90 This can result in cholelithoptysis 
(expectoration of gallstones) or pleurolithiasis. 46,85,93 

Imaging of Spilled Gallstones. Ultrasound, CT, and MRI may 

demonstrate spilled stones lying freely in the abdomen, often 
primarily around the liver. 86 On CT, the conspicuity of stones 
will vary dramatically, depending on their composition; pigment 
stones (with a high calcium content) usually are readily recog- 
nizable as calcified high-density nodules, whereas cholesterol 
stones and other stones with low calcium content can be diffi- 
cult to identify or appear as small soft tissue nodules. Notably, 
when there is little or no calcium content on CT, spilled gall¬ 
stones can very much mimic the appearance of peritoneal 
tumor implants or carcinomatosis. 81 Stones, regardless of their 
type, are relatively easy to identify on MRI as most gallstones 
are highly hypointense on T2-weighted images. 82 

Perhaps most important, when they are associated with 
infection, spilled stones likely serve as the nidus of an abscess, 
and the identification of a stone at the center of such a collec- 
tion is critical in terms of management (see Figs. 81-17C and 
81-18C). These collections are not treated with simple percuta- 
neous drainage, but instead the stone (which represents the 
cause of the infection) must be retrieved either surgically (either 
open or laparoscopically) or percutaneously by an interven¬ 
tional radiologist. 1,86 The majority of these abscesses are con- 
fined to the subhepatic space or the retroperitoneum inferior 
to the subhepatic space. Several unusual locations, however, 
have been described, including the thorax, subphrenic space, 
within the abdominal wall at trocar sites, and at the sites of 
incisional hernias. 86 These abscesses appear on CT as one or 
more fluid collections containing small opacities, ranging in 
density (based on their calcium content and stone type) from 
hypodense nodules to nodules that are partially or completely 
calcified. 84,86,94 On ultrasound, echogenic shadowing foci within 
a fluid collection are typical of dropped stones, and the presence 
of calculi within a collection is virtually diagnostic of spilled 
stones complicated by abscess formation. 86 



Figure 81-16 Spilled gallstones. 

A. Several spilled gallstones 
incidental ly detected in pelvis 
( arrows ) adjacent to uterus. 

B. Pati ent subsequently developed 
ascites; the spilled gallstones are 
more conspicuous (arrows). 
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Figure 81-17 Spilled gallstones resulting in perihepatic abscess. A and B. Noncontrast CT 3 days after LC shows a dropped gallstone in 
the porta hepatis (long arrow, A) and two dropped gallstones in Morison's pouch (arrow , B). Note surgical clip (short arrow) in gallbladder fossa. 
C. Patient presented 4 weeks after LC with fever and abdominal pain. Noncontrast CT shows interval development of an abscess surrounding the 
two dropped gallstones in Morison's pouch (arrow) and free fluid around the liver. 



Figure 81-18 Spilled gallstones resulting in a large perihepatic abscess. Patient presented 9 months after LC with low-grade fever, fatigue, 
and lack of appetite. Contrast-enhanced CT (A) and axial T2-weighted MR (B) demonstrate a multiseptate abscess (arrow) caudal to right lobe of 
liver (L). The small calcified spilled gallstone within it, the nidus of the abscess, is seen only on noncontrast CT (C, arrow). 


Biliary-Enteric Anastomosis 

BACKGROUND, INDICATIONS, AND 
TECHNICAL CONSIDERATIONS 

The creation of a biliary-enteric anastomosis has become a 
common component of multiple different surgical procedures 
and can be performed for a number of different reasons. The 
most common indications for the creation of such an anasto¬ 
mosis include liver transplantation; the resection of tumors 
involving the biliary tree, duodenum, or pancreatic head (often 
as part of a pancreaticoduodenectomy); benign or malignant 
biliary obstruction; biliary stones, biliary strictures, choledochal 


cysts, or bile duet injuries; and inflammatory conditions of the 
biliary tree, such as primary sclerosing cholangitis. 4 

Over time, reconstruction of the biliary system by a biliary- 
enteric anastomosis has most commonly been performed 
through the creation of a hepaticojejunostomy. Although cho- 
ledochoduodenostomy and hepaticoduodenostomy are also 
viable alternatives, both have clear downsides. The use of the 
duodenum carries a significant risk of bile gastritis due to duo- 
denogastric reflux. 95 Whereas a direct duct-to-duct anastomosis 
is also a possible option and is sometimes still used in liver 
transplantation, the creation of such an anastomosis is more 
technically difficult and carries mueh higher risks of anasto- 
motic strictures and leaks (perhaps as high as 40%). 96 In 
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contrast, hepaticojejunostomy has proved to be safe and effec- 
tive, with a much lower risk of bile leak (2.4%-5.6%). 96 

There are minor variations in how a hepaticojejunostomy is 
created, depending on the presence or absence of a malignant 
neoplasm or a bile duet stricture and the exact site of this tumor 
or stricture. However, the surgical procedure usually includes 
the following. Once the abdomen is entered and the hepatoduo- 
denal ligament is dissected free, the common duet must be 
identified. The common duet is usually the most anterior struc- 
ture as it enters the liver, with the hepatic artery and portal vein 
running immediately posterior. This arrangement provides the 
surgeon with free access to the anterior aspect of the common 
duet. Importantly, the right hepatic duet typically will have a 
very short extrahepatic course, whereas the left hepatic duet is 
nearly entirely intrahepatic, features that have great significance 
as the surgeon dissects the duets and prepares to create the 
anastomosis. Once the common duet is identified and dissected 
free, it is usually ligated distally, traction sutures are placed 
proximally, and the common duet is divided in between. In 
general, the common duet is carefully håndled and dissected to 
avoid injury to its vascular supply, which would predispose the 
patient to strictures. If there is any pathologic process (i.e., 
stricture, malignant neoplasm) more proximally in the common 
duet near the confluence, the common duet may need to be 
resected in its entirety. 96,97 

The jejunum is then transected 20 cm distal to the ligament 
of Treitz, and this limb of jejunum is brought up to the liver 
hilum in a retrocolic fashion. An anastomotic orifice is then 
created in the jejunal limb, and the proximal common duet 
(or the confluence of the duets) is anastomosed to the jejunum. 
In those cases in which the common duet has been entirely 
sacrificed and the right and left hepatic duets cannot be approx- 
imated for a common anastomosis, two separate anastomoses 
with the jejunum may be necessary. Notably, the anastomosis 
is almost always created by side-to-side technique, and depend¬ 
ing on the surgeon, a transanastomotic stent may or may not 
be used. 96,97 

The biliary-enteric anastomosis is usually best visualized on 
MDCT in the coronal or sagittal planes and can be difficult to 
identify on the source axial images. Pneumobilia is a common 
finding after the surgery, and this can be used to the radiologist s 
advantage in identifying the anastomosis as gas can sometimes 
be direetly traced from the hepatic duets into the jejunal limb. 
As mentioned earlier, some surgeons use a transanastomotic 
stent, and this can also be a valuable means of identifying the 
hepaticojejunostomy in the immediate perioperative period. In 
many cases, the right upper quadrant jejunal limb may be non- 
distended, further inereasing the difficulty in adequately evalu- 
ating the anastomosis. 98 

Hepaticojejunostomy may be associated with a number of 
different complications, including cholangitis, sepsis, liver 
abscesses, bile leaks, anastomotic strictures, hemorrhage, and 
panereatitis. In addition, patients can present with a number of 
complications common to other major hepatobiliary surgeries, 
including delayed gastric emptying, bleeding, abscess forma¬ 
tion, fistulas, and wound infeetions. 

COMPLICATIONS 

Biliary Leak 

The rate of bile leaks after hepaticojejunostomy varies by the 
type of surgery performed. In general, the rate of bile leaks after 


pancreaticoduodenectomy, pancreatectomy, and repair for bile 
duet injury ranges between 0% and 5%, whereas the incidence 
of bile leaks after liver transplantation (l%-25%) and biliary 
resection for cholangiocarcinoma (11%) is higher. A study by 
Antolovic and colleagues, 4 looking at 519 patients who under- 
went hepaticojejunostomy in the setting of a number of differ¬ 
ent surgeries, found an overall leak rate of 5.6%. 

Bile leaks are more commonly seen in the setting of liver 
transplantation as the jejunum is often not anastomosed to the 
common duet but rather to the right or left hepatic duet (or 
even smaller duets). Bile leak rates also inerease with cholan¬ 
giocarcinoma resection because of the need for a concomitant 
liver resection, which often results in a bile leak from the liver 
surface rather than from the hepaticojejunostomy itself. Other 
risk factors include the use of preoperative chemotherapy (in 
patients with an underlying malignant neoplasm), high body 
mass index, diabetes, and lack of experience on the part of the 
surgeon (technical failure). 4 However, one should note that the 
“bile leak rate” in many of these studies includes not simply bile 
leak from the hepaticojejunostomy anastomosis but also bile 
leak from the cut surface of the liver (if hepatic resection was 
performed) or leakage after the removal of a T tube. 100 

In general, many minor bile leaks that do not involve the 
anastomosis can generally be managed conservatively, often 
with placement of a percutaneous drainage catheter into a col- 
lection identified on CT. In those patients with a minor leak for 
whom intervention is necessary, ERCP-guided stent placement 
can be difficult or impossible (particularly if there is associated 
anastomotic stricture), and PTC-guided treatment may be the 
best option. In cases of major leaks from the anastomosis itself, 
reoperation is often considered, although this can be extraordi- 
narily difficult technically as the ductal tissue is often broken 
down and no longer suitable for reanastomosis. 101 

There are no imaging findings on MDCT that are absolutely 
specific for the diagnosis of anastomotic leak, although the 
presence of a fluid collection adjacent to the hepaticojejunos¬ 
tomy should certainly suggest this diagnosis. Nevertheless, a 
postoperative biloma due to anastomotic failure cannot be dif- 
ferentiated from a seroma, abscess, evolving hematoma, or lym- 
phocele. As mentioned earlier, hepatobiliary scintigraphy can 
identify the presence of a leak but cannot definitively identify 
the source of a leak as originating from the anastomosis, whereas 
MRI with hepatobiliary contrast agents may be able to more 
precisely localize a leak to the anastomosis itself. 

Biliary Stricture 

The reported rate of stricture formation at the hepaticojejunos¬ 
tomy ranges from 5% to 17%, depending on the series. 99,102,103 
Hepaticojejunostomy strictures can be associated with the 
development of cholangitis and sepsis, and in a series by 
Schmidt and coworkers, 103 five of nine patients with a hepati¬ 
cojejunostomy stricture ultimately developed biliary cirrhosis 
and one patient developed a cholangiocarcinoma at the stric¬ 
ture site. Risk factors for the development of a significant stric¬ 
ture include associated vascular injuries, active peritonitis at the 
time of repair, injury above or at the level of the biliary bifurca- 
tion, and prior biliary tract surgery or intervention. 

A mild degree of intrahepatic biliary dilation after hepatico¬ 
jejunostomy is not uncommon and should not automatically 
be assumed to represent an anastomotic stricture (or anasto¬ 
motic tumor recurrence if the patient has a primary malignant 
neoplasm). However, the biliary system should be carefully 
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observed over sequential studies, and any significant or increas- 
ing biliary dilation should certainly raise suspicion for a stric- 
ture. 98 The treatment of hepaticojejunostomy strictures is 
usually nonoperative and tends to rely on balloon dilation 
under PTC or ERCP guidance. Despite this, the recurrence rate 
after balloon dilation is relatively high (up to 20%), and mul¬ 
tiple rounds of dilation may be necessary. However, in certain 
cases that are refractory to balloon dilation, surgical revision 
may be necessary. 104 

Post-Traumatic Lesions 
of the Biliary Tree 

Traumatic injury to the biliary tree and gallbladder is rare, with 
an incidence of less than 0.1%. In most cases, biliary tract inju¬ 
ries tend to be associated with significant injuries elsewhere in 
the abdomen and pelvis, including pancreatic, duodenal, 
hepatic, splenic, and vascular injuries. 6,7 

Injury to the intrahepatic bile duets is relatively common in 
the setting of hepatic trauma. In most cases, particularly when 
the injury is to a small peripheral intrahepatic duet, these inju¬ 
ries are self-limited, and bile leakage from these duets is usually 
insignificant. 33 Only in rare cases is intervention or drainage 
required. Extrahepatic biliary tract injuries are more rare 
but may occur after both blunt and penetrating abdominal 
trauma. 6,7 These injuries may be difficult to detect, and a high 
clinical index of suspicion is needed to avoid diagnostic delay 
as they are associated with high morbidity and mortality. 8 
Unlike injuries to the intrahepatic bile duets, extrahepatic duet 
injuries are not typically self-limited and usually require inter¬ 
vention (often biliary stenting or surgical biliary diversion). 
Injuries to the extrahepatic bile duet, as a result of its anatomic 
location, have a high association with injuries to the hepatic 
artery and portal vein. 33 

The most common location of traumatic biliary injury is the 
gallbladder, which is involved in up to 3% of patients after blunt 
abdominal trauma. 105 Isolated injury to the gallbladder is 
rare as a result of the protective effeets of the rib cage and liver. 
Accordingly, there are almost always concomitant injuries to 
adjacent organs, most notably the liver.* Not surprisingly, injury 
is most likely in a thin-walled or distended gallbladder, and 
aleohol intake may inerease the likelihood of injury by raising 
pressures at the sphineter of Oddi. Alternatively, any thickening 
of the gallbladder wall, or even the presence of gallstones, is 
thought to have a protective effeet. 7 ' 108,111 

Traumatic injuries to the gallbladder can be classified along 
a Spectrum by the degree of severity: contusions, laceration/ 
perforation, and gallbladder avulsion. 8, 105,107,108 In most cases, 
gallbladder injuries result from a direct blow to the right upper 
abdomen in a blunt trauma, although gallbladder avulsion can 
result from severe shear injuries as well. 107,111 In many cases, 
contusion injuries, which represent hemorrhage into the gall¬ 
bladder wall and lumen, go undiagnosed, and the majority of 
these patients probably never demonstrate clinical symptoms. 112 
Gallbladder laceration, on the other hånd, will often be mani¬ 
fested with frank perforation, resulting in a gallbladder leak. 1 113 
In rare cases, a laceration may not be manifested with per¬ 
foration at initial clinical presentation, and patients may 


^References 6, 8, 107, 108, 110, 111. 


subsequently develop delayed perforation after several days. 114 
Gallbladder avulsions, the most severe injuries, represent frank 
tearing of the gallbladder from the hepatic bed and are usually 
associated with a wide Spectrum of other traumatic injuries in 
the abdomen. 107 The degree of separation of the gallbladder 
from the gallbladder fossa can vary, and the complete disrup- 
tion of the gallbladder from all its attachments, including the 
cystic duet and artery, is termed a total avulsion. 108,111,112 

IMAGING OF POST-TRAUMATIC LESIONS 

Gallbladder injuries can be identified by a number of different 
radiologic modalities, including CT, ultrasound, hepatobiliary 
scintigraphy, and MRCP. However, in the acute setting, CT is 
certainly the most practical and effeetive means of making the 
diagnosis. Whereas many of the CT imaging features of gall¬ 
bladder injury are nonspecific, there are several imaging find- 
ings that can be highly suggestive of the diagnosis, particularly 
when multiple Åndings are seen in conjunction. The presence 
of high-density biood products within the lumen of the gall¬ 
bladder should raise strong suspicion for gallbladder injury 
(Fig. 81-19), although high-density stones, milk of calcium bile, 
vicarious exeretion of contrast material into the gallbladder 
from a prior imaging study, and hyperdense biliary sludge could 
potentially mimic this finding. Other ancillary features that can 
also suggest the diagnosis include pericholecystic free fluid and 
hemorrhage (see Fig. 81-19), gallbladder hydrops (dilation), 
gallbladder wall thickening, irregularity and poor definition of 
the gallbladder wall, active extravasation of contrast material 
into the gallbladder lumen on arterial phase images, and 
even a focal defeet or nonenhancement of a portion of the 
gallbladder wall (Fig. 81-20). One must be careful, however, as 
injury to the adj acent liver or right kidney could potentially 
account for some of these fmdings (especially pericholecystic 



Figure 81-19 Trauma to gallbladder. CT 2 days after stab wound 
to the right upper quadrant shows gallbladder wall thickening with an 
intraluminal bile-blood level and infiltration of the pericholecystic 
tissue ( black arrow). A subeutaneous right upper quadrant defeet 
(white arrow) indicates the location of the penetrating knife. At 
surgery, two lacerations were found in the anterior and posterior 
aspect of the gallbladder with mild biliary peritonitis. (From Zissin R, 
Osadchy A, Shapiro-Feinberg M, et al: CT of a thickened-wall 
gall-bladder. Br J Radiol 76:137-143 !, 2003.) 
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Figure 81-20 Gallbladder 

avulsion. Alcoholic patient with 
cirrhosis after motor vehicle 
accident. A. Contrast-enhanced CT 
shows inhomogeneous 
enhancement of the gallbladder, 
with hypoenhancing (black arrows) 
and hyperenhancing areas (short 
white arrows). B. A thin membrane 
( arrowheads ) surrounds the 
gallbladder, strongly suggesting the 
diagnosis of gallbladder avulsion, a 
finding confirmed at laparotomy. 
Moderate ascites, primarily 
secondary to cirrhosis. The 
hematocrit effect (long white arrow, 
A and B) in right paracolic gutter 
reflects component of 
hemoperitoneum. 


hemorrhage and free fluid) and spuriously suggest the diagnosis 
of gallbladder injury. 8,105,107,108 

Whereas CT is certainly the first-line imaging modality in 
the setting of trauma, other imaging modalities may be helpful 
if the CT fmdings of gallbladder injury are equivocal. Ultra- 
sound may be able to detect subtle amounts of layering biood 
products within the gallbladder lumen that are not detectable 


on CT; MRI, with its superior soft tissue resolution, may be able 
to identify subtle disruption or nonenhancement of the gall¬ 
bladder wall that is beyond the resolution of CT. Ultimately, in 
those cases in which there is a strong clinical suspicion, or 
alternatively, when the CT Åndings are suggestive but not com- 
pletely definitive, hepatobiliary scintigraphy may help identify 
leakage of bile from the injured segment of the biliary tree. 1 2 3 4 5 6 7 8 * 10 
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Gallbladder Carcinoma 
Cystic Biliary Disease: Caroli's Disease, 
Choledochal Cyst, Choledochocele 


Gallbladder Imaging 


Gallbladder Filling Defects 


COMMON 

Gallstones 
Sludge 
Mucosal folds 

Partial volume artifact (ultrasound, CT) 

Adenomyomatosis 

Cholesterolosis 

Pseudomass-duodenal impression (ultrasound) 

Air volume averaging with adjacent bowel (CT, MR) 

UNCOMMON 

Carcinoma 

Metastases, especially melanoma, lung, kidney, esophagus 

Adenoma 

Papilloma 


Villous hyperplasia 
Epithelial cyst 
Mucus retention cyst 

Worms and parasites: Ascaris, Paragonimus, Clonorchis, Filaria, 
Schistosoma, Fasciola 
Fibrinous debris 
Desquamated mueosa 
Metachromatic leukodystrophy 

Ectopic pancreatic, gastric, hepatic, intestinal, prostatic tissue 
Varices 

Inflammatory polyp 

Food through enterobiliary fistula 

Fibroadenoma 

Neurinoma 

Hemangioma 
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TAB LE 

82-2 


Enlarged Gallbladder 


TAB LE 

82-5 


Pericholecystic Fluid 


COMMON 

Cystic duet or common bile duet obstruction 

Hyperalimentation 

Post surgery 

Prolonged fasting 

Vagotomy 

Diabetes mellitus 

AIDS 

Mucocele 

Empyema 

Hydrops 

Hepatitis 

Pancreatitis 

Alcoholism 

Narcotic analgesia 

Anticholinergics 

UNCOMMON 

Kawasaki's syndrome 
Leptospirosis 
Scarlet fever 
Acromegaly 


Small Gallbladder 


Chronic cholecystitis 

Congenital multiseptate gallbladder 

Postprandial study 

Cystic f i brosis 

Congenital hypoplasia 

Congenital multiseptate gallbladder 

Hypoplastic gallbladder 


82-4 Gallbladder Wall Thickening 


COMMON 

Acute cholecystitis 
Chronic cholecystitis 
Hyperplastic cholecystosis 
Hepatitis 

Portal hypertension 
Right-sided heartfailure 
Hypoproteinemia or hypoalbuminemia 
Gallbladder carcinoma 
Renal failure 

Total parenteral nutrition 

Cirrhosis 

Sepsis 

Infectious mononucleosis 
Acute pancreatitis 
AIDS 

Postprandial study 
Pyelonephritis of right kidney 

UNCOMMON 

Sclerosing cholangitis 
Schistosomiasis 

Xanthogranulomatous cholecystitis 
Extrahepatic portal vein obstruction 
Lymphatic obstruction 
Gallbladder wall varices 
Multiple myeloma 
Lymphoma 

Obstructed gallbladder lymphatics 
Acute myelogenous leukemia 
Brucellosis 

Graft-versus-host disease 


Pericholecystic abscess 

Pancreatitis 

Acute cholecystitis 

Pericholecystic abscess 

Ascites 

AIDS 

Peritonitis 


82-6 Multiseptate Gallbladder 


Desquamated gallbladder mueosa 
Congenital malformation 
Normal folded gallbladder 
Cholesterolosis 
Adenomyomatosis 


Gas in the Gallbladder or Biliary Tract 


COMMON 

Postoperative (e.g., status post sphineterotomy or Whipple's 
procedure) 

Biliary-enteric fistula (see Table 82-8) 

Pancreatitis 

Emphysematous cholecystitis 

UNCOMMON 

Common duet entry into duodenal diverticulum 
Crohn's disease 
Incompetent sphineter 

Carcinoma of the gallbladder, ampulla, duodenum, bile duets, 
stomach, colon 
Metastases 
Lymphoma 
Trauma 

Status post intubation or ERCP 

Parasites: Strongyloides, Clonorchis, Ascaris, ruptured amebic 
abscess of liver 


Cholecystenteric and Biliary-Enteric Fistula 


COMMON 

Gallstone fistula from gallbladder or bile duets 
Postoperative (e.g., Whipple's procedure) 

UNCOMMON 

Carcinoma of the gallbladder, bile duets, duodenum, colon, 
stomach 

Peptic uleer perforation into biliary tract 
Crohn's disease 

Diverticulitis of the duodenum or hepatic flexure 

Actinomycosis 

Tuberculosis 

Trauma 

Lymphoma 

Perforating cholecystitis 


Ultrasound 


table Focal, Mobile, Shadowing 
82-9 Gallbladder Reflectors 


Gallstones 
Intraluminal gas 

Calcified parasites: Ascaris, Clonorchis, Fasciola 
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TAB LE 

Focal, Mobile, Nonshadowing 

■ 

TAB LE 

Structures That Sonographically Mimic 

82-10 

Gallbladder Reflectors 

■ 

82-15 

the Gallbladder 


Small stones not in transducer focal zone 

Biood clots 

Pus 

Sludge balls 

Parasites: Ascaris, Clonorchis, Fasciola 
Precipitated contrast material from ERCP 
Fibrinous debris 
Desquamated mucosa 


Fluid-filled duodenal bulb 
Dilated cystic duet remnant 
Hepatic cyst 
Renal cyst 
O mental cyst 
Ligamentum teres abscess 
Choledochal cyst 


table Focal, Nonmobile, Shadowing Gallbladder 
82-11 Ref leetors 


Stone or crystal in Ro kitan sky-Ase hoff sinus 
Impacted gallstone 
Spiral valve folds 
Polyp-containing cholesterol 
Adherent gallstone 


82-12 Hyperechoic Foci in Gallbladder Wall 


Polyps 

Adherent stones 

Intramural gas in emphysematous cholecystitis 
Intramural microabscesses 
Rokitansky-Aschoff sinuses 


Computed Tomography 



Increased Attenuation of Gallbladder Lumen 


Gallstones 

Sludge 

Debris 

Vicarious exeretion of contrast medium 

Hemobilia 

Milk of calcium bile 

Mucinous adenocarcinoma of the gallbladder 
Volume averaging with adjacent structures 
Hydrops 

Hemorrhagic cholecystitis 

Prior ERCP or oral cholecystography 


Nuclear Medicine 


table Nonvisualization of the Gallbladder 
82-17 by Scintigraphy 


COMMON 

Acute cholecystitis 


table Nonvisualization of the Gallbladder 
82-13 by Ultrasound 


COMMON 

Postprandial contraction 
Post cholecystectomy 
Chronic cholecystitis 

Technical factors: obese patient or thin patient with superficial 
gallbladder 
Ectopic gallbladder 
Gallbladder obscured by gas 

UNCOMMON 

Carcinoma of the gallbladder 
"Porcelain" gallbladder 
Gangrenous cholecystitis 
Emphysematous cholecystitis 
Metastases to the gallbladder 
Acute hepatic dysfunetion (e.g., hepatitis) 

Congenital absence (0.03% of population) 


TAB LE 

82-14 


Partial volume artifact with duodenal impression 
Refraction from folds in gallbladder neck 
Inspissated sludge 
Any cause of intraluminal defeet 


UNCOMMON 

Prolonged fasting 

Carcinoma of the gallbladder 

Chronic cholecystitis 

Severe hepatocellular disease 

Complete common bile duet obstruction 

Acute panereatitis 

Nonfasting patient 

Gallbladder hydrops 

Post cholecystectomy 

Hyperalimentation 

RARE 

Alcoholism 
Choledochal cyst 
Dubin-Johnson syndrome 
Kawasaki's syndrome 
Mirizzi syndrome 


Delayed Visualization of the Gallbladder 


COMMON 

Chronic cholecystitis 

UNCOMMON 

Acalculous cholecystitis 
Panereatitis 
Hepatocellular disease 
Total parenteral nutrition 
Carcinoma of the gallbladder 
Dubin-Johnson syndrome 


Artifacts That Mimic Gallstones 


TAB LE 

82-18 
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82-19 Nonvisualization of the Isotope in Bowel 


COMMON 

Choledocholithiasis 

UNCOMMON 

Obstructive pancreatic carcinoma 
Drug-induced cholestasis 

Sphincter of Oddi spasm secondary to morphine 
Severe hepatocellular disease 
Biliary atresia 

RARE 

Pancreatitis 

Cholangiocarcinoma 

Sepsis 

Choledochal cyst with complete obstruction 

Portal vein thrombosis 

Surgical ligation of common bile duet 


82-20 Delayed Bowel Activity 


COMMON 

Choledocholithiasis with incomplete obstruction 
Severe hepatocellular disease 

UNCOMMON 

Acute and chronic cholecystitis 
Sphincter of Oddi spasm, stricture, or tumor 
Ascending cholangitis 

Choledochal cyst with incomplete obstruction 


TABLE „ 

82-21 R |m S'9 n 


COMMON 

Acute cholecystitis 
Gangrenous cholecystitis 
Emphysema of the gallbladder 
Gallbladder perforation 

UNCOMMON 

Chronic cholecystitis 

Adjacent hepatic inflammatory process 

Hepatic amebic abscess 


Biliary Tract Imaging 


table Filling Defects or Segmental Lesions 
82-22 0 f Bile Duets 


COMMON 

Gallstone 
Air bubble 
Biood clot 

Sphincter of Oddi or Boyden spasm (pseudocalculus) 

Ampullary edema 
Sludge or debris 
Cholangiocarcinoma 

Carcinoma of the ampulla, duodenum, or panereas 
Stricture 

Postoperative defeet 
Dilated Crossing vessel 
Mirizzi syndrome 

UNCOMMON 

Metastases 

Neoplasms: adenoma, papilloma, spindle cell, hamartoma, polyp, 
sarcoma 

Parasites: Ascaris lumbricoides, Clonorchis sinensis, Fasciola 
hepatica, Echinococcus granulosus 
Enlarged lymph node 
Hydatid cyst eroding into biliary tree 


82-23 Bile Duet Narrowing or Obstruction 


MALIGNANT STRICTURES 


Infectious 


Cholangiocarcinoma 

Hepatoma 

Ampullary carcinoma 
Lymphoma 

Metastasis from neoplasms of panereas, gallbladder, stomach, lymph 
nodes, hepatic parenchyma, hepatoduodenal ligament 


BENIGN STRICTURES 

Acquired 

Cholangitis 
Choledocholithiasis 
Papillary stenosis 
Sclerosing cholangitis 
Cholangiolytic hepatitis 
Mirizzi syndrome 
Duodenal diverticulum 

latrogenic or Traumatic 

Surgical injury 

Hepatic artery chemotherapy 
Trauma 

Radiation therapy 
Hepatic artery embolization 


AIDS 

Clonorchis sinensis 
Fasciola hepatica 
Ascaris lumbricoides 
Echinococcus 
Tuberculous adenitis 
Cytomegalovirus 

Extrinsic 

Acute pancreatitis 
Chronic pancreatitis 
Tuberculous lymphadenitis 
Sarcoid lymphadenitis 
Cirrhosis 
Hepatitis 

Perforated duodenal uleer 
Abscess 

Congenital 

Biliary atresia 
Membranous diaphragm 
Congenital hepatic fibrosis 
Complicated Caroli's disease 
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82-24 Biliary Dilation 


COMMON 

Calculus 
Advanced age 

Carcinoma of pancreas, bile duet, ampulla 

Cholangitis 

Pancreatitis 

Distal ductal stricture: postoperative, inflammatory 

Sclerosing cholangitis 

Adenopathy with extrinsic compression 

UNCOMMON 

Papillitis or fibrosis of ampulla 
Caroli's disease 

Choledochal cyst, choledochocele 
Mirizzi syndrome 

Parasites: Ascaris, Clonorchis, Fasciola, Echinococcus, Opisthorchis 
Liver abscess 

Extrinsic compression from duodenal or ductal diverticulum 
Liver infarets after transcatheter embolization of hepatic artery 
Metastasis 

Penetrating duodenal uleer 
Biliary diaphragm or web 

Extrinsic compression from aneurysm of the hepatic artery or aorta 
Extrahepatic biliary atresia 
Hepatic fibrosis with ductal ectasia 
Retroperitoneal fibrosis 


82-25 Biliary Dilation Without Jaundice 


Post cholecystectomy 

Sequelae of common duet exploration 

Early obstruction 

Post obstruction 

Advanced age 

Worms or parasites 

Nonobstructive gallstone 

Normal variant 

Intestinal hypomotility 


82-26 Biliary Obstruction Without Dilation 


Acute severe biliary obstruction (first 3 days) 

Cholangitis 

Sclerosing cholangitis 

Ascending cholangitis 

Debris-filled duets 

Pancreatitis 

Hemobilia 

Cholangiocarcinoma with tumor encasement 


82-27 Cystic Dilation of the Bile Duets 


Oriental cholangiohepatitis 

Papillomatosis of intrahepatic bile duets 

Choledochal cyst 

Choledochocele 

Caroli's disease 

Congenital hepatic fibrosis 


Imaging Findings in Specific 
Gallbladder and Biliary Diseases 


82-28 Acute Cholecystitis 


SONOGRAPHIC FINDINGS 

Gallbladder wall thickening >3 mm 

Gallbladder wall lucency (halo sign): three-layer configuration with 
sonolucent middle layer 

Striated wall thickening: alternating echogenic and hypodense 
mural bands 

Gallbladder distention >5 cm in anteroposterior diameter 

Sonographic Murphy sign 

Pericholecystic fluid 

Pseudomembrane formation 

Gallstones 

NUCLEAR SCINTIGRAPHY 

Nonvisualization of the gallbladder despite the presence of isotope 
in the bile duets and duodenum 

Rim sign: inereased activity in the gallbladder fossa conforming to 
the inferior hepatic edge 

COMPUTED TOMOGRAPHY 

Gallstones, mural thickening, pericholecystic fluid 
Inereased gallbladder wall enhancement 
Focal or nonuniform contrast-enhanced thickening 
Mural nodularity, loss of crisp demarcation between gallbladder 
and liver, mild infiltration of pericholecystic fat 
Elevated attenuation of gallbladder bile because of hemorrhage or 
empyema 

Low-density edema in the hepatocholecystic space 
Transient hepatic attenuation difference in adjacent liver 

MR IMAGING 

Gallstones, mural thickening, pericholecystic fluid 
Gallbladder wall and adjacent tissues demonstrate inereased 
enhancement on gadolinium-enhanced, fat-suppressed images 
Transient hepatic intensity difference in adjacent liver 


82-29 Chronic Cholecystitis 


SONOGRAPHIC FINDINGS 

Gallstones 

Smooth irregular gallbladder wall thickening >3 mm 
Noncontractility or decreased response after cholecystokinin 
injection 

NUCLEAR SCINTIGRAPHY 

Normal, delayed, or absent gallbladder visualization 
Visualization of bowel before gallbladder 
Noncontractility or decreased response after cholecystokinin 
injection 

COMPUTED TOMOGRAPHY 

Mural thickening and gallstones 

Lack of contrast enhancement of gallbladder bile 

Small, contracted gallbladder 

MR IMAGING 

Small, irregularly shaped gallbladder with a thickened, mildly 
enhancing wall on gadolinium-enhanced, fat-suppressed images 
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TAB LE 

82-30 Sclerosing Cholangitis 


LOCATION 

Intrahepatic and extrahepatic duets involved (90%) 

Intrahepatic duets only (1%-5%) 

Extrahepatic duets only (5%-10%) 

Cystic duet involved (18%) 

CHOLANGIOGRAPHY 

Multifocal strictures with predilection for bifurcations 
Small saccular outpouchings 

Beaded appearance with alternating segments of dilation and 
stenosis 

"Pruned tree" appearance with opacification of central duets and 
nonfilling of more peripheral duets 
Intrahepatic ductal dilation 
Coarse, nodular mural irregularities 
Gallbladder irregularities 

COMPUTED TOMOGRAPHY 

Skip dilation, stenosis, pruning, beading of intrahepatic bile duets 
Dilation, stenosis, enhancing mural nodularity, thickening, and 
contrast enhancement of the bile duets 
Mural thickening of the gallbladder 
Periportal adenopathy 
Caudate lobe hypertrophy 
Atrophy of lateral segment of left lobe of liver 

ULTRASOUND 

Brightly echogenic portal triads 

Mural thickening of the gallbladder and extrahepatic bile duets 

Focal areas of intrahepatic biliary dilation 

Periportal adenopathy 

Caudate lobe hypertrophy 

Atrophy of lateral segment of left lobe of liver 

MR IMAGING 

Mild duet wall thickening, beading, skip dilations 
Periportal inflammation with mural and periportal enhancement on 
gadolinium-enhanced Tl-weighted imaging 
Peripheral, wedge-shaped zones of hyperintense signal on T2- 
weighted imaging 

Increased signal intensity in liver on Tl-weighted imaging not 
corresponding to fat 

Patchy, segmental, peripheral parenchymal enhancement on 
immediate postgadolinium injection images 
Periportal adenopathy 
Caudate lobe hypertrophy 
Atrophy of lateral segment of left lobe of liver 

HEPATOBILIARY SCINTIGRAPHY 

Multiple focal areas of isotope retention in the intrahepatic biliary 
tree 

Prolongation of hepatic clearance 
Gallbladder visualized in only 70% of cases 


82-31 Primary Biliary Cirrhosis 


CHOLANGIOGRAPHY 

Only intrahepatic duets are involved 

Tortuous intrahepatic duets with narrowing, caliber variation, 
decreased arborization—the "tree in winter" appearance 

HEPATOBILIARY SCINTIGRAPHY 

Marked prolongation of hepatic isotope clearance 

Uniform hepatic isotope retention 

Normal visualization of the gallbladder and bile duets 

COMPUTED TOMOGRAPHY AND ULTRASOUND 

Gallstones (40%) 

Hepatomegaly (50%) 

Periportal adenopathy 
Caudate lobe hypertrophy 

MR IMAGING 

Periportal halo sign due to periportal fibrosis 
Periportal adenopathy 
Caudate lobe hypertrophy 
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TAB LE 

82-32 


LOCATION 

Distal common bile duet (30%-50%) 

Proximal common bile duet (15%-30%) 

Common hepatic duet (14%-37%) 

Confluence of hepatic duets (10%-26%) 

Left or right hepatic duet (8%-13%) 

Cystic duet (6%) 

CHOLANGIOGRAPHY 

Long, or rarely short, concentric focal stricture with wall 
irregularities 

Exophytic intraductal tumor mass, 2 to 4 mm in diameter 
Prestenotic diffuse focal biliary dilation 
Progression of ductal strictures 

ULTRASOUND 

Biliary dilation 

Hyperechoic (75%), hypoechoic (14%), or isoechoic mass (14%) 

COMPUTED TOMOGRAPHY 

Predominantly homogeneous, hypodense mass with irregular 
borders 

No enhancement or mild ring enhancement on portal venous 
phase 

Diffuse contrast enhancement seen on delayed (10-15 minutes) 
image because of the nature of the vascularity of this tumor 
Ancillary findings: hepatic lobar atrophy associated with crowding 
of duets; asymmetric, intrahepatic bile duet dilation; segmental 
or lobar attenuation abnormalities 

MR IMAGING 

High-grade biliary obstruction and bile duet wall thickness >5 mm 
Tumor is isointense or low signal relative to liver on Tl-weighted 
images 

Tumor signal intensity on T2-weighted images ranges from 
markedly inereased to mildly inereased relative to liver 
Tumor enhances moderately on gadolinium-enhanced Tl- 
weighted images 

Ductal tumors arising in intrapancreatic portion of common 
bile duet are well delineated as low signal intensity masses 
highlighted by the high signal intensity of the pancreatic head 
on fat-suppressed Tl-weighted images 

SCINTIGRAPHY 

Biliary obstruction on hepatobiliary scan 

Intrahepatic tumors are cold on sulfur colloid and hepatobiliary 
scans 

Mass may show focal uptake on gallium scan 

ANGIOGRAPHY 

Hypervascular tumor with neovascularity (50%) 

Poor or absent tumor stain 

Arterioarterial collaterals along the course of the bile duets 
associated with arterial obstruction 
Displacement, encasement, or occlusion of the hepatic artery and 
portal vein 


table Cystic Biliary Disease: Caroli's Disease, 
82-34 Choledochal Cyst, Choledochocele 


CAROLI'S DISEASE 

Multiple cystic structures that converge toward the porta hepatis as 
either localized or diffusely scattered cysts communicating with 
bile duets 

Segmental saccular or beaded appearance of the intrahepatic 
duets 

Extrahepatic duets frequently ectatic 

Sludge and calculi often present in these dilated duets 

CHOLEDOCHAL CYST 

Location 

Intrahepatic and extrahepatic duets (73%) 

Extrahepatic duets alone (27%) 

Dilated left and right main intrahepatic duets (45%); bilateral (58%); 
unilateral (42%), left lobe only 

Cholangiography 

Dilated duet diameter (2-15 cm) 

Abrupt change in ductal caliber at site of cyst 

Computed Tomography and Ultrasound 

Large, fluid-filled structure beneath the porta hepatis separate 
from the gallbladder, which communicates with the hepatic 
duets 

Abrupt caliber change at junetion of dilated segment and normal 
duets 

Intrahepatic biliary dilation 

Hepatobiliary Scintigraphy 

Late filling and stasis of isotope within cyst 

Dilation of intrahepatic biliary system 

Upper Gastrointestinal Tract Series 

Soft tissue mass in right upper quadrant 

Anterior displacement of the second portion of the duodenum and 
distal stomach 

Widening of the duodenal sweep 

Inferior displacement of the duodenum 

Extrinsic compression of the proximal duodenum 

CHOLEDOCHOCELE 

Smooth clublike or saclike dilation of the intramural segment of the 
common bile duet 

Smooth, well-defined intraluminal duodenal filling defeet in the 
region of the papilla on barium studies that changes shape with 
compression and peristalsis 


Cholangiocarcinoma 


82-33 Gallbladder Carcinoma 


Replacement of gallbladder by tumor (40%-65%) 

Focal or diffuse, asymmetric, irregular thickening of the gallbladder 
wall (20%-30%) 

Bulky tumor involving the gallbladder fossa, adjacent liver, and 
hepatoduodenal ligament 

Granular punetate calcifications with mueinous adenocarcinoma 

Liver metastases; enlarged regional lymph nodes; intraperitoneal 
seeding; invasion of adjacent duodenum, colon, right kidney, 
stomach 

Mass has inereased signal intensity on T2-weighted MR sequences 
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Normal Anatomy 

The liver is the largest abdominal organ and occupies the 
majority of the upper right quadrant of the abdomen. The 
diaphragm horders the liver superiorly, laterally, and anteriorly. 
The stomach, duodenum, and transverse colon border the 
liver medially; the hepatic colonic flexure, inferiorly; and the 
right kidney and adrenal giand, posteriorly. The liver is encap- 
sulated by a dense layer of connective tissue, eponymously 
named Glissons capsule. Peritoneum covers the liver, except 
in the regions of the gallbladder fossa, the fossa for the infe- 
rior vena cava (IVC), and the bare area. The surface mor- 
phology of the liver features a convex diaphragmatic surface 
and a concave visceral surface. The bare area abuts the dia¬ 
phragmatic surface posteriorly and is demarcated by the 
coronary ligament. The coronary ligament itself is formed by 
folds of parietal and visceral peritoneum. The superior and 
inferior limbs of the coronary ligament fuse to form the right 
and leff triangular ligaments laterally (Fig. 83-1). The right 
and left limbs of the coronary ligament fuse ventrally and 
extend as the falciform ligament that contains the ligamentum 
teres, which extends from the umbilicus to the superior surface 
of the liver. 1 

The porta hepatis is a transverse slit in the hilum of the liver 
that is perforated by the right and left hepatic duets, hepatic 
artery, and portal vein. The common bile duet, hepatic artery, 
portal vein, nerves of the liver, and lymphatics lie enclosed 
within the layers of the hepatoduodenal ligament (free edge of 
lesser omentum). The gastrohepatic ligament, which forms the 
superior aspect of the lesser omentum, attaches the liver to the 
lesser curvature of the stomach. 


HEPATIC BLOOD SUPPLY 

The liver has a dual biood supply from the hepatic artery, which 
provides systemic arterial circulation, and the portal vein, which 
returns biood from the gastrointestinal tract and spleen. 2 
Hepatic arterial flow provides about 25% of the hepatic biood 
supply. The majority of the biood supply of the liver comes 
from mesenteric portal drainage because of the liver’s role in 
gastrointestinal physiologic activity." Factors that influence the 
relative contribution of arterial and portal venous biood flow 
include hormonal, autonomic neural, and nutritional factors. 
The balance of biood supply may also become dysregulated by 
disease, such as hepatic parenchymal disease. 1,4 

Portal Vein 

The portal vein arises from the confluence of the superior mes¬ 
enteric and splenic veins and is located posterior to the neck of 
the panereas (Figs. 83-2 and 83-3). The portal vein courses 
superiorly and toward the right, just posterior to the common 
bile duet and hepatic artery, within the hepatoduodenal liga¬ 
ment. At the porta hepatis, the portal vein divides into leff and 
right branches. The right branch courses horizontally and bifur- 
cates into anterior and posterior branches. The left branch is 
horizontal initially but then courses cranially and terminates 
into ascending and descending branches. The left portal vein 
joins the obliterated umbilical vein within the fissure of the 
ligamentum teres hepatis. 2,4 ' 6 In embryonic life, the umbilical 
vein is patent and biood from the umbilical vein drains into the 
leff portal vein, where mueh of it is shunted through the ductus 
venosus. 

Many anatomic variations of the portal vein exist. Most 
common is absence of the right portal vein with anomalous 
branches from the main portal vein and the left portal vein. 
Absence of the horizontal segment of the leff portal vein is more 
rare. 

Hepatic Artery 

The celiac axis divides into the common hepatic, splenic, and 
leff gastric arteries at the level of T12-L1. The common hepatic 
artery courses along the upper border of the pancreatic head, 
anteriorly and to the right, behind the posterior layer of peri¬ 
toneum of the lesser sac. After giving off the gastroduodenal 
artery, the common hepatic artery becomes the proper hepatic 
artery. The proper hepatic artery enters the subperitoneal space 
of the hepatoduodenal ligament at the upper margin of the 
duodenum. 4 The proper hepatic artery ascends to the liver, 
anterior to the portal vein and medial to the common bile duet. 
After entering the porta hepatis, the proper hepatic artery 
divides into the right, leff, and occasionally middle hepatic 
arteries. The right and leff hepatic arteries supply the right and 
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Figure 83-1 Peritoneal and visceral relationships of the liver. Diaphragmatic (A) and visceral (B) surfaces of the liver from a radiologic 
perspective. 



Figure 83-2 Origin of the portal vein. (From Sherlock S: The portal 
venous system and portal hypertension. In Sherlock S [ed]: Diseases 
of the Liver and Biliary System. Oxford, Blackwell Scientific, 1985, 
pp 134-181.) 


left lobes of the liver, respectively. The middle hepatic artery, if 
present, supplies the medial segment of the left lobe, augmented 
by branches of the left hepatic artery. Branches of the right 
hepatic artery supply the caudate lobe; but in some variations, 
the left or middle hepatic artery may make perfusional contri- 
butions. 2,5 The right hepatic artery also gives off the cystic artery 
to the gallbladder. 

This classic arrangement of the hepatic arterial anatomy is 
seen in only 55% of patients (Figs. 83-4 and 83-5). 2 Common 
variants include the right hepatic artery partially (18%) or com- 
pletely (14%) replaced by a branch from the superior mesen- 
teric artery, the entire hepatic artery arising from the superior 
mesenteric artery (2%-4%), a partially or completely replaced 



Figure 83-3 Portal venous anatomy. Maximum intensity projection 
image of CT of upper abdomen demonstrates confluence of superior 
mesenteric vein ( single arrowhead) and splenic vein ( double 
arrowheads ) forming main portal vein (arrow). The main portal vein 
divides into right and left branches ( double arrows ) at the porta. 


origin of the left hepatic artery from the left gastric artery (18%- 
25%), and the left hepatic artery giving rise to the middle 
hepatic artery (45%). 4,5 

Hepatic Veins 

The right, middle, and left hepatic veins lie within the postero- 
superior aspect of the liver. These veins course through the liver 
superiorly and obliquely and drain into the IVC. Several small 
emissary hepatic veins drain the caudate lobe independently 
into the IVC. The diameter of the hepatic veins is variable and 
may increase transiently with the Valsalva maneuver. Persistent 
dilation of the IVC and hepatic veins may be seen with right- 
sided congestive heart failure. 





















83 Liver: Normal Anatomy and Examination Techniques 1473 



D 4% E 18% 


Figure 83-4 Variations in the anatomy of the hepatic arteries. 

A. Normal pattern. Right hepatic artery posterior to common hepatic 
duet. B. Right hepatic artery anterior to common hepatic duet. 

C. Right hepatic artery from superior mesenteric artery (sole or 
accessory). D. Common hepatic artery from superior mesenteric 
artery. E. Left hepatic artery from left gastric artery. 



Figure 83-5 Hepatic arterial anatomy. Maximum intensity 
projection image of CT of upper abdomen demonstrates left gastric 
artery ( arrow ), splenic artery ( double arrows), and common hepatic 
artery ( small arrow ) arising from the celiac axis. The common 
hepatic artery continues as the proper hepatic artery ( double 
arrowheads ) after giving off the gastroduodenal artery ( double 
small arrows). The proper hepatic artery divides into right and left 
branches ( arrowheads ) at the porta. 


Duplication of the right, middle, and left hepatic veins is 
seen in 20%, 5%, and 15% of subjects, respectively. 7 Absence of 
the main hepatic veins occurs in 8% of subjects. 8 Accessory 
hepatic veins may also be seen in the liver. In one third of the 
population, the most common accessory hepatic vein drains the 
anterosuperior segment of the right hepatic lobe, which empties 
into the middle hepatic vein or occasionally into the right 
hepatic vein. Rarely, a separate inferior right hepatic vein drains 
direetly into the IVC. 7 


LOBAR AND SEGMENTAL HEPATIC ANATOMY 

The liver can be divided into the right, left, and caudate lobes. 
The interlobar fissure separating the right and left lobes is ori¬ 
ented along a line passing through the gallbladder fossa inferi- 
orly and the middle hepatic vein superiorly. Although this 
fissure is well formed in some patients, it may be incomplete in 
others. The fissure for the ligamentum teres forms the left inter- 
segmental fissure, which divides the left lobe into medial and 
lateral segments. The fissure for the ligamentum venosum sepa¬ 
rates the left lateral hepatic segment from the caudate lobe. 

Advances in surgical techniques of liver lesion resection have 
made conventional hepatic lobar anatomy obsolete, however. 
Surgeons need precise localization of liver lesions in the func- 
tional segments rather than in lobes for planning resection. The 
functional segmentation of the liver is based on surgical defini¬ 
tion of feasible intrahepatic boundaries for resection. The 
segmental anatomy of the liver is primarily based on vascular 
anatomy that can be illustrated on cross-sectional imaging (Fig. 
83-6). 9-13 Each segment has an independent vascular supply and 
biliary drainage. The portal venous, hepatic arterial, and bile 
duet branches course through the segments (intrasegmental). 
The main hepatic veins course in between the segments (inter- 
segmental). 9 ' 13 The segmental nomenclature most commonly 
followed is the Bismuth-Couinaud system (Fig. 83-7). 14,15 

The Bismuth-Couinaud system serves as the anatomic basis 
for localizing focal hepatic lesions. In this system, the liver is 
divided into one segment and eight subsegments. The vertical 
divisions along planes of the main hepatic veins are maintained 
and are further divided by a horizontal plane passing through 
the right and left portal veins. The plane through the middle 
hepatic vein separates the right lobe from the left lobe. By these 
vascular landmarks, segmental localization of liver lesions can 
be performed with cross-sectional imaging. 16,17 

Segment I is the caudate lobe. The caudate lobe is a pedun- 
culated portion of the liver extending medially from the right 
lobe between the portal vein and the IVC (Fig. 83-8). It has 
some unique features. 18,19 Functionally, the caudate lobe is an 
autonomous part of the liver, with a separate biood supply, 
bile drainage, and venous drainage. The right border of the 
caudate lobe is continuous with the parenchyma of the right 
hepatic lobe by an isthmus. Posteriorly, the IVC horders the 
caudate lobe. Inferiorly, the caudate lobe forms the superior 
margin of the foramen of Winslow and divides into a left-sided 
anterior prominence called the papillary process and a trans¬ 
verse caudate process that protrudes laterally to join the right 
hepatic lobe. The papillary process can be prominent and pen- 
etrate the lesser sac behind the gastric antrum close to the 
hepatic artery and the portal vein. 18,19 In some cases, it may 
simulate a pseudolesion, misinterpreted as an enlarged lymph 
node or pancreatic mass on cross-sectional images. 20 

The next consecutive segment numbers are given to seg¬ 
ments of the left lobe, followed by the right lobe, in a clockwise 
fashion as seen in the frontal projection, with the exception of 
segment IVa. The lateral segments II and III of the left lobe lie 
lateral and to the left of the left hepatic vein. Segment II lies 
above and segment III lies below the plane of the portal vein. 
Segment IV lies between the middle and left hepatic veins. 
Segment IVa and segment IVb lie above and below the plane of 
the portal vein, respectively. In the right lobe, the right hepatic 
vein separates the anterior segments (V and VIII) from the 
posterior segments (VI and VII). The superior segments (VII 
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Figure 83-6 Segmental anatomy of the liver. A. Anteroposterior "see-through" diagram of the liver demonstrates the major venous anatomy 
and the levels of multiple axial sections used to depict segmental hepatic anatomy. WC, Inferior vena cava; RHV, right hepatic vein; MHV, middle 
hepatic vein; LHV, left hepatic vein; LT, ligamentum teres; LPV, left portal vein; MPV, main portal vein; RPV, right portal vein; GB, galIbladder. 

B. Axial anatomy, level A. The RHV, MHV, and LHV drain into the IVC. The RHV separates the anterior segment right lobe (RAS) from the 
posterior segment right lobe (RPS). The MHV separates the medial segment left lobe (LMS) from the RAS. The LHV acts as a boundary between 
the LMS and the lateral segment left lobe (LLS) and lies in the same plane as the falciform ligament (FL). FLV, Fissure for the ligamentum 
venosum. Dashed lines, Segmental hepatic boundaries. C. Axial anatomy, level A. Axial CT. D. Axial anatomy, level B. At this level, the ascending 
portion of the LPV courses between the LLS and LMS of the left lobe. The anterior and posterior segments of the right portal vein (RPV a , RPV p ) 
are bisected by the RHV. BD, Bile duet; CL, caudate lobe. E. Corresponding CT scan. F. Axial anatomy, level C. This is at the level of the 
horizontal portion of the RPV and its bifurcation into anterior (A) and posterior (P) branches. The RHV lies midway between the portal venous 
branches. The LT and FL serve as a border between the LLS and LMS. 
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Figure 83-6, cont'd G. Corresponding CT section. H. Axial anatomy, level D. The right and left hepatic lobes are separated by a line drawn 
through the IVC and the gallbladder fossa-interlobar fissure (ILF). This fissure extends superiorly from the neck of the galIbladder and is often 
incompletely visualized on CT. The LLS and LMS are separated by the LT. I. Corresponding CT scan. 



Figure 83-7 Subsegmental liver anatomy: Bismuth-Couinaud 
nomenclature. Frontal projection. Segments II and III compose the 
lateral segment of the left lobe and segments IVa and IVb the medial 
segment. Segments V and VI compose the anterior segment of the 
right lobe and segments VI and VII the posterior. Segment I (the 
caudate lobe) is not shown. 


and VIII) and the inferiør segments (V and VI) lie above and 
below the plane of the portal vein, respectively. Segmental local- 
ization, however, is difficult in patients with variant hepatic 
vascular anatomy. Hepatic vein landmarks may be unreliable in 
patients with duplication of hepatic veins. The dorsal portion 
of segment IV is supplied by a branch from the right hepatic 
artery in 8% of subjects. Accessory portal segments with inde- 
pendent biood supply from the main portal vein or its right 
branch may be seen in 30% of subjects. Riedels lobe is an infe- 
riorly positioned portion of the right hepatic lobe extending 
below the expected confmes of the liver. After segmental hepatic 
resection, the remaining segments hypertrophy and distort the 
segmental anatomy by displacing the vessels. 

PORTA HEPATIS 

The porta hepatis is the hilum of the liver through which the 
portal vein, hepatic artery, common hepatic duet, nerves, and 
lymphatics enter the liver (Fig. 83-9). The portal vein is the 
most consistent anatomic landmark. The common hepatic duet 
is a 3- to 5-mm thin-walled structure that lies anterior to the 
portal vein and lateral to the common hepatic artery The 
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Figure 83-8 Caudate lobe of the liver. A. Diagram depicting the relationships of the caudate lobe of the liver. The caudate lobe is wedge 
shaped, and its posterior border abuts the inferior vena cava (IVC). The anterior border of the caudate lobe is separated from the left lobe of 
the liver by the fissure for the ligamentum venosum (FLV). The inferior margin of the caudate lobe forms the superior margin of the foramen 
of Winslow, which leads to the lesser sac. The superior margin of the caudate lobe is the cephalic portion of the right hepatic lobe, where the 
middle hepatic vein (MHV) enters the IVC. This corresponds to the level of the esophagogastric junction (EGJ). B. Schematic representation of 
the caudate lobe view frontally. The right margin of the caudate lobe connects to the right hepatic lobe by an isthmus. Its anterior border is 
formed by the fissure of the ligament venosum. The papillary process projects from the caudal margin of the caudate lobe. R, Right; L, left. 

(A and B from Dodds WJ, Erickson SJ, Taylor AJ, et al: Caudate lobe of the liver: Anatomy, embryology, and pathology. AJR Am J Roentgenol 
154:87-93, 1990. © by American Roentgen Ray Society.) 



CHD PV HA RRA IVC 


Figure 83-9 Porta hepatis. Oblique sagittal sonogram demonstrates 
a branch of the portal vein (PV), common hepatic duet (CHD), hepatic 
artery (HA), inferior vena cava (IVC), and right renal artery (RRA). 


(Fig. 83-10B). Some lymphatics penetrate the diaphragm to 
enter retrosternal, cardiohepatic nodes that ascend as high as 
the neck along the right thoracic artery. 2 The deep lymphatics 
of the liver form a major and a smaller trunk. The major trunk 
passes through the porta hepatis nodes, through the cisterna 
chyli, and, finally, into the thoracic duet. The smaller trunk 
courses along with hepatic veins and terminates in lymph nodes 
near the IVC. Lymphatics of the liver dilate secondary to cir- 
rhosis, portal hypertension, veno-occlusive disease, right-sided 
heart failure, pericardial effusion, hypoproteinemia, liver trans¬ 
plant rejection, and glycogenesis. 2 

NERVE SUPPLY 

The anterior hepatic nerve plexus surrounds the hepatic artery. 
It consists primarily of branches of the left celiac plexus, the 
right and left vagus nerves, and the right phrenic nerve. The 
posterior hepatic nerve plexus is located around the portal vein 
and the bile duets. The hepatic arteries are innervated by the 
sympathetic nervous system. Pain from the gallbladder and the 
liver capsule may be referred to the right shoulder by the third 
and fourth cervical nerves. 2,25,26 


right hepatic artery lies posterior to the common hepatic duet 
in 75% of patients and anterior in 25% of patients. 

BILE DUCTS 

The segmental distribution of bile duets closely follows the 
course of hepatic arterial branches (Fig. 83-1 OA). The duets 
draining the right and left lobes communicate only at the porta 
hepatis. There is no communication between the bile duets of 
the anterior and posterior segments of the right lobe. 24 

HEPATIC LYMPHATICS 

Superficial lymphatics originate from subperitoneal tissue of 
the liver surface. The visceral surface drains into lymph nodes 
at the porta hepatis. The diaphragmatic surface drains toward 
the IVC and aortic lymph nodes near the celiac axis 


Radiologic Techniques 

PLAIN RADIOGRAPHY 

Plain abdominal radiography has a limited role in the evalua- 
tion of the liver, both grossly and for focal lesions, because of 
the homogeneous soft tissue density of the liver. 2 9 The supe¬ 
rior border of the liver is outlined by the lung and the dia¬ 
phragm. Other horders are seen only if they are outlined by 
intra-abdominal fat, gas-filled bowel loops, or free air. The 
lateral border of the liver is outlined by extraperitoneal fat con- 
tinuous within the posterior pararenal Space. This fat is also 
interposed between the inferior surface of the right hemidia- 
phragm and the parietal peritoneum. It may appear as a thick 
black line between the diaphragm and the hepatic dorne radio- 
graphically. 27,28,30 Retroperitoneal fat in the anterior pararenal 
space outlines the posteroinferior margin of the liver. Fluid in 
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Hepatic 



Figure 83-10 Hepatic bile duets and lymphatics. A. Usual 
branching pattern of bile duets (green), hepatic artery (red), and 
portal vein (blue). B. Diagram depicting the lymphatic drainage of 
the liver. (B from Woodburne RT, Burkell WE: Essentials of Human 
Anatomy. New York, Oxford University Press, 1988, pp 461 and 466.) 


Morisons pouch may obscure this interface, resulting in non- 
visualization of the edge of the liver. The anteroinferior liver 
edge is less commonly seen because the amount of omental and 
pericolic fat that outlines the margin is more variable. 31 The left 
hepatic lobe extends to the left of midline, ventral to the stomach 
and superior to the transverse colon. 

Radiographic estimation of liver size is highly unreliable 
because of inconsistent visualization of borders, although it is 
more accurate than clinical palpation. 32 Radiography may aid 


in detection of portal or hepatic venous and biliary tract air or 
calcified liver lesions, although sensitivity for these indications 
remains low. 30 33 Plain abdominal radiography has become 
obsolete for evaluation of liver lesions with the advent and 
availability of cross-sectional imaging modalities like magnetic 
resonance imaging (MRI), computed tomography (CT), and 
ultrasound. 

ULTRASOUND 

The liver has a broad area of contact with the abdominal wall, 
making it an ideal organ for evaluation with real-time ultraso- 
nography. Sonography is a safe, noninvasive, quick, and rela- 
tively inexpensive means of evaluating the liver and can be 
performed at the bedside, requiring little cooperation of the 
patient. 

Evaluation Techniques 

The liver is ideally examined after a 6-hour fast so that the 
gallbladder is not contracted. The highest possible transducer 
frequency should be chosen while maintaining the penetration 
through the posterior aspect of the liver. Near and far gain set- 
tings should be adjusted for uniform representation of echotex- 
ture of the liver parenchyma. 34 A small footprint transducer 
may improve visualization of liver for an intercostal approach. 
Both supine and right anterior oblique views with the patient 
rotated on the left side should be used. Breath hold after deep 
inspiration causes caudal displacement of the liver and improves 
the visualization of the dorne of the liver. Sagittal, transverse, 
coronal, and subeostal oblique views complete the examination. 
Focal lesions are easily identified on the real-time study and 
may be less well appreciated on the hard copy films or static 

• 35-39 

images. 

Sonography is an excellent modality for evaluating the 
course of the hepatic and portal veins. The portal vein divides 
at the porta hepatis into the right and left main branches. The 
portal veins are anechoic structures with echogenic walls. The 
bile duets run with the portal veins and are too small to be 
seen except at the hilum, unless they are dilated. 40 Contrary to 
common belief, there is no constant anteroposterior relation- 
ship between the intrahepatic bile duets and the corresponding 
portal veins. The hepatic arteries also run with these structures 
but are usually too small to be seen except with the aid of color 
flow Doppler imaging. 414 

The hepatic veins course posteriorly and superiorly through 
the liver to the IVC. They are intersegmental, whereas portal 
veins are intrasegmental with the exception of the ascending 
segment of the left portal vein. The walls of the hepatic veins 
are usually less echogenic than those of the portal veins. 

Size and Architecture 

Ultrasound of the liver is commonly used for evaluation of size 
of the liver. However, no single measurement of the liver reflects 
true size because of its variable shape. 46,4 On longitudinal scans 
obtained through the midhepatic line, if the liver measures 
13 cm or less, it is normal in 93% of individuals. If this mea¬ 
surement is 15.5 cm or more, the liver is enlarged in 75% of 
cases. 48 Liver size should be evaluated in at least two planes to 
compensate for variable hepatic configuration. In the midcla- 
vicular line, the normal liver measures 10.5 ± 1.5 cm in longi¬ 
tudinal diameter and 8.1 ± 1.9 cm in the anteroposterior 
projection, with 12.6 cm and 11.3 cm being the 95th percentile. 
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In the midline, the normal liver measures 8.3 ±1.7 cm (95th 
percentile = 10.9 cm) and 5.7 ± 1.5 cm (95th percentile = 
8.2 cm) in longitudinal and anteroposterior dimensions. 49 Sub- 
jective evaluation of the configuration of the inferior border of 
the liver can be used to predict liver enlargement. 39 An inferior 
angle of more than 45 degrees in the left lobe and more than 
90 degrees in the right lobe indicates hepatic enlargement. 
When the liver is enlarged, its area of contact with the anterior 
border of the right kidney extends below the superior two thirds 
of the right kidney. 

The normal liver is homogeneous with fine echoes that 
appear as moderately small dots or lines. 50,51 The liver has an 
even brightness and texture interrupted only by the hepatic 
veins, portal vein, and fissures. The echogenicity of hepatic 
parenchyma depends on the equipment, transducer, and gain 
settings. Hence, the parenchymal echogenicity is judged by 
comparison with internal references. The right renal cortex, 
body of the pancreas, and portal vein walls are used for internal 
reference. The liver is either minimally hyperechoic or isoechoic 
compared with the adj acent normal right renal cortex in para- 
sagittal or lateral coronal scans (Fig. 83-11A). Compared with 
the liver, the pancreas is hypoechoic in the young, isoechoic in 
adults, and hyperechoic in the elderly because of increasing 
fatty infiltration of the pancreas with age (Fig. 83-1 IB). The 
liver is hypoechoic to the spleen. The lateral segment of the left 
hepatic lobe may extend to the left and abut the spleen, mimick- 
ing a subphrenic or subcapsular splenic fluid collection (Fig. 
83-1 IC). 52 The portal vein wall is echogenic in the normal liver. 
All these architectural comparisons assume that the kidney and 
pancreas are normal. When these structures are diseased, inter¬ 
nal sonographic references are less useful. In acute hepatitis, the 
parenchyma is hypoechoic to the right renal cortex, and the 
portal vein walls appear exceptionally bright. 53 Conversely, in 


fatty infiltration and cirrhosis, the liver is markedly hyperechoic 
to the right renal cortex, and the portal vein walls are “silhou- 
etted out” by the echogenic hepatic parenchyma. 54 

Artifacts 

Sonographic artifacts observed in the liver can mimic 
abnormalities. 55-60 Focal fatty infiltration and focal fat sparing 
of the liver can appear as hyperechoic and hypoechoic pseu- 
dolesions, respectively. These lesions commonly involve the 
periportal region of the medial segment of the left lobe. Focal 
subcapsular fat infiltration may occur in diabetic patients 
treated with insulin in the intraperitoneal dialysate. 61 The 
caudate lobe may appear as a hypoechoic mass because of atten- 
uation of the sound beam by the fissure for the ligamentum 
venosum. The ligamentum teres, surrounded by collagen and 
fat of the falciform ligament, can simulate an echogenic mass. 
However, this can be recognized by its typical location. Ascites 
can increase sound transmission to a nodular portion of 
the liver, simulating an echogenic mass. Accessory fissures and 
folding of the diaphragm into the liver can also cause echogenic 
pseudolesions. 55 60 

Intraoperative Ultrasound 

Transabdominal ultrasound of the liver is limited by scattering 
and attenuation of the sound beam by subcutaneous fat and 
bowel gas. A high-frequency probe directly placed on the liver 
surface is without any beam scattering interfaces. Hence, with 
intraoperative ultrasound, high-resolution images of the liver 
can be obtained. Intraoperative ultrasound is an expanding 
held that can provide critical information to the surgeon and 
enable the surgeon to choose the appropriate surgical tech- 
nique. The examination should be tailored to the specific needs 
of the surgeon to avoid undue prolongation of total duration 




Figure 83-11 Echogenicity of the normal 
liver compared with internal standards. 

A. Longitudinal scan of the right upper quadrant 
shows that the liver (L) is more echogenic than the 
right kidney (K). B. Longitudinal scan of the left 
upper quadrant in a patient with a lateral segment 
of the left lobe of the liver (LL) that extends to the 
left lateral abdominal wall shows normal liver less 
echogenic than spleen (S). The liver contains a 
small hemangioma (arrow). H, Superior; F, inferior. 
C. Transverse scan of the epigastrium shows that 
normal pancreas (P) is more echogenic than liver 
(LL). A, Superior mesenteric artery; V, superior 
mesenteric vein; GDA, gastroduodenal artery; 

Ao, aorta. 
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of the surgical procedure. Intraoperative ultrasound can be 
performed during open laparotomy as well as during laparos- 
copy. Small, superficially focused, high-frequency, linear array 
transducers are used for ultrasound during laparotomy. These 
transducers have a wide field of view in the near held with 
improved near-field resolution. Intraoperative ultrasound can 
be employed for diagnostic evaluation as well as for imaging 
guidance for intraoperative ablation of focal hepatic masses 
(Fig. 83-12). 62 ' 70 

The most common application of intraoperative ultrasound 
is during surgery in patients undergoing segmental resection 
for hepatic metastases from colorectal carcinoma. Intraopera¬ 
tive ultrasound can provide information about the relationship 
of normal vascular anatomy to pathologic masses, vascular 
invasion or thrombosis caused by tumors, and small, nonpal- 
pable lesions that are difficult to detect on preoperative imaging 
studies. Intraoperative ultrasound can accurately detect 
cysts as small as 1 to 3 mm and solid focal lesions of 3 to 5 mm. 
Brower and colleagues reported that the sensitivity, specificity, 
and accuracy of intraoperative ultrasound (78%, 100%, and 
84%, respectively) are superior to those of arteriography, CT, 
preoperative ultrasound, and palpation for detection of liver 
lesions. 71 

Intraoperative ultrasound can detect additional liver lesions 
and modify the surgical management of patients with liver 
metastases from colorectal carcinoma. 72 73 Intraoperative ultra¬ 
sound has also been extended to use in identifying primary 
hepatic tumors during resection, in particular, hepatocellular 
carcinoma. 74 Multiple studies have now shown that intraopera¬ 
tive ultrasound has increased sensitivity for detection of lesions 
compared with contrast-enhanced CT and MRI. 61,75 ' 77 Some 
have even advocated for intraoperative ultrasound as an imaging 
“gold standard” for focal hepatic lesion detection. Intraopera¬ 
tive ultrasound can be used to guide interstitial radiotherapy 
and cryotherapy for the treatment of liver metastases. 7 81 The 
combination of intraoperative ultrasound and ultrasound 
contrast agents has also been shown to increase sensitivity for 


metastases not otherwise seen on preoperative CT or MRI. 82 ' 85 
One study showed that the operative course of more than a 
quarter of patients was changed because of additional findings 
with intraoperative ultrasound. 86 The combination, however, of 
preoperative imaging and intraoperative ultrasound remains of 
highest detection value. 87 

During laparoscopic ultrasound, the transducer is intro- 
duced through the laparoscopic port, usually periumbilical or 
right lower quadrant. A multifrequency 5-, 6.5-, or 7.5-MHz 
curvilinear laparoscopic ultrasound probe with a flexible tip is 
used. A substantial pitfall in visualization during laparoscopic 
ultrasound has been poor near-field visualization. Laparoscopic 
ultrasound can demonstrate more liver lesions compared with 
CT 88 and CT portography/ Laparoscopic ultrasound identified 
liver tumors not seen at laparoscopy in 33% and pro vided addi¬ 
tional staging information to laparoscopy alone in 42% in a 
study of patients with potentially resectable liver lesions by 
preoperative imaging. 90 

Doppler Ultrasound 

Duplex and color flow Doppler imaging improve the diagnostic 
capabilities of ultrasound by enabling the evaluation of complex 
circulatory dynamics of the liver. 33 91 5 Thrombosis, reversal 
of flow, aneurysms, and fistulas are better demonstrated with 
duplex and color flow Doppler sonography than with gray-scale 
ultrasound. 33,92,96 ’ 97 Doppler settings need to be optimized to 
achieve the greatest sensitivity to allow the detection of low 
flow, and power Doppler may be helpful in this setting. Color 
gain must be increased to a level just below the level that would 
create artifacts. In addition, Doppler imaging can be used for 
detection of vascularity and vascular invasion of focal lesions 
of the liver. Color and spectral Doppler are unable to detect the 
vascularity of the majority of focal lesions of the liver because 
of low intensity of the signals. Tumor vascularity is better evalu- 
ated with power Doppler and ultrasound contrast agents. 

Doppler tracing of the hepatic artery demonstrates a high 
diastolic flow that indicates low impedance (Fig. 83-13A). 



Figure 83-12 Hepatocellular carcinoma: intraoperative ultrasound and CT. A. CT demonstrates a low-attenuation lesion ( arrows) adjacent to 
combined confluence of left and middle hepatic veins. B. Sagittal ultrasound image during laparotomy confirms that the lesion ( arrows ) cannot 
be resected free of the left hepatic vein (LHV). (Courtesy Helena Gabriel, MD, Chicago, IL.) 
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Figure 83-13 Normal duplex Doppler sonography of the hepatic 
vessels. A. The normal hepatic vein has a complex triphasic waveform 
because of the combination of regurgitation of biood from the right 
atrium associated with atrial systole and variations of intra-abdominal 
pressure associated with respiration. B. The normal portal vein has a 
characteristic continuous flow pattern that is modulated by respiratory 
variation. C. The normal hepatic artery demonstrates forward flow 
throughout diastole. The amount of diastolic flow varies with fasting 
status. 


Doppler sonography is most often used to differentiate the 
hepatic artery from a bile duet in the porta hepatis. Color flow 
images may be needed to localize the hepatic artery. 98 The intra- 
hepatic branches of the hepatic artery are usually not visualized 
on gray-scale ultrasound. When there is compensatory dilation 
of intrahepatic branches of the hepatic artery in cirrhosis, 
Doppler ultrasound can differentiate this from dilation of intra¬ 
hepatic biliary radicals. 

In liver transplant recipients, survival of the allograft depends 
on patency of the hepatic artery. Changes in the normal hepatic 
artery waveform may suggest stenosis or thrombosis in these 
patients. 9,100 These changes include slow rise to peak systole, 
diminished amplitude, and prominent diastolic flow, referred 
to as a tardus-parvus waveform. The normal marked inerease 
in postprandial hepatic artery resistive index seen in normal 
individuals is generally not seen with severe liver disease. 101 

The flow pattern of the hepatic veins (Fig. 83-13B) is 
similar to that of the IVC and other large systemic veins, 
undulating with cardiac and respiratory motion. Normal 
hepatic venous flow is directed toward the vena cava. With 
tricuspid regurgitation, there is a pronounced systolic reversal 
of hepatic venous biood flow. 102 The triphasic pattern is lost 
in cirrhosis as the liver, which encases the hepatic veins, 
becomes less compliant. 103 

The portal vein has a characteristic continuous flow pattern 
(Fig. 83-13C) modulated by respiratory variations. This normal 


respiratory variation is either attenuated or lost in portal hyper¬ 
tension. 10 Portal vein pulsatility is inereased in patients with 
right-sided heart failure, as cardiac pulsations are transmitted 
to the portal vein. 

Tissue Harmonic Imaging 

Conventional gray-scale ultrasound transmits and receives the 
sound beam at the same frequency. In tissue harmonic imaging 
(THI), the second harmonic signal is received by filtering out 
the fundamental echoes from the tissue being evaluated. Body 
wall artifacts, side lobes, and scatter are minimized and signal¬ 
to-noise ratio is improved with THI as the harmonic signals are 
generated in the tissues. 104 The shorter wavelength of the sound 
beam used in THI results in improved axial resolution. THI can 
detect additional liver lesions and alter the clinical management 
compared with conventional ultrasound. 105 

Ultrasound Contrast Agents 

The availability of ultrasound contrast agents has extended 
the clinical applications of sonography to primarily aid in the 
display of parenchymal microvasculature. 105 An ultrasound 
contrast agent is defrned as an exogenous substance that can be 
administered either in the biood pool or in a cavity to enhance 
sonographic signals. Contrast agents inerease the backscattered 
signal intensity, resulting in improved gray-scale echogenicity 
on sequences such as harmonic imaging and pulse inversion as 
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well as increased color and spectral Doppler signal strength. 
Agents are injected intravenously, and imaging proceeds imme- 
diately thereafter. The advantages of contrast-enhanced ultra- 
sound are the ability to assess contrast enhancement in real time 
and the excellent temporal resolution. Contrast agents generally 
also have a strong safety profile. The limitations of contrast- 
enhanced ultrasound include a relatively narrow time window 
available for scanning after administration of the contrast agent 
and limited evaluation if the baseline ultrasound is also limited. 

Ultrasound contrast agents for evaluation of the liver are 
microbubbles stabilized by a shell. The most prevalently used 
include SonoVue (Bracco SpA, Milan, Italy), a sulfur hexafluo- 
ride encased in a phospholipid shell, introduced in 2001 and 
available in Europe, China, India, Korea, Hong Kong, New 
Zealand, Singapore, and Brazil; Definity (Lantheus Medical, 
Billerica, MA), a perflutren in a lipid shell, introduced in 2001 
and available in Canada and Australia; Sonazoid (Daiichi- 
Sankyo, GE, Tokyo, Japan), a perfluorobutane in a phospholipid 
shell, introduced in 2007 and available in Japan and South 
Korea; and Levovist (Bayer Schering AG, Germany), a granule 
of galactose and palmitic acid, for which production is halted. 

At the time of this writing, none of these agents or any ultra¬ 
sound contrast agent has been approved by the Food and Drug 
Administration for clinical use in the United States. 

Most agents have similar vascular behavior, with rapid 
enhancement of the vasculature after injection and slow dissi- 
pation during 5 to 10 minutes. Sonazoid is an exception and 
has an extended late phase, known as the post-vascular phase, 
and can persist up to a couple of hours in the liver because of 
phagocytosis by Kupffer cells. 107,108 

Harmonic imaging detects microbubbles as they resonate 
at their characteristic frequencies. Microbubble contrast agents 
are better demonstrated and detected longer in various organs 
as well as in tumor vessels with harmonic imaging than with 
color Doppler imaging. 109 Quaia and associates 110 reported that 
pulse inversion harmonic imaging with ultrasound contrast 
agents detected additional liver metastases in 47% of patients 
compared with conventional gray-scale ultrasound. Liver 
metastases even as small as 2 mm can be detected by pulse 
inversion harmonic imaging with ultrasound contrast enhance¬ 
ment. 111 Tissue canceling ultrasound techniques can pro vide a 
microbubble-only image that can be helpful for making lesions 
more prominent than by superimposition of microbubble and 
B-mode images; however, users must be careful about under- 
standing unique artifacts in this mode. 112 

Ultrasound contrast agents generally have a good safety 
profile. Unlike with CT and MR agents, there is no associated 
known nephrotoxicity. The risk of severe allergic and anaphy- 
lactic response is similarly low to that of MR contrast agents. 113 
Although the risks are low, emergency response and a trained 
clinician should be immediately available, just as with all 
administrations of contrast agents. 

COMPUTED TOMOGRAPHY 

Advances in multidetector CT (MDCT) technology have revo- 
lutionized liver imaging. MDCT enables fast scan coverage and 
acquisition of submillimeter section thickness images of isotro- 
pic volume resolution. Faster image acquisition enables multi- 
phasic CT acquisition through the liver with injection of a 
single bolus of contrast material, and the isotropic image data 
set improves the conspicuity of small lesions and the quality of 


three-dimensional (3D) reformations. 11411 The multiplanar 
reformations can better demonstrate the anatomic relationship 
of hepatic focal lesions with the biood vessels, which can help 
surgeons plan segmental resection of the liver. The 3D reforma¬ 
tions enable illustration of hepatic vascular anatomy for evalu¬ 
ation of liver donors. Emerging techniques like dual-energy CT 
(DECT) and CT perfusion imaging have added new horizons 
of capabilities to CT with lesion detection, characterization, and 
treatment monitoring. 

Unenhanced Computed Tomography 

Noncontrast CT scans of the liver are inferior to contrast- 
enhanced studies for lesion detection and thus are not routinely 
performed except in certain specific situations. 118 ' 120 Liver disor- 
ders that diffusely alter hepatic attenuation, such as fatty change, 
hemochromatosis, glycogen storage diseases, chemotherapy, 
amiodarone administration, and gold therapy, should be evalu- 
ated with noncontrast CT. Patients with cirrhosis should also 
undergo noncontrast scans to search for iron in dysplastic and 
siderotic nodules. Noncontrast liver CT may be indicated for 
evaluation of lesion calcification, hemorrhage (in lesions like 
hepatocellular adenomas; Fig. 83-14), and metastases from hy- 
pervascular tumors like carcinoid, renal, thyroid, insulinoma, 
pheochromocytoma, and breast. 121 124 These hypervascular me¬ 
tastases may become isodense after contrast enhancement. 25,126 
However, DECT with the capability to reconstruct virtual unen¬ 
hanced images similar to true noncontrast CT can preclude ac¬ 
quisition of separate noncontrast series as further discussed 
later. 127 

Contrast-Enhanced Computed Tomography 

Iodinated Contrast Dynamics. The goal of contrast enhance¬ 
ment is to improve lesion visibility by increasing the relative 
attenuation difference between the lesion and normal hepatic 
parenchyma. This difference is a fundamental factor in lesion 
conspicuity and characterization. 123 Many factors affect the 
timing and degree of hepatic enhancement and thus the con¬ 
trast difference between normal hepatic parenchyma and 
lesions. Hepatic enhancement is most dependent on the phase 



Figure 83-14 Hemorrhage in hepatocellular adenoma. 

Noncontrast CT of upper abdomen of a 28-year-old woman with 
hepatocellular adenoma reveals a central hyperdense area ( arrow) 
within the hypodense mass suggestive of hemorrhage. 
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of the contrast delivery during which scanning occurs. These 
phases can be divided into vascular, redistribution, and equilib- 
rium. 1 During the vascular phase, there is a rapid increase in 
aortic enhancement and a slow increase in hepatic enhance- 
ment. This phase is short because iodinated contrast material 
diffuses rapidly from the vascular biood pool to the extravascu- 
lar or interstitial space of the liver, thus beginning the redistri¬ 
bution phase. During this time, there is a rapid decrease in 
aortic enhancement and an increase in hepatic enhancement. 
This represents the ideal time for detecting most lesions (Fig. 
83-15). In the equilibrium phase, there is decline in aortic and 
hepatic enhancement. Hence, lesions may become isoattenuat- 
ing to hepatic parenchyma. 

Helical CT technology allows multiphase CT acquisition 
with the administration of a single bolus of contrast material. 
An initial acquisition can be obtained during the hepatic 
arterial phase, so that highly vascular lesions are highlighted 
against a background of nonenhanced normal liver paren¬ 
chyma. These lesions may become isodense with remaining 
liver if scanning is performed later. A later, portal venous 
(redistribution) phase scan is obtained when most of the 
contrast material bolus enhances the normal hepatic paren¬ 
chyma. Because metastases receive primarily arterial biood 
supply, most metastases are hypodense compared with normal 
liver (see Fig. 83-15). These phases are further discussed in 
the section on biphasic scanning. 

The timing of these different phases and peak enhancement 
is directly affected by the way in which contrast material is 
delivered. The volume, type, concentration, and rate of injec- 
tion of contrast material used affect the time to peak enhance¬ 
ment. Several studies suggest that the time to peak contrast 
enhancement is dependent on the duration of contrast material 
injection. 129131 Higher injection rate or lower volume injections 
produce an earlier peak enhancement because of the short 
duration of the injection. 

The amount of hepatic enhancement is determined by tech- 
nical and patient-related factors. Technical factors include con¬ 
centration of the contrast material, volume, and injection rate. 
These factors have interdependent effects. 129 Hepatic enhance¬ 
ment increases with higher volume, injection rate, and concen¬ 
tration of the contrast material. 132 ' 138 Increasing the injection 
rate from 2 to 3 mL/s results in 16% increase in peak hepatic 
enhancement. 139 However, increasing the injection rate above 4 


to 5 mL/s does not result in substantial increase in peak hepatic 
enhancement. 140 

Patient-related factors that affect enhancement include 
weight and cardiac output. There is decreasing hepatic enhance¬ 
ment with increasing weight. 1 " 0 In thin patients undergoing 
spiral CT, the dose of the contrast agent may be reduced by up 
to 40%. 136 Megibow and associates 134 reported that a weight- 
based dose of 1.5 mL/kg of 300 mg I/mL contrast material can 
provide acceptable contrast enhancement in most patients, 
with a significant cost savings. Although faster image acquisi¬ 
tion with MDCT has enabled considerable reduction of the 
dose of the contrast agent for CT angiography studies, 141 enthu- 
siastic reduction of the contrast material dose for CT evaluation 
of the liver is limited by the minimum iodine dose required 
for optimum liver enhancement. The iodine dose required to 
achieve a hepatic enhancement of 50 HU has been reported to 
be 521 mg I/mL. 142,14 " Decreased cardiac output delays hepatic 
enhancement. 

Faster image acquisition with MDCT mandates high iodine 
influx rate for optimum enhancement. High-concentration 
contrast material is a valuable option for this because of the 
limited range of possible fast injection rates. Increased enhance¬ 
ment of hepatocellular carcinoma in arterial phase CT and 
improved lesion conspicuity with high-concentration contrast 
material (370 mg I/mL) have been reported. 144 This improved 
enhancement with high-concentration contrast material is 
visually significant in patients weighing more than 65 kg. 145 
The use of a chaser bolus of 20 mL of saline has been 
reported to increase the enhancement of liver, portal vein, 
and aorta. 146 

Automated methods of timing delivery of the contrast 
material have been advocated to achieve a greater and more 
consistent level of hepatic enhancement from patient to patient 
than with the use of a conventional fixed delay time. 147,148 
These methods make use of a region of interest placed on 
the aorta, portal vein, or liver parenchyma. During delivery 
of the contrast material, multiple images are obtained at a 
fixed level at 3- to 5-second intervals. When a preselected 
threshold of 50 HU is reached, the scan is initiated. 149 Auto¬ 
mated bolus tracking can increase the mean liver parenchymal 
enhancement substantially compared with empirical time 
delay scanning. 1 0152 In addition, automated bolus tracking 
can improve the liver-to-lesion conspicuity. 



Figure 83-15 Importance of timing of contrast material bolus in liver lesion detection on CT. To evaluate a possible pancreatic mass, a 
thin-collimation spiral was obtained from the inferior pancreas upward, with a second spiral covering the craniad portion of the liver. Although 
present on subsequent ultrasound, no metastases were detected on the lower image (A) because scanning occurred during the arterial phase. 
The more craniad portal venous phase image (B) demonstrates multiple metastases ( arrows ) from a nonhypervascular carcinoid tumor. 


83 Liver: Normal Anatomy and Examination Techniques 1483 


Helical Portal Venous Phase Scan (Single-Phase Scan). This 
is the preferred CT technique for routine hepatic evaluation. 
With helical CT, the entire liver can be scanned during peak 
parenchymal enhancement, further improving diagnostic accu- 
racy. Ll4 This is accomplished by imaging the liver beginning at 
about 55 to 70 seconds after the start of the contrast material 
bolus, depending on injection rate. Reduced cardiac output can 
delay the peak hepatic enhancement. Most centers use 100 to 
150 mL of 300 to 370 mg I/mL contrast material injected at a 
rate of 3 mL/s or more. 

Biphasic Helical Scan. Biphasic CT using a hepatic artery dom¬ 
inant phase technique and a portal venous phase technique is 
more efficacious than conventional CT using a single portal 
venous phase technique to detect hypervascular lesions, includ- 
ing hepatocellular carcinoma and metastases from renal, breast, 
carcinoid, and pancreatic islet cell tumors. Attenuation differ¬ 
ences between an intensely enhancing hypervascular metastasis 
supplied by hepatic arterial flow and the remainder of the liver 
are maximized during the arterial phase scan (Fig. 83-16A). 
Portal vein flow would render the hypervascular metastases 
isoattenuating (Fig. 83-16B). Arterial phase images are acquired 
by scanning 20 to 30 seconds after the start of injection of the 
contrast material. The time at onset of arterial phase is depen- 
dent on the injection rate of the contrast material. 155 With a 
fixed injection rate, small changes in volume do not affect the 
duration of the arterial phase. 156 Faster injection rates increase 
the amount of arterial enhancement as well as the length of 
time between peak aortic enhancement and the end of the arte¬ 
rial phase, which might increase detection of hypervascular 
tumors. 155 A second acquisition is then obtained during the 
portal venous phase, after a delay of 55 to 65 seconds from the 


beginning of the injection of the contrast material. Contrast 
material is delivered at a faster rate of 4 to 5 mL/s for biphasic 
CT study, instead of 3 mL/s, which is used for single-phase 
CT study. 

Biphasic helical scanning has been found especially helpful 
in hepatocellular carcinoma, in which the addition of an arterial 
phase scan improves lesion detection compared with portal 
phase scans alone or CT arterial portography. 1 In addition, 
arterial phase data enable vascular road mapping for oncologic 
liver surgery planning. 160 Detection of a hypervascular hepatic 
lesion in a patient with cirrhosis is suggestive of hepatocellular 
carcinoma. Biphasic technique for the detection of hypervascu¬ 
lar metastases has had more mixed results. Several studies 
have found that 21% to 37% of lesions 2 cm or smaller either 
are visible only or are more conspicuous on arterial phase 
images. 161,162 Another study, however, found that nonenhanced 
and portal venous phase images detected significantly more 
hypervascular metastases than did hepatic arterial phase and 
portal venous phase or portal venous phase images alone. 163 
Hepatic arterial phase scanning does not need to be performed 
for evaluation of hypovascular hepatic lesions as they do 
not show enhancement during the hepatic arterial phase. 154 
Although multiphase liver imaging with MDCT improves sen- 
sitivity and specifkity of liver imaging, the risk of radiation 
exposure increases with this. 165 Application of automatic 
exposure control may result in substantial reduction of radia¬ 
tion dose to the patient while maintaining acceptable image 
quality. 166,167 

Delayed Iodine Scanning. Delayed scanning has been em- 
ployed to improve detection of intrahepatic cholangiocarci- 
noma (Fig. 83-17) and metastases. 168 ' 173 Cholangiocarcinoma 



Figure 83-16 Hypervascular 
metastases: biphasic CT 
demonstrating carcinoid 
metastases only on arterial phase 
images. Arterial phase CT image 
(A) demonstrates multiple brightly 
enhancing metastases that are 
invisible on portal venous phase 
scan (B). Images are displayed at 
narrow (liver) Windows. 



Figure 83-17 Delayed 
enhancement of hilar 
cholangiocarcinoma. Portal 
venous phase CT image (A) of 
55-year-old woman with hilar 
cholangiocarcinoma causing biliary 
obstruction demonstrates isodense 
mass ( arrow) at porta hepatis with 
intrahepatic biliary dilation. Delayed 
image (B) obtained after 10 minutes 
reveals enhancement of this mass 
(arrow). Images are displayed at 
narrow (liver) Windows. 
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appears hyperdense on delayed scans in 74% of patients. 168 
Studies assessing whether delayed scanning is helpful in de- 
tecting hepatocellular carcinoma have produced conflicting 
results. 157,159 In one study, the sensitivity of detection of he¬ 
patocellular carcinoma increased by 4% by addition of delayed 
phase scanning (180 seconds) to the hepatic arterial and portal 
venous phase scanning. 174 In addition, the filling in of hem- 
angioma with contrast material can be demonstrated on delay 
phase scans. 

Computed Tomography Angiography and Portography. In 

this technique, an arterial catheter is placed selectively in the 
hepatic, splenic, or superior mesenteric artery in the angiogra¬ 
phy suite and contrast material is injected through this cathe¬ 
ter. 123,175,176 Hence, during CT arterial portography (CTAP), 
there is dense enhancement of liver parenchyma receiving 
portal venous biood. Liver lesions that receive primarily 
arterial rather than portal venous biood supply appear as 
hypodense defects on CTAP. 176,177,180 

Perfusion defects and other artifacts diminish the specificity 
of CTAP. 181,182 CTAP has a false-positive rate of 15% to 17%. 183 
An additional delayed phase acquisition can improve the speci¬ 
ficity of CTAP. 184 CTAP is seldom performed now because of its 
invasive nature and increasing use of noncatheter CT angiog¬ 
raphy and intraoperative ultrasound. 

Computed Tomography Liver Protocol 
Optimization and Radiation Dose Reduction 

Protocol Optimization. When it is necessary to perform CT, 
the radiologist should aim to reduce the CT dose but yet main- 
tain diagnostic image quality. To achieve this, the single most 
important step is protocol optimization. Optimization of CT 
technique involves careful selection of scan length and manipu¬ 
lation of several modifiable parameters during the scan, includ- 
ing slice thickness, pitch, tube current, peak tube potential, 
gantry rotation speed, and noise reduction reconstruction 
algorithms. 

Adjustments to tube current and peak tube potential are 
among the most common strategies in optimizing CT protocol. 
Tube potential should be optimized more carefully because 
unlike tube current, it affects not only the image noise but also 
the tissue contrast. For a given image noise, higher peak kilo- 
voltage techniques require lower tube current and vice versa. 
The patient’s size should serve as an appropriate guide. Most 
routine adult abdomen CTs performed at 120 kVp rather than 
at 140 kVp achieve 20% to 40% reduction in radiation dose. 
For patients with a larger body habitus, however, 140 kVp tube 
potential should be employed to avoid loss of diagnostic quality. 
For smaller subjects, such as pediatric patients, peak kilovoltage 
may be decreased to 100 or 80 as smaller body habitus leads to 
minimal attenuation of the x-ray beam, allowing adequate 
image quality without significant increase in tube currents. A 
low peak kilovoltage approach at 100 kVp for CT hepatic angi¬ 
ography in organ donor patients may be used; this has been 
shown to achieve 30% to 35% dose reduction compared with 
120 kVp, without affecting diagnostic quality 185 ' 187 (Fig. 83-18). 

The tube current on modern CT scanners is determined by 
automatic modulation of tube current (ATCM). Many studies 
have shown that ATCM can significantly decrease radiation 
dose. The basic principle behind the ATCM techniques is to 
customize the tube current on the basis of the patients thick¬ 
ness along the z-axis or axial plane derived by orthogonal scout 



Figure 83-18 CT angiogram of a liver donor patient (body weight, 

74 kg) at 100 kVp tube potential still provides good delineation of 
arterial mapping. Use of a low peak kilovoltage approach over the 
standard 120 kVp can attain dose reduction of up to 20% to 30%. 

RHA, Right hepatic artery; SMA, superior mesenteric artery. 

projections. This reduces the radiation dose compared with a 
fixed tube current across the entire rotation. ATCM relies 
on user-specified image quality in terms of image noise or tube 
current-time product value. In scanning younger patients, par- 
ticularly children, lower tube currents with radiation doses as 
low as reasonably achievable and lower than those for most 
adult patients should be employed. One may also consider 
lower fixed tube current settings, based on patient weight or 
body girth. Because there is wide variation in weight, varying 
from less than 5 kg up to 100 kg, selection of tube current as 
well as peak tube potential factors should be carefully done by 
categorizing into different weight groups. A prospective study 
exhibited that a mean dose reduction in the abdomen and liver 
of 38% with angular modulation and 18% with z-axis modula¬ 
tion can be achieved with no compromise in image noise or 
quality. The selection of image noise level is based on the clinical 
indication of the liver CT. For example, CT angiography should 
be undertaken at a relatively higher image noise level compared 
with portal phase CT for detection of low-contrast liver metas¬ 
tases. Automatic selection of peak tube potential, which func- 
tions on the basis of the patient’s tissue attenuation profile, has 
also been implemented recently. 186 ' 192 

Although it is possible to achieve submillimeter imaging on 
current MDCT scanners, thinner slice images require an 
increase in radiation dose to maintain an adequate signal-to- 
noise ratio. In clinical practice, typically 2.5- to 5-mm prospec¬ 
tive slices are reconstructed. When thinner slice images are 
required, for example, in hepatic CT angiography requiring 
1-mm slice especially for 3D reconstruction, a reasonable 
approach would be to obtain thicker slice images but then to 
retrospectively reconstruct at the desired thickness from the 
volumetric data. This is a feature that is available on most 
modern MDCT scanners. 193 

Keeping other CT parameters constant, faster table speed, 
for a given collimation, results in higher pitch with reduced 
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Figure 83-19 A. Coronal CT images of 56-year-old patient (body weight, 91 kg) with routine contrast-enhanced CT in portal venous phase 
(120 kVp; noise index, 15; automatic tube current, 150-550 mA) performed with filtered back projection technique shows increased image noise 
and artifact. B. In the same patient, CT done at different time point using ASIR reconstruction (120 kVp; noise index, 19; automatic tube current, 
150-450 mA) shows improved image noise and image quality and substantially reduced artifacts. 


radiation dose and vice versa. Modern MDCT scanners have 
mechanisms to automatically recommend the appropriate tube 
current to maintain a given image noise level when the pitch is 
changed. A pitch factor of approximately 1.0 to 1.3 can be used 
for CT of the abdomen and pelvis in patients weighing up to 
300 pounds and a lower pitch of 0.7 for large patients (>300 
pounds). Higher pitches should be avoided because they are 
associated with worsening helical artifacts and may also poten¬ 
tially miss some data. 188,194 

Noise Reduction Techniques. Filtered back projection algo- 
rithms are inherently sensitive to low-dose examinations, 
resulting in increased image noise. Image noise reduction algo- 
rithms include conventional noise reduction filters and newer 
techniques based on iterative reconstruction. These techniques 
primarily do not decrease radiation dose but enhance image 
quality by decreasing image noise and improving contrast from 
low-dose CT. On the other hånd, noise reduction filters, popu- 
larly the adaptive CT filters using linear processing techniques, 
result in homogeneous decrease in image noise across all pixels, 
thereby reducing image contrast and conspicuity of smaller 
lesions. This potential drawback limits the dose-saving capabil- 
ity of CT image filters. 195 ’ 196 

By using nonlinear processing, iterative reconstruction tech¬ 
niques have been able to avoid an unacceptable tradeoff between 
image contrast/resolution and image noise, especially at sub¬ 
stantially reduced doses. Because conventional iterative recon¬ 
struction methods required long computational times, shorter 
partial reconstruction algorithms applied in projection or the 
image space domain were initially introduced by different 
vendors. More recently, robust full iterative reconstruction algo¬ 
rithms have been made available for clinical use by different 
vendors. Such techniques include adaptive statistical iterative 
reconstruction (ASIR) and model-based iterative reconstruc¬ 
tion (MBIR) by GE Healthcare and iterative reconstruction in 
image space (IRIS) and sinogram-affirmed iterative reconstruc¬ 
tion (SAFIRE) by Siemens Medical Solutions. Investigators 
have tested and validated the Utility of such techniques, which 


have enabled dose reduction to as much as 40% to 60% lower 
than with standard-dose CT (Fig. 83-19). By synergistic use of 
these described strategies with noise reduction filters with itera¬ 
tive reconstruction methods, CT protocols at significantly lower 
dose can be implemented while minimizing compromising 
diagnostic capability. 193,197 ' 199 

Computed Tomography Perfusion Imaging 

CT perfusion imaging is a functional tool based on temporal 
changes in tissue density on dynamic contrast-enhanced image 
acquisition. By dynamic contrast-enhanced imaging, tumor 
perfusion parameters can be captured and quantified by apply- 
ing certain mathematical models. O wing to increasing use of 
targeted therapy like antiangiogenic drugs directed at tumor 
vascularity, perfusion imaging has received increased attention. 
Because of its ability to detect early changes in tumor microen- 
vironment, which precede morphologic changes within tumor, 
CT perfusion is suited to monitor early effects of antiangiogenic 
therapies. CT perfusion has the advantage of excellent spatial 
resolution and simpler quantification of tissue vascularity due 
to a linear relationship between iodine concentration and tissue 
density. Improved scanner technology in current MDCT with 
faster scanning time and wider coverage makes this technique 
feasible for various abdominal applications, including evalua- 
tion of liver lesions. 200 ’ 201 

CT perfusion technique typically involves an initial noncon- 
trast scan to localize a lesion followed by a contrast-enhanced 
dynamic acquisition using 40 to 70 mL of intravenous contrast 
material at a rate ranging from 3.5 to 10 mL/s. Typically, a first- 
pass phase (usually 45-60 seconds) is followed by a delayed 
phase (usually 2-10 minutes) for optimal assessment of tumor 
perfusion and permeability measurement. Postprocessing of 
dynamic data is performed with perfusion software to generate 
color-coded maps of biood flow, biood volume, mean transit 
time, and surface permeability. Quantitative assessment of the 
lesion is performed with region-of-interest analysis. Analyzed 
perfusion parameters of the perfusion software may vary by 
commercial vendors (Fig. 83-20). 
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Figure 83-20 Liver metastasis. 

A and C. CT perfusion images 
before and after antiangiogenic 
treatment in a 53-year-old man with 
liver cancer ( arrow ). B. Colored 
perfusion map of biood flow (arrow) 
at baseline before antiangiogenic 
treatment shows a high tumor 
biood flow (140 mL per 100 g/min). 
D. Colored perfusion map after 
treatment shows a reduction in 
tumor biood flow (104 mL per 
100 g/min). On contrast-enhanced 
CT images (A and C), the lesion 
appears stable by size. 



In oncologic imaging, the role of CT perfusion has been 
investigated and fo und useful in evaluation of liver tumors. 
Many studies have found CT perfusion effective to characterize 
and to assess biologic aggressiveness of hepatocellular carci- 
noma and in monitoring response to treatment. In treated 
metastasis, higher perfusion parameters have been shown to 
be a good prognostic indicator suggesting desired response to 
treatment. Among nononcologic applications, CT perfusion 
can be used for quantification of liver perfusion. There is evi- 
dence that this may be helpful for earlier evaluation of liver 
cirrhosis. 202 ’ 203 

Use of CT perfusion, however, is limited because of high 
radiation dosage and limited coverage (2-4 cm), although the 
latter limitation is addressed by recent improvement in technol- 
ogy, enabling larger coverage of up to 40 cm. Another limitation 
is lack of standardized guidelines on image acquisition and data 
analysis, thereby limiting reproducibility. 

Dual-Energy Computed Tomography 

DECT is an evolving modality with specific capacities beyond 
single-energy CT that can translate into improved liver imaging. 
The two different energy settings acquired allow the differentia¬ 
tion of materials on the basis of their energy-related attenuation 
characteristics and have the potential to provide better lesion 
detection, characterization, and monitoring than with single- 
energy CT. The basic concept of DECT is based on the principle 
that different elements absorb x-rays with different attenuation, 
depending on the electronic configuration of atoms. 

DECT is performed with two concurrent x-ray beams at 
different kilovoltage peaks, usually 80 and 140 kVp, during 


the same study. Depending on the vendors, different approaches 
are used to perform dual-energy scanning. In one design, this 
is achieved by mounting two x-ray tubes in the gantry that 
are set at different energy levels. In another design, a single 
x-ray tube capable of rapidly switching between differing 
energy levels is used. A third approach, which is yet to be 
commercially available, involves two layered sandwich detectors 
that can absorb lower and higher energy photons. The DECT 
technology provides advanced postprocessing applications, 
including virtual noncontrast (VNC), monochromatic (at 
different energy levels), and iodine images, which have wide 
potential applications. 

For most hepatic applications, dual-energy scanning is 
performed in the arterial phase at the tube potentials of 80 
and 140 kVp for patients weighing less than 200 pounds and 
100 and 140 kVp in patients weighing more than 200 pounds 
for optimal material and tissue characterization. Dual-energy 
imaging has been found useful to improve lesion detection and 
characterization. In oncology, detection and quantification of 
iodine can help assess tumor viability and monitor therapy 

205 

response. 

Improved Lesion Detection. Because of the k-edge proximity, 
in comparison to standard 120 kVp images, increased con- 
spicuity of hypervascular liver lesions can be attained on 
80/100 kVp and low-energy monochromatic images (40-70 keV) 
to increase the conspicuity of enhancing lesions. Such an 
application can improve diagnosis and management of hepa¬ 
tocellular carcinoma as well as of metastasis from hyperenhanc- 
ing primary tumors (e.g., renal cell carcinoma, melanoma) 
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(Fig. 83-21). Low-kiloelectron volt or low-energy monochro- 
matic images can also be used for 3D vascular mapping and 
reconstruction in liver donor subjects. 206,207 

Improved Characterization. DECT imaging can be used to 
determine presence of fat, iron, calcium, or hemorrhage within 
the tumor, which can help narrow a differential diagnosis. For 
example, detection of fat within a hepatic tumor is suggestive 
of adenoma or hepatocellular carcinoma, whereas calcium 
indicates prior infection or mucinous metastasis. It may also 
help in differentiating simple cysts and hypodense metastatic 
lesions by analyzing internal iodine uptake, which can be posi¬ 
tive in metastasis. Currently published data on DECT for 
characterization of hepatic lesions have demonstrated variable 
results and continue to evolve. Further studies are needed 
for validation. 

Virtual Noncontrast Imaging. VNC images reconstructed 
from DECT acquisition may provide information similar to 
that of a true noncontrast CT image. Although on first- 
generation DECT the VNC images were not exactly equivalent 
to true noncontrast CT images, several studies have confirmed 
that VNC images on second-generation DECT provide attenu- 
ation values close to those of true noncontrast CT and are suf¬ 
ficient to assess and quantify the enhancement of focal liver 
lesions. When contrast-enhanced phase alone is performed, 
VNC images may be used to distinguish calcification (e.g., 
mucinous metastases) from contrast enhancement. This can 


obviate the need for a separate unenhanced phase, thus limiting 
CT phases and radiation burden to the patient. 204,208,209 

Therapy Monitoring. Image biomarkers of tumor biology are 
desired for predicting response to treatment and for follow-up 
of lesions during and after treatment. After radiofrequency 
ablation and cryoablation of hepatic lesions and in patients who 
undergo antiangiogenic therapies, the tumor dimensions may 
remain stable but change in vascularity, representing the earliest 
marker of treatment response. Iodine images are a new method 
and an alternative for monitoring response to treatment. A 
study has shown better lesion conspicuity and internal homo- 
geneity of the ablation zone on iodine maps, providing an addi¬ 
tional benefit for assessing the safety margin after radiofrequency 
ablation 210 (Fig. 83-22). 

MAGNETIC RESONANCE IMAGING 

MRI allows tissue characterization without ionizing radiation. 
Given the proximity of the liver to the heart and lungs, a tailored 
protocol is required to minimize motion artifact. Only since the 
development of rapid acquisition techniques with excellent 
image quality and tissue-specific contrast agents has MRI 
become the most accurate imaging modality for the evaluation 
of liver disease. 211 In many instances, with the appropriate com- 
bination of sequences, MRI can diagnose and characterize 
diffuse liver disease accurately and obviate the need for invasive 
procedures. 21 ' MRI therefore plays an important role in the 



Figure 83-21 A. Dual-energy 
contrast-enhanced CT in a patient 
with known hepatocellular 
carcinoma shows hypervascular 
lesions in the liver ( arrows ) on 
weighted 120 kVp image. 

B. However, on monochromatic 
spectral image at 40 keV 
reconstructed from the same 
acquisition, the same lesions 
( arrows ) have improved conspicuity, 
and some additional lesions are 
better detected ( arrowheads ). 



Figure 83-22 Hepatocellular 
carcinoma after radiofrequency 
ablation. A. On weighted 140 kV 
image, there is hyperdensity within 
the radiofrequency ablation bed, 
which may represent enhancement, 
suggesting local recurrence, or 
hemorrhage. B. On iodine image, 
there is no enhancement, confirming 
it to be hemorrhage, demonstrating 
better tissue characterization. 
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evaluation of complications and in the follow-up of diffuse 
hepatic disease, and it is an invaluable tool for characterization 
of focal lesions. 

Many different pulse sequences can be used in hepatic MRI. 
Choice of sequence and performance depend on magnetic held 
strength, software, and gradients. The advent of 3T systems has 
increased available options, but more experience still exists with 
1.5T magnets. 

In general, TI- and T2-weighted sequences are performed, 
and contrast agents are added in most situations. Use of torso 
phased-array surface coils instead of body coils increases signal- 
to-noise ratio by at least a factor of 2, thereby providing 
increased lesion-to-liver contrast, lesion detection, and image 
definition. 213,214 

Tl-Weighted Sequences 

The purpose of obtaining Tl-weighted images is twofold. First, 
Tl-weighted images pro vide basic tissue characterization, such 
as the detection of fat and biood products. Second, Tl-weighted 
images are the mask to which subsequently acquired contrast- 
enhanced images will be compared to determine tissue enhance- 
ment characteristics. 

Fast spoiled gradient-echo sequences with short repetition 
time and echo time and low flip angles are most frequently 
used to obtain Tl-weighted images. Examples include fast low- 
angle shot (FLASH) on Siemens and spoiled gradient recalled 
acquisition in the steady State (GRASS, SPGR) on GE systems 
(Fig. 83-23). 

These sequences allow imaging of the entire liver during a 
single 15- to 25-second breath hold, a prerequisite for dynamic 
contrast-enhanced imaging when the same area is acquired 
at multiple time points after intravenous administration of 
contrast material. 215 ' 224 

On Tl-weighted images, the signal intensity of normal liver 
is greater than that of spleen, muscle, and kidney and less 
than that of surrounding fat. Bile, ascites, and fluid-filled gut 
have the lowest signal intensities. 22 Bile within the gallbladder 


may have a layering of signal intensities related to the State 
of fasting and relative lipid, aqueous, proteinaceous, and calci- 
fied contents. 226 Most hepatic tumors and abscesses have a 
long TI and thus appear as hypointense lesions on Tl-weighted 
images. Most biood vessels appear as dark structures because 
of flow void phenomenaA Portions of the hepatic or portal 
venous system and IVC may appear hyperintense or isointense 
with the liver because of inflow phenomena and even echo 
rephasing. 228 

T2-Weighted Sequences 

Spin-echo, segmented spin-echo (such as fast or turbo spin- 
echo), and short tau inversion recovery (STIR) sequences can 
be used to obtain T2-like information (Fig. 83-24). When 
spin-echo techniques with a long repetition time (>2000 ms) 
and long echo time (80-120 ms) are used, T2 differences pre- 
dominate 230 (see Fig. 83-24). Signal intensity increases with 
increasing T2 values, and structures with long T2 values, such 
as gallbladder, fluid-filled bowel, ascites, spleen, and kidney, 
become bright. Fat is somewhat less bright, and liver and 
muscle are relatively hypointense. The lung and air-filled bowel 
are black. 

Segmented (fast) spin-echo sequences with fat saturation are 
commonly used in place of conventional spin-echo images to 
achieve T2-weighted images. In these sequences, a series of 
seven or more spin echoes is typically acquired after an initial 
90-degree excitation. This enables substantial scan time reduc- 
tion. 223, 231,232 Fast spin-echo techniques have shown consistently 
sharper anatomic detail with fewer respiratory and cardiac 
motion artifacts than in conventional spin-echo sequences. 233 
Segmented spin-echo sequences can also be performed as a 
breath-hold technique to reduce motion and aortic pulsation 
artifacts further. 2 " 4 These sequences are thought to be at least 
equivalent to conventional spin-echo sequences. 235 Half-Fourier 
acquisition single-shot turbo spin-echo (HASTE) is a modifica- 
tion of turbo spin echo allowing a further reduction in scan 
time by use of a slab acquisition mode. 236 


Figure 83-23 Liver MRI: Tl-weighted gradient- 
echo image. This axial Tl-weighted gradient-echo 
image (142/4.4/80 degrees) has excellent anatomic 
detail. The signal intensity of the liver is greater 
than that of spleen and muscle. Note the 
peripheral bright signal intensity from the torso 
phased-array coil. 
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Figure 83-24 Liver MRI: rapid T2-weighted image. This 
axial T2-weighted turbo spin-echo image (2118/80 degrees) 
exploits differences in T2 relaxation between normal liver 
and masses. Spleen, kidneys, galIbladder, and bile become 
brightest. Liver and muscle become relatively hypointense. 
This image was obtained in a body coil. 


STIR imaging can be performed to acquire T2-like informa¬ 
tion. These sequences suppress fat signal, relying on its short TI 
relaxation time. When the TI of inversion recovery sequences is 
reduced to 80 to 120 ms, the signal from fat is suppressed 
because it is near the nuil point (inversion point) of magnetiza- 
tion recovery. Because fat in the body wall and mesentery is a 
major source of motion artifact, this sequence increases signal - 
to-noise and contrast-to-noise ratios. 237 ' 240 The sequence yields 
excellent lesion-to-liver contrast, which helps confirm the pres- 
ence of a lesion or increase confidence in its absence. It also has 
a high sensitivity for fatty infiltration, periportal changes, and 
biliary dilation but suffers from a relatively low signal-to-noise 
ratio. A short inversion time makes the image both TI and T2 
dependent, so that structures with long TI and T2 values, such 
as tumors, are conspicuously bright. The STIR sequence is 
usually not used by itself but is useful in confirming the pres- 
ence of a lesion or increasing confidence in its absence. 

Fat Suppression Techniques 

Fat suppression allows the detection and suppression of signal 
from adipose tissue. This can be achieved in three ways: 
frequency-selective fat saturation, inversion recovery imaging, 
and opposed-phase imaging. 241 

Frequency-selective fat saturation relies on the application 
of a saturation radiofrequency pulse with the same resonance 
frequency as that of lipids to each slice-selection radiofrequency 
pulse. A homogeneity spoiling gradient pulse is applied imme- 
diately after the saturation pulse to dephase the lipid signal. 
The signal excited by the subsequent slice-selection pulse 
contains no contribution from lipid. 241 Frequency-selective fat 
suppression can be used with both gradient-echo and spin- 
echo sequences. It helps suppress the fat signal on fast spin- 
echo T2-weighted images, on which fat is relatively bright 
because of the application of the multiple 180-degree pulses. 
Fatty liver may diminish conspicuity of focal high signal inten- 
sity lesions. Application of frequency-selective fat suppression 
to contrast-enhanced Tl-weighted images helps minimize this 
effect. In the presence of magnetic field or radiofrequency 
inhomogeneities and imperfect radiofrequency profiles, the 
homogeneity of the frequency-selective fat saturation is appre- 
ciably compromised. 


Fat saturation with inversion recovery imaging is based on 
differences in the TI of tissues. The TI of adipose tissue is 
shorter than the TI of water. Therefore, the longitudinal mag- 
netization of adipose tissue will recover faster than that of water 
after a 180-degree inversion pulse. If a 90-degree pulse is applied 
at the nuli point of adipose tissue, adipose tissue will produce 
no signal, whereas water will continue to produce a signal. 241 

Opposed-phase imaging works best to detect small amounts 
of fat on Tl-weighted gradient-echo images. 242 ' 244 Fat protons 
resonate at a slightly lower frequency than water protons, such 
that the two constantly fail in and out of phase with each other. 
When fat and water exist in the same voxel (as in fatty trans¬ 
formation), choosing an echo time when their signals are out 
of phase results in signal loss. 245 Normal liver and most cancers 
do not contain an observable amount of triglycerides, so that 
the image intensity remains the same on in-phase and opposed- 
phase images. In the presence of fatty change, the signal inten¬ 
sity of the liver decreases on opposed-phase images compared 
with in-phase images. Likewise, fat within lesions can be 
detected, improving lesion characterization. 246 Instead of merely 
suppressing the signal from fat, opposed-phase imaging can 
also be used to decompose fat and water proton signals by use 
of their resonant frequency difference and to isolate these two 
components into two separate images. Such water-fat separa¬ 
tion methods are based on work by Dixon. 247 Modifications of 
the Dixon technique, such as IDEAL, have been developed to 
overcome local magnetic field (B 0 ) or radiofrequency (BJ inho¬ 
mogeneities at higher field strengths. 248 

Magnetic Resonance Contrast Agents 

MR contrast agents can improve liver lesion detection and char¬ 
acterization. 249 2 They can be categorized on the basis of their 
distribution into extracellular fluid agents, hepatobiliary- 
specific agents, reticuloendothelial agents, and biood pool 
agents. 251 

Extracellular Fluid Agents. This class of agents includes the 
gadolinium chelates gadopentetate dimeglumine (Gd-DTPA) 
and gadoteridol (Gd-HP-D03A). These paramagnetic agents 
act by shortening TI relaxation times. 252,253 These agents func- 
tion in a manner analogous to iodinated CT contrast agents by 
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rapidly diffusing from the intravascular space to the extracel- 
lular space. Thus, they require rapid imaging to exploit perfu¬ 
sion differences between liver lesions and normal hepatic 
parenchyma. Rapid breath-hold 3D fat-saturated spoiled 
gradient-echo Tl-weighted techniques are most frequently 
used, allowing the entire liver to be imaged in a single breath 
hold (15-25 seconds). Although the signal-to-noise ratio is less 
than that of higher resolution sequences, such as spin-echo 
sequences, this technique allows faster imaging in multiple 
phases of contrast enhancement, analogous to multiphasic 
spiral CT. Images are obtained before the administration of 
contrast material, in the arterial predominant phase, in the 
portal predominant phase (Fig. 83-25), and then during equi- 
librium. The arterial dominant phase is usually 25 seconds after 
injection, and the portal venous phase is 70 seconds after injec- 
tion. Some institutions use a test bolus or bolus tracking instead 
of relying on fixed time delays, especially in patients with poor 
cardiac status. 

Dynamic contrast enhancement has proved useful in char- 
acterizing hemangiomas, detecting hypervascular metastases or 
small hepatocellular lesions, and detecting enhancement in the 
central scar of focal nodular hyperplasia. 254 ' 256 It has been shown 
not only to improve the distinction between benign and 
malignant lesions but also to achieve a specific diagnosis in 
many focal lesions. 257 Gadolinium chelate-enhanced 3D rapid 
gradient-echo images have been found superior to T2-weighted 
fast spin-echo images (with or without fat suppression and 
breath holding) for the detection of focal liver masses. 258 

Hepatobiliary-Specific Agents. The gadolinium-based agents 
gadoxetic acid (Gd-EOB-DTPA) and gadobenate dimeglumine 
(Gd-BOPTA) and the no longer commercially available 
manganese-based mangafodipir trisodium (Mn-DPDP) are 
taken up to varying degrees by functioning hepatocytes and are 
excreted in the bile. Whereas hepatic uptake is approximately 
50% for gadoxetic acid, it is only 5% for gadobenate dimeglu¬ 
mine. The resulting TI shortening of the liver, biliary tree, 
and hepatocyte-containing lesions (Fig. 83-26) results in an 
increased contrast-to-noise and signal-to-noise ratio for non- 
hepatocellular lesions. 259 Secretion in the biliary tract enables 



Figure 83-25 Liver MRI: Tl-weighted gradient-echo image 
after administration of gadolinium. The aorta, IVC, and hepatic 
parenchyma are brightly enhanced. Gadolinium enhancement affords 
improved characterization of focal lesions. 


diagnostic imaging of the bile duets, such as evaluation for bile 
leaks. Because the hepatobiliary phase of enhancement is rela- 
tively prolonged, the imaging in this phase does not have to be 
precisely timed (as it does in dynamic imaging with extracel- 
lular fluid agents), and high spatial resolution sequences in 
separate breath holds can be used. Because gadoxetic acid and 
gadobenate dimeglumine are in part excreted through the 
kidneys, the vascularity of a lesion can also be assessed, like an 
extracellular agent. 260,261 Liver MRI after administration of 
gadobenate dimeglumine can inerease the detection of liver 
lesions in patients with primary malignant hepatic neoplasm, 
especially for lesions smaller than 1 cm. 262 A 56% increased 
detection of liver metastases has been demonstrated with the 
use of these contrast agents. 259 Decreased hepatic biood flow 
and liver dysfunetion diminish hepatic enhancement. 263 

Reticuloendothelial Agents. This class of agents includes 
superparamagnetic iron oxide particles coated with dextran, 
ferumoxide (AMI-25), and ultrasmall superparamagnetic iron 
oxide agents like SHU-555A and AMI-227. 264 ' 266 Uptake occurs 
in endothelial and Kup ffer cells o f the liver. O n T2* weighted 
imaging, areas of normal liver containing Kupffer cells that have 
taken up superparamagnetic iron oxide particles appear dark, 
whereas lesions without hepatocytes will remain bright. The 
effeet depends on the strength of the applied magnetic held. 267 
Reticuloendothelial system agents are used primarily for lesion 
detection but are no longer available in the U.S. market. 

Biood Pool Agents. Gadofosveset trisodium is an intravascular 
gadolinium-based contrast agent available in both the United 
States and Europe. Its high degree of albumin binding slows the 
renal exeretion and therefore greatly inereases its relaxivity. The 
approved indication in the United States is vascular imaging, 
and there are few publications on the use of intravascular con¬ 
trast agents for liver imaging. It has potential for high-resolution 
steady-state arterial, portal venous, and hepatic venous imaging 
in the liver as well as quantitative perfusion imaging. 

Diffusion-Weighted Magnetic Resonance Imaging 

The advent of echoplanar imaging techniques enabled diffusion- 
weighted MRI of the abdomen. 2 270 Diffusion-weighted imag¬ 
ing can be performed relatively quickly (as short as two 
breath-hold acquisitions) and allows lesion detection without 
contrast agent injection, which makes it attractive in patients 
with decreased renal funetion. Lowb values (below 100 s/mm 2 ) 
provide black-blood images, with high inherent tissue contrast 
and robust image quality. In the liver, diffusion-weighted imag¬ 
ing provides higher sensitivity for lesion detection than T2- 
weighted images and has inferior to equivalent sensitivity 
compared with contrast-enhanced Tl-weighted images. 271,272 

Higher b values (>500 s/mm 2 ) are used for lesion char¬ 
acterization by comparing lesion signal intensity and lesion 
signal intensity changes with liver parenchyma as well as by 
quantitative assessment of the apparent diffusion coefficient 
(ADC). Malignant lesions (which are usually more cellular) 
typically demonstrate restricted diffusion, which is manifested 
as high residual signal intensity on images obtained with high 
b values compared with background liver parenchyma, as 
opposed to benign nonsolid lesions, such as liver cysts and 
hemangiomas, with ADC of malignant lesions visually equal 
to or lower than that of surrounding liver parenchyma. 273 
Quantitative ADC threshold values have been investigated for 


83 Liver: Normal Anatomy and Examination Techniques 1491 




Figure 83-26 Liver MRI. Noncontrast 
image (A). Post-gadobenate, fat-suppressed, 
Tl-weighted, gradient-echo images: arterial 
phase (B) and venous phase (C) images. 
Delayed images at 3 minutes (D) and 90 
minutes (E) illustrate persistent and prolonged 
enhancement of liver. There is opacification of 
biliary tract (E) due to excretion of contrast 
material. 


lesion characterization, with variable accuracy, depending on 
the patient population and lesion type. 

A major limitation to the widespread use of diffusion- 
weighted imaging has been the faet that the proposed AD C 
cutoffs depend on the b values used for acquisition. A meta- 
analysis by Xia and colleagues 274 doeumented significantly 
higher AD C values for benign lesions compared with malignant 
lesions, with variable overlap. Of note, the accuracy decreases 
when benign hepatocellular lesions such as focal nodular hyper- 
plasia and hepatocellular adenomas are included. 272 

Elastography 

MRI techniques have become available to noninvasively diag¬ 
nose and grade hepatic fibrosis by analyzing the propagation of 
mechanical waves through tissue. 275 Stiffness of the hepatic 
parenchyma as an indicator of fibrosis is derived from gradient- 
echo images acquired as externally generated shear waves prop- 
agate through the liver. Motion-sensitizing gradients similar 
to those used in phase contrast MR angiography are applied 
during the image acquisition. The resulting phase contrast 
images, which depict propagating mechanical waves, are pro- 
cessed to generate quantitative stiffness maps, also known as 


elastograms. These maps depict tissue stiffness as the elastic 
shear modulus on a per-pixel basis (in units of kilopascals) and 
are often displayed with a color scale. 276 

Because elastography has been shown to differentiate 
between low- and high-grade fibrosis, it could be used for non- 
invasive longitudinal monitoring of hepatic fibrosis/ However, 
MR elastographic assessment of liver fibrosis conceivably may 
be confounded by a variety of factors expected to alter liver 
stiffness, including hepatic inflammation, steatosis, hepatic vas- 
cular congestion, cholestasis, and portal hypertension, and the 
technique has yet to be validated in large clinical trials. 

Spectroscopy 

Spectroscopy is being investigated to quantify the degree of 
steatohepatosis and to reveal a necroinflammatory response in 
the setting of chronic liver disease. 278 Although it is largely 
restricted to research protocols, this technique has been applied 
in a general population to establish the prevalence of hepatic 
steatosis. The good correlation of values obtained with spec¬ 
troscopy with the results of liver biopsy makes spectroscopy 
a promising method for estimating the hepatic triglyceride 
content. 27< However, MR spectroscopy is not widely used for 
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these purposes and has not been validated for routine clinical 
applications. 

Magnetic Resonance Perfusion Imaging 

Perfusion MRI represents a useful alternative to CT perfusion 
imaging for surveillance of hepatocellular carcinoma. Jackson 
and coworkers 260 reported 3D dynamic contrast-enhanced per¬ 
fusion MRI in humans for lesion-specific permeability mapping. 
Perfusion characteristics of lesions with dual biood supply were 
unreliable because they used only the hepatic arterial supply as 
input function. 280 Annet and colleagues 261 268 reported increased 
fractional arterial perfusion and decreased mean transit time 
when they evaluated humans with cirrhosis by dual-input, 
single-compartment perfusion MRI with a standard low- 
molecular-weight contrast material. Further technical improve- 
ments are required. 

Artifact Minimization 

Several techniques to minimize artifact have been used, includ- 
ing obtaining multiple signal averages, respiratory compensa- 
tion, fat suppression, and saturation pulses for abdominal wall 
fat. Strategies depend on the magnet at hånd because 3T systems 
require an approach different from that for 1.5T systems. 281 

Selecting an Appropriate 
Imaging Technique 

Technologic advances in radiology offer several imaging tools 
for evaluation of focal liver lesions. These include ultrasound, 
CT, and MRI. Choosing the most appropriate imaging modality 


for evaluating the liver lesion under question depends on the 
information required from imaging for clinical management 
decisions. Although ultrasound might be an appropriate exami- 
nation for a patient with no prior medical history and increased 
alkaline phosphatase and bilirubin levels, ultrasound is not 
an adequate screening test for hepatocellular carcinoma in a 
patient with cirrhosis and increased a-fetoprotein. Although 
MDCT serves as the first-line imaging modality for evaluation 
of the liver, MRI offers an attractive alternative to radiation- 
based CT examination. The clinical applications of MRI for 
evaluation of the liver are rapidly expanding because of avail- 
ability of faster sequences and newer contrast agents. Indeed, 
in some centers, MRI is being used as the imaging modality 
of choice for evaluation of liver disease. 282 284 However, in most 
centers, MRI is still reserved for certain clinical situations, such 
as further characterization of liver lesions detected on CT, 
patients with allergy to iodinated contrast agents, and work-up 
for hepatic resection. 211 Intraoperative ultrasound has become 
a standard liver imaging tool for resection of liver metastases 
from colorectal carcinoma. 285 The choice of appropriate 
imaging modality should be made on an individual case basis, 
depending on the lesion under question, availability of imaging 
facilities, and cost issues. 
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Liver Biopsy 

PERCUTANEOUS LIVER BIOPSY 

Random 

Brief Rationale. The first percutaneous liver aspiration was 
performed by German physician Paul Ehrlich in 1883, but the 
technique became widely accepted only after the landmark pub- 
lication by Menghini in 1958. 1 It is likely that the intensive 
efforts to characterize and to quantify diffuse liver disease 
through magnetic resonance (MR) elastography, MR spectros- 
copy, and ultrasound elastography will at some point obviate 
the need for liver biopsy in many patients. However, liver biopsy 
currently remains the “gold standard” for parenchymal evalua- 
tion in the setting of diffuse hepatic disease. 2 4 Current indica¬ 
tions for nonfocal liver biopsy include the diagnosis and staging 
of cirrhosis, cholestatic liver disease, metabolic storage disease, 
and other infiltrative diseases. 5 

Preprocedural Evaluation and Contraindications. Patients 
should have nothing by mouth for 4 to 6 hours before a liver 
biopsy if intravenous sedatives are to be administered. Although 
there is wide variation in individual practices, the Society of 
Interventional Radiology has provided a consensus set of guide¬ 
lines for periprocedural management of laboratory coagulation 
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parameters and medications that recommends checking pre¬ 
procedural international normalized ratio (INR) in all patients 
and activated partial thromboplastin time (aPTT) in patients 
receiving unfractionated heparin with subsequent correction 
to INR below 1.5 and aPTT of less than 1.5 times the control 
value. Although these guidelines do not recommend checking 
platelets before the procedure, they do recommend correcting 
platelets to more than 50,000 in patients with known throm- 
bocytopenia. Warfarin as well as antiplatelet agents such as 
clopidogrel should be discontinued for at least 5 days before 
biopsy. 6 Although there is no consensus, many practices restart 
antiplatelet therapy such as clopidogrel 48 to 72 hours and 
warfarin 24 hours after the biopsy. 5 There also is no consensus 
addressing the alteration of heparin therapy, although others 
have suggested holding heparin for between 2 and 6 hours 
before the procedure and restarting heparin 12 hours after the 
procedure/ 

Although no absolute contraindications to liver biopsy exist, 
relative contraindications, such as the patients cooperation, 
extrahepatic biliary obstruction, and severe coagulopathy, may 
warrant consideration of transjugular liver biopsy in specific 
cases. However, correction of coagulation abnormalities can 
also be performed to proceed safely with percutaneous liver 
biopsy. 

Guidance and Technique. Percutaneous liver biopsy is a safe 
procedure that can be performed on an outpatient basis. 
Imaging guidance is becoming increasingly prevalent and has 
multiple advantages over palpation- or percussion-guided tech- 
niques, including a decreased complication rate and superior 
diagnostic yield. 8 Ultrasound is the preferred imaging modality 
in most cases because of low cost, real-time guidance, multi¬ 
planar imaging, portability, visualization and avoidance of 
major biood vessels and lung, and lack of ionizing radiation. 
Imaging guidance with ultrasound has also been shown to 
decrease the number of major and minor complications. 9,10 
Although ultrasound-guided liver biopsies are slightly more 
costly on a per-procedure basis than biopsies guided by palpa¬ 
tion, cost-effectiveness analyses have suggested that the other 
benefits of ultrasound guidance may reduce the overall cost 
of liver biopsy. 11,12 

Ultrasound-guided biopsies can be performed through a 
subcostal or intercostal approach. A subcostal approach is gen¬ 
erally favored over an intercostal puncture because of a lower 
risk of pneumothorax or intercostal artery injury. 13 Sonograph- 
ically guided interventions can be performed either by a free- 
hand technique (which provides for greater freedom in needle 
placement) or with an attached biopsy guide (which provides 
greater accuracy). Local anesthetic should be liberally applied 
from the skin entry site down through the subcutaneous fat and 
peritoneum directly onto the liver capsule. If possible, the 
biopsy needle should be placed during a breath hold to reduce 
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Figure 84-1 Random liver biopsy. Ultrasound image demonstrates 
real-time percutaneous needle placement for a random liver biopsy in 
the evaluation of a patient with known hepatitis C through a subcostal 
approach. 


the risk of capsule laceration and to facilitate biopsy at the site 
of local anesthetic administration. 14 Although the American 
Association for the Study of Liver Diseases (AASLD) recom- 
mends a 16-gauge biopsy needle of 2 or 3 cm in length for the 
diagnosis, grading, and staging of diffuse parenchymal liver 
diseases, the use of 18-gauge cutting needles is common in 
many institutions. 5 The patients should be monitored for 2 to 
4 hours after the procedure in a recovery unit before discharge 
(Fig. 84-1). 

Complications. The most common complication after liver 
biopsy is pain, the exact cause of which is unknown but may be 
due to a small bile leak or subcapsular hematoma. Most post- 
biopsy pain is readily managed with intravenous or oral anal- 
gesics. 15 Bleeding is the most important complication after liver 
biopsy. Subclinical bleeding not requiring specific intervention 
occurs in up to 23% of liver biopsies, and severe hemorrhage 
requiring transfusion or o ther intervention occurs in 0.35% to 
0.5%. 8,16 ' 18 Other potential complications include damage to 
adjacent organs, pneumothorax, hemothorax, peritonitis, and 
death. The reported mortality rate after liver biopsy is approxi- 
mately 0.01%. 5 

Image-Guided Percutaneous Liver Mass Biopsy 

Indications 

Hep ato cellular Carcinoma. The recommendations for hepato- 
cellular cancer screening have recently been updated by the 
AASLD, and surveillance for patients at high risk for the devel- 
opment of hepatocellular carcinoma (HCC) is recommended 
with ultrasound every 6 months. 19 Routine serum a-fetoprotein 
is no longer recommended for screening or diagnosis because 
of lack of sensitivity and specificity. 20,21 If a nodule larger than 
1 cm is identified on screening ultrasound, contrast-enhanced 
multiphasic computed tomography (CT) or magnetic reso- 
nance imaging (MRI) is performed. Liver biopsy is rarely indi- 
cated in the evaluation for HCC, particularly in the setting of 
cirrhosis, because of the ability to diagnose most cases of HCC 
with imaging alone. In addition, the small but real risk of bleed¬ 
ing and tumor seeding generally outweighs the benefit of his- 
tologic diagnosis, given the extremely high pretest probability 
of HCC with imaging. The risk of tumor seeding along a biopsy 


track is estimated at 0.9% per patient per year/ At most institu¬ 
tions, HCC is predominantly an imaging diagnosis, and patients 
are managed without histologic confirmation. 23,24 There are 
currently two sets of imaging criteria for the diagnosis of HCC 
on CT or MRI, the Liver Imaging Reporting and Data System 
(LI-RADS) and the United NetWork for Organ Sharing (UNOS)/ 
Organ Procurement and Transplant Network (OPTN) crite¬ 
ria. 25,26 Both sets of criteria incorporate the presence or absence 
of arterial enhancement, washout, capsule, and growth to diag¬ 
nose HCC. Percutaneous image-guided liver biopsy is reserved 
for lesions that do not meet strict imaging characteristics by 
MRI and CT. 16 However, even biopsy is not 100% accurate for 
the diagnosis of small HCCs. 2/ 

Other Focal Liver Lesions . Targeted liver biopsies are fre- 
quently performed in the evaluation of focal hepatic abnor- 
malities not suspected of being HCC. CT and MRI are often 
used for first-line characterization of focal hepatic abnormali- 
ties because of the ability to definitively diagnose many HCCs, 
hemangiomas, adenomas, and focal hepatic steatosis. Other 
lesions have a less characteristic imaging appearance and typi- 
cally require biopsy for tissue diagnosis. 8 As metastatic lesions 
are more common than primary hepatic malignant disease, the 
majority of targeted hepatic biopsies are performed in an effort 
to evaluate focal liver lesions in the setting of a known primary 
malignant neoplasm. Sampling the metastatic lesions in the 
liver (or elsewhere) can serve both to make a diagnosis and to 
stage the disease concurrently. Thus, liver biopsy is often per¬ 
formed, even when the site of extrahepatic primary malignant 
disease is suspected or known (Fig. 84-2). 

Preprocedural Evaluation. The preprocedural evaluation for 
patients undergoing percutaneous liver biopsy for a focal mass 
lesion in the liver is similar to that described for image-guided 
random liver biopsy. 

Guidance and Technique. Most image-guided liver biopsies are 
performed under either ultrasound or CT guidance. Ultra¬ 
sound is the preferred imaging modality worldwide for liver 
biopsy guidance for the reasons described in the preceding 
section. However, CT guidance has been proved to be effective 
and safe for experienced operators. 29 The advantages of ultra¬ 
sound include less expense, lack of radiation, and real-time 
imaging as well as ability to access lesions at the hepatic dorne. 
The disadvantages of ultrasound include user dependence and 
difficulty of imaging large patients. The lack of inherent tissue 
contrast often makes identification of targets diffkult by non- 
contrast CT. Both core needle and fine-needle aspiration tech- 
niques can be used for liver biopsy, but most studies favor 
obtaining a core needle specimen because of increased specific¬ 
ity and accuracy in diagnosis and subtyping of tumors, superi- 
ority in diagnosis of benign lesions, decreased biologic sampling 
errors, and preservation of tissue architecture. 30 32 In biopsy of 
a focal liver lesion, every attempt should be made to perform 
the biopsy through a cuff of normal liver parenchyma to 
decrease the risk of bleeding. 33 With larger masses, core samples 
should be taken from the periphery of the lesion to avoid central 
necrosis. 34 

Results and Complications. Image-guided biopsy of focal liver 
lesions has been shown to have a high diagnostic accuracy 
(94.5%-100%), even for lesions between 0.5 and 1.0 cm. 29,34 ' 36 
In patients with a known primary malignant neoplasm with a 
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Figure 84-2 Targeted liver biopsy. A. CT 

demonstrates a hypoattenuating left hepatic 
lobe lesion (arrow) in a patient with colorectal 
cancer. B. Subsequent ultrasound identified a 
corresponding targetoid liver lesion, and a 
targeted ultrasound-guided biopsy through 
the subcostal approach (C) revealed 
metastatic disease. 



focal liver lesion, a second malignant neoplasm was diagnosed 
in 5% of cases, and a benign entity was identified in another 
3.4%. 36 The complications associated with liver biopsy of a focal 
liver lesion are similar to those for random liver biopsy. The risk 
of tumor seeding after biopsy of HCC is high (0.76%-2.7%) 
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Figure 84-3 HCC biopsy track seeding. 

A. Multiphase abdominal CT (arterial phase shown) 
in a patient with cirrhosis demonstrated a vague 
mass in the left hepatic lobe that did not meet 
imaging criteria for HCC. B. Ultrasound-guided 
biopsy was performed through a subcostal approach, 
demonstrating well-differentiated HCC. The patient 
underwent successful liver transplantation. C. At 
2-year follow-up, CT demonstrated a new soft tissue 
nodule in the anterior abdominal wall (arrow). This 
was surgically resected and proven to be well- 
differentiated HCC seeding along the previous 
biopsy track. 

and is a catastrophic complication, potentially causing removal 
from the transplant list 22,37,38 (Fig. 84-3). 

Because most HCCs can be diagnosed on the basis of imaging 
Åndings without the need for tissue, biopsy of masses in cir- 
rhotic patients should be rare and reserved for atypical cases 
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that do not meet LI-RADS or AASLD criteria. Tumor seeding 
after biopsy of metastatic liver lesions is rare and is usually 
associated with a generalized rapid growth in all tumor sites. 39 

TRANSJUGULAR LIVER BIOPSY 

Brief Rationale and Indication 

Transjugular liver biopsy was first described in humans in 
1970 and is the preferred technique for obtaining random 
tissue samples of the liver in patients with uncorrectable 
coagulopathies. 41 The most common indications for perform- 
ing transjugular liver biopsy are coagulopathy, massive ascites, 
and in conjunction with other procedures such as measure- 
ment of hepatic venous pressure gradient or hepatic/caval 
venography. 42 Acute liver failure, early postoperative liver 
transplants, and congenital clotting disorders are also scenarios 
in which transjugular liver biopsy has been shown to be of 
benefit. 4345 

Guidance and Technique 

The right internal jugular vein is accessed under ultrasound 
guidance, and the right hepatic vein is cannulated through the 
inferior vena cava with an angled catheter. Continuous electro- 
cardiographic monitoring throughout the procedure is recom- 
mended to detect arrhythmias induced by passage of the 
catheter through the heart. The right hepatic vein is preferred 
because of its angle with the inferior vena cava and the larger 
size of the right hepatic lobe. Hepatic venography is performed 
to confirm appropriate positioning. Peripheral punctures 
should be avoided because of the risk of capsular puncture. 46 
The number of biopsy passes is operator dependent; however, 
an increased number of passes (four vs. three) has been shown 
to produce longer specimens and a greater number of complete 
portal tracts for histologic interpretation. 47 

Results and Complications 

Transjugular liver biopsy has been shown to have a high success 
rate with a tissue adequacy rate of approximately 96%. Techni- 
cal failures are most commonly due to failure to cannulate the 
hepatic veins. Minor and major complication rates have been 
reported as 6.5% and 0.56%, respectively. The most common 
major complication is intraperitoneal hemorrhage secondary 
to perforation of the liver capsule. Mortality after transjugular 
liver biopsy is reported as approximately 0.1% and in most 
cases is due to intraperitoneal hemorrhage or ventricular 
arrhythmia. 48 

Liver Aspiration and Drainage 

HEPATIC ABSCESS 

Epidemiology and Symptoms 

The mortality from pyogenic liver abscess has decreased from 
approximately 40% to 6% in the modern era as a result of 
advances in cross-sectional imaging, antibiotic therapy, and 
percutaneous image-guided therapy. The incidence of pyo¬ 
genic liver abscesses has increased in Western countries and is 
now at a rate of 1.1 to 3.6 per 100,000 people. In Eastern coun¬ 
tries such as Taiwan, a higher rate of liver abscesses (17.6 per 
100,000) is due to increased rates of cholangitis and parasitic 
infections. 52 Clinically, patients often present with vague signs 
and symptoms such as fever, chilis, nausea, abdominal pain, and 


leukocytosis. Most liver abscesses are diagnosed and monitored 
with CT, MRI, or ultrasound. 

Most pyogenic liver abscesses in Western countries are due 
to biliary disease. Although pyogenic abscesses historically were 
most commonly due to Escherichia coli , more recent data 
suggest that Klebsiella pneumoniae is now the most common 
pathogen causing pyogenic liver abscesses in Western coun¬ 
tries. 53 Other causative organisms in the West commonly 
include Streptococcus and Staphylococcus species, although poly- 
microbial infections are common. Culture and antimicrobial 
sensitivity results should always assist in guiding antimicrobial 
coverage. 51,54,55 Other potential causes include septic pylephle- 
bitis related to appendicitis, diverticulitis, and other inflamma- 
tory conditions of the intestine that are transmitted to the liver 
through the portal vein as well as postsurgical or post-traumatic 
injury, direct extension from contiguous organs, and after inter¬ 
ventional oncologic treatments in patients with incompetent 
sphincters of Oddi. 49 ' 51 Primary or metastatic liver malignant 
neoplasms can also rarely be manifested as liver abscesses. 52 

Guidance and Technique 

Minimally invasive image-guided percutaneous treatments 
such as needle aspiration and catheter drainage have supplanted 
surgical therapy for the treatment of liver abscesses, with sig- 
nifkant decreases in hospital stay, overall cost, and morbid- 
ity. Surgery still plays an important role for the treatment of 
recalcitrant abscesses and in the setting of malignant disease. 
Abscesses smaller than 3 cm are usually treated successfully 
with parenteral antibiotics alone; however, aspiration may be 
requested for microbial identifkation. 58 Image-guided needle 
aspiration has been shown to be highly effective for unilocular 
abscesses smaller than 5 cm. 56,59,60 Multiple aspiration sessions 
may be required for complete success. Image-guided percutane¬ 
ous catheter drainage is preferred for abscesses larger than 5 cm, 
multiloculated abscesses, or those in direct continuity with bile 
duets or bowel. 56, 57,60,61 

Preprocedural assessment should include evaluation of 
coagulation parameters with a target INR below 1.5, aPTT of 
less than 1.5 times the control value, and platelet count above 
50,000/pL. 6 Ultrasound or CT guidance can be used for aspira¬ 
tion or catheter drainage on the basis of the operator’s prefer- 
ence. In choosing a puncture path, the least amount of hepatic 
parenchyma should be traversed, and care should be taken to 
avoid damaging adj acent organs or traversing the pleura because 
of the risk of empyema. Needle aspiration is usually performed 
with an 18-gauge needle; catheter drainage may be performed 
by the Seldinger or trocar technique with placement of a multi- 
side hole, locking catheter. Drainage is usually continued until 
the patient demonstrates clinical improvement and drainage 
output is less than 10 to 20 mL/day. 62 A fluoroscopic sinogram 
can be obtained before catheter removal to assess the residual 
size of the cavity and the presence of fistulization to the bowel 
or biliary system (Fig. 84-4). 

Results and Complications 

Success rates for image-guided needle aspiration of simple pyo¬ 
genic liver abscesses smaller than 5 cm approach 100% with 
minimal complications. 56,59,60 Catheter drainage success rates 
have varied significantly in the literature from 66% to 100%, 
probably secondary to abscess and patient factors. Higher 
failure rates have been associated with the presence of advanced 
malignant disease, particularly necrotic infeeted tumors, and 
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Figure 84-4 Hepatic abscess drainage. A and B. Initial axial T2 and coronal T2 single-shot fast spin-echo MR cholangiopancreatography 
images from a patient who presented with a hepatic abscess demonstrate a large heterogeneous T2 intense lesion in segment III of the liver 
( arrowhead) with adjacent intrahepatic biliary dilation (arrow). The patient was treated with a multi-side hole pigtail drain in the abscess, an 
internal/external biliary drain through the peripheral dilated biliary radicles of segment III, and intravenous antibiotics for a polymicrobial 
infection. C. Fluoroscopic image after drain placement with injection of contrast material into the abscess cavity demonstrates communication to 
the biliary system (arrow). The abscess developed secondary to a benign intrahepatic stricture that was treated with repeated balloon dilation 
(images not shown). D. Follow-up pullback cholangiogram demonstrates no residual stricture and resolution of the intrahepatic abscess. 

E and F. Follow-up axial T2 and coronal T2 single-shot fast spin-echo MR cholangiopancreatography images 3 months later demonstrate 
complete resolution of the intrahepatic abscess and biliary dilation in segment III. 


the presence of fistulization to an obstructed biliary system. 7,61 
The risk of complications is minimal; complications such as 
pneumothorax, intraperitoneal hemorrhage, and mild pain are 
the most frequently reported. 

Hepatic Venous Pressure Gradient 

BRIEF RATIONALE AND INDICATIONS 

Portal hypertension is a complication of chronic liver diseases 
and is responsible for many of the most severe clinical conse- 
quences of cirrhosis. Whereas noninvasive measurements of 
portal pressure such as elastography are currently being devel¬ 
oped, direct measurement of the hepatic venous pressure gradi¬ 
ent is the current gold standard for estimating the degree of 
portal hypertension. 63 ' 65 

First described in 1951, hepatic venous pressure gradients 
can aid in the diagnosis and classification of portal hyperten¬ 
sion; assessment of prognosis in patients with cirrhosis and 
portal hypertension-related clinical events including ascites, 
spontaneous bacterial peritonitis, hepatic encephalopathy, and 
variceal bleeding; monitoring of response to pharmacologic 
therapy; and preoperative evaluation in patients with cirrhosis 


selected for hepatic resection. 66,67 The hepatic venous pressure 
gradient is obtained by introducing a balloon occlusion cath- 
eter into a hepatic vein and measuring the difference between 
the occluded venous pressure and free venous pressure. The 
occlusion of a hepatic vein blocks biood flow in the distal 
hepatic veins and in the sinusoids; thus catheter pressure 
measured in this position reflects the pressure in the sinusoids, 
which in turn reflects portal pressure in sinusoidal or post- 
sinusoidal portal hypertension. Pressure changes within the 
central venous system are corrected for by subtracting the 
free hepatic venous pressure from the wedged hepatic venous 
pressure. This results in a hepatic venous pressure gradient, 
with clinically significant portal hypertension defined as more 
than 12 mm Hg. 67 

Hepatic vein pressure gradient (HVPG) 

= Wedged hepatic venous pressure (WHVP) 

- Free hepatic venous pressure (FHVP) 

GUIDANCE AND TECHNIQUE 

By use of a transjugular approach and fluoroscopic guid- 
ance, a mean pressure measurement is first recorded in the 
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retrohepatic inferior vena cava. All pressure measurements 
should be recorded with the transducer in a fixed position 
in the midaxillary line at the level of the right atrium. An 
occlusion balloon catheter is then advanced into either the 
right or middle hepatic vein, and the free hepatic venous 
pressure is measured in the hepatic vein 2 to 4 cm from 
its opening into the inferior vena cava. The balloon catheter 
should then be positioned in the middle third or at the 
transition zone between the middle and distal thirds of the 
hepatic vein and inflated until complete occlusion is 
observed by deformation of the balloon. The pressure 
recording should be allowed to stabilize for 45 to 60 seconds, 
and then a mean pressure is recorded for the wedged 
hepatic venous pressure. This process should be repeated at 
least three times, and finally a wedged hepatic venogram is 
obtained to evaluate for any venous-to-venous shunting to 
another hepatic vein that would result in underestimation 
of the wedged hepatic venous pressure. If venous shunting 
is identified, the balloon catheter should be placed distal to 
the shunting; if this is not technically feasible, another 
hepatic vein should be selected for interrogation. 

RESULTS AND COMPLICATIONS 

The use of balloon occlusion catheters has been shown to cor- 
relate more accurately with directly measured portal pressures 
during placement of transjugular intrahepatic portosystemic 
shunts (TIPS) compared with the use of an end-hole catheter 
wedged into a hepatic venule. 0 Technical success rates have 
been reported above 95%, and failure is usually the result of 
hepatic venous occlusion. Severe postprocedure complications 
are exceedingly uncommon. 67 

Transjugular Intrahepatic 
Portosystemic Shunt 

BRIEF RATIONALE AND INDICATIONS 

TIPS is a percutaneous image-guided procedure that has proved 
to be beneficial for the treatment of complications of portal 
hypertension. First described in an animal model by Rosch and 
coworkers 1 in 1969, a TIPS is a constructed channel within 
the liver connecting a portal vein branch to a hepatic vein with 
the goal of creating a portosystemic shunt to decrease portal 
venous pressure. A TIPS is created under fluoroscopic guidance 
by placing a stent graft from a hepatic vein (most commonly 
the right hepatic vein) through the liver parenchyma into an 
intrahepatic portal venous branch (most commonly the right 
portal vein). Another variation is a direct intrahepatic porto¬ 
systemic shunt, which was first described in 2001. A direct 
intrahepatic portosystemic shunt is created with use of intra- 
vascular ultrasound, passing a needle from the inferior vena 
cava through the caudate lobe into the portal vein. Subsequent 
stent placement is performed under fluoroscopic guidance in 
a fashion similar to TIPS placement. The strongest evidence 
of TIPS efficacy has been established for secondary prevention 
of variceal bleeding and treatment of refractory ascites. Other 
indications for TIPS creation include refractory acute variceal 
bleeding, portal hypertensive gastropathy, hepatorenal syn- 
drome (types 1 and 2), Budd-Chiari syndrome, hepatic hydro- 
thorax, hepatic veno-occlusive disease, and hepatopulmonary 
syndrome. 74 ' 80 


RELATIVE AND ABSOLUTE 
CONTRAINDICATIONS 

Absolute contraindications to TIPS placement include conges- 
tive heart failure, severe tricuspid regurgitation, severe pulmo- 
nary hypertension (mean pulmonary pressure >45 mm Hg), 
uncontrolled systemic infection or sepsis, and unrelieved biliary 
obstruction. Relative contraindications include anatomic issues 
that can reduce the technical success of shunt placement, such 
as polycystic liver disease, extensive primary or metastatic 
malignant disease (especially centrally near the porta hepatis), 
and obstruction of the hepatic veins or thrombosis of the portal 
venous system. Hepatic artery thrombosis, severe coagulopathy 
or thrombocytopenia, and the presence of hepatic encephalopa- 
thy may also significantly increase the risk of postprocedure 
complications. 

Preprocedure evaluation includes complete laboratory 
work-up consisting of a complete biood count, coagulation 
panel, and comprehensive metabolic panel. Significant throm¬ 
bocytopenia (platelet count <50,000 cells/pL), anemia (hemat- 
ocrit <25%), or coagulopathy (INR >1.5) should be corrected 
and arrangements made for crossmatched biood products. 
Recent cross-sectional imaging within 1 month should be 
reviewed to assess for vascular patency and anatomic consider- 
ations. If recent imaging is unavailable or an abrupt deteriora- 
tion of hepatic function occurs, an urgent or emergent 
ultrasound with Doppler evaluation of the hepatic vasculature 
may be warranted to assess vascular patency. Echocardiography 
is also recommended to assess cardiac function and to specifi- 
cally assess for pulmonary arterial hypertension. 3 

GUIDANCE AND TECHNIQUE 

TIPS procedures are mostly performed by use of general anes- 
thesia with endotracheal intubation. The right hepatic vein is 
accessed through the right internal jugular vein, and balloon 
occlusion hepatic venography using carbon dioxide can be per¬ 
formed to visualize the course and flow in the portal venous 
system. Fluoroscopically guided needle passes are then made to 
achieve portal venous access. Direct portal venous pressure is 
measured, and a portosystemic pressure gradient is calculated 
as the pressure difference between the main portal vein and 
right atrium. A stent graft is deployed so that the uncovered 
caudal portion of the stent remains in the portal vein, with the 
cranial end terminating near the junction of the hepatic vein 
and inferior vena cava. Polytetrafluoroethylene (PTFE)-covered 
stent grafts have become the standard of care for de novo TIPS 
placement compared with bare metal stents because of a lower 
rate of TIPS dysfunction, higher rate of primary patency, lower 
rate of clinical relapse, and decreased incidence of hepatic 
encephalopathy. 81 After deployment, trans-TIPS portal venog¬ 
raphy and pressure measurements in the main portal vein and 
right atrium are repeated. In patients with variceal bleeding, a 
post-TIPS portosystemic gradient below 12 mm Hg should be 
achieved to prevent rebleeding. 82 Retrospective studies have 
shown that variceal embolization with coils, cyanoacrylate, or 
sclerosing agents such as sodium tetradecyl sulfate in addition 
to TIPS placement significantly decreases the risk for recurrent 
variceal bleeding. 8 " For patients with refractory ascites, the 
Society of Interventional Radiology and the AASLD guidelines 
recommend reducing the portosystemic gradient to below 
8 mm Hg. A portosystemic gradient below 5 mm Hg has been 
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associated with an increase in the risk of liver failure and severe 
hepatic encephalopathy requiring an intervention such as TIPS 
reduction 86 (Fig. 84-5). 

RESULTS 

Success after TIPS placement can be classified as technical, 
hemodynamic, and clinical. Technically successful creation of a 
shunt from the hepatic vein to the portal vein and hemody¬ 
namic success in reduction of a portosystemic gradient to below 
12 mm Hg with nonfilling of gastroesophageal varices should 
be achieved in more than 95% of cases. 87 Clinical success for 
the separate indications for TIPS placement varies among 
studies because of different inclusion and evaluation criteria. 
Meta-analyses evaluating TIPS for secondary prevention of 
variceal bleeding compared with various forms of endoscopic 
therapy found a threefold decrease in the risk of recurrent 
bleeding after TIPS with similar all-cause mortality rates. 
However, a more than twofold increased risk for development 
of hepatic encephalopathy was noted after TIPS. 88 A multi¬ 
center randomized controlled trial in high-risk patients with 
acute variceal bleeding demonstrated a statistically significant 
decrease in treatment failure and mortality for patients under- 
going TIPS placement compared with those treated with 
repeated endoscopy and pharmacotherapy. 4 

In the treatment of refractory ascites, a meta-analysis of 
randomized controlled trials demonstrated a 7.1-fold reduction 
in the risk of recurrent ascites, with rates of improvement 
ranging from 38% to 84% after TIPS compared with 0% to 43% 
after large-volume paracentesis. 90 No significant survival ad van - 
tage for TIPS was found in early studies. A more recent random¬ 
ized controlled trial in a select group of patients with preserved 
hepatic and renal function did demonstrate a significant sur¬ 
vival advantage after TIPS placement. 91 The rate of hepatic 
encephalopathy in this group of patients was 2.2-fold higher 
after TIPS. 90 TIPS also is likely to lead to survival prolongation 


in patients with Budd-Chiari syndrome, with 1- and 5-year liver 
transplant-free survival of 88% and 78%, respectively, with a 
median Model for End-Stage Liver Disease (MELD) score of 
17. 75 At least partial improvement in clinical symptoms is expe- 
rienced in 68% to 82% of patients with hepatic hydrothorax, 
and complete resolution of the hydrothorax occurs in 57% to 
71% after TIPS creation. 78 

COMPLICATIONS 

Patients with a MELD score above 18 have a significantly higher 
mortality 3 months after TIPS than that of patients with a 
MELD score of 18 or less. 7 Technical complications such as 
transcapsular puncture may occur in up to 33% of cases but 
result in significant intraperitoneal hemorrhage in only 1% to 
2%. 85 Stent migration or misplacement into the inferior vena 
cava or portal vein may occur in up to 10% to 20% of cases. 
Creation of the shunt results in diversion of portal biood flow 
past the metabolic filtering effect of the hepatic parenchyma, 
which can lead to new or worsening hepatic encephalopathy in 
10% to 44% of patients. Patients of advanced age, with a past 
history of encephalopathy, and with advanced liver disease are 
at increased risk for development of hepatic encephalopathy. 
However, encephalopathy usually responds to medical treat¬ 
ment, and only rarely is TIPS reduction or occlusion neces- 
sary. 8 O ther potential complications, such as hepatic infarction, 
creation of a biliary-venous or hepatic artery-portal vein fistula, 
hemolysis, sepsis, and TIPS infection, are much rarer. 

The introduction and widespread use of PTFE-covered 
stent grafts for TIPS creation has led to a dramatic improve¬ 
ment in long-term TIPS patency. The incidence of shunt 
dysfunction with bare metal stents ranges from 18% to 78%, 
probably secondary to intimal hyperplasia protruding through 
the stent interstices. 85 Primary patency rates at 1 year with 
PTFE-covered stent grafts have been reported at 81% to 86% 81,92 
(Fig. 84-6). 



Figure 84-5 TIPS placement. A. Dual iodinated contrast material injection through the sheath in the right hepatic vein and the pigtail catheter 
in the main extrahepatic portal vein. B. Post-stent deployment injection in the main portal vein. Note the metallic ring on the distal portion of 
the stent (white arrow). The stent proximal to the ring is covered and intraparenchymal. The stent distal to the ring is uncovered and intravascular 
in the right portal vein. Also note the proximal aspect of the stent at the confluence of the right hepatic vein and inferior vena cava ( arrowhead ). 
Post-stent venogram also demonstrates nonfilling of the coronary vein (black arrow). 
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Figure 84-6 Hepatic venous stenosis after TIPS placement. Fluoroscopic images from TIPS revision in a patient with recurrent ascites after 
original TIPS placement. Doppler ultrasound before the procedure demonstrated temporal increase in the velocity in the hepatic venous end of 
the shunt (images not shown). A. A portal venogram demonstrates hepatic venous stenosis with the proximal portion of the stent in the hepatic 
parenchyma short of the confluence of the right hepatic vein and inferior vena cava (arrow). B. A second PTFE-covered stent was placed and 
extended to the inferior vena cava (arrow). Portal systemic gradient decreased from 13 to 7 mm Hg after stent deployment, and the patient's 
ascites resolved. 


FOLLOW-UP AND TIPS REVISION 

Despite the decrease in TIPS dysfunction after implementation 
of PTFE-covered stent grafts, regular shunt surveillance is rec- 
ommended. One protocol for surveillance uses Doppler ultra¬ 
sound at 1, 3, 6, and 12 months after TIPS creation and every 
6 to 12 months thereafter, depending on the patients clinical 
status. 93 A signifkant degree of variability regarding the sensi- 
tivity and specificity of Doppler ultrasound for detection of 
TIPS dysfunction has been reported. Measured velocities 
throughout the course of the shunt should range between 90 
and 190 cm/s. 94 Direction of flow within the left portal vein 
should be hepatofugal (toward the shunt) after TIPS placement. 
Left portal vein hepatopetal flow (toward the liver) is therefore 
indicative of shunt dysfunction. 95 Temporal changes in the peak 
velocity greater than 50 cm/s have also been recommended as 
an indication for venography and pressure measurements, 
which are the gold standard for assessing TIPS dysfunction. 96 
Patients with symptoms suggestive of recurrent portal hyper¬ 
tension in the setting of normal Åndings on Doppler ultrasound 
also warrant further investigation with venography. In the 
setting of TIPS dysfunction secondary to stenosis, repeated 
stenting has been shown to lead to better patency than angio- 
plasty alone. Patients with a bare metal stent requiring reinter- 
vention should be revised with a PTFE-covered stent graft.' ' 

Interventional Oncology in the Liver 

Liver-directed locoregional ther apies for unresectable primary 
and metastatic malignant neoplasms continue to evolve with 
advances in ablative and endovascular technologies and tech- 
niques. The goal of liver-directed therapy in patients with 
hepatic malignant neoplasms can be multifaceted and vary 
from allowing a patient with unresectable disease to become 


a resection or transplant candidate to curative treatment in 
nonsurgical candidates or improvement of survival and quality 
of life in a palliative setting. The choice of treatment modality 
depends on multiple factors including the presence of under- 
lying liver dysfunction, tumor type, overall tumor burden, 
number and location of tumors, and patient factors such as 
performance status and functional liver reserve. The most 
common locoregional therapies currently being used are portal 
vein embolization (PVE), radiofrequency (RF) and microwave 
(MW) ablation, transarterial chemoembolization with or 
without drug-eluting beads (TACE and DEB-TACE), and 
transarterial radioembolization. Other liver-directed therapies, 
such as percutaneous ethanol ablation, cryoablation, and other 
ablative technologies such as laser-induced interstitial ther- 
motherapy, high-intensity focused ultrasound, irreversible 
electroporation, hepatic arterial infusion chemotherapy, and 
transarterial bland embolization, have also been reported and 
play a lesser role in current treatment algorithms. The latter 
techniques either are still in development or are of historical 
interest and are beyond the scope of this chapter. 

PREOPERATIVE PORTAL VEIN EMBOLIZATION 

Brief Rationale 

Surgical resection of both primary malignant neoplasms and 
liver metastases remains the mainstay of curative therapy. 
Continued advances in surgical techniques have led to im- 
proved overall patient outcomes; however, major hepatic resec¬ 
tion places patients at risk for liver insufficiency. Determination 
of the volume of liver that remains after surgery, the future 
liver remnant (FLR), has been shown to be a strong indepen- 
dent predictor of postoperative complications. 98 In patients 
with an inadequate FLR, PVE of the lobe to be removed can 
cause hypertrophy to the FLR and atrophy of the embolized 
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segment. PVE has been most commonly used in patients with 
colorectal metastatic disease, intrahepatic cholangiocarcinoma, 
and HCC." Whereas the exact mechanisms of hepatocyte re¬ 
generation are unknown, studies have demonstrated that in 
addition to redistribution of portal venous biood flow, PVE 
also induces an increase in hepatic growth factor and trans- 
forming growth factors a and (3. 10 FLR hypertrophy rates 
have been noted to be impaired in patients with underlying 
cirrhosis or fibrosis and in diabetic patients. 91 

Indications 

Patients undergoing major hepatic resection may benefit from 
preoperative determination of the FLR. CT volumetry is used 
to measure the volume of the FLR. Calculations with either the 
measured total liver volume minus the tumor burden volume 
or the estimated total liver volume by use of body surface area 
are performed to assess percentage of FLR after resection. PVE 
is recommended in patients with preserved liver function and 
an FLR of less than 20%, patients with either hepatic steatosis 
or significant exposure to hepatotoxic chemotherapy and an 
FLR of less than 30%, and patients with well-compensated cir¬ 
rhosis and an FLR of less than 40%. 101 Relative contraindica- 
tions to PVE include extrahepatic metastases, uncorrectable 
coagulopathy, extensive tumor burden precluding safe access 
into the portal vein, and tumoral invasion into the portal vein. 

Guidance and Technique 

Multiple different approaches and techniques have been 
described for PVE. Historically, PVE was performed through an 
intraoperative transileocolic approach. Currently, the most 
commonly used approach is the percutaneous ipsilateral 
approach. This approach is favored over the contralateral 
approach because of the avoidance of potential damage to the 
FLR during access and catheter manipulation. However, if there 
is no safe route through the ipsilateral liver because of tumor 
burden, a contralateral approach remains an acceptable alterna¬ 
tive. With use of either conscious sedation or general anesthesia, 
a peripheral branch of the portal venous system to be emboli- 
zed, most commonly the right, is accessed with a micropuncture 
needle under ultrasound guidance. Once access is secured, 
portal venography is performed, and the portal venous system 
is embolized, depending on the planned surgery. Most com¬ 
monly, this involves embolizing segments V to VIII of the liver 
for a right hepatectomy. For an extended right hepatectomy, 
some authors have advocated embolizing segment IV as well to 
obtain a greater hypertrophy rate in segments II and III, 
although the risk of nontarget embolization to the FLR is theo- 
retically greater. 104 The choice of embolic agent is at the discre- 
tion of the operator and includes n-butyl cyanoacrylate mixed 
with Lipiodol and polyvinyl alcohol particles or gelatin sponge 
and coils. A meta-analysis suggested that the use of n -butyl 
cyanoacrylate results in a higher percentage of FLR volume 
increase. 9 After embolization is complete, the sheath track is 
embolized with either gelatin sponge or coils. 

Results and Complications 

Technical success rates of PVE are approximately 99%. Most 
technical failures result from an inability to cannulate the portal 
system because of altered anatomy or unexpected thrombosis 
of the portal system due to tumor progression or invasion. 99 
After embolization, follow-up CT is performed at 4 weeks for 
recalculation of the FLR as liver regeneration tends to plateau 


after 3 weeks. 98 The clinical success rate (defined as sufficient 
FLR hypertrophy to allow resection) is 96.1% with a mean 
increase in the FLR volume of 37.9%, with a range of 20.5% to 
69.4%" (Fig. 84-7). However, approximately 20% of patients do 
not undergo the originally planned liver resection secondary to 
local intrahepatic tumor progression, new tumor in the FLR, 
extrahepatic tumor spread, insufficient hypertrophy of the FLR, 
complications of PVE leading to nonresectability, or refusal of 
the patient for further treatment. Some select patients may 
benefit from combination treatment with either transarterial or 
ablative treatments to achieve curative resection. 

Minor complications, including postembolization syndrome 
consisting of fevers and abdominal pain, occur in 25% to 35% 
of patients. Transient elevation of liver transaminases is seen in 
37% of patients. Major complications, such as portal thrombo¬ 
sis, embolization of nontarget vessels, intraperitoneal hemor- 
rhage or liver hematoma, abscess, and intraperitoneal bile 
leakage, are rare, occurring in less than 1% of patients. 

TUMOR ABLATION 

Image-guided ablation therapy of hepatic tumors is a rapidly 
growing aspect of the held of interventional oncology. Whereas 
there are many new technologies with relatively few outcomes 
data, the focus of this discussion is primarily on the most widely 
used techniques, RF and MW ablation. 

Chemical Ablation 

Chemical ablation has long been used percutaneously for the 
treatment of HCC and has the longest clinical follow-up studies 
of any percutaneous ablation technique. Absolute ethanol is 
the most commonly used agent, although the use of acetic 
acid has been described. Ethanol is percutaneously injected 
into the hepatic tumor and results in tumor destruction by 
both coagulation and ischemic necrosis. Chemical ablation is 
most effective for small tumors (<2 cm) and often requires 
repeated treatments for complete tumor treatment. Ethanol 
ablation is more effective for treatment of HCC than for meta¬ 
static disease, presumably because the tumor capsule or pseu- 
docapsule typical of many HCCs prevents diffusion of ethanol 
into surrounding parenchyma. In addition, diffusion of ethanol 
in cirrhotic liver is limited. Studies have demonstrated the 
superiority of thermal ablation techniques over ethanol for 
complete tumor destruction. Ethanol is currently reserved for 
cases in which thermal ablation is contraindicated because of 
the proximity of adj acent vulnerable structures or in develop- 
ing countries where cost is the most important selection cri- 
terion. Chemical ablation is not recommended for metastatic 
disease. 105 

Thermal Ablation 

Cryoablation. Cryoablation involves placement of cryoprobes 
into a tumor to induce freeze-thaw cycles. Argon gas is the most 
common cryogen in modern cryoablation systems. The mecha- 
nism of cell death is primarily cellular membrane disruption, 
but tissue ischemia and direct damage to intracellular organ- 
elles are also present. After initial enthusiasm, cryoablation is 
less frequently used to treat malignant hepatic tumors because 
of the lengthy ablation cycles, the lack of ability to cauterize the 
applicator track (increasing the risk of hemorrhage), a risk of 
hepatic fracture, and the risk of multiorgan failure termed cryo- 
shock, particularly in cirrhotics. 106 
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Figure 84-7 Portal vein embolization. A. CT examination in a patient with metastatic 
colorectal cancer performed in preparation for extended right hepatectomy 
demonstrates a small future liver remnant (segments l-lll). CT volumetry was performed, 
and a future liver remnant (FLR)/total liver volume (TLV) ratio was calculated at 15.2%, 
precluding planned surgical resection. B and C. Fluoroscopic images before and 
after portal vein embolization through a right-sided approach with particles and 
coils demonstrate complete devascularization of the right hemiliver. Follow-up CT 
examination performed 4 weeks after portal vein embolization demonstrates significant 
hypertrophy of the FLR. D. CT volumetry after embolization demonstrated an FLR/TLV 
ratio of 23.8% with a 62.9% increase in the FLR. The patient underwent the planned 
extended right hemihepatectomy. E. Follow-up CT examination performed 2 years after 
surgery demonstrates significant hypertrophy of the liver remnant without recurrent 
disease. 


Radiofrequency Ablation. Heat-based ablation techniques can 
result in coagulation necrosis when tissue is heated to a 
temperature threshold for a specific time. Tissue heating to 
50° C for approximately 5 minutes typically results in cell 
death, whereas temperatures above 60° C cause cell death 
within seconds. RF ablation is currently the most frequently 
used thermal ablation technique in the treatment of hepatic 
tumors. In monopolar RF systems, a generator is used to 
create alternating electrical current that oscillates between 
the electrode placed in the tumor and grounding pads, result¬ 
ing in cellular agitation and tissue heating. Standard electrodes 
include single-needle or multiple-needle arrays (sometimes 


cooled to prevent charring) and multiple tines emanating 
from one needle. Multiple tines improve heating efficiency 
and energy deposition but typically require larger diameter, 
more invasive needles. Multiple-probe RF systems are now 
available that take advantage of thermal synergy to create 
larger and more confluent ablation zones. Flowever, because 
of electrical interactions between simultaneously activated 
electrodes, a switching system is necessary. 10 In bipolar RF 
systems, two electrodes are placed within or adjacent to the 
tumor and current oscillates between them, without the need 
for grounding pads. In all RF configurations, saline can be 
instilled to decrease charring and to reduce impedance, thus 
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resulting in more energy deposition but potentially less control 
of the ablation zone. 105 

Microwave Ablation. MW ablation technology is based on 
tissue heating by dielectric hysteresis, requiring molecules with 
an intrinsic dipole moment to continuously realign with an 
applied held, resulting in increased kinetic energy and tissue 
heating. MW technology has multiple advantages over RF abla¬ 
tion. Because MW energy readily penetrates even those tissues 
with high impedance (such as charred tissues), it can be applied 
at much higher temperatures than RF energy. MW ablation 
does not require grounding pads, and multiple antennas can be 
used simultaneously without switching to create both electrical 
and thermal synergy. Despite these advantages, MW energy is a 
more complicated technology to apply in tissue. For example, 
reflected power at the tissue-antenna interface can cause 
antenna shaft heating and result in thermal injury along the 
puncture track. More recent MW systems use a cooling jacket 
with circulating water or gas to obviate this problem. To date, 
MW ablation technology has been used most extensively in 
Asia, although it is becoming much more frequently used 
worldwide. 105 

In general, RF technology suffers in areas of high biood flow 
because of the heat sink effect and also struggles in tissues with 
high impedance because of decreased power distribution. MW 
technology is faster, more efficient, less sensitive to heat sink 
effect, and not sensitive to differences in tissue impedance. 
Despite being less well studied than RF technology, early clinical 
results demonstrate that MW is at least as effective as RF abla¬ 
tion, resulting in rapid replacement of RF because of the overall 
physical advantages listed before. 105 

Indications 

HCC is the most common indication worldwide for hepatic 
tumor ablation. The treatment strategy of HCC is generally 
shaped by the Barcelona Clinic Liver Cancer (BCLC) guide¬ 
lines. 19,108 Although studies have shown that surgical tumor 
resection provides the best survival outcome, only 20% of 
patients are resection candidates, generally defrned as patients 
without portal hypertension and with a normal bilirubin level. 
Liver transplantation is also a curative treatment for patients 
with HCC. However, orthotopic liver transplantation is often 
available only for patients who meet Milan criteria (up to three 
tumors smaller than 3 cm or one tumor larger than 5 cm) and 
is limited by organ availability. 109 For those patients who are not 
resection candidates because of poor hepatic function and who 
are poor transplantation candidates, tumor ablation is a poten¬ 
tially curative alternative therapy. Ablation is also used as a 
bridge to transplantation in the setting of either local tumor 
control during the waiting period for liver transplantation or 
downstaging the tumor so that the patient meets Milan criteria. 
Although there have been some excellent results with downstag¬ 
ing into Milan criteria, this remains a controversial topic because 
of the limited number of donor livers available and the large 
numbers of patients on the waiting list. 110112 

The second most common indication for liver tumor abla¬ 
tion is unresectable colorectal cancer metastasis. In general, 
surgical resection is first-line therapy for hepatic colorectal 
metastatic disease in eligible patients. However, many patients 
are not resection candidates because of comorbidities, recent 
surgery, or anatomic considerations. Percutaneous ablation can 
often achieve excellent local tumor control, particularly for 


tumors smaller than 3 cm. 113,114 Patients who are not resection 
or ablation candidates because of either the location or the 
number of metastases are typically treated with either TACE/ 
radioembolization or systemic chemotherapy. 

Although less well studied, tumor ablation has also been 
used for hepatic metastatic disease from sites other than 
colorectal primary tumors, including breast, renal cell, and 
neuroendocrine primary tumors, for both local disease control 
and symptomatic relief in patients who are not surgical 
candidates. 115118 Both RF ablation and MW ablation have also 
been used successfully to treat benign hepatic tumors, such 
as symptomatic hepatic hemangiomas. 119 

Contraindications 

Patients with severe liver failure are poor ablation candidates 
for fear of worsening hepatic function. Tumors close to vital 
structures, such as main portal venous branches, large segmen¬ 
tal bile duets, gallbladder, and bowel, may not be amenable to 
percutaneous ablation. However, nontarget structures such as 
the gallbladder, diaphragm, and bowel can often be displaced 
by hydrodissection, and many tumors can then be successfully 
treated. 21 Uncorrectable coagulopathies have traditionally 
been considered contraindications to tumor ablation. With the 
ability to perform intraprocedural cautery with heat-based 
ablation, many centers are adopting more liberal coagulation 
parameter guidelines. Extrahepatic metastatic disease is typi¬ 
cally a contraindication to ablation therapy unless the goal is 
tumor debulking in the setting of an indolent malignant neo- 
plasm. 106 Finally, 40% to 50% of patients who have undergone 
prior biliary sphineterotomy or surgery will develop a postabla- 
tion abscess, despite prophylactic antibiotic therapy. 

Coagulation parameters should be evaluated before hepatic 
tumor ablation is performed. The most widely accepted guide¬ 
lines suggest that the patient have an INR below 1.5 and a 
platelet count of more than 50,000/pL before undergoing per¬ 
cutaneous hepatic tumor ablation. 123 Anticoagulant and anti- 
platelet medication therapies are typically held for 5 to 7 days 
before the procedure, although the risk of complications from 
withholding of these medications must also be considered, par¬ 
ticularly in patients with recently placed coronary artery stents. 

Guidance and Technique 

Most hepatic tumor ablation procedures are performed under 
general anesthesia, given the pain resulting from tissue heating. 
General anesthesia also provides for more reliable breath 
holding, which is essential for accurate probe placement. Con- 
tinuous sonographic guidance is most frequently used for both 
probe placement and monitoring of the ablation zone, although 
CT guidance is occasionally necessary for lesions that are sono- 
graphically occult. At the completion of the ablation procedure, 
many centers elect to perform a contrast-enhanced CT exami- 
nation to ensure that the ablation zone appropriately encom- 
passes the tumor (Fig. 84-8). Whereas a margin of 5 mm is 
acceptable for HCC, margins of at least 1 cm are suggested for 
hepatic metastases because of the high prevalence of metastatic 
tumor cells beyond the visible tumor margin. 124125 

Fluid injected into the peritoneal Space (artificial ascites) or 
other body cavities can be used to decrease postprocedural body 
wall pain or to displace bowel or other nontarget collateral 
organs. 120,121,126 Dextrose in water is the preferred fluid for use 
with RF ablation as the nonionic nature prevents electrical 
current conduction. Saline is an ionic medium that allows the 
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Figure 84-8 Microwave ablation of HCC. 

Biphasic CT demonstrates an arterially enhancing 
left hepatic lobe lesion (A) with central portal 
venous washout (B) in a cirrhotic patient who met 
imaging OPTN criteria for HCC. Subsequent 
ultrasound demonstrates placement of two 
microwave antennas into the hypoechoic lesion 
(C), with gas covering the lesion during the 
ablation (D). E. Postablation CT demonstrates no 
evidence of residual enhancement; the effect of 
cautery along the track of the ablation antennas is 
readily visible. 


propagation of electricity. Either fluid is acceptable for use with 
MW ablation. Iodinated contrast material can be added to any 
fluid for improved visualization on intraprocedural CT. 12 

Results 

HCC. The results after treatment of HCC with RF or MW abla¬ 
tion are dependent primarily on tumor diameter. Treatment of 
tumors smaller than 3 cm is associated with excellent local 
tumor control, with survival equivalent to that of surgical 
resection. 128130 Local tumor control decreases for tumors larger 
than 3 cm. Recent work exploring the combination thermal 
ablation and intra-arterial therapies (such as TACE) demon¬ 
strates promising results for local control for intermediate-size 
tumors (3-5 cm in diameter). 131 Local therapy must be per- 
formed with the understanding that it is not only HCC but also 
the patient s underlying liver disease that is life limiting. Many 
patients die of underlying liver failure rather than of HCC. 

Metastatic Disease. Survival after treatment of metastases with 
RF ablation is superior to that with chemotherapy alone but 


may be slightly worse than with liver resection. However, no 
randomized controlled trials have been performed comparing 
ablation and resection for patients who are candidates for either 
treatment, and most ablation series include patients who are 
not surgical candidates with substantial comorbidities. 132,133 
Similar to the results with HCC, smaller tumors (<3-4 cm) are 
associated with lower local tumor progression than larger 
tumors. Survival after RF ablation of colorectal liver metastases 
ranges from 91% to 93% at 1 year, 28% to 69% at 3 years, and 
25% to 46% at 5 years. 134136 

Complications 

Mortality rates after hepatic tumor ablation are low and range 
from 0.1% to 0.5%, most commonly resulting from liver failure, 
sepsis, or portal venous thrombus. Major complications are 
seen in approximately 2% to 3% and include hemorrhage, 
hepatic abscess, liver failure, and bile duet injury. As mentioned 
previously, patients who have undergone prior biliary sphinc- 
terotomy or stent placement are at mueh higher risk of hepatic 
abscess formation after the procedure. Tumor applicator track 
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seeding is uncommon but can be an important complication in 
the setting of HCC. The incidence of track seeding varies, but 
a median risk is approximately 0.6% after HCC ablation. 1 7,138 
When tumor does seed along the ablation track, it should have 
the same enhancement characteristics as the primary tumor. 
Either follow-up imaging or biopsy is necessary to differentiate 
between postablation inflammatory soft tissue and applicator 
track seeding. 139 

Postablation syndrome is manifested by influenza-like 
symptoms beginning 48 hours after the procedure, generally 
resolving by 7 days after the procedure. Although uncomfort- 
able, it is generally not a serious complication and can be 
managed with anti-inflammatory medications and supportive 
care. Cryoshock can be a severe complication related to release 
of intracellular contents into the circulation, which can result 
in disseminated intravascular coagulation, hepatic and renal 
failure, and death. 138 This syndrome is seen almost exclusively 
in cirrhotic patients treated with cryoablation. 

Follow-up 

The timing of follow-up imaging examinations is specific to 
individual institutions, but follow-up scans should be per- 
formed several times in the first year after ablation to evaluate 
for local tumor progression, development of new disease, and 
postablation complications. CT and MRI are the most common 
methods of imaging follow-up, although positron emission 
tomography (PET)/CT has been shown to be useful for certain 
tumors. CT or MRI performed 1 to 3 months after ablation 
typically demonstrates a nonenhancing ablation zone, usually 
larger than the original tumor because of the ablative margin. 
A thin rim of peripheral enhancement is commonly seen sec- 
ondary to inflammation or hyperemia and should not be 
misconstrued as local tumor progression. The central ablation 
zone will demonstrate a high-attenuation TI hyperintense 
center corresponding to desiccated tissues and biood products. 
The ablation zone should progressively decrease in size during 
6 to 12 months but may remain visible for several years. If 
track cautery was used during withdrawal of the ablation 
applicator, the track is often seen with characteristics similar 
to those of the ablation zone. 140 Local tumor progression, if 
present, will generally be seen as irregular nodular enhance¬ 
ment at the periphery of the ablation zone and will have 
imaging Åndings similar to residual disease. MRI is typically 
more sensitive than CT in identifying residual disease or local 
progression. Residual tumor at MRI demonstrates T2 hyper- 
intensity (in contrast to the T2 hypointensity of the ablation 
zone). Diffusion-weighted images can be helpful to identify 
small residual tumor nodules. 141 

A variety of postablation complications are possible. Biliary 
duet injury typically is manifested with focal biliary ductal 
dilation due to a more central stricture. Bilomas are also pos¬ 
sible. Gallbladder injury is manifested with gallbladder wall 
thickening and pericholecystic fluid. Hepatic abscess is common 
after ablation in patients with previous biliary manipulation 
and is manifested as enlargement of the ablation zone or an 
intrahepatic collection. Gas is common within the ablation 
zone immediately after the procedure, but if the amount of 
gas inereases on subsequent examinations, this is concerning 
for ablation zone infeetion. Bowel injury is manifested with 
focal bowel wall thickening and mucosal hyperenhancement. 
Finally, the hepatic vasculature should be evaluated on 
follow-up imaging as portal vein thrombosis, hepatic arterial 


pseudoaneurysm, and hepatic infaretion have been reported 141 
(Fig. 84-9). 

ENDOVASCULAR INTRA-ARTERIAL THERAPIES 

Transcatheter intra-arterial therapies have been developed for 
the treatment of both primary and secondary hepatic malig- 
nant neoplasms. The goal of intra-arterial therapy is to selec- 
tively deliver anticancer treatment to tumors with the hope of 
achieving reduced toxicity profiles and tumor response. The 
basis for intra-arterial therapy of liver tumors stems from the 
dual biood supply to the liver. Hepatic neoplasms preferentially 
receive most of their biood flow from the hepatic arterial system, 
whereas normal liver parenchyma derives approximately 70% 
of its biood flow from the portal vein. This duality allows 
catheter-based therapies such as transarterial embolization, 
hepatic intra-arterial chemoinfusion, TACE and DEB-TACE, 
and transarterial radioembolization to selectively target tumors 
and to spare normal parenchyma. 

Transarterial Chemoembolization 

Brief Rationale. TACE with the use of anticancer drugs fol- 
lowed by Gelfoam embolization for unresectable HCC was 
introduced in the late 1970s by Yamada and associates. 142 TACE 
is defined as the infusion of a mixture of chemotherapeutic 
agents with or without iodized oil followed by embolization 
with particles. The goal of chemoembolization is to expose 
tumors to high concentrations of a local chemotherapeutic 
agent in a hypoxic environment with minimal systemic drug 
bioavailability. Ischemia induced by embolization may result in 
failure of transmembrane pumps, thus allowing inereased 
absorption of the agents by the cells with decreased washout. 

There is no consensus on the type or concentration of che¬ 
motherapeutic agents used in TACE. The most common mul- 
tidrug combination used in the United States is a mixture of 
mitomycin C, doxorubicin, and cisplatin. Doxorubicin is the 
most commonly used single-agent regimen worldwide. Regard- 
less of the chemotherapeutic regimen, the drugs are emulsified 
in Lipiodol, an oily contrast agent that acts as a carrier of the 
chemotherapeutic agents and accumulates selectively within the 
neovasculature and extravascular spaces of liver tumors. 143,144 
Multiple different agents have also been used for embolization 
of the target vessel after infusion of the Lipiodol chemothera¬ 
peutic agent mixture, including absorbable gelatin sponge, 
polyvinyl aleohol particles, and trisaeryl gelatin microspheres. 

Indications and Contraindications. The indications for TACE 
for HCC have become more standardized as described before. 
Currently, TACE is recommended for unresectable intermediate- 
stage HCC (BCLC stage B or Child-Pugh class A/B with large 
or multifocal HCC and no vascular invasion or extrahepatic 
spread). 19,108 It has recently been reported that TACE may also 
be safely performed in select patients with portal vein throm¬ 
bosis with no inerease in morbidity or mortality. 145,146 TACE 
may also be considered in combination therapies with ablation, 
in patients with recurrence after curative therapy, and in poten¬ 
tial transplant recipients to avoid progression of disease and 
subsequent removal from the transplant waiting list. TACE has 
also demonstrated an effeetive role for the palliative treatment 
of multiple hepatic malignant neoplasms, including cholangio- 
carcinoma as well as neuroendocrine, colorectal, uveal mela- 
noma, and breast metastases. 14 152 General exelusion criteria 
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Figure 84-9 Portal vein 
thrombosis after microwave 
ablation. A. Portal venous phase 
CT demonstrates an exophytic 
lesion arising from the caudate 
lobe that met imaging criteria 
for HCC, which underwent 
percutaneous microwave 
ablation. B. Subsequent CT 
demonstrates the immediate 
postablation appearance. C. CT 
performed at 1 month after the 
procedure demonstrates 
nonocclusive portal venous 
thrombus, a complication of the 
ablation procedure. D. The 
patient was prescribed warfarin 
and the thrombus resolved, as 
seen on the CT performed at 
1 year after the procedure. 


for TACE have not been well defined. Multiple factors are 
associated with increased periprocedure mortality, including 
the combination of elevated bilirubin levels above 2 mg/dL, 
more than 50% tumor burden, lactate dehydrogenase levels 
greater than 425 mg/dL, and aspartate aminotransferase levels 
greater than 100 IU/L. 153 Child-Pugh class C liver disease, ele¬ 
vated bilirubin levels above 3 mg/dL, and elevated MELD (>10) 
or CLIP (>2) scores also are relative contraindicationsA 4 

Guidance and Technique. After proper patient selection based 
on imaging and clinical Åndings, TACE is performed with 
standard endovascular techniques. Review of preoperative 
imaging is imperative for comprehensive evaluation of possible 
variant hepatic arterial anatomy, presence of extrahepatic 
tumoral biood supply, and portal vein patency. Selective angi- 
ography of the celiac and superior mesenteric arteries is per¬ 
formed to assess for variant hepatic arterial anatomy with 
imaging through the portal venous phase to confirm patency 
of the portal venous system. Various microcatheters are avail- 
able for subsequent superselective angiography of the intrahe- 
patic arterial vasculature. TACE can be performed from the 
subsegmental to the lobar level, depending on the type and 
number of tumors to be treated. The use of cone-beam CT 
during TACE procedures has been shown to be associated with 


improved survival outcomes, identifkation of extrahepatic 
tumoral biood supply, and decreased risk of nontarget che- 
moembolization. 155 Intermittent infusion of 1% lidocaine 
between aliquots of the chemotherapy/Ethiodol slurry can 
decrease postembolization pain. After the procedure, patients 
are admitted to the hospital for overnight observation and 
pain control. Some centers recommend antibiotic treatment 
for 3 to 7 days after TACE to cover gram-negative enteric 
pathogens, with prolonged treatment of 2 weeks for patients 
with a disrupted sphincter of Oddi; however, the data regard- 
ing this practice are inconclusive. 154 Repeated treatment with 
TACE for new or residual disease is evaluated on a patient- 
by-patient basis, with planned consecutive treatments at least 
3 weeks apart (Fig. 84-10). 

Results 

HCC . Multiple large case series have been reported showing the 
efficacy of conventional TACE for carefully selected patients 
with HCC. Randomized controlled trials have demonstrated 
that TACE provides a statistically significant benefit in survival 
and tumor response over the best supportive care measures. 156,157 
A large systematic review showed survival rates for patients with 
HCC undergoing TACE after the year 2000 at 1, 3, and 5 years 
of 71% ± 18%, 34% ± 13%, and 14% ± 10%. 158 Another large 
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Figure 84-10 Transarterial 
chemoembolization of HCC. 

A. Selective angiography of the 
left hepatic artery demonstrates 
a 5-cm hypervascular mass 
consistent with hepatocellular 
carcinoma. B. Angiogram of the 
common hepatic artery after 
transarterial chemoembolization 
demonstrates no evidence of 
arterial enhancement within 
the treated lesion. C and D. 
Follow-up CT examination in the 
late arterial and portal venous 
phases demonstrates dense 
Lipiodol uptake within the left 
lateral aspect of the lesion 
(white arrow). At the right lateral 
aspect, there is persistent arterial 
enhancement and portal venous 
washout with rim enhancement 
consistent with residual 
untreated tumor (black arrow). 



prospective cohort study of 8510 patients showed an overall 
median survival of 34 months with 1-, 3-, and 5-year survival 
rates of 82%, 47%, and 26%, respectively. 159 Currently, studies 
are investigating the effect of the combination of TACE with 
systemic molecular targeted therapies such as sorafenib, a mul- 
tikinase inhibitor with antiangiogenic and antiproliferative 
effects that has shown survival benefit in patients with advanced 
HCC. An interim analysis of one of these studies has shown that 
this combination results in increased tumor response and time 
to progression. 160 

Metastatic Disease and Cholangiocarcinoma. Overall 
median survival for patients with unresectable intrahepatic 
cholangiocarcinoma treated with TACE has been reported at 
13 months with 1-, 3-, and 5-year survival rates of 52%, 29%, 
and 10%. 147 Child-Pugh class A liver dysfunction, hypervascular 
tumors, and initial tumor response were found to be factors 
associated with statistically significant increase in patient sur¬ 
vival. TACE not only has shown a survival benefit in patients 
with metastatic neuroendocrine disease to the liver but also 
has a significant symptomatic benefit for patients suffering 
from carcinoid syndrome, with a symptomatic response rate 
of 60% to 95% for 20 to 85 months and a 5-year survival of 
between 50% and 65%. Bland transarterial embolization has 
shown similar response rates. 48 A median survival time of 9 
to 14 months has been reported for patients undergoing TACE 
for unresectable colorectal liver metastases after failure of stan¬ 
dard chemotherapy protocols, with a significant increase in 
median survival when TACE was implemented after first- or 


second-line systemic therapy compared with third- to fifth-line 
therapies. 149 ’ 150 

Complications. Postembolization syndrome, consisting of 
transient fever, pain, elevation of hepatic transaminases, and 
increased white biood cell count, can be seen in 60% to 80% of 
patients undergoing TACE. This is not considered a complica- 
tion but rather an expected procedural outcome. The incidence 
of major complications after TACE ranges from 1% to 7.5%; 
these include liver failure, abscess, cholecystitis, biloma requir- 
ing percutaneous drainage, pulmonary arterial oil embolus, 
gastrointestinal hemorrhage or ulceration from nontarget 
embolization, renal dysfunction, and iatrogenic hepatic artery 
injury preventing treatment. The 30-day mortality after TACE 
is approximately 1% to 2.5% and has been most commonly 
reported secondary to acute liver failure but also can be second- 
ary to acute renal failure, upper gastrointestinal bleeding, tumor 
rupture, and sepsis. 158 

Follow-up. Follow-up imaging after TACE is usually performed 
4 to 6 weeks after all tumor-bearing areas have been treated; 
however, some physicians may perform imaging studies between 
staged bilobar treatments. Assessment of tumor response after 
TACE is generally based on iodized oil deposition on unen- 
hanced CT and tumor enhancement and size on postcontrast 
CT or MR images. High concentrations of iodized oil within a 
lesion after TACE may make assessment of enhancing tumor 
difficult. MRI may have advantages over CT for assessing tumor 
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viability after TACE as iodized oil does not affect MR signal 
intensity. 161,162 One early study has shown that dual-energy CT 
can be used to improve evaluation for residual disease after 
TACE. 163 Hypovascular tumors, such as cholangiocarcinoma 
and various metastatic lesions such as breast cancer, may also 
demonstrate a decrease in overall tumor enhancement after 
TACE. 

Drug-Eluting Bead Chemoembolization 

Brief Rationale. Chemoembolization with drug-eluting beads 
is a recent advance in transarterial oncologic therapies with the 
goal of enhancing the delivery of potent chemotherapeutic 
agents to the site of tumor. Chemotherapeutic agents are loaded 
into polyvinyl alcohol-based microspheres, which allows fixed 
dosing and controlled and sustained release of the agents locally 
after embolization. Significant reductions in peak plasma con- 
centrations of chemotherapeutic agents after DEB-TACE com- 
pared with conventional TACE have been shown, which may 
suggest a higher concentration of the drug in the tumoral 
microenvironment compared with the systemic circulation. 164,165 
This may result in more potent tumoricidal effect with a 
decrease in systemic side effects. Currently, the two most 
common chemotherapeutic agents being used for DEB-TACE 
are doxorubicin for HCC and irinotecan for metastatic colorec- 
tal cancer. 

Indications and Contraindications. The indications for and 
contraindications to DEB-TACE in the setting of primary or 
metastatic liver disease are similar to those reported for conven¬ 
tional TACE. 166 

Guidance and Technique. The endovascular approach to DEB- 
TACE is similar to conventional TACE. The dose of doxorubicin 
administered during a single treatment for HCC can vary on 
the basis of individual patient- and tumor-related factors but 
usually consists of either 75 mg of doxorubicin loaded into one 
vial of microspheres or 150 mg of doxorubicin loaded into two 
vials of microspheres. 167 The administered dose of irinotecan 
for metastatic colorectal cancer usually is 100 mg loaded into 
one vial of microspheres. 1 The size of microspheres used for 
DEB-TACE varies; 100- to 300-pm beads are recommended on 
the basis of the expected distribution inside the tumor or close 
to the tumor margin. 169 Loaded microspheres should be mixed 
with a nonionic contrast medium before injection to aid in 
visualization during treatment. Similar to conventional TACE, 
treatment with drug-eluting beads can be performed from a 
subsegmental to a lobar level, depending on the type and 
number of tumors to be treated. Injection should be performed 
at a slow, controlled rate and continued until near stasis is 
observed or the entire dose has been administered. Meticulous 
attention to technique should be observed to avoid nontarget 
extrahepatic embolization. After the procedure, patients are 
admitted to the hospital for pain control. Repeated treatment 
with DEB-TACE for bilobar disease can be performed 2 to 4 
weeks after the original treatment in the absence of complica- 
tions, whereas a 4- to 8-week interval for re-treatment is recom¬ 
mended for residual disease. 16 

Results. A large, multicenter randomized controlled trial com- 
paring conventional TACE to DEB-TACE with doxorubicin for 
patients with unresectable HCC in BCLC classes A and B 
showed no statistically significant differences with respect to 


tumor response. However, patients treated with DEB-TACE 
demonstrated improved tolerability with a statistically signifi¬ 
cant decrease in serious liver toxicity and a lower rate of 
doxorubicin-related side effects. 170 A randomized controlled 
trial comparing DEB-TACE to bland embolization demon¬ 
strated a significant difference in time to progression, with 
lower rates of recurrences and higher rate of complete response 
at 9 and 12 months. 171 Survival rates at 1, 3, and 5 years have 
been reported at 90% to 94%, 62% to 66%, and 23% to 38%, 
respectively, for patients with BCLC class A and B disease, with 
an overall median survival ranging from 44 to 49 months. 1 

The efficacy of DEB-TACE with irinotecan for the treatment 
of metastatic colorectal cancer refractory to systemic chemo- 
therapy has been reported by a multicenter single-arm study, 
with overall survival of 19 months and progression-free survival 
of 11 months. 168 

Complications. The incidence of postembolization syndrome 
with DEB-TACE is similar to that with conventional TACE; 
mild symptoms are reported in up to 86.5% of patients. Minor 
complications after DEB-TACE include cholecystitis, pleural 
effusion, and skin erythema after embolization of extrahepatic 
collateral vessels, with reported rates of less than 5%. Major 
complications include acute liver failure, abscess formation, and 
upper gastrointestinal tract bleeding, with 30-day mortality 
rates reported from 0% to 3.6%. 174,175 

Follow-up Imaging. Follow-up imaging protocols are similar 
to those for conventional TACE. Initial imaging is performed 4 
to 6 weeks after treatment with dynamic CT or MRI. Assess- 
ment of tumor response is based on size and enhancement 
characteristics. 

Transarterial Radioembolization 

Brief Rationale, Indications, and Contraindications. Whole 
liver external beam radiation therapy has had a limited role in 
the treatment of both primary and metastatic liver malignant 
neoplasms because of the relative radiosensitivity of normal 
hepatic tissue. Radiation-induced hepatitis has been observed 
in doses exceeding 35 Gy, which is below the estimated tumori¬ 
cidal dose of 50 to 70 Gy. 176,17 Transarterial radioembolization 
has been developed as a method of selectively administering 
microspheres loaded with a radioisotope, yttrium 90 ( 90 Y), into 
the hepatic arteries supplying the tumor to achieve radiation 
doses as high as 150 Gy without development of the clinical 
complications seen with external beam therapy. 7 90 Y is a pure 
beta emitter with a half-life of 64.2 hours that decays to stable 
zirconium 90. The emissions have a mean tissue penetration of 
2.5 mm with a maximum reach of 11 mm. Radioembolization 
results in localized generation of oxygen free radicals of water 
molecules near to the tumor celEs DNA. In the presence of 
normal oxygen tension, permanent DNA damage is caused and 
results in apoptosis. 176 

There are currently two commercially available radioembolic 
agents. Theraspheres (MDS Nordion, Ottawa, Ontario, Canada) 
are glass microspheres ranging in diameter from 20 to 30 pm. 
SIR-spheres (Sirtex Medical, North Ryde, Australia) are resin 
microspheres ranging in diameter from 20 to 60 pm. Radioem¬ 
bolization with 90 Y has been shown to have clinical benefit in 
HCC, intrahepatic cholangiocarcinoma, and metastatic disease 
from colorectal, neuroendocrine, breast, and uveal melanoma 
primary malignant neoplasms. 178 ' 186 Patients considered for 
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radioembolization therapy should have unresectable hepatic 
primary or metastatic cancer with liver-dominant tumor 
burden and a life expectancy of more than 3 months. 187 Patients 
presenting with branch portal vein invasion and good liver 
function may also be considered for radioembolization as 
hepatic arterial inflow is maintained after treatment. 188 Contra- 
indications to radioembolization therapy include a pretreat- 
ment technetium Tc 99m macroaggregated albumin scan 
demonstrating the potential for 30 Gy or more of radiation 
exposure to the lung or flow to the gastrointestinal tract that 
cannot be corrected by catheter embolization techniques, a 
limited hepatic reserve, a bilirubin level of more than 2 mg/dL 
without a reversible cause, and a history of prior radiotherapy 
involving the liver. 1 " 

Guidance and Technique. After careful patient selection, pref- 
erably by multidisciplinary consensus involving medical oncol- 
ogy, surgical oncology, radiation oncology, and interventional 
radiology, treatment with 90 Y microspheres involves at least a 
two-stage process. Patients undergo a vascular mapping proce¬ 
dure by standard endovascular techniques to delineate the mes- 
enteric and hepatic arterial biood supply to the intended 
targeted treatment area and to identify any variant hepatic arte¬ 
rial anatomy that may require separate treatment sessions. Pro- 
phylactic embolization of extrahepatic arteries, such as the 
gastroduodenal and right gastric arteries, may be performed to 
isolate the hepatic arterial circulation and to decrease the risk 
of nontarget radioembolization to the gastrointestinal tract. 
Finally, 99m Tc-macroaggregated albumin is injected with the 
catheter position and flow rate that mimics the anticipated 90 Y 


injection, with subsequent scintigraphic imaging to evaluate for 
hepatopulmonary shunting or gastrointestinal tract uptake. 
The dose of 90 Y microspheres to be delivered is then calculated 
on the basis of the chosen particles (glass vs. resin micro¬ 
spheres), the intended treatment volume (whole vs. lobar vs. 
segmental treatment), and the percentage of pulmonary shunt¬ 
ing. The treatment session should take place 1 to 3 weeks after 
the vascular mapping procedure, and arteriography is per¬ 
formed before 90 Y microsphere injection to evaluate for revas- 
cularization of extrahepatic branches that may result in 
nontarget radioembolization. If bilobar treatment is planned, 
the second treatment is usually performed 4 to 6 weeks after the 
first treatment. 

Results. The results of treatment of HCC with 90 Y microspheres 
depends on multiple clinical factors including clinical stage at 
presentation, presence of portal vein thrombosis, performance 
status, hepatic reserve, and presence of extrahepatic disease. 
Two large studies demonstrated median survival of 24.4 to 26.9 
months for BCLC class A, 16.9 to 17.2 months for BCLC class 
B, and 7.3 to 10.0 months for BCLC class C. 178,179 Patients with 
Child-Pugh class A liver disease and branch portal vein throm¬ 
bosis demonstrated a median survival of 16.6 months com- 
pared with 7.7 months in Child-Pugh class A with main portal 
vein thrombosis, 6.5 months in Child-Pugh class B with branch 
portal vein thrombosis, and 4.5 months in Child-Pugh class B 
with main portal vein thrombosis. 178 Treatment of HCC with 
90 Y microspheres has also been reported as a measure for down- 
staging patients to more curative therapies, such as ablation, 
resection, and liver transplantation 178,179 (Fig. 84-11). 



Figure 84-11 HCC with tumor thrombus treated with 90 Y transarterial radioembolization. A and B. Portal venous phase MRI demonstrates 
an infiltrative lesion with central portal venous washout and rim enhancement. Enhancing tumor thrombus (arrow) as well as nonenhancing bland 
thrombus ( arrowhead) is identified in the left main portal vein. C. Selective left hepatic angiography demonstrates a hypervascular mass in 
segment IV. D. Intraprocedural CT after direct injection of iodinated contrast material into the left hepatic artery confirms tumor thrombus (arrow) 
in the left main portal vein. 90 Y glass microspheres were administered into the left hepatic artery. E and F. Portal venous phase imaging 3 years 
after 90 Y injection demonstrates complete response to therapy, changes of radiation segmentectomy, and a widely patent left portal vein. 
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Response rates for patients with unresectable intrahepatic 
cholangiocarcinoma vary significantly on the basis of prepro- 
cedure performance status, with a median survival of 18.3 to 
29.4 months for patients with Eastern Cooperative Oncology 
Group (ECOG) 0 performance status compared with 7 to 10 
months for ECOG 1 and 3 to 5.1 months for ECOG 2. 180,181 In 
the setting of salvage treatment of colorectal metastatic disease 
after failure of at least three lines of chemotherapy, patients who 
responded to radioembolization treatment (by imaging or bio- 
chemical tumor assay) demonstrated a median survival of 10.5 
months compared with 4.5 months for nonresponders and his- 
torical Controls. 182 With regard to neuroendocrine liver metas¬ 
tases, a large multicenter retrospective series demonstrated 
stable disease in 22.7%, partial response in 60.5%, complete 
response in 2.7%, and progressive disease in 4.9%, with an 
overall median survival of 70 months. 184 

Complications. The most common minor complication is 
postradioembolization syndrome, which can affect 20% to 55% 
of patients and is characterized by clinical symptoms of fatigue, 
nausea, vomiting, anorexia, fever, abdominal discomfort, and 
cachexia. 189 Other potential complications include radiation- 
induced liver disease (0%-4%); biliary sequelae, such as biliary 
stricture, necrosis, or radiation cholecystitis (<10%); radiation 
pneumonitis (<1%); and gastrointestinal ulceration (<4%). 189 
The mild adverse events and constitutional symptoms second- 
ary to 90 Y microsphere radioembolization rarely require hospi- 
talization, whereas the serious adverse events can be mitigated 
by proper patient selection, appropriate dosimetry methods, 
and meticulous technique. 

Follow-up. Patients are usually followed up clinically 2 weeks 
after treatment with a review of systems, physical examination, 
and routine laboratory tests. Routine imaging performed 
with CT or MRI at 4 to 6 weeks after treatment is common at 
many centers. Early imaging after 90 Y microsphere radioembo¬ 
lization often demonstrates hepatic parenchymal edema, and 
lesions may mildly increase in size but usually show signal 
intensity or attenuation differences. Assessment of enhance- 
ment at early imaging by the modified response evaluation 
criteria in solid tumors (mRECIST) or the European Associa¬ 
tion for the Study of the Liver (EASL) criteria correlates with 
response on follow-up imaging. Full treatment response by size 
criteria is usually evident by 3 months after treatment with 
resolution of the acute radiation changes. PET/CT may show 
earlier decreases in metabolic activity for FDG-avid lesions at 6 
weeks after treatment, but PET/CT has limited sensitivity for 
detecting activity in small lesions. 


COMBINATION INTERSTITIAL AND 
ENDOVASCULAR THERAPY 

Ablation and TACE 

Brief Rationale and Indications. Ablative therapies for HCC 
have shown promising results and may be equivalent to surgi- 
cal resection for some cases, particularly when tumors are 
smaller than 3 cm. 190 For tumors larger than 3 cm, it is dif- 
ficult to ablate all viable tumor tissue and to create an adequate 
tumor-free margin. Also, the presence of satellite nodules is 
more commonly seen in larger tumors. Combination therapy 
consisting of TACE followed by ablation has been increasingly 
used to obtain larger ablation zones and to achieve better local 
control in patients with tumors larger than 3 cm. 191 The syn¬ 
ergistic effect of combination therapy results from the occlusion 
of hepatic arterial flow by embolization, which reduces the 
cooling effect of hepatic biood flow on thermal coagulation. 
In addition, Lipiodol hils the peripheral portal veins surround- 
ing the tumor through multiple arterioportal Communications 
and thus reduces portal flow. The tumoricidal effect of anti- 
cancer agents is enhanced by hyperthermia, which may result 
in cell death in marginal areas of the ablation zone that reach 
sublethal temperatures. Finally, TACE may also help control 
the small satellite microlesions not encompassed in the abla¬ 
tion zone. 

Results. Multiple studies have demonstrated that combination 
therapy of TACE followed by RF ablation results in signifi¬ 
cantly lower local tumor progression rates with improved 
survival rates for tumors larger than 3 cm compared with 
RF ablation alone. 192-194 A randomized study comparing com¬ 
bination therapy with RF ablation alone for recurrent HCC 
also demonstrated significantly decreased local tumor progres¬ 
sion rates and improved overall survival at 1, 3, and 5 years 
for combination therapy compared with RF ablation alone 
for lesions larger than 3 cm; however, these differences were 
found not to be significant in patients with recurrences smaller 
than 3 cm. 195 A randomized study of patients with HCCs 
smaller than 3 cm also failed to show a benefit of combina¬ 
tion therapy compared with RF ablation alone, with equivocal 
rates of local tumor progression and overall survival at 1, 2, 
3, and 4 years. 196 Combination therapy may also prove useful 
for lesions in anatomically difficult locations (i.e., subcapsular 
or caudate lobe lesions), residual disease after primary abla¬ 
tion not amenable to re-treatment, and lesions difficult to 
identify on ultrasound imaging alone. 197 200 Complication rates 
for combination therapy have been reported to be similar to 
those of the treatments separately without additive effect. 
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The diagnostic pitfalls in cross-sectional imaging studies of the 
liver include variants of normal anatomy, developmental anom¬ 
alies, and postsurgical changes. Others are often related to intra- 
venous contrast material and scanning at various hepatic 
phases. This chapter focuses on anatomic variants and anoma¬ 
lies and describes how they can be recognized because they may 
simulate pathologic processes. 

Whereas congenital abnormalities of human liver are 
rare, hepatic anatomic variants are relatively common and 
represent normal interindividual variation of liver morphol- 
ogy. Such variants include diaphragmatic slips, “siiver of 
liver” (a leftward extension of the lateral segment of the left 
lobe), and variants related to the papillary process of the 
caudate lobe. 

There are many kinds of congenital hepatic abnormalities 
that result from disturbed development of the liver. There are 
many variations of the hepatic vascular anatomy that may affect 
liver morphology. 13 The anomalies that result from excessive 
development of hepatic tissue occur as a lobar anomaly and 
include RiedeFs lobe as well as other accessory lobes. Those 
resulting from defective development of the liver include agen¬ 
esis, hypoplasia, and aplasia of the right or left hepatic lobes. 
Agenesis refers to complete absence of a lobe, whereas hypopla¬ 
sia represents a small hepatic lobe that is diminutive but other- 
wise normal. Aplasia is defrned as a small lobe that is structurally 
abnormal and contains abundant connective tissue, scattered 
hepatic parenchyma, numerous bile duets, and abnormal biood 
vessels. 4,5 

The position and orientation of the liver may also be altered 
during embryologic development, resulting in situs inversus, 
situs ambiguus, and liver herniation. Bipartite liver is extremely 
rare and occurs when the right and left hepatic lobes are in their 
respective upper quadrants and are connected by a bridge of 
tissue. 


Hepatic Embryology 

During the third week of fetal life, the liver primordium appears 
as an outgrowth of endodermal epithelium at the distal end of 
the foregut. This outgrowth, known as the hepatic diverticulum 
or liver bud, consists of rapidly proliferating cell strands that 
penetrate the septum transversum, which is the mesodermal 
plate between the primitive heart and the stalk of the yolk sac. 
While the hepatic cell strands continue to penetrate into the 
septum transversum, the connection between the hepatic diver¬ 
ticulum and the distal foregut narrows, thus forming the bile 
duet. 

With further development, the epithelial liver cords inter- 
mingle with the vitelline and umbilical veins, forming the 
hepatic sinusoids (Fig. 85-1). The liver cords differentiate in the 
hepatocytes and form the lining of the biliary duets. The Kupffer 
cells and connective tissue cells of the liver are derived from the 
mesoderm of the septum transversum. 6 

Normal Anatomic Variants 

ACCESSORY FISSURES AND 
DIAPHRAGMATIC SLIPS 

The two main fissures of the liver are the fissures for the falci- 
form ligament and the ligamentum venosum. However, the 
liver may also contain accessory and pseudoaccessory fissures. 
True accessory fissures are rare and are the result of an inward 
folding of the peritoneum, usually involving the undersurface 
of the liver. The most common one is the inferior accessory 
fissure, which divides the posterior segment of the right hepatic 
lobe into lateral and medial portions. 7 ' 10 

Pseudoaccessory fissures are common anatomic variants 
that result from invaginations of diaphragmatic muscle fibers, 
usually along the superior surface of the liver (Fig. 85-2). 
They are more frequently seen involving the right hepatic 
lobe, but they can occur on the left as well. 6 These infoldings 
of the diaphragm often seen in elderly patients can give the 
liver a scalloped or a lobular appearance and should not be 
mistaken for macronodular liver in cirrhosis. They can also 
be a cause of hypodense peripheral pseudomasses on CT 
(Fig. 85-3). On ultrasound, they may occasionally appear as 
an echogenic focus in one plane; however, on scanning in 
the orthogonal plane, the true linear morphology of a fissure 
is revealed. 

SLIVER OF LIVER 

Leftward extension of the lateral segment of the left hepatic lobe 
is referred to as siiver of the liver. It is a common anatomic 
variant and appears as a crescentic density that wraps around 
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Figure 85-1 Embryonic development of the liver # pancreas, extrahepatic biliary apparatus, and duodenum. Appearance at 4 weeks (A), 
5 weeks (B and C), and 6 weeks (D). (A-D from Gray SW, Skandalakis JE: Embryology for Surgeons. Philadelphia, WB Saunders, 1972.) 



Figure 85-2 Diaphragmatic invagination in the liver. As a result of 
invagination of the diaphragmatic slips along the superior aspect of 
the liver, pseudoaccessory fissures are formed. 


the spleen (Fig. 85-4) and may lie lateral, medial, and even 
posterior to the spleen. It is important not to confuse this 
variant with either perisplenic or perigastric disease. On ultra- 
sound, this variant can mimic perisplenic hypoechoic collec- 
tions, and the correct diagnosis is achieved by using color 
Doppler imaging and doeumenting continuity with the remain- 
der of the left hepatic lobe. 11 


PAPILLARY PROCESS OF THE CAUDATE LOBE 

The caudate lobe is a portion of the liver that extends medially 
from the right lobe between the inferior vena cava and the 
fissure for the ligamentum venosum. On occasion, it is divided 
into two processes. The anterior medial extension of the caudate 
lobe is known as the papillary process, which extends anteriorly 
and to the left in the region of the lesser sac. The posterior 
extension is referred to as the caudate process. Below the porta 
hepatis, this papillary process can appear separate from the 
caudate process by a cleft in its inferior margin and can mimic 
a periportal node or a mass near the head of the pancreas or 
near the inferior vena cava 6,7 (Fig. 85-5). However, on multide- 
tector computed tomography (CT) and by use of multiplanar 
reformation, this anatomic variant is easily recognizable. 

Anatomic Anomalies 

RIEDEL'S LOBE 

Described by Bernhard Moritz Carl Ludwig Riedel, a German 
surgeon (1846-1916), RiedeFs lobe is the most common acces- 
sory lobe of the liver, and it is seen most frequently in asthenic 
women. It is a tonguelike projection from the anterior aspect of 
the right lobe of the liver that can extend quite inferiorly in 
some patients. It usually extends along the right paracolic gutter 
into the iliae fossa (Fig. 85-6) and can be 20 cm or more in 
length. On physical examination, this anomaly can be mistaken 
for an enlarged liver or a right renal mass. RiedeFs lobe may 
be connected to the liver by a pedicle consisting of hepatic 
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Figure 85-3 Diaphragmatic invagination mimicking hepatic nodule. As a result of diaphragmatic invagination, a small, round, low-density 
mass ( arrows ) may be suspected in the right hepatic lobe. 



Figure 85-4 Siiver of liver. The T2-weighted image of the upper 
abdomen reveals leftward lateral extension of the left lobe of the 
liver, which appears as a crescentic low-intensity structure wrapping 
around the lateral aspect of the spleen. 


parenchyma or fibrous tissue. It is usually asymptomatic and is 
discovered incidentally; however, it may be complicated by 
torsion with gangrenous changes. 5 On occasion, the left lobe 
can behave like a Riedel lobe and extend inferiorly in the 
abdomen. 7 

PEDUNCULATED ACCESSORY HEPATIC LOBES 

Accessory lobe of the liver is an uncommon anatomic variation 
that is usually asymptomatic. In this condition, the liver tissue 
is in communication with the main liver (Fig. 85-7), whereas 
in ectopic liver, the liver tissue lies in the vicinity of the liver 
without communication with the liver. When an accessory lobe 
loses its continuity with the liver, it becomes an ectopic liver 
nodule, which may be attached to the gallbladder, umbilical 
cord, or pancreas or may lie within the gastrohepatic ligament 
or thoracic cavity. Ectopic liver has a higher incidence of malig- 
nancy. 12 Sato and coworkers, 13 in a series of 1800 laparoscopic 
studies, fo und congenital anomalies of the liver in 19% of the 
cases, with the incidence of ectopic liver lobe and accessory 
liver lobe being 0.7%. Other anomalies that were found in this 
study included fissure formation with anomalous lobation in 


4.3%, lobar fusion in 0.5%, left deviation of the round liga¬ 
ment in 3.6%, and high insertion of the round ligament in 
2.8%. The accessory lobe is composed of normal hepatic tissue 
and contains its own hepatic biood vessels and bile duets. It 
is connected to the rest of the liver by either normal hepatic 
parenchyma or a mesentery 13,14 (see Fig. 85-7). Most accessory 
lobes are attached to the inferior surface of the liver and have 
been found in the vicinity of several anatomic sites, including 
the gallbladder fossa, gastrohepatic ligament, umbilicus, adrenal 
giand, pancreas, esophagus, and rarely the thoracic cavity. These 
accessory lobes, particularly when the liver is infiltrated by fat, 
may be spared and therefore can occasionally mimic masses 
or adenopathy in these regions. 1 Multiplanar reconstruction 
and review of continuous thin-slice images are often the key 
to their diagnosis. 

Although most accessory lobes of the liver are asymptom¬ 
atic, some are peduneulated and suspended from a mesentery 
that may undergo torsion, 16 ' 18 causing both acute and recur- 
rent abdominal pain. There is an inereased incidence of acces¬ 
sory lobes in patients with abdominal wall defeets, such as 
omphalocele. 

AGENESIS AND HYPOPLASIA OF THE RIGHT 
HEPATIC LOBE 

Agenesis and hypoplasia of the right lobe of the liver are rare 
entities diagnosed by noting absence or hypoplasia of liver 
tissue to the right of the main interlobar fissure. 19 21 This disor- 
der is thought to be a developmental abnormality that results 
from either failure of the right portal vein to develop or an error 
in the mutual induction between the septum transversum 
(primitive liver). 21,22 This entity is usually seen in asymptomatic 
individuals and is discovered incidentally when imaging studies 
are being performed for unrelated reasons (Fig. 85-8). On occa¬ 
sion, a segment such as an anterior segment of the right lobe 
may be absent. Postnecrotic cirrhosis, biliary obstruction, and 
venous occlusive disease have been associated with atrophy or 
hypoplasia of a hepatic lobe or segment and should be differ- 
entiated from congenital absence or hypoplasia. 19 

Agenesis of the right lobe of the liver alters the normal 
anatomy of the upper abdomen. This is due in part to absence 
of the right lobe as well as to compensatory hypertrophy 
of the left lobe. Colonic interposition, high position of the 
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Figure 85-5 Papillary and caudate process pseudomass. A and B. The Tl-weighted fat suppression images reveal medial extension of the 
papillary process near the head of the pancreas. Notice that the signal characteristics of this mass are similar to the remainder of the liver and 
not to the pancreas. C and D. Contrast-enhanced CT scan of the upper abdomen in a different patient reveals inferior extension of an enlarged 
caudate process mimicking a mass anterior and lateral to the inferior vena cava. 



Figure 85-6 RiedeTs lobe. Coronal reformatted CT scan displays an elongated inferior extension of the right lobe of the liver ( arrows) 
characteristic of Riedel's lobe. 


right kidney, ectopy of the gallbladder (which can be supra- 
hepatic, subdiaphragmatic, or infrahepatic in location), and 
U- or hammock-shaped stomach can be seen in individuals 
with agenesis of the right lobe. The caudate lobe may be 
absent, normal, or hypertrophied. 22 ' 24 This entity may also 
be associated with partial or complete absence of the right 
hemidiaphragm, intestinal malrotation, choledochal cysts, and 
agenesis of the gallbladder. Other, more common conditions 


can mimic agenesis of the right lobe of the liver, including 
cirrhosis, atrophy secondary to biliary obstruction, hepatic 
surgery (Fig. 85-9), and trauma. A careful clinical history 
as well as any associated imaging Åndings will help to arrive 
at the correct diagnosis. 22,26 

Even though a retrohepatic gallbladder and a severely dis- 
torted hepatic appearance due to compensatory hypertrophy of 
the left and caudate lobes may suggest agenesis of the right lobe 
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Figure 85-7 Pedunculated accessory hepatic lobes. A. Frontal (1) and 
caudal (2) diagrams depict a variety of pedunculated hepatic lobulations 
(a-f). B. They are usually asymptomatic unless they obstruct the gut with 
their pedicle (p). vi, Gallbladder. C. Axial image of the contrast-enhanced 
CT scan reveals pedunculated accessory left hepatic lobe that mimics a 
mass in the gastrohepatic ligament. (A and B from Champetier J, Yver R, 
Letoublon C, et al: A general review of anomalies of hepatic morphology 
and their clinical implications. Anat Clin 7:285-299, 1985.) 



Figure 85-8 Atrophic right 
lobe of the liver. A and B. 

Contrast-enhanced CT study of 
the upper abdomen reveals 
atrophy of the right lobe with 
hypertrophy of the left lobe and 
prominence of the caudate lobe. 
Notice that there is only a left 
portal vein opacified. The fissure 
for the ligamentum venosum is 
seen anterior to the caudate 
lobe. 
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Figure 85-9 Post-right hepatic lobectomy. A and B. Hypertrophy of the medial and lateral segments of the left lobe and the caudate lobe is 
seen in this patient who has total right hepatic lobectomy for metastatic colon carcinoma. Notice marked deviation of the left hepatic lobe to the 
right upper quadrant. 



Figure 85-10 Agenesis of the right hepatic lobe. A. CT reveals agenesis of the right lobe of the liver with compensatory hypertrophy of the 
left lobe. B. On a more inferior image, only the left lobe of the liver is identified. The colon occupies the bed of the right hepatic lobe. 


of the liver (Fig. 85-10), absence of visualization of all of the 
right hepatic vein, right portal vein and its branches, and occa- 
sionally dilated left intrahepatic duets is a prerequisite for the 
diagnosis of agenesis of the right hepatic lobe on CT. In severe 
lobar atrophy, at least one of these structures is recognizable. 19 

AGENESIS AND HYPOPLASIA OF THE LEFT 
HEPATIC LOBE 

Agenesis and hypoplasia of the left hepatic lobe are rare but 
slightly more common than the right-sided anomalies; however, 
these are still rare occurrences. 27 The diagnosis is made by 
noting absence or hypoplasia of liver tissue to the left of the 
main interlobar fissure. Failure to visualize the falciform liga¬ 
ment or ligamentum teres is supportive evidence of agenesis 
(Fig. 85-11). This disorder is believed to result from the exten- 
sion of the obliterative process that closes the ductus venosus 
to the left branch of the portal vein. 

Hann and colleagues 28 described 13 cases of hepatic lobar 
atrophy that were evaluated for vascular patency and bile duet 
obstruction. Hepatic lobar atrophy usually occurs in the setting 
of combined biliary and portal vein obstruction. A correlation 
exists between lobar atrophy and ipsilateral portal vein obstruc¬ 
tion. Ishida and associates 29 reported six cases of lobar atrophy 


and investigated the relationship between lobar atrophy and 
portal flow disturbance. In their report, atrophy of the right 
lobe was always associated with marked enlargement of the left 
lobe, but obstruction of flow to the left lobe did not universally 
result in hypertrophy of the right lobe. As in agenesis of the 
right lobe of the liver, left lobe agenesis is usually asymptomatic 
and is discovered incidentally when imaging studies are being 
performed for other unrelated reasons. 22 2 

Agenesis of the left lobe of the liver also alters the normal 
topography of the upper abdomen. 2 The stomach and splenic 
flexure of the colon migrate superiorly and medially to hil the 
area normally occupied by the left hepatic lobe (Fig. 85-12). 
Associated findings include a high position of the duodenal 
bulb, a U-shaped stomach, and a low-lying hepatic flexure of 
the colon secondary to compensatory hypertrophy of the right 
lobe of the liver. 22,30 This anomaly may also be associated with 
partial or complete absence of the left hemidiaphragm and 
gastric volvulus. 

Before a diagnosis of agenesis of the left lobe of the liver is 
made, it is important to exelude other causes of acquired 
atrophy of the left hepatic lobe, such as cirrhosis, malignant 
disease, malnutrition, or rarely vascular compromise. 31,3: In 
these disorders, at least some liver tissue is found left of the 
main lobar fissure. 33 
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Figure 85-11 Agenesis of the left lobe. A. In this contrast-enhanced CT study of the upper abdomen, there is total agenesis of the left lobe 
with the galIbladder being seen anterior and medial to the right lobe. The gastric fundus is displaced medially. B. Notice absence of the left 
hepatic vein, while the middle and right hepatic veins are opacified. 




Figure 85-12 Hypoplastic left hepatic lobe. 

A. CT reveals a small amount of liver tissue to the 
left of the left portal vein, consistent with 
hypoplasia of the lateral segment of the left lobe. 

B. Topogram shows a transverse, high-riding 
stomach ( arrows ) as well as a high-riding transverse 
colon (TC) due to the underdevelopment of the 
left lobe of the liver. C. Hypoplastic medial 
segment of the left lobe ( arrow). 
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Each of the cellular components of the liver can give rise to both 
benign and malignant tumors. Epithelium can degenerate into 
cystadenomas and cholangiocarcinoma, and mesenchymal 
tissue may produce hemangiomas or angiosarcomas. In this 
chapter, the benign primary hepatic neoplasms are discussed 
(Box 86-1). 
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Imaging Evaluation of Focal 
Liver Lesions 

The liver is a large and homogeneous organ and therefore is well 
suited for evaluation by many imaging techniques. The study 
of liver neoplasms is particularly challenging. In many cases, a 
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BOX 86-1 BENIGN LIVER TUMORS AND 
TUMOR-LIKE CONDITIONS 


HEPATOCELLULAR ORIGIN 

Hepatocellular adenoma 
Hepatocellular hyperplasia 
Focal nodular hyperplasia 
Nodular regenerative hyperplasia 
Macroregenerative nodule (adenomatous hyperplasia) 

CHOLANGIOCELLULAR ORIGIN 

Hepatic cysts 
Simple hepatic cysts 

Congenital hepatic fibrosis or polycystic liver disease 
Biliary cystadenoma 
Bile duet adenoma 

MESENCHYMAL ORIGIN 

Mesenchymal hamartoma 
Hemangioma 

Infantile hemangioendothelioma 
Lymphangioma 

Lipoma, angiomyolipoma, myelolipoma 

Leiomyoma 

Fibroma 

Heterotopic tissue 
Ad rena I rests 
Pancreatic rests 
Primary hepatic carcinoma 


preoperative diagnosis may be achieved with the appropriate 
combination of imaging techniques in a purely noninvasive 
fashion. This is important because many adults have benign, 
nonsurgical hepatic lesions, such as hemangioma or simple cyst. 
For many tumors, each imaging technique provides a piece of 
information that, like a puzzle, must be combined with findings 
from other imaging techniques as well as clinical information 
for a diagnosis to be achieved. 

The study of focal liver lesions by imaging can be likened to 
a game in which different “players” (imaging techniques) must 
be used appropriately to achieve the diagnosis. 1 In evaluation 
of focal liver diseases, the following imaging techniques are 
available: 

Plain abdominal radiography; 

Nuclear medicine: positron emission tomography (PET), red 
biood cells (RBCs) tagged with technetium Tc 99m; 

Ultrasonography: gray-scale and color Doppler sonography, 
contrast-enhanced examinations; 

Multidetector computed tomography (MDCT): nonen- 
hanced scans and contrast-enhanced dynamic scans including 
arterial, portal venous, and delayed phases; 

Angiography; and 

Magnetic resonance imaging (MRI): nonenhanced, vascular 
enhanced with gadolinium, reticuloendothelial enhanced with 
small and ultrasmall superparamagnetic iron oxide particles 
(SPIOs and USPIOs), hepatocyte enhanced with gadolinium 
benzyloxypropionictetraacetate (Gd-BOPTA), and gadolinium 
ethoxybenzyl diethylenetriaminepentaacetic acid (gadoxetate; 
Gd-EOB-DTPA). 

The “plays” that the foregoing players can offer are listed in 
Box 86-2. 

With the widespread use of new cross-sectional imaging 
techniques such as MDCT and the development of 


BOX 86-2 IMAGING TECHNIQUES IN 
LIVER NEOPLASMS 


TO ASSESS VASCULARITY 

Contrast-enhanced CT 
Gadolinium-enhanced MR 
Contrast-enhanced ultrasound 
Angiography 

Biood pool studies ( 99m Tc-labeled red biood cells) 

TO ASSESS HEPATOCYTE FUNCTION OR BILIARY EXCRETION 

MR imaging enhanced with hepatocyte-specific contrast agents 

TO ASSESS METABOLIC ACTIVITY OF NEOPLASMS 

18 F-FDG PET imaging 

TO ASSESS KUPFFER CELL ACTIVITY 

MR imaging enhanced with intravenous superparamagnetic 
iron oxide 

TO ASSESS TUMORAL CALCIFICATION 

CT 

Ultrasound 
Plain radiographs 

TO ASSESS CAPSULE PRESENCE 

CT (enhanced/nonenhanced) 

Ultrasound (enhanced/nonenhanced) 

MR (enhanced/nonenhanced) 

TO ASSESS INTERNAL NATURE OF NEOPLASMS (E.G., 

SOLID VERSUS CYSTIC, HEMORRHAGE, FIBROSIS) 

CT 

MR 

Ultrasound 


reticuloendothelial and hepatocyte-specific MRI contrast 
agents, the role of older techniques such as angiography and 
nuclear medicine has become more limited. The majority of 
liver lesions can now be detected and characterized noninva- 
sively, and angiography is required only in exceptional circum- 
stances. Although conventional scintigraphic techniques are 
only exceptionally used for the evaluation of focal liver lesions, 
PET and PET/CT are effeetive techniques, especially for detec- 
tion of hepatic metastatic disease. Today, most focal liver lesions 
are diagnosed by ultrasound, CT, and MRI. 

As mentioned before, two main groups of liver-specific con¬ 
trast agents are used in MRI. Superparamagnetic iron oxide 
particles (SPIOs) are the first group. These particles are taken 
up by the reticuloendothelial system or Kupffer cells of the liver 
by phagocytosis. 4 By causing magnetic field inhomogeneities 
with shortening of T2 relaxation time, these substances decrease 
the signal intensity of the normal liver parenchyma on 
T2-weighted images, which is best seen on T2* or gradient 
recalled echo sequences for lesion detection. However, to evalu- 
ate signal intensity loss for lesion characterization, T2-weighted 
turbo spin-echo sequences or HASTE (half-Fourier acquisition 
single-shot turbo spin-echo) sequences are more sensitive. 
Benign hepatocellular lesions show uptake of these contrast 
agents, depending on the content of the Kupffer cells. 41 Being 
an exception for this although lacking Kupffer cells, hemangio- 
mas show a decrease in signal on T2-weighted images because 
of their relatively large, slow-flowing biood pool that allows the 
effeet of the SPIO particles to occur. 2,4 
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Lesions lacking Kupffer cells, such as malignant lesions or 
metastases, do not take up SPIO contrast agents, so they appear 
bright in the dark liver parenchyma on T2-weighted post-SPIO 
sequences. This increased contrast between the liver and a lesion 
of nonhepatic origin allows an easy distinction from benign 
hepatic lesions. 5 

The second group consists of gadolinium-based contrast 
material, gadobenate dimeglumine (MultiHance; Bracco 
Diagnostics, Princeton, NJ) and gadoxetate (Primovist; Bayer 
Schering Pharma, Berlin, Germany). Gadobenate dimeglu¬ 
mine (Gd-BOPTA) and gadoxetate disodium (Gd-EOB- 
DTPA) are hepatobiliary contrast agents that allow evaluation 
of the vascularity of the lesion and hepatocellular function 
within the lesion. 3 These contrast agents are taken up by 
hepatocytes and excreted in the biliary tract. 6 The adminis- 
tered doses of Gd-BOPTA and Gd-EOB-DTPA are excreted 
in the bile at a rate of approximately 5% and 50%, respec- 
tively (Fig. 86-1). Both act as nonspecific extracellular con¬ 
trast agents on the early postcontrast phase, whereas they 
act as hepatocyte-specific agents on the delayed contrast- 
enhanced phases (40 to 120 minutes for Gd-BOPTA and 10 
to 20 minutes for Gd-EOB-DTPA). 6,7 These contrast agents 
will be taken up by normal hepatocytes on delayed post¬ 
contrast phases. 8 

They increase the signal intensity of the normal liver paren¬ 
chyma on Tl-weighted images. Because malignant lesions do 
not take up hepatocyte-specific contrast agents during the hep¬ 
atobiliary phase, they appear hypointense and become more 
conspicuous. 9 


Hemangioma 

PATHOLOGIC FINDINGS 

A hemangioma is defined microscopically as a tumor composed 
of multiple vascular channels lined by a single layer of endothe- 
lial cells supported by a thin, fibrous stroma 10 (Fig. 86-2). The 



Figure 86-1 Gd-EOB-DTPA elimination: MR image. Gd-EOB-DTPA 
is eliminated through the biliary system (50%) and kidneys (50%). 




Figure 86-2 Hemangioma: pathologic findings. 

A. Microscopic appearance. Note the presence of 
red biood cells within the vascular channels as well 
as thin fibrous septa. B. Gross appearance. This cut 
section of liver shows two peripheral hemangiomas. 
The strikingly vascular nature of this tumor is 
apparent. C. Cut section of a giant hemangioma 
demonstrates its well-defined borders and 
inhomogeneous appearance with large fibrotic 
areas ( arrows ). 
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Vascular channels 
Blood-fi I led cavity 
No arteriovenous 
shunting 


Fibrosis 


Calcification 


Echogenic mass: ultrasound 
Flyperintense mass: T2-weighted image (MR) 
Early globular peripheral enhancement on 
contrast-enhanced helical CT, dynamic 
Gd-DTPA-enhanced Tl-weighted MR and 
USPIO-enhanced Tl-weighted MR 
Delayed-persistent filling on red biood cell 
scan, enhanced conventional CT, Gd- 
DTPA-enhanced MR, angiography 
Hypodense region: CT 
Hypointense region: MR 
Hypoechoic region: ultrasound 
Dense region: plain films, CT 
Absent signal: MR 

Hyperechoic shadowing region: ultrasound 


*See text for full names of imaging agents. 


channels are separated by thin fibrous septa, which may form 
finger-like protrusions into the channels. In gross appearance, 
it is frequently solitary, well circumscribed, and biood filled and 
ranges in size from a few millimeters to more than 20 cm. 10 
Hemangiomas may be multiple in up to 50% of cases. 

Hemangiomas larger than 10 cm are defined as giant hem¬ 
angiomas. On cut sections, hemangiomas are almost always 
heterogeneous with areas of fibrosis, necrosis, and cystic 
change. 11,12 The radiologic-pathologic correlates of hemangi- 
oma are listed in Table 86-1. 


INCIDENCE AND CLINICAL PRESENTATION 

Hemangioma is the most common benign tumor of the liver, 
with a reported incidence ranging from 1% to 20%. 11 The latter 
figure is the result of a prospective autopsy study in which a 
dedicated search for this lesion was performed. 12 

Hemangiomas occur primarily in women (female-to-male 
ratio of 5:1). Although hemangiomas may be present at all ages, 
they are seen more commonly in postmenopausal women. The 
worldwide prevalence of this tumor is fairly uniform. In a study 
of Vilgrain and associates, 14 it was reported that there was a 
significant association between focal nodular hyperplasia and 
hemangioma in the liver. Whereas each of these lesions is found 
commonly as an isolated hepatic mass, in 20% of patients in 
the study group of Vilgrain and associates, both lesions were 
present together. 

PLAIN RADIOGRAPHIC FINDINGS 

Calcification is rare in this tumor; less than 10% of hemangio¬ 
mas have calcification detectable by plain radiographs. 15 Calci¬ 
fication can be either large and coarse (amorphous calcification 
within zones of fibrosis) or phlebolith-like thrombi within the 
vascular channels of hemangioma. 

NUCLEAR MEDICINE 

Radionuclide scintigraphy for identification of hemangiomas is 
not performed routinely in all centers, especially outside the 
United States. 14 With tagged RBC pool scans, there is a defect 
in the early phases that shows prolonged and persistent “filling 
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Figure 86-3 Flemangioma: 99m Tc-labeled red biood cell scintiscan. 

Two-hour delayed scintiscan shows persistent uptake of the isotope 
within the tumor ( arrow). 


in” on delayed scans 16,17 (Fig. 86-3). Many vascular tumors, such 
as hepatocellular carcinoma, adenoma, and focal nodular 
hyperplasia, may have persistent uptake, but all exhibit early 
uptake rather than a defect. Rarely, angiosarcomas can demon- 
strate the hemangioma pattern of early defect and late isotope 
uptake. 18 In this context, new hybrid single photon emission 
computed tomography (SPECT)/CT systems may further aid 
diagnosis of hemangiomas by means of a more accurate ana- 
tomic localization of the lesions. In a study, SPECT/CT increased 
the accuracy of RBC scintigraphy in classifying the hepatic 
lesions as hemangiomas and nonhemangiomas from 70.8% to 
87.5%. 19 

ULTRASOUND 

On sonography, hemangiomas are typically hyperechoic and 
well demarcated and exhibit faint acoustic enhancement 20,21 
(Fig. 86-4). The echogenicity may vary because these tumors 
may contain cystic and fibrotic regions. Color Doppler ultra¬ 
sound demonstrates filling vessels in the periphery of the tumor 
but no significant color Doppler flow deep within the heman¬ 
gioma itself. Power Doppler, however, may detect minimal flow 
within hemangiomas, but the pattern is nonspecific and may be 
seen in hepatocellular carcinomas and metastases. 22 

Hemangiomas, like other focal lesions of the liver, are 
detected and characterized with ultrasound not only by an 
analysis of echogenicity and vascularity but also by the changes 
occurring in inflow kinetics of ultrasound contrast agents. In 
general, ultrasound contrast agents consist of microbubbles of 
air or perfluorocarbon gas stabilized by a protein, lipid, or 
polymer shell. 24 The small size (approximately the same as 
RBCs) and stability of the bubbles allow them to traverse the 
pulmonary and cardiac circulations after intravenous injection. 
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Figure 86-4 Hemangioma: sonographic 
findings. A. Transverse sonogram demonstrates 
three small, well-marginated, uniformly 
hyperechoic hemangiomas adjacent to the right 
hepatic vein. B. Larger hemangiomas tend to be 
inhomogeneous because of hemorrhagic necrosis, 
scarring, and myxomatous change centrally. 

C. Acoustic enhancement ( arrows ) is often seen 
because of the primarily fluid (biood) component 
of this echogenic lesion. D and E. Despite the 
vascular nature of this tumor, the biood flow is 
very slow, so no significant flow is identified on 
these color Doppler images. 


The bubbles cannot move through the vascular endothelium 
into the interstitium and remain within the vessel until they 
disappear by the diffusion of the gas through their thin shell. 
Therefore, they are true biood pool agents and have a typical 
half-life of a few minutes in the circulation. Bubbles respond to 
sound emitted by the imaging transducer by oscillating and 
returning detectable echoes to the transducer. 

On contrast-enhanced ultrasonography, hemangiomas dem- 
onstrate a typical specific peripheral nodular contrast enhance¬ 
ment and centripetal hil in. Whereas the “Alling in” of the lesion 


can take several minutes with CT and iodinated contrast mate- 
rial, the kinetics of ultrasound contrast agents is different, and 
with them, the process can last even less than a minute. 23,24 
Therefore, imaging in the first 60 seconds is critical in charac- 
terizing hemangiomas at ultrasound. 

COMPUTED TOMOGRAPHY 

Hemangiomas appear as low-density masses with well-defined, 
lobulated horders on nonenhanced CT scans. Calcification is 
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observed in 10% to 20% of cases. 13 After intravenous adminis¬ 
tration of contrast material, both arterial phase and portal 
venous phase CT scans show early, peripheral, globular enhance- 
ment of the lesion. The attenuation of the peripheral nodules 
is equal to that of aorta. 25,26 In a study of Leslie and colleagues, 27 
the presence of globular enhancement isodense with the aorta 
was found to be 67% sensitive and 100% specific in differentiat- 
ing hemangiomas from hepatic metastases. Therefore, if this 
pattern is visualized, no further evaluation is required. If venous 
phase CT is obtained, centripetal enhancement that progresses 
to uniform filling persists on delayed phase images (Fig. 86-5). 
Although small lesions often hil in completely, large tumors 
may not show central nonenhancing zones during venous and 
delayed phases, corresponding to scar tissue or cystic cavities. 28 
On the other hånd, approximately 16% of all hemangiomas and 
42% of small ones (<1 cm in diameter) show immediate homo- 
geneous enhancement at arterial phase CT imaging. 25,29 This 
feature is relatively challenging for the differential diagnosis 
because other hypervascular tumors, including hepatocellular 
carcinoma, also may enhance rapidly during this phase of 
imaging. In such cases, accurate diagnosis can be made with 


delayed phase CT imaging because hemangiomas remain 
hyperattenuating, whereas hypervascular metastases do not. 
Another important and helpful imaging Ånding in diagnosis of 
this type of hemangiomas is that their attenuation is equal to 
that of the aorta during all phases of dynamic CT imaging. 30 
Hemangiomas may also be a cause of transient hepatic attenu¬ 
ation differences (THADs). 

ANGIOGRAPHY 

Although angiography is not routinely used in the diagnostic 
evaluation of hepatic hemangiomas, knowledge of the charac- 
teristic appearances is important because hemangiomas may 
coexist with metastases. In this scenario, correct identification 
of the lesions is vital because therapeutic options such as hepatic 
resection depend on the number and distribution of metastases. 
On angiography, there is pooling of contrast medium within 
the hemangioma, producing a characteristic “cotton wool” 
appearance, without evidence of arteriovenous shunting or 
tumor neovascularity. Hemangiomas typically retain contrast 
medium well beyond the venous phase. 



Figure 86-5 Hepatic hemangioma: CT features. A. Small hemangiomas ( arrow ) may demonstrate "flash filling" after intravenous 
administration of contrast material. The lesion, however, remains isodense with the biood pool, unlike focal nodular hyperplasia, adenoma, 
hepatoma, and hypervascular metastases, which may also show flash filling. B and C. Giant hemangioma, which replaces the right lobe, shows 
peripheral nodular enhancement that progresses in a centripetal fashion. The attenuation of the enhanced portions of the mass is isodense with 
the biood pool. The central portion of the lesion is a low-attenuation region of central fibrosis. D. This hemangioma (H) in the lateral segment of 
the left lobe is causing a transient hepatic attenuation difference (THAD) in the medial segment of the left hepatic lobe ( arrows). 
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MAGNETIC RESONANCE IMAGING 

The study of hemangiomas of the liver is one of the major 
applications of abdominal MRI (Figs. 86-6 to 86-8). Hemangio¬ 
mas generally have moderately low signal intensity on 
Tl-weighted images and characteristically demonstrate marked 
hyperintensity on T2-weighted images, which may contain low- 
intensity areas correlating with zones of fibrosis. 11,32 They 
maintain high signal intensity on longer echo time (>120 mil- 
liseconds) T2-weighted sequences. 38 Nevertheless, the signal 
characteristics of other masses and neoplasms may overlap with 
those of hemangioma owing to their similar T2 values, and 
because of this overlap, characteristics at contrast-enhanced 
MRI are used for further evaluation. Suspected hemangiomas 
should be evaluated by a dynamic breath-hold sequence, in a 
manner similar to contrast-enhanced dynamic CT protocol. 
After intravenous administration of a contrast agent, a fast 
gradient-echo Tl-weighted sequence (20-30 seconds) is repeat- 
edly acquired once per minute until the lesion has filled in 
completely or nearly completely. In faet, three patterns of 
enhancement may be seen, depending on the size of the lesion. 40 
The majority of small (<1.5 cm) lesions show uniform early 
enhancement or peripheral nodular enhancement progressing 
centripetally to uniform enhancement. This second pattern is 
commonly seen in medium-sized lesions (1.5-5 cm) and in a 
few large (>5 cm) lesions. 40 Most large hemangiomas exhibit 
peripheral nodular enhancement while the center of the lesion 


remains hypointense. 40 Peripheral nodular enhancement is a 
useful discriminating feature in the differential diagnosis 
between hemangiomas and metastases. 41 However, small lesions 
can be a diagnostic problem because a uniform pattern of 
enhancement is seen in both hemangiomas and vascular metas¬ 
tases. 40 Flash-filling hemangiomas may also cause a serious 
problem regarding their differentiation from hypervascular 
metastases (e.g., those of malignant neuroendocrine tumors) 
because of a similar appearance in unenhanced and contrast- 
enhanced imaging. 42 In the majority of cases, the combination 
of T2-weighted images and serial dynamic postgadolinium 
images allows a confident diagnosis of hemangioma to be 
made. 43 The role of USPIOs has also been evaluated in the 
characterization of hemangiomas. 44 This agent is ultimately 
cleared by the reticuloendothelial system but resides in the 
intravascular compartment (“biood pool”) immediately after 
injection. 44 On Tl-weighted images, hemangiomas enhance 
immediately because of their vascularity and become isointense 
with normal liver. On T2-weighted scans, hemangiomas dem¬ 
onstrate decreased signal intensity and may become isointense 
to the liver at higher doses of USPIOs. 44 Hemangiomas do not 
demonstrate uptake of SPIOs because they do not contain 
Kup ffer cells or normal hepatocytes. 1 

Hemangiomas appear isointense or hypointense in the 
late dynamic phase and hepatocyte phase with use of Gd-EOB- 
DTPA. The reasons for this are marked hepatocyte uptake of 
Gd-EOB-DTPA in the surrounding liver, substantially low 



Figure 86-6 Hepatic hemangioma: MRI findings. A. Nonenhanced T2-weighted MR image shows a large hyperintense hepatic mass. 

B. Nonenhanced Tl-weighted image shows low signal intensity. There is a central scar ( arrow) that is often seen in large hemangiomas. C and D. 
Gadolinium enhancement demonstrates the characteristic peripheral nodular enhancement pattern that shows centripetal progression. 
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Figure 86-7 Hepatic hemangioma: MRI 
features. Hemangioma in the posterior 
aspect of the right hepatic lobe. The lesion is 
hyperintense on the T2-weighted image (A) and 
shows gradual peripheral filling on dynamic MRI 
after intravenous administration of qadolinium 
(B-E) 



overall administered dose of Gd-EOB-DTPA, and substantially 
short plasma half-life of Gd-EOB-DTPA (Fig. 86-9). 42 

On diffusion-weighted imaging, hemangiomas show low 
signal intensity with increased b values and have high apparent 
diffusion coefficient (ADC) values like simple cysts (Fig. 86-10). 
However, differentiation between cystic metastases and heman¬ 
gioma or small flash-filling hemangiomas and hypervascular 
metastases cannot be achieved solely with this single-pulse 
sequence, and it should be interpreted in conjunction with 
contrast-enhanced images. 45 ' 47 

DIAGNOSTIC WORK-UP 

Differentiation of hepatic hemangiomas from other benign and 
malignant focal liver lesions is one of the most common prob¬ 
lems in abdominal imaging. Most authorities believe that if a 


focal liver lesion has the classic appearance of a hemangioma 
on ultrasound, CT, or MRI examinations, it should be left alone. 
We believe that in patients with known malignant disease or 
abnormal liver function test results, one of the tests with high 
accuracy should be performed, such as multiphasic MDCT or 
gadolinium-enhanced dynamic MRI, for confirmation. In atyp- 
ical cases, biopsy should be considered. 49 

Focal Nodular Hyperplasia 

PATHOLOGIC FINDINGS 

Focal nodular hyperplasia (FNH) is defined microscopically as 
a tumor-like condition characterized by a central fibrous scar 
with surrounding nodules of hyperplastic hepatocytes and 
small bile ductules. 10 The nodules seen in FNH lack normal 
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Figure 86-8 Hepatic hemangioma: MRI features. A and B. Sagittal gadolinium-enhanced images show a lesion with a central scar. Although 
central scars are generally associated with focal nodular hyperplasia, the contrast retention in this lesion establishes the diagnosis of a 
hemangioma. 


central veins and portal tracts. The bile ductules seen in the 
central scar do not connect to the biliary tree. Vessels course 
through the tumor and are most abundant in the fibrous scar 50 
(Fig. 86-11A). 

In gross appearance, FNH is a well-circumscribed, solitary 
mass (95%) that is often located on the surface of the liver or 
pedunculated. 10 On cut section, the majority of these tumors 
have an obvious central fibrous scar, and although the margin 
is sharp, there is no capsule (Fig. 86-1 IB). Hemorrhage and 
necrosis are rare because this tumor has excellent vascularity. 
The majority of FNHs are smaller than 5 cm and have a mean 
diameter of 3 cm at the time of diagnosis. On occasion, FNH 
replaces an entire lobe of the liver (lobar FNH). 10 The consis- 
tency is firm to rubbery, and the color is always paler than that 
of the surrounding liver. When an FNH is sectioned, it bulges 
from the cut surface with the stellate scar depressed and forming 
stellate fibrous septa that course through the tumor. Multiple 
FNHs have been reported in association with vascular malfor- 
mations of various organs and neoplasia of the brain. 51 FNH is 
believed to be a hyperplastic response to an underlying “spider- 
like” arterial malformation. 52 It has to be emphasized that on 
microscopic examination, particularly by needle biopsy, the 
appearance of FNH resembles that of a cirrhotic process; 
however, acinar landmarks are not present. 53 

Radiologic-pathologic correlates of this tumor are listed in 
Table 86-2. 

INCIDENCE AND CLINICAL PRESENTATION 

FNH is the second most common benign hepatic tumor, con- 
stituting 8% of primary hepatic tumors in autopsy series. 10 


FNH is more common in women, predominating in the third 
to fifth decades of life. Oral contraceptives have a trophic effect 
on FNH, but there is debate as to whether these agents actually 
cause this tumor. 

Clinically, FNH is usually an incidental finding at autopsy, 
elective surgery, or cross-sectional imaging. Fewer than one 
third of cases are discovered because of clinical symptoms, 
usually right upper quadrant or epigastric pain. 

PLAIN RADIOGRAPHIC FINDINGS 

Plain radiograph calcification is almost never present. On occa¬ 
sion, a pedunculated FNH lesion may project to the margin of 
the liver and compress the adjacent stomach or hepatic flexure. 54 

NUCLEAR MEDICINE 

In the past, sulfur colloid scintigraphy was the preferred imaging 
technique in the diagnosis of FNH because of normal tracer 
uptake in approximately 50%, and a defect is seen in 40% of 
FNH cases. “Hot spots,” present in 10% of lesions, indicate an 
increased number of Kup ffer cells. 55 Hepatobiliary scans show 
tracer uptake in the majority of cases, and isotope excretion can 
be observed in 50% of delayed scans. 56 Tagged RBC pool studies 
show early isotope uptake and late defect. There is no gallium 
uptake in FNH. 

There are only a few studies about PET imaging of FNH. In 
one study, it was reported that in contrast to liver metastases, 
there is no increased glucose metabolism in FNH in vivo. Also, 
the imaging features of FNH on 18 F-fluorodeoxyglucose (FDG) 
PET imaging are not specific. 57 


86 Benign Tumors of the Liver 


1537 



Figure 86-9 Hepatic hemangioma: MRI features. A patient with a typical hemangioma in the right lobe of the liver ( arrow). The hemangioma 
is hyperintense on the T2-weighted image (A) and hypointense on the Tl-weighed image (B). It shows progressive nodular enhancement on the 
arterial phase (C) and late phase (D) images. As expected, it does not show any uptake of the hepatobiliary contrast agent and becomes 
hypointense on the hepatocellular phase image (E). 


Today, CT and MRI are used in the diagnostic work-up of 
FNH. Nuclear medicine studies are reserved for exceptional 
circumstances. 

ULTRASOUND 

On gray-scale ultrasound studies, FNH typically appears as a 
well-demarcated, hypoechoic mass that is homogeneous in 
tissue texture except for a central scar 56,58 (Fig. 86-12). Rarely 
(1.4%), calcifications may be seen within FNH, and the lesion 
may resemble fibrolamellar hepatocellular carcinoma. On 
color Doppler sonography (Fig. 86-13), FNH shows increased 


biood flow, and a pattern of biood vessels radiating peripher- 
ally from a central feeding artery may be seen, similar to the 
Åndings at conventional angiography. 6 In a contrast-enhanced 
examination, like hepatocellular carcinoma, FNH in the early 
arterial phase appears typically as a hyperperfused structure 
relative to the adjacent liver tissue. However, the specific mor- 
phologic features of these two entities are different. FNH typi¬ 
cally enhances uniformly without the necrosis and heterogeneity 
often seen in hepatocellular carcinoma. The stellate lesion vas- 
cularity, a central nonenhancing scar, and a tortuous feeding 
artery are the other typical features of FNH. Nevertheless, 
portal venous phase imaging is critical for an accurate diagnosis 
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Figure 86-10 Simple cyst: diffusion-weighted MRI features with different b values. A simple cyst in the right lobe of the liver (arrow). 
The cyst is markedly hyperintense on the diffusion-weighted image with a b value of 50 (A). With increasing b values (B and C, 400 and 800, 
respectively), the cyst loses signal intensity. It has a high ADC value (D). 



Figure 86-11 Focal nodular hyperplasia: pathology. A. Normal hepatocytes are arranged in incomplete nodules that are partially separated 
by fibrous tissue (arrow). B. This lesion is usually lighter brown than the adjacent liver. It has a central fibrous scar that consists of fibrovascular 
tissue, which explains its enhancement pattern after the intravenous administration of contrast medium. 


86-2 Focal Nodular Hyperplasia 


Hyperplasia of normal liver 

Uptake of SPIO results in loss of signal 


Pathologic Features Radiologic Features 


Central scar with 
vessels and bile 
duets 

Hyperplasia of 
normal liver 
(Kupffer cel Is, 
portal spaces, bile 
ductules) 


Hyperintense region: T2-weighted images (MR) 

Spoke-wheel pattern: angiography 

Calcification rare 

Sulfur colloid uptake (80%) 

Iminodiacetic acid uptake and exeretion 
Homogeneous mass: CT, ultrasound, MR, angiography 

Hyperdense relative to live on arterial phase of contrast-enhanced helical CT, becoming isodense during portal 
venous phase of enhancement 
Uptake of SPIO results in loss of signal on T2-weighted MR 

Uptake of hepatobiliary contrast agents (e.g., mangafodipir, Gd-EOB-DTPA) results in hyperintensity relative to liver 
on Tl-weighted images 


*See text for full names of imaging agents. 
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Figure 86-12 Focal nodular hyperplasia: ultrasound findings. A. Sonogram demonstrates a large lesion in the right lobe of the liver ( arrows ). 
B. Contrast-enhanced sonogram demonstrates early arterial enhancement of FNH; note that central scar shows no enhancement ( arrow ). 



Figure 86-13 Focal nodular hyperplasia: color Doppler ultrasound. A. There is a large hypoechoic mass in the right lobe of the liver. B. It is 
quite vascular on color Doppler imaging. 


to be reached. During this phase, as opposed to hepatocellular 
carcinoma, in which washout is generally seen, FNH remains 
isoechogenic with the portal vein and later with the liver 
parenchyma. 23,24 

COMPUTED TOMOGRAPHY 

On nonenhanced scans, FNH usually appears as a homoge- 
neous, hypodense mass (Fig. 86-14). In a third of cases, a low- 
density central area is seen, corresponding to the scar. 61,62 
During the arterial phase of contrast-enhanced CT, FNH 
enhances rapidly and becomes hyperdense relative to normal 
liver 63 (Fig. 86-15). The low-attenuation scar appears conspicu- 
ous against the hyperdense tissue, and foci of enhancement 
representing arteries may be seen within the scar 63 (see Fig. 
86-14B). In the portal venous phase and later phases of enhance¬ 
ment, the difference in attenuation between FNH and normal 
liver decreases and the FNH may become isodense with normal 
liver. 63 ' 65 Ten-minute delayed images can show increased uptake 
of contrast material in the scar relative to surrounding liver. 26 


ANGIOGRAPHY 

On angiography, FNH is a hypervascular tumor with a centrifu¬ 
gal biood supply creating a “spoke-wheel” pattern 66 in 70% of 
cases. The scar is usually hypovascular. During the capillary 
phase, an intense and inhomogeneous stain without avascular 
zones is characteristic. During the venous phase, large veins 
draining the hypervascular FNH are noted. Angiography is no 
longer primarily used to diagnose FNH. 

MAGNETIC RESONANCE IMAGING 

MRI has higher sensitivity (70%) and specificity (98%) for 
FNH than CT and ultrasound. 62 On nonenhanced MRI studies, 
FNH is an isointense tumor on Tl-weighted images that 
becomes slightly hyperintense to isointense on T2-weighted 
images (Figs. 86-16 and 86-17). The central scar is hypointense 
on Tl-weighted images and hyperintense on T2-weighted 
images. 67,68 However, there is overlap in the appearance of FNH 
and malignant lesions on nonenhanced Tl-weighted and 
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Figure 86-14 Focal nodular hyperplasia: CT 
features. A. On noncontrast scans, FNH is usually 
isodense with normal liver. Note the central scar. 

B. This I esion shows striking enhancement during 
the arterial phase with the exception of the scar. 

C. The lesion rapidly becomes isodense with 
normal liver. 




Figure 86-15 Focal nodular hyperplasia: CT 
findings. Early arterial (A) and late arterial (B) phase 
CT scans show FNH as an enhancing lesion ( arrows ). 
FNH becomes isodense with the normal liver in the 
portal venous phase (C). (Courtesy Dr. N. Cem Balci, 
Saint Louis University, Saint Louis, MO.) 
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Figure 86-16 Focal nodular hyperplasia: MRI features. A. A large lesion is seen on this T2-weighted image obtained with fat suppression. 
The lesion is isointense to the normal liver, and the central scar is hyperintense (arrow). B. Gadolinium-enhanced early arterial phase 
demonstrates homogeneous enhancement of the lesion. The central scar (arrow) does not enhance early. 



Figure 86-17 Focal nodular hyperplasia: MRI features. A. During the arterial phase of enhancement, the lesion shows robust enhancement 
with the exception of the central scar (arrow). B. The mass rapidly de-enhances, and there is enhancement of the central scar (arrow). 


T2-weighted images, and further characterization with contrast- 
enhanced dynamic studies may be necessary. 

FNH, which is a hypervascular tumor, enhances robustly and 
homogeneously in the arterial phase, with the exception of late- 
enhancing central scar (see Figs. 86-16 and 86- 17). 38,64,67 Hepa- 
tocellular adenomas show less intense enhancement and lack a 
central scar. 

Although other focal liver lesions, such as giant hemangio- 
mas and hepatocellular carcinomas, may also have a central scar, 
MRI Åndings can help establish a specific diagnosis. The central 
scar in giant hemangiomas is typically larger and brighter on 
T2-weighted images. Because of the presence of scar tissue, 
calcifications, or necrosis, the central scar in hepatocellular 
carcinoma tends to show low signal intensity on T2- and 
Tl-weighted images and typically does not enhance that much 
on contrast-enhanced images. Nevertheless, in some cases, FNH 
may show atypical features, such as very high signal intensity 
on T2-weighted images and a central scar with a low signal 
intensity that causes difficulty in differential diagnosis. In such 
cases, application of more sophisticated contrast media, such as 
SPIOs, or hepatobiliary agents, such as Gd-EOB-DTPA, may be 
necessary to demonstrate the hepatocellular origin of the lesion. 
On T2-weighted images with SPIO administration, FNH shows 
loss of signal due to uptake of iron oxide particles by Kupffer 
cells within the lesion. 67 The degree of signal loss seen in FNH 


with use of SPIOs is significantly greater than in other focal liver 
lesions, such as metastases and hepatocellular adenoma. 68 

Hepatobiliary agents can also be helpful in characterization 
of FNH. FNH contains hepatocytes, which take up these agents, 
resulting in hyperintensity of the lesion relative to the liver on 
Tl-weighted images. 69 ' 71 On hepatocyte phase images, FNH 
usually appears isointense or hyperintense relative to the sur- 
rounding liver parenchyma and shows the classic popcorn-like 
enhancement pattern as a result of the accumulation of Gd- 
EOB-DTPA and poor biliary drainage. Similar to hemangio¬ 
mas, the central scar appears hyperintense on delayed phase 
imaging with extracellular agents and hypointense on hepato¬ 
cyte phase images with Gd-EOB-DTPA. 42 

Hepatobiliary-specific contrast agents can be useful for 
differentiation of FNH from adenomas. FNH shows hyper¬ 
intensity or isointensity except for a central scar in the 
hepatobiliary-specific phase (typically 20-minute delay for 
Gd-EOB-DTPA), whereas adenoma usually shows hypointen- 
sity (Fig. 86-18). 74 

FNH does not have a true tumor capsule. A pseudocapsule 
may be present because of compression of the adjacent liver 
parenchyma and surrounding inflammation. The pseudocap¬ 
sule is typically a few millimeters thick and hyperintense on 
T2-weighted images. It may also show some enhancement on 
delayed postcontrast images. 64 
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Figure 86-18 Focal nodular hyperplasia: MRI features. A small FNH in the right lobe of the liver. The lesion is isointense with the liver 
parenchyma on the T2- and Tl-weighted images (A and B). It shows strong arterial enhancement and becomes visible on the arterial phase 
image (arrow, C). On the portal venous and hepatic venous phase images (D and E), FNH becomes isointense with the liver. Because it shows 
uptake of the hepatobiliary contrast agent, it remains isointense with the liver on the hepatocellular phase image (F). 


Fatty change in the liver parenchyma is not uncommon in 
patients with FNH. The lesion may tend to show mildly low 
signal intensity on in-phase gradient-echo Tl-weighted images 
and high signal intensity on out-of-phase images. 

As a solid tumor, FNH shows slightly high signal intensity 
with increasing b values on diffusion-weighted imaging and low 
signal intensity on AD C mapping, with a reported AD C value 
between 1 and 1.40 x 10“ 3 mm 2 /s. However, the ADC values 
cannot be relied on for lesion characterization because of the 
overlap with other solid lesions, including adenoma and malig- 
nant lesions. 45,46 


TELANGIECTATIC FOCAL NODULAR 
HYPERPLASIA 

The uncommon telangiectatic subtype of FNH is characterized 
by the presence of centrally located, multiple dilated blood- 
filled spaces and is commonly associated with multiple FNH 
syndrome. In telangiectatic FNH, arteries have hypertrophied 
muscle media but no intimal proliferation in contrast to the 
classic form. Furthermore, these abnormal vessels drain directly 
into the adjacent sinusoids, whereas in classic FNH, connec- 
tions to the sinusoids are almost never seen. Besides these 
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histologic differences, there are also reported imaging differ¬ 
ences of telangiectatic FNH. Telangiectatic subtype of FNH may 
be hyperintense on Tl-weighted images and strongly hyperin- 
tense on T2-weighted images and show persistent lesion 
enhancement on delayed phase images. All of these features are 
extremely rare in classic FNH and relatively common in telan¬ 
giectatic subtype. Furthermore, absence of a central scar is not 
an uncommon Ånding in this subentity. 76 


Hepatocellular Adenoma 

PATHOLOGIC FINDINGS 

Hepatocellular adenoma (HCA) should be considered a Spec¬ 
trum of lesions that are associated with a number of diseases 
and etiologic factors and that demonstrate a variety of histo¬ 
logic appearances. Accordingly, a new classification of adeno- 
mas (Table 86-3) has been proposed in which, in addition to 
the typical adenoma, anabolic steroid-associated HCA is 
described separately. 10 This is due to its distinctive histologic 
appearance, which often resembles that of hepatocellular carci- 
noma. In addition, multiple hepatocellular adenomatosis 
should be considered separately from typical HCA. 

Typical HCA is defined as a tumor composed of hepatocytes 
arranged in cords that occasionally form bile 10 (Fig. 86-19). The 
tumor lacks portal tracts and terminal hepatic veins; conse- 
quently, necrosis, hemorrhage, and rupture commonly occur in 
large tumors. 36 

In gross appearance, a typical HCA is a large tumor (usually 
8-10 cm in diameter at discovery), readily seen from the exter- 
nal surface of the liver. 40 Pedunculation is seen in approximately 
10% of cases. On cut section, its surface is tan and irregular and 
frequently has large areas of hemorrhage or infarction. However, 
homogeneous adenomas without rupture can be seen with 


Hepatocellular Adenoma: Classification 


Typical hepatocellular adenoma 

Type I Estrogen-associated hepatocellular adenoma 
Type II Spontaneous hepatocellular adenoma in women 
Type III Spontaneous hepatocellular adenoma in men 
Type IV Spontaneous hepatocellular adenoma in children 
TypeV Metabolic disease-associated hepatocellular adenoma 
Anabolic steroid-associated hepatocellular adenoma 
Multiple hepatocellular adenomas (adenomatosis) 


numerous biood vessels throughout the tumor and occasionally 
fibrous septa. Large vessels run through the surface of adeno¬ 
mas. 40 Most adenomas are solitary. 53 

On microscopic examination, the tumor is composed of 
neoplastic cells that are separated by compressed sinusoidal 
spaces, resulting in a sheetlike pattern. 10 The sinusoids are lined 
by endothelial cells, and enzymatically active Kupffer cells have 
been demonstrated in adenomas. 7 Fatty hepatocytes are fre¬ 
quently present as well. Adenomas rarely undergo malignant 
transformation to hepatocellular carcinoma, even after years of 
maintaining a stable appearance. 8 

Radiologic-pathologic correlates of HCA are given in 
Table 86-4. 

INCIDENCE AND CLINICAL PRESENTATION 

The majority of HCAs are related to the use of oral contracep- 
tives, with an overall estimated incidence of four adenomas per 
100,000 users. 79,80 Withdrawal of estrogen compounds may 
result in regression of the HCA, which can require a period of 
se ver al months. 81 


PLAIN RADIOGRAPHIC FINDINGS 

When they are sufficiently large, HCAs can cause a right upper 
quadrant mass on plain radiographs. 2 When these lesions 



Rich in fat 


No stroma, 
internal 
hemorrhage 

Peripheral 
"feeders" 
Kupffer cells 


Hepatocytes, 
no ductules 


Hyperechoic mass: ultrasound 
Hypodense mass: CT 
Hyperintense mass: MR 
Anechoic, potentially cystic mass: ultrasound 
Hyperdense area: CT 

Hyperintense area: Tl-weighted images (MR) 
Avascular areas: angiography 
Peripheral enhancement: angiography, 
contrast-enhanced MDCT, and MR 
Sulfur colloid uptake (20%), SPIO uptake 
resulting in reduced signal on T2-weighted 
MR images 

Iminodiacetic acid uptake, no excretion 


*See text for full names of imaging agents. 



Figure 86-19 Adenoma: pathology. A. Normal hepatocytes are identified on the left side of this histologic image. On the right, fat-containing 
hepatocytes are present. B. Gross section shows hemorrhage within a large adenoma. 
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rupture, free intraperitoneal hemorrhage can occur, producing 
the typical “ground glass” appearance of free intraperitoneal 
fluid. 

NUCLEAR MEDICINE 

As in hemangioma and FNH, nuclear medicine is no longer 
routinely used in the diagnostic work-up of HCA. There are also 
no studies reporting usefulness of PET imaging in this context. 
Sulfur colloid scintigraphy demonstrates a defect in 80% of 
cases, although tracer uptake can be present in up to 20% of 
tumors. 55 Uptake is found in adenomas with a vascular supply 
sufficient to deliver the isotope to the prominent sinusoids. 

Hepatobiliary scans show tracer uptake in the majority of 
cases; however, no excretion is seen on delayed scans because of 
lack of bile ductules. 56 Tagged RBC scintigraphy demonstrates 
early uptake and a delayed defect, indicating the vascular nature 
of this tumor. 

ULTRASOUND 

Sonography typically demonstrates a large hyperechoic lesion 
with central anechoic areas, corresponding to zones of internal 
hemorrhage if it is present 58 (Fig. 86-20). These findings are 
nonspecific. On occasion, adenomas may undergo massive 
necrosis and hemorrhage, and the ultrasound appearance is 
that of a complex mass with large cystic components. Color 
Doppler ultrasound demonstrates peripheral arteries and veins, 
correlating well with both gross and angiographic findings. In 
addition, color Doppler may identify intratumoral veins. 82 This 
finding is absent in FNH and may be a useful discriminating 
feature for HCA. 82 

On contrast-enhanced ultrasound, adenomas show homo- 
geneous contrast enhancement, typically as a rapid (1 -2 seconds) 
complete centripetal filling in arterial phase. In the early portal 
venous phase, adenomas become isoechoic or, more rarely, 
remain slightly hyperechoic relative to liver parenchyma. 83 The 
typical peritumoral arteries with centripetal or diffuse filling of 
intratumoral enhancement of adenoma in early arterial phase 



Figure 86-20 Adenoma: ultrasound findings. There is a large, solid 
echogenic mass in the right lobe of the liver. Note the fairly well 
defined hypoechoic rim. 


is different from the centrifugal enhancement of FNH. 84 
Hypoechoic nonenhancing areas in the lesion may be seen, pos- 
sibly representing necrosis or previous hemorrhage. Therefore, 
in some instances, clear differentiation from FNH cannot be 
made adequately with the help of the contrast-enhanced ultra¬ 
sound pattern alone. A correct diagnosis can be achieved only 
when the spoke-wheel pattern of arterial vessels and a central 
scar are observed in FNH or intralesional venous signals or 
nonperfused areas, indicating previous hemorrhage, are present 
in adenoma. 83 

COMPUTED TOMOGRAPHY 

Nonenhanced CT usually demonstrates a hypodense mass due 
to the presence of fat and glycogen within the tumor 51 (Fig. 
86-21). However, hyperdense areas corresponding to fresh hem¬ 
orrhage can be noted (Fig. 86-22). 

On MDCT, small HCAs enhance rapidly after intravenous 
administration of contrast medium. 85 The enhancement does 
not persist in adenomas because of arteriovenous shunting, 13 
and the lesions become nearly isodense to normal liver on 
portal venous and delayed scans. A peripheral and centripetal 
enhancement pattern, reflecting the presence of the large sub- 
capsular feeding vessels, may also be seen. Farger HCAs may 
be more heterogeneous than smaller lesions, and the CT appear¬ 
ance is nonspecific. 85 

ANGIOGRAPHY 

HCA is manifested angiographically as a hypervascular mass 
with centripetal flow and large peripheral vessels. 86,87 Frequently, 
avascular areas resulting from internal hemorrhage are seen. 15 



Figure 86-21 Adenoma: noncontrast CT features. Hyperdense 
hemorrhage (arrow) is present within the right lobe of the liver. 
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Figure 86-22 Adenoma: CT features. A. Noncontrast scan shows an inhomogeneous mass with areas of low density. B and C. A mosaic, 
inhomogeneous enhancement pattern is seen after intravenous administration of contrast material. 


MAGNETIC RESONANCE IMAGING 

On MRI, adenomas are heterogeneous in appearance (Fig. 
86-23). They contain areas of increased signal intensity on 
Tl-weighted images resulting from the presence of fat and hem- 
orrhage and low signal areas corresponding to necrosis 88 (Fig. 
86-24). HCAs are predominantly hyperintense relative to liver 
on T2-weighted images. As on T1 -weighted images, they contain 
areas of heterogeneous signal intensity reflecting the presence 
of hemorrhage and necrosis. One third of HCAs have a periph- 
eral rim corresponding to a fibrous capsule. 89 In most cases, this 
rim has a low signal intensity on both TI- and T2-weighted 
images. 8 Hepatic adenomas typically demonstrate decreased 
signal intensity on out-of-phase Tl-weighted gradient-echo 
images or fat-suppressed Tl-weighted images because of their 
fat content. 38 

On contrast-enhanced dynamic studies, the adenomas show 
early enhancement during the arterial phase and a rapid 
washout (Fig. 86-25). Hepatic adenomas show a more uniform 
and moderate enhancement on arterial phase images compared 
with intense homogeneous and peripheral nodular enhance¬ 
ment patterns of focal nodular hyperplasias and hemangiomas, 
respectively. 

With the use of SPIO contrast agents (ferucarbotran or feru- 
moxide), adenomas may show an isointense signal intensity 
relative to healthy liver parenchyma or remain hyperintense on 
T2-weighted images. A variable number of Kupffer cells within 
adenomas causes the extent of signal intensity loss with SPIO 
contrast agents, and iron oxide uptake typically is moderate 
at best. 90 

After administration of hepatocyte-specific contrast agents, 
such as gadoxetate (Gd-EOB-DTPA), hepatic adenomas typi¬ 
cally appear hypointense relative to normal liver (see Fig. 


86-25). Several explanations have been postulated for the signal 
hypointensity seen in hepatic adenomas in the hepatocellular 
phase. One explanation holds that hepatic adenomas contain 
functioning hepatocytes but no bile ductules, and bilirubin 
and hepatocyte-specific contrast agents therefore cannot be 
excreted. A more plausible explanation is that the expression 
of OATP1 or similar membrane transporters is reduced in 
hepatic adenomas. 91 

Although adenomas are uncommon, it is clinically impor- 
tant to differentiate them from FNH because an adenoma 
may undergo malignant degeneration into hepatocellular car- 
cinoma and have a higher potential for bleeding compared 
with FNH, possibly resulting in life-threatening hemoperito- 
neum. Increased hormonal levels during pregnancy or exog- 
enous therapy with estrogen or an anabolic steroid may cause 
a rapid increase in the size of hepatic adenomas that is associ- 
ated with an increased risk of rupture. For these reasons, a 
solitary hepatic adenoma is often resected. However, it may 
be difficult to recognize a hepatic adenoma at dynamic MRI 
performed with extracellular gadolinium chelates. 92 

In hepatocellular phase, the enhancement patterns of adeno¬ 
mas may overlap with those of atypical FNH lesions, including 
heterogeneous enhancement and rimlike enhancement. It is 
even reported that adenomas may demonstrate such marked 
uptake of hepatocyte-specific contrast agents that they appear 
hyperintense in the hepatocellular phase. The difference in the 
levels of membrane transporter expression appears likely to be 
the reason for the disparate appearances of FNH lesions and 
hepatic adenomas at hepatocellular phase imaging. 91 

On diffusion-weighted imaging, as a solid tumor, hepatic 
adenoma shows slight signal intensity increase with increasing 
b values and appears hypointense on ADC mapping. The ADC 
value ranges between 1 and 1.40 x 10“ 3 mm 2 /s. However, the 
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Figure 86-23 Adenoma: CT and MRI features. A. Nonenhanced CT scan shows a hypodense mass. B. On contrast-enhanced CT scan, the 
lesion shows no enhancement. C. On Tl-weighted MR image, adenoma is slightly hypointense in comparison with the normal liver, and the 
fibrous capsule is isointense. D. Contrast-enhanced Tl-weighted image demonstrates the subcapsular feeding vessels ( arrows ). 



Figure 86-24 Adenoma: MRI features. A. In-phase image shows high signal intensity hemorrhage (arrow) within this mass. B. Opposed-phase 
image shows loss of signal intensity of the mass indicating fat. There are multiple areas of focal fatty infiltration (arrows). 


AD C values may overlap with FNH and malignant solid lesions 
like hepatocellular carcinoma. 93 

MULTIPLE HEPATOCELLULAR ADENOMATOSIS 

Multiple hepatocellular adenomatosis is a rare entity character- 
ized by the presence of multiple (more than four) HCAs, usually 


present in both hepatic lobes. 94,95 This entity should not be 
confused with other hyperplastic hepatocellular conditions, 
such as nodular regenerative hyperplasia, macroregenerative 
nodules of cirrhosis, or adenomatous hyperplastic nodules 
(Table 86-5). 

Hepatic adenomatosis can be associated with metabolic dis- 
orders such as glycogen storage disease. 91 
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Figure 86-25 Adenoma: MRI features. 

A well-demarcated lesion in the right lobe of the 
liver is slightly hyperintense on the T2-weighted 
image (A) and slightly hypointense on the 
Tl-weighted image (B). This hepatic adenoma 
shows strong arterial phase enhancement 
(C) with washout in the late phase (D). On the 
hepatocellular phase image (E), adenoma shows 
no uptake. 


Comparison of Hyperplastic Hepatocellular Conditions 


Criteria 

Focal Nodular 
Hyperplasia 

Hepatocellular 

Adenoma 

Nodular 

Regenerative 

Hyperplasia 

Multiple 

Hepatocellular 

Adenoma 

Macroregenerative 

Nodule 

Gross number of 

Scar 

Hemorrhage, necrosis 

Bulging nodules 

Bulging nodules 

Bulging nodules 

lesions 

1 (90%) 

1 (90%) 

Many 

Many 

Many or few 

Size (average range) 

1-6 cm 

4-12 cm 

>1.5 cm 

2-9 cm 

1-6 cm 

Key feature 

Pseudoductules 

Neohepatocytes 

Small nodules 

Normal cords 

Portal tracts 

Prior liver disease 

None 

None 

None 

None 

Submassive hepatic 
necrosis or cirrhosis 

Associated etiology 

None 

Estrogen, anabolic 
steroids 

Vascular disease 

None 

None 

Modified from Craig GR, Peters RL, Edmonson HA: Tumors of the liver and intrahepatic bile duets. Atlas of Tumor Pathology, Second Series. 
Washington, DC, Armed Forces Institute of Pathology, 1989. 
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Nodular Regenerative Hyperplasia 

PATHOLOGIC FINDINGS 

Nodular regenerative hyperplasia (NRH) is defined as diffuse 
nodularity of the liver produced by many regenerative nodules 
that are not associated with fibrosis. 96 In gross appearance, NRH 
is characterized by the presence of multiple bulging nodules on 
the external surface of the liver that on cut surface appear as 
discrete, round, flat nodules resembling diffuse involvement 
with metastatic carcinoma (Fig. 86-26A). The nodules vary in 
size from a few millimeters to several centimeters and are dif- 
fusely scattered. 

On microscopic examination, the nodules are composed of 
cells resembling normal hepatocytes, and no fibrosis is noted. 97 
This is an important difference between NRH and regenerative 
nodules of cirrhosis. 

INCIDENCE AND CLINICAL PRESENTATION 

NRH is known by numerous synonyms, including nodular 
transformation of the liver, partial nodular transformation, 
miliary hepatocellular adenomatosis, adenomatous hyperplasia, 
diffuse nodular hyperplasia, and noncirrhotic nodulation. 10 
NRH is rare, although autopsy series have shown a prevalence 
as high as 0.6%. 98 Approximately one third of cases were ini¬ 
tially considered cases of FNH. Clinically, NRH is discovered 


either incidentally on autopsy or in the work-up of portal 
hypertension and its complications. 

Various systemic diseases and drugs are often associated 
with NRH 99 ' 101 : myeloproliferative syndromes (polycythemia 
vera, chronic myelogenous leukemia, and myeloid metapla- 
sia), lymphoproliferative syndromes (Hodgkins and non- 
Hodgkins lymphoma, chronic lymphocytic leukemia, and 
plasma cell dysplasias), chronic vascular disorders (rheuma- 
toid arthritis), Felty’s syndrome, polyarteritis nodosa, sclero- 
derma, calcinosis cutis, Raynaud’s phenomenon, sclerodactyly 
and telangiectasia, lupus erythematosus, steroids, and anti- 
neoplastic medication. 97 

As described earlier, the appearance grossly and therefore 
at laparotomy is that of a cirrhotic liver with diffuse 
nodularity. 102 

PLAIN RADIOGRAPHIC FINDINGS 

Plain abdominal radiographs may demonstrate splenomegaly, 
ascites, and other signs of portal hypertension. 

NUCLEAR MEDICINE 

Because NRH nodules are composed of abnormal hepatocytes 
with Kupffer cells, they take up 99m Tc-sulfur colloid. The appear¬ 
ance of the liver may be normal if the nodules are small. Large 
nodules, measuring up to several centimeters, take up sulfur 



Figure 86-26 Nodular regenerative hyperplasia. A. This rare condition is characterized by small regenerative nodules composed of 
hepatocytes that compress the surrounding parenchyma and are not surrounded by fibrous tissue. This lack of fibrosis differentiates nodular 
regenerative hyperplasia from cirrhosis. B and C. Multiple robustly enhancing hepatic masses are identified on these contrast-enhanced CT scans 
in two patients with the Budd-Chiari syndrome. (A and B courtesy Michael P. Federle, MD, Palo Alto, CA.) 
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colloid as well. 101 There are no studies reporting the usefulness 
of PET imaging in this context. 

ULTRASOUND 

The sonographic appearance of NRH ranges from that of a 
normal liver to that of a liver with focal nodules that vary in 
echogenicity. Central hemorrhage within a large nodule may 
occur and produce a complex mass. 

COMPUTED TOMOGRAPHY 

On CT scans, the appearance of NRH ranges from that of a 
normal liver to that of a liver with focal nodules of varying 
attenuation that are primarily hypodense. 101 Central hemor¬ 
rhage within a large nodule may produce a complex mass with 
variable density. On contrast-enhanced MDCT scans, arterial 
phase imaging shows hypervascular lesions (Fig. 86-26B, C) 
that may become almost imperceptible on portal venous 
examination. 26 

ANGIOGRAPHY 

On angiography, the typical Åndings of portal hypertension 
with esophageal varices, portal collaterals, and splenomegaly 
are demonstrated. 101 On occasion, individual nodules of NRH 
can be distinguished; they are vascular and hil from the 
periphery. 

MAGNETIC RESONANCE IMAGING 

Lesions are isointense to normal liver on T2-weighted images 
and contain foci of high signal on Tl-weighted scans. 103 These 
lesions may show robust enhancement after the intravenous 
administration of Gd-DTPA. 

SUMMARY 

NRH is an underdiagnosed disease, frequently related to chronic 
illnesses or prolonged therapy. NRH can be manifested as tiny 
nodules diffusely involving the liver or as focal larger nodules 
producing a Spectrum of radiologic Åndings ranging from a 
normal-appearing liver with associated portal hypertension to 
multiple hepatic masses. 


NRH must be differentiated from other hepatocellular 
hyperplasias. Currently, hepatocellular hyperplasia is divided 
into several categories, and some groups overlap with prior 
concepts of these conditions. FNH, HCA, NRH, multiple HCAs 
(hepatocellular adenomatosis), and macro regenerative nodules 
are considered separate entities, and their differences are 
included in Table 86-5. 

Lipomatous Tumors 

PATHOLOGIC FINDINGS 

Benign hepatic tumors composed of fat cells include lipoma, 
hibernoma, and combined tumors such as angiomyolipoma (fat 
and biood vessels), myelolipoma (fat and hematopoietic tissue), 
and angiomyelolipoma. 5 

In gross appearance, lipomatous tumors are usually solitary, 
well circumscribed, and round and usually occur in a noncir- 
rhotic liver. 104 The microscopic features are similar to those of 
lipomatous tumors of soft tissues. There is no sex predilection, 
and they have been reported in a broad age range (24-70 
years). 10 Approximately 10% of patients with tuberous sclerosis 
and renal angiolipomas have hepatic fatty tumors, either lipoma 
(Fig. 86-27) or angiomyolipoma (Fig. 86-28). 105 Most lipoma¬ 
tous tumors of the liver are asymptomatic and are incidental 
Åndings. These tumors occasionally bleed, causing abdominal 
pain. 

RADIOLOGIC FINDINGS 

Angiomyolipomas are highly echogenic on sonography and 
indistinguishable from hemangiomas. 105 On CT scans, lipomas 
and angiomyolipomas appear as well-deAned masses with 
attenuation values in the range of those of fat (see Fig. 
86-28). 105,106 On angiography, angiomyolipomas are hypervas¬ 
cular and may show large aneurysms, as in angiomyolipomas 
of the kidneys. 107 On MRI scans, the fatty component of angio¬ 
myolipomas is of high signal on TI - and T2-weighted images. 108 
However, hepatocellular carcinomas containing fat deposits 
may have a similar appearance. The early phase of contrast- 
enhanced dynamic CT or MRI may be useful in discriminating 
between angiomyolipomas and hepatocellular carcinomas with 
fat because the fatty areas of angiomyolipomas are well vascu- 
larized and enhance early. 108 Conversely, the areas of fatty 



Figure 86-27 Lipoma: CT findings. A hepatic lipoma ( arrows ) that appears hypodense (fat density) on this contrast-enhanced scan. 
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Figure 86-28 Angiomyolipoma. A. Contrast- 
enhanced CT scan shows a well-circumscribed, 
heterogeneous tumor of the right lobe with fod of 
fat ( arrow). B. Photograph of the gross specimen 
shows that the tumor is large and lobulated with 
areas containing fat (arrow). C. Photomicrograph 
(hematoxylin-eosin stain, original magnification 
x200) shows proliferating smooth muscle (arrow), 
vessels, and adipose tissue (arrowheads). (From 
Frasad SR, Wang H, Rosas H, et al: Fat-containing 
lesions of the liver: Radiologic-pathologic 
correlation. RadioGraphics 25:321-331, 2005.) 


change in hepatocellular carcinoma are relatively avascular, and 
enhancement is less obvious. 108 MRI with fat suppression is a 
useful technique in the characterization of hepatic angiomyoli- 
pomas. 109 The lesions have high signal intensity on TI- and 
T2-weighted images and appear hypointense to liver on images 
obtained with fat suppression. 109 The presence of large intratu- 
moral vessels (“macroaneurysms”) is a classic feature of large 
angiomyolipomas. Color Doppler ultrasound, CT, and MRI are 
useful techniques in the detection of macroaneurysms. 110 

Other focal fatty lesions of the liver include pseudolipoma 
and focal fatty change. 

PSEUDOLIPOMA 

Pseudolipoma is usually due to fat ectopia within Glissons 
capsule. It represents epiploic appendices that become attached 
to or embedded in the liver parenchyma. 111 

Cysts and Cystic Tumors 

The classification of hepatic cysts is somewhat confusing 
because of varying criteria and incomplete histologic evalua- 
tion. Hepatic cysts should be distinguished from other cystic 
masses of the liver determined by radiologic as well as gross 
characteristics. 112 The following is a discussion of the “true” cyst 
of the liver, or bile duet cyst, defined by the presence of an 
epithelial lining. 


SIMPLE CYST 

Pathologic Findings 

A simple hepatic (bile duet) cyst (Fig. 86-29A, B) is defined as 
a single, unilocular cyst lined by a single layer of cuboidal, bile 
duet epithelium. The wall is a thin layer of fibrous tissue, and 
the adj acent liver is normal. In gross appearance, the wall is 
1 mm or less in thickness and typically occurs just beneath the 
surface of the liver, although some may occur deeper. The 
simple hepatic cyst is considered to be of congenital, develop- 
mental origin, although it is usually discovered in the fifth 
through seventh decades of life. 113 

Incidence and Clinical Presentation 

Simple hepatic (bile duet) cysts range in incidence from 1% to 
14% in autopsy series and appear to occur more commonly in 
women than in men (5:1). 10 Simple cysts are usually fo und 
incidentally, although up to 20% have been reported in surgical 
series of patients who presented with symptoms caused by a 
mass effeet (abdominal pain, jaundice, intra-abdominal 
mass). 114 Asymptomatic cysts are not usually treated unless they 
are complicated by hemorrhage or infeetion. The treatment for 
symptomatic cysts is wide incision and drainage. 

Radiologic Findings 

Simple cysts cause a nonspecific photopenic defeet on hepato- 
biliary scans with sulfur colloid and iminodiacetic acid 
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Figure 86-29 Hepatic cyst. A and B. Benign unilocular cyst lined by a single layer of cuboidal 
epithelium. The wall is a thin layer (1 cm) of fibrous tissue, and the adjacent liver is normal. 

C. Transverse sonogram shows an anechoic, well-marginated, simple cyst with a thin wall and 
posterior acoustic enhancement. D. Contrast-enhanced CT shows a homogeneous, low- 
attenuation (8 HU) cyst in the left lobe of the liver. There is no mural enhancement. On MRI, 
cysts show low signal intensity on the Tl-weighted image (E) and no enhancement after the 
intravenous administration of contrast material (F). 




derivatives. On sonography (Fig. 86-29C), uncomplicated 
simple (bile duet) cysts are manifested as anechoic masses, with 
smooth horders, lateral shadowing, posterior echo enhance¬ 
ment, nondetectable walls, no septations, and no mural 
calcification. 

The CT features (Fig. 86-29D) of an uncomplicated hepatic 
cyst are a well-defmed intrahepatic mass; water attenuation; 
round or oval shape; smooth, thin walls; absence of internal 
structures; and no enhancement after administration of con¬ 
trast material. 112 

As implied in the definition, simple cysts of the liver are 
usually solitary but can number fewer than 10. When more than 
10 cysts are seen, one of the fibropolycystic diseases should be 
considered. 115 

On MRI studies (Fig. 86-29E, F), simple cysts are extremely 
hyperintense on T2-weighted images and hypointense on 
Tl-weighted images (Fig. 86-30). They usually have a homoge¬ 
neous, well-defmed, oval appearance. 38 Cysts with intracystic 
hemorrhage may show high signal intensity on both T1 -weighted 
and T2-weighted images. 116 No enhancement is seen after 
administration of gadolinium chelates. 

Summary 

Ultrasound is the best way to confirm the cystic nature of a 
hepatic mass. Cysts complicated by infeetion or hemorrhage 


may have septations or internal debris as well as enhancement 
of the wall. Percutaneous aspiration and sclerotherapy with 
aleohol are useful for treatment of symptomatic hepatic 

cysts. 117 ’ 118 

BILE DUCT HAMARTOMAS (VON MEYENBERG 
COMPLEXES) 

Bile duet hamartomas (BDHs) are a focal disorderly collection 
of bile duets that is due to failure of involution of embryonic 
bile duets. With extreme dilation, these duets become visible on 
imaging. These lesions are 1 to 5 mm in size (Fig. 86-31). There 
can be 50,000 to 100,000 BDHs in a normal-sized liver. 

Nearly all individuals with adult polycystic liver disease 
(APLD) have multiple BDHs, and 11% of patients with mul¬ 
tiple BDHs have APLD. It is postulated that the larger cysts of 
APLD result from gradual dilation of the hamartomas. BDHs 
have a 0.69% to 5.6% incidence at autopsy. 

On CT, innumerable cystic lesions less than 5 mm in diam¬ 
eter are present. They show no contrast enhancement. On MRI, 
BDHs have low signal intensity on T2-weighted images and 
high signal intensity on T2-weighted images. 

Biliary hamartomas do not show uptake of liver-specific 
contrast agents because of their lack of communication 
with the bile duets. On diffusion-weighted imaging, biliary 
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Figure 86-30 Hepatic cyst: MR features. 

A typical simple cyst of the liver. The cyst ( arrow ) 
is hyperintense on the T2-weighted image (A) and 
hypointense on the Tl-weighted image (B). It 
shows no contrast enhancement (C). 




Figure 86-31 Multiple bile duet hamartomas (von Meyenberg complexes). A. These are small bile ductules embedded in a fibrous, 
sometimes hyalinized stroma. Each lumen may contain inspissated bile concretions (arrow), and the lumina may interconnect. These are usually 
incidental findings at autopsy and cross-sectional imaging. B. They are usually small and multiple, located in the subeapsular region and 
distributed in both lobes. C. Coronal, T2-weighted MRI scan shows multiple, tiny hyperintense lesions in the liver. D. MRCP images show these 
hyperintense lesions. They have fluid (bile) signal intensity. E. MRCP image demonstrates innumerable tiny hyperintense cysts typical of this 
disorder. Arrowheads point to pancreatic duet. 
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hamartomas, like cystic lesions, show signal intensity loss with 
increasing b values and appear strongly hyperintense on AD C 
mapping. 9 

CONGENITAL HEPATIC FIBROSIS AND 
POLYCYSTIC LIVER DISEASE 

Pathologic Findings 

Congenital hepatic fibrosis is part of the Spectrum of hepatic 
cystic diseases. Congenital hepatic fibrosis is characterized by 
aberrant bile duet proliferation and periductal fibrosis. 10 In 
typical congenital hepatic fibrosis, cysts are not visible without 
a hånd lens. However, in the polycystic liver disease variant, 
numerous large and small cysts coexist with fibrosis (Fig. 
86-32A). In cases of polycystic liver or kidney disease, the liver 
surrounding the cysts is not normal, frequently containing 


von Meyenburg complexes and inereased fibrous tissue. 1 In 
patients with adult polycystic kidney disease, there is hepatic 
involvement in approximately 30% to 40%. 11 On occasion, 
hepatic cysts occur without radiographically identifiable renal 
involvement. 115 

Incidence and Clinical Presentation 

The incidence of congenital hepatic fibrosis and polycystic 
liver disease is difficult to determine because of the various 
degrees of expression. 119 Clinically, the majority of patients 
present in childhood, when congenital hepatic fibrosis pre- 
dominates, with bleeding varices and other manifestations of 
portal hypertension. 

In patients with polycystic liver disease predominance, the 
lesions are usually identified incidentally at radiologic examina- 
tion. Approximately 70% of patients with polycystic liver disease 



Figure 86-32 Polycystic liver disease. 

A. Pathologic specimen shows multiple 
cysts replacing the liver. B. Sonogram 
demonstrates multiple septated and simple 
cysts. C. CT scan shows multiple cysts 
replacing the liver and kidney. Several of 
the hepatic cysts have mural calcification. 

D. Axial T2-weighted MR image shows 
multiple hyperintense hepatic cysts. 

E. Coronal T2-weighted MR image 
demonstrates multiple hyperintense 
hepatic and renal cysts. 
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also have adult polycystic kidney disease. Congenital hepatic 
fibrosis is also related to Caroli’s disease, which is discussed in 
Chapter 76. 

Radiologic Findings 

Cross-sectional imaging shows multiple cysts in the liver (Fig. 
86-32B), frequently associated with multiple renal cysts. 115 
Hypoattenuating cystic lesions demonstrate regular outlines on 
nonenhanced CT scans and no wall or content enhancement on 
contrast-enhanced images (Fig. 86-32C). At MRI, cysts show a 
very low signal intensity on Tl-weighted images and do not 
enhance after administration of gadolinium. Because of their 
fluid content, on T2-weighted MR images, they show high 
signal intensity (Fig. 86-32D, E). Signal intensity alterations 
indicating intracystic hemorrhage are commonly seen. 116 Calci- 
fication in the cyst wall is occasionally seen, and the cysts may 
contain biood and fluid levels. 112 These hepatic cysts are patho- 
logically identical to simple or bile duet cysts. 

CYSTADENOMA 

Biliary cystadenoma is a cystic tumor of the liver with a recog- 
nized propensity to undergo malignant transformation. It is 
considered a premalignant lesion and is discussed with cystad- 
enocarcinoma in Chapter 87. 

Infantile Hemangioendothelioma 

PATHOLOGIC FINDINGS 

Infantile hemangioendothelioma (IHE) is a vascular tumor 
derived from endothelial cells that proliferate and form vascular 
channels. In gross appearance, IHEs are usually multiple and 
diffuse; a solitary lesion is an uncommon variant. 1 The nodules 
of IHEs vary from a few millimeters to 15 cm or more in size. 
Lesions are usually multiple, nodular, round, red-brown, and 
spongy to white-yellow with fibrotic predominance in mature 
cases. 15 Calcification may be present. 

On microscopic examination, IHEs are composed of a pro- 
liferation of small vascular channels lined by endothelial cells. 
Cavernous areas as well as zones of hemorrhage, thrombosis, 
fibrosis, and calcification are common. The cavernous areas 
noted in some lesions correspond to the areas of puddling of 
contrast material seen angiographically. The multinodular type 
may involve other organs and the skin, in which angiomas 
are also present. The solitary variant has no associated skin 
hemangiomas. 10 

INCIDENCE AND CLINICAL PRESENTATION 

IHE is the most common benign vascular tumor of infancy 
and accounts for 12% of all childhood hepatic tumors. 1 
Eighty-five percent of patients with IHE present as young 
infants between 1 and 6 months of age, with less than 5% of 
cases detected beyond 1 year of age and females affeeted more 
often than males. Clinical findings include hepatomegaly, con- 
gestive heart failure (present in up to 25% of cases), throm- 
bocytopenia caused by trapping of platelets by the tumor, and 
occasional rupture with hemoperitoneum. 124,125 Most tumors 
continue to grow during the first year of life and then spon- 
taneously regress, probably because of thrombosis and scar 
formation. 126 Cutaneous hemangiomas, as described earlier, are 


more commonly present in the multinodular form of IHE, 
occurring in up to 40% of patients. 

PLAIN RADIOGRAPHIC FINDINGS 

On plain radiographs of the abdomen, IHE appears as an upper 
abdominal mass or as hepatomegaly if the liver is diffusely 
involved. Speckled calcifications may be present. 127 Chest radio¬ 
graphs may show signs of congestive heart failure in 30% of 


ULTRASOUND 

Ultrasonographic features of IHE are varied. There is typically 
a complex liver mass with large draining hepatic veins. 128 Single 
or multiple lesions may be seen, and the lesions may range from 
hypoechoic to hyperechoic. During a period of months, these 
lesions tend to involute slowly and develop inereased echo- 
genicity. 129 Dilated hepatic vasculature with prominent biood 
flow is typical at Doppler ultrasound if significant arteriove- 
nous shunting is present. 

COMPUTED TOMOGRAPHY 

On precontrast CT scans, IHE appears as single or multiple 
hypodense masses with or without calcifications 130 (Fig. 
86-33A). Contrast-enhanced CT shows an enhancement pattern 
that may resemble an adult giant hemangioma, with “nodular” 
peripheral early enhancement and delayed progression to the 
center of the lesion (Fig. 86-33B). In larger tumors, the central 
portion of the tumor remains hypodense because of fibrosis, 
hemorrhage, or necrosis. 126,131 

ANGIOGRAPHY 

On angiography, enlarged tortuous feeding arteries as well as 
draining vessels and large vascular lakes are seen with prolonged 
pooling of the contrast agent. The aorta typically has a decreased 
caliber distal to the origin of the hepatic mass, indicating the 
large biood supply to the tumor. 132133 

MAGNETIC RESONANCE IMAGING 

On MRI, IHE has a nonspecific appearance and is predomi- 
nantly hypointense on Tl-weighted images and hyperintense 
on T2-weighted images. 130 Foci of hyperintense or hypointense 
signal on Tl-weighted scans correspond to areas of hemorrhage 
and fibrosis. 130,134 In tumors with arteriovenous shunting and 
high biood flow, flow voids may be seen on T2-weighted images. 
On contrast-enhanced dynamic MRI (Fig. 86-33C), the lesions 
usually demonstrate an enhancement pattern similar to that on 
MDCT. In some cases, however, the lesion may show a complete 
“rimlike” enhancement at dynamic imaging, which may simu- 
late other childhood tumors. 123 

SUMMARY 

IHE is the most common liver tumor during the first 6 months 
of life. These lesions are usually multiple and markedly hyper- 
vascular and may be associated with cutaneous angiomas. 
Although IHE may grow to a large size, producing cardiac 
failure, it involutes spontaneously with time. The radiologic 
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Figure 86-33 Infantile hemangioendothelioma: 
CT and MRI appearance. A. On nonenhanced 
CT, there is a large hypodense lesion in the left 
lobe of the liver with some peripheral calcification. 

B. After administration of contrast material, there 
is peripheral enhancement similar to that of a 
hemangioma identified on the axial MR image. 

C. Coronal MR image demonstrates peripheral 
enhancement. 



findings for IHE are similar to those for multiple hemangiomas 
of the liver in the adult. 

Mesenchymal Hamartoma 

PATHOLOGIC FINDINGS 

Mesenchymal hamartoma is a benign cystic developmental 
lesion and is not considered a true neoplasm. It is composed of 
gelatinous mesenchymal tissue with cyst formation as well as 
remnants of normal hepatic parenchyma. 135,136 In gross appear¬ 
ance, mesenchymal hamartoma is a large, soft, predominantly 
cystic mass measuring 15 cm or more in largest diameter at the 
time of diagnosis. 13 These tumors are well defined and encap- 
sulated or pedunculated. 138 Cysts are present grossly in 80% of 
cases. On cut section, mesenchymal hamartomas can have 
either mesenchymal predominance (a solid appearance) or 
cystic predominance (the bulk of the tumor appears as multi- 
loculated cystic masses). On histologic evaluation, the tumor 
consists of cysts, remnants of portal triads, hepatocytes, and 
fluid-filled mesenchyme. 

INCIDENCE AND CLINICAL PRESENTATION 

Mesenchymal hamartoma is an uncommon lesion, accounting 
for 8% of all childhood liver tumors. 1 The majority of cases 
occur during the first 3 years of life, and there is a slight 
male predominance. 13 Clinically, slow, progressive, painless 
abdominal enlargement is seen. Sometimes rapid enlargement 
may occur because of rapid accumulation of fluid in the cyst. 
This enlargement may occasionally cause respiratory distress 
and edema of the lower extremities. 139 


PLAIN RADIOGRAPHIC FINDINGS 

This large tumor is manifested as a noncalcified right upper 
quadrant soft tissue mass on radiographs. 

ULTRASOUND 

Sonography demonstrates either large cysts within internal 
septa (cystic predominance) or, less commonly, smaller cysts 
with thick septa (mesenchymal predominance). 138 

COMPUTED TOMOGRAPHY 

On CT, these tumors appear as well-defined masses with central 
hypodense areas and internal septa (Fig. 86-34A). Both solid 
and cystic components may be distinguished. 138,140 After the 
administration of contrast media, enhancement of the solid 
areas may be detectable. 131 

ANGIOGRAPHY 

Angiography shows a hypovascular or avascular mass causing 
displacement of vessels. Hypervascularity has been described in 
the solid portions. 140,141 

MAGNETIC RESONANCE IMAGING 

The MRI appearance of mesenchymal hamartoma depends on 
whether an individual lesion is predominantly stromal or cystic. 
For lesions with stromal predominance, the intensity on 
Tl-weighted images is lower than that of the normal liver 
because of increased fibrosis. Conversely, if there is cystic 
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Figure 86-34 Mesenchymal hamartoma. CT (A) 

and MRI (B) appearance. The lesion is markedly 
cystic and has septa. 




predominance, the mesenchymal hamartoma is predominantly 
hypointense on Tl-weighted images and markedly hyperin- 
tense on T2-weighted images (Fig. 86-34B). On T2-weighted 
images, multiple septa can be seen traversing the tumor, indicat- 
ing that the mass is not a simple cyst. 134 The stromal compo- 
nents may enhance after the administration of gadolinium- 
chelate agents. 142 

SUMMARY 

Mesenchymal hamartoma is a rare liver tumor that occurs in 
the first 2 years of life. Hepatoblastoma and IHE have a similar 
age presentation but are solid, whereas mesenchymal hamarto- 
mas are predominantly cystic. 

Mesenchymal hamartoma is not a neoplasm but a failure of 
normal development. Therefore, it does not require extensive 
surgery; single excision, marsupialization, or incisional drain- 
age may be sufficient therapy. 

Mesenchymal hamartoma should not be confused with 
other cystic-appearing masses that may occur in the liver of 
toddlers, such as abscesses or hematomas. 

Miscellaneous Benign Tumors 

BILE DUCT ADENOMA 

This benign, solitary, small (<1 cm) mass is composed of small 
bile duets and is discovered incidentally at autopsy. 10 

LYMPHANGIOMATOSIS 

Hepatic lymphangiomatosis is defined by the presence of 
multiple masses composed of prominent lymphatic channels 
that compress the normal hepatic architecture. 10 Usually, it is 
part of a systemic syndrome in which other organs, including 
the spleen, skeleton, soft tissues, lung, and brain, are also 
involved. 


LEIOMYOMA 

This extremely rare lesion is a well-circumscribed smooth 
muscle tumor arising in the liver with nonspecific radiologic 
characteristics. 143 Several cases of leiomyoma have recently 
been reported in adults and children infeeted with human 
immunodefkiency virus, suggesting that there may be a clini- 
cal association between these two entities. 144146 On ultrasound 
examination, the lesion may appear solid or hypoechoic with 
internal echoes. 145,146 Leiomyomas are of low attenuation rela¬ 
tive to the liver on noncontrast CT scans and display two 
distinet enhancement patterns: peripheral rim enhancement 
similar to abscesses or homogeneous enhancement resembling 
hemangioma. 144146 On MRI, leiomyomas are hypointense rela¬ 
tive to the liver on Tl-weighted images and hyperintense 
on T2-weighted images. 145,146 

FIBROMA (FIBROUS MESOTHELIOMA) 

Fibrous mesotheliomas are rare tumors that localize on the 
surface of the liver. 53,147 They are usually large and consist his- 
tologically of spindle cells and collagen. 

ADRENAL REST TUMOR 

Adrenal rest tumors are derived from ectopic adrenal tissue that 
is histologically identical to that in adrenocortical tumors. They 
are extremely rare. 148 

PANCREATIC HETEROTOPIA 

Ectopic panereas in the liver has been rarely described. 149,150 

INFLAMMATORY PSEUDOTUMOR 

Inflammatory pseudotumor is a rare uncommon space- 
occupying lesion. It is characterized by proliferating 
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Figure 86-35 Inflammatory pseudotumor. A. Tl-weighted MR image shows a hypointense lesion in the posterior aspect of the right hepatic 
lobe ( arrow ). B. The lesion is hyperintense on T2-weighted images. Note the dilated biliary duets due to cholangitis. C. Gadolinium-enhanced 
arterial phase Tl-weighted MR image shows enhancing inflammatory pseudotumor. D. On the delayed phase images, the enhancement of the 
liver parenchyma surrounding the tumor indicates inflammation. (Courtesy Dr. Tomoaki Ichikawa, Yamanashi University, Yamanashi, Japan.) 


fibrovascular tissue mixed with inflammatory cells. The exact 
etiology of this entity is uncertain, but it has been stated 
that inflammatory pseudotumors have been associated with 
lymphoma or inflammatory processes, including inflamma¬ 
tory bowel disease and primary sclerosing cholangitis. Inter- 
estingly, they appear to be more common in non-European 
populations, such as Southeast Asians. 151 Inflammatory pseu¬ 
dotumors do not require surgical resection and typically 
resolve completely. 26 On the other hånd, it may be challeng- 
ing to differentiate them from malignant liver neoplasms or 
abscesses. 

Inflammatory pseudotumor is usually large (>3 cm) at 
presentation. The ultrasound appearance may be hypoechoic, 
isoechoic, or hyperechoic. On nonenhanced CT images, the 


lesion is hypodense or isodense with the liver. At contrast- 
enhanced dynamic CT imaging, pseudotumors show early 
arterial enhancement, and they are almost isodense or 
slightly hyperdense in portal venous phase. 26 Delayed phase 
images may show inereased contrast retention within the 
lesion relative to normal liver parenchyma. The signal inten- 
sity on both precontrast TI- and T2-weighted images varies 
from hypointense to hyperintense. The most common 
although nonspecific precontrast MRI flnding is hyperinten- 
sity on T2-weighted images 152 (Fig. 86-35). Contrast enhance¬ 
ment patterns on MRI are similar to those observed on CT. 
Because of the nonspecific imaging characteristics of this 
entity, a core biopsy is usually required for accurate 
diagnosis. 153 
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Primary malignant neoplasms of the liver are classified by the 
cell of origin (Box 87-1). Secondary malignant liver tumors are 
metastases and lymphomas. Overall, metastases are the most 
frequent malignant tumors of the liver, except in patients with 
preexisting cirrhosis, in whom primary malignant neoplasms 
are more frequent. 1 

In this chapter, primary malignant liver tumors of hepato- 
cyte origin are discussed first: hepatocellular carcinoma, fibrola¬ 
mellar carcinoma, and hepatoblastoma. Intrahepatic carcinoma 
and cystadenocarcinoma that arise from biliary cells are 
then considered. Angiosarcoma, undifferentiated (embryonal) 
sarcoma, epithelial hemangioendothelioma, and other mesen- 
chymal sarcomas that originate in the mesenchymal tissue are 
reviewed. Finally, the secondary liver tumors, lymphomas and 
metastases, are discussed. 

Hepatocellular Carcinoma 

PATHOLOGIC FINDINGS 

Hepatocellular carcinoma (HCC) is the most common primary 
hepatic tumor and one of the most common visceral malignant 
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neoplasms worldwide/ Terms such as hepatoma and primary 
liver cancer are often used synonymously with HCC, but they 
should be avoided in the interest of clarity and the term hepa¬ 
tocellular carcinoma should be encouraged. 3 

HCC is a malignant lesion composed of cells that attempt to 
differentiate into normal liver, mimicking hepatocyte cords. 
However, their abnormal growth prevents the malignant hepa- 
tocytes from forming normal hepatic acini. Several clinical and 
histologic patterns occur, and the prognosis differs according to 
the associated condition (e.g., cirrhosis) and the extent of the 
tumor at diagnosis. 2 

In gross appearance, there are three major patterns of growth 
(Fig. 87-1): single or massive HCC characterized by the pres- 
ence of a solitary, often large, mass; nodular or multifocal HCC, 
in which multiple well-separated nodules are seen throughout 
the liver, mimicking the appearance of metastases; and diffuse 
or cirrhotomimetic HCC, in which multiple small foci are seen 
throughout the liver in a diffuse manner. 

A gross variant, encapsulated HCC, has a better prognosis 
because of its greater resectability 4,5 (Fig. 87-2). Regardless of its 
gross appearance, HCC is a soft tumor that frequently under- 
goes necroses and hemorrhages because of lack of stroma. 
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BOX 87-1 MALIGNANT LIVER TUMORS 


HEPATOCELLULAR ORIGIN 

Hepatocellular carcinoma 

Atypical hepatocellular carcinoma 

Clear cell carcinoma 

Giant cell carcinoma 

Childhood hepatocellular carcinoma 

Carcinosarcoma 

Fibrolamellar carcinoma 

Hepatoblastoma 

Sclerosing hepatic carcinoma 

CHOLANGIOCELLULAR ORIGIN 

Cholangiocarcinoma 

Cystadenocarcinoma 

MESENCHYMAL ORIGIN 

Angiosarcoma 

Epithelioid hemangioendothelioma 

Leiomyosarcoma 

Fibrosarcoma 

Malignant fibrous histiocytoma 

Primary lymphoma 

Primary hepatic osteosarcoma 


Vascular invasion of perihepatic vessels is common. 6 Conversely, 
biliary invasion is uncommon. 6 

On microscopic examination, the cells of HCC resemble 
normal liver cells, and it is often difficult to distinguish normal 
hepatocytes from cells of HCC or hepatocellular adenoma. 7 
This is of considerable importance in planning an aspiration 
biopsy of a focal liver lesion. In some cases, the malignant hepa¬ 
tocytes are so well differentiated that they even produce bile, 
which is seen in tumor cells and in biliary canaliculi. A variety 
of products can be produced by the abnormal hepatocytes of 
HCC: Mallory bodies, a-fetoprotein, a r antitrypsin, and other 
serum proteins. Fat and glycogen are often present in the cyto- 
plasm of HCC hepatocytes. If there are large amounts of fat, the 
tumor is called clear cell carcinoma of the liver. 

The most frequent HCC histologic growth pattern is tra- 
becular, in which the tumor cells attempt to recapitulate the 
cords seen in normal liver. 8 The trabeculae are separated by 
vascular spaces with no stroma or supportive connective tissue. 
On occasion, the center of the trabeculae contains tumor seere- 
tions, giving the tumor a pseudoglandular or acinar pattern. In 
other cases, the trabeculae grow together, producing a solid 
pattern (Fig. 87-3). 




Figure 87-1 Hepatocellular carcinoma (HCC): gross 
forms. A. Single or massive form. Large mass occupies 
the right lobe of the liver. B. Multifocal or nodular HCC 
in a cirrhotic liver. Multiple independent tumor nodules 
are identified. This appearance resembles metastases. 
C. Diffuse or cirrhotomimetic HCC. This cut section 
shows innumerable nodules of HCC, ranging from 
several centimeters to subcentimeter in size, replacing 
the normal liver. In these cases, HCC may be 
indistinguishable from cirrhosis with macroregenerative 
nodule on imaging. 



Figure 87-2 Encapsulated HCC. A. Photomicrograph demonstrates a capsule [arrow) that demarcates the HCC. B. Gross specimen 
demonstrates bands of fibrous tissue (arrow) that surround this HCC. 
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Figure 87-3 HCC: histologic appearance. A. Photomicrograph of a solid or cellular histologic pattern. In solid HCC, the imaging appearance 
of the tumor is similar to that of normal liver because of its marked cellularity. B. Photomicrograph of a well-differentiated HCC with an acinar 
pattern. Large amounts of tumor secretions are seen within HCC cells ( arrow ). HCCs with large intratumoral secretions have a lower CT density 
than normal liver. The Spectrum of microscopic findings explains the Spectrum of radiologic appearances in HCC. 


BOX 87-2 IMAGING TECHNIQUES IN LIVER 
NEOPLASMS 


TO ASSESS VASCULARITY 

Contrast-enhanced computed tomography 
Gadolinium-enhanced magnetic resonance imaging 
Contrast-enhanced ultrasound 
Angiography 

Biood pool studies ( 99 m Tc-labeled red biood cells) 

TO ASSESS HEPATOCYTE FUNCTION OR Bl LI ARY EXCRETION 

Magnetic resonance imaging enhanced with hepatocyte-specific 
contrast agents 

TO ASSESS METABOLIC ACTIVITY OF NEOPLASMS 

18 F-FDG positron emission tomography 

TO ASSESS KUPFFER CELL ACTIVITY 

Magnetic resonance imaging enhanced with intravenous super- 
paramagnetic iron oxide 

TO ASSESS TUMORAL CALCIFICATION 

Computed tomography 

Ultrasound 

Plain radiography 

TO ASSESS CAPSULE PRESENCE 

Computed tomography (enhanced or unenhanced) 

Ultrasound (enhanced or unenhanced) 

Magnetic resonance imaging (enhanced or unenhanced) 

TO ASSESS INTERNAL NATURE OF NEOPLASMS 
(e.g. f solid versus cystic f hemorrhage, fibrosis) 

Computed tomography 
Magnetic resonance imaging 
Ultrasound 


These microscopic variations are important for the radiolo¬ 
gist to appreciate because cellular HCCs may appear similar to 
normal liver, so that only subtle changes in density or echo- 
genicity may be present. However, if there is fat deposition or 
pseudogland formation, the HCC may appear hyperechoic on 
ultrasound studies, hypodense on computed tomography (CT) 
scans, and hyperintense on magnetic resonance imaging (MRI). 9 

The radiologic correlates of the pathology of HCCs are listed 
in Box 87-2. 

An important challenge for radiologists and pathologists lies 
in the early diagnosis of HCC, particularly within a cirrhotic 


liver. Successful treatment of HCCs with any of the available 
therapies, such as surgical resection, liver transplantation, per- 
cutaneous ethanol injection, and transcatheter embolization, is 
most likely if the lesion is small, so early detection is critical. 10 
With this aim, an attempt has been made to standardize 
the terminology of nodular liver lesions, thereby clarifying the 
pathogenesis of HCC in the cirrhotic liver and enhancing the 
early diagnosis of premalignant nodules and small HCCs. 11 A 
cirrhotic nodule is defined as a regenerative nodule composed 
of hepatocytes and is largely or completely surrounded by 
fibrous septa. A “dysplastic” nodule, which is an intermediate 
stage between a cirrhotic nodule and HCC, is at least 1 mm 
in diameter and contains areas of dysplasia but no histologic 
evidence of malignancy. 11,12 Synonyms for dysplastic nodule 
include adenomatous hyperplasia and macroregenerative 
nodule. 11 Dysplastic nodules are subdivided into low-grade and 
high-grade types on the basis of findings at light microscopy. 11 
It is widely accepted that dysplastic nodules are premalignant, 
although the exact mechanisms of transformation of cirrhotic 
nodule to dysplastic nodule to HCC have yet to be defined. 13 

INCIDENCE AND CLINICAL PRESENTATION 

Although HCC has a similar histologic appearance worldwide, 
it has a bimodal geographic distribution in terms of incidence 
and clinical presentation. It is rare in the Western hemisphere 
(low-incidence areas) and relatively frequent in sub-Saharan 
Africa and Asia (high-incidence areas). 14 

Even in the United States, the incidence varies. According to 
the World Health Organization, the incidence ranges from 0.9 
per 100,000 in women in New York to 30.9 per 100,000 in men 
of Chinese origin in San Francisco. 2 Worldwide, the highest 
incidence is in Japan, where it is reported to be as high as 4.8%. 15 

Clinically, in the low-incidence areas, symptoms are insidi- 
ous in onset and include malaise, fever, and abdominal pain. 2,6 
Jaundice is rare. Liver function test results are normal and indis- 
tinguishable from those in cirrhosis, except for elevation of the 
a-fetoprotein level. Other proteins produced by HCC may give 
rise to numerous paraneoplastic syndromes, such as erythrocy- 
tosis, hypercalcemia, hypoglycemia, hypercholesterolemia, and 
hirsutism. The usual age at presentation in the low-incidence 
areas is 70 to 80 years, and the male/female ratio is 2.5:1. 2,14 
Most patients have a long history of alcoholic cirrhosis, hemo- 
chromatosis, or steroid use. 
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In the high-incidence areas, the age at presentation is younger 
(30-45 years), and men are affected eight times more frequently 
than women. 14 The primary etiologic factors in high-incidence 
areas are hepatitis B and C viruses and exposure to aflatoxins. 
In these areas, HCC is aggressive and may be manifested with 
hepatic rupture and massive hemoperitoneum. 16 

RADIOLOGIC FINDINGS 

Plain Radiography 

When it is sufficiently large, HCC may appear as a nonspecific 
upper abdominal mass on plain abdominal radiographs. Calci- 
fication is rare in the typical HCC but more common in other 
hepatocellular neoplasms, such as fibrolamellar carcinoma. In 
patients with hemochromatosis, plain radiographs of the 
extremities demonstrate degenerative changes with calcium 
pyrophosphate deposition disease in cartilages. 

Nuclear Medicine 

Nuclear medicine is only occasionally used for the detection of 
HCC. On sulfur colloid studies of Western patients, HCC is 
manifested as a defect in a cirrhotic liver. Hepatomegaly with 
heterogeneous uptake of the radionuclide and colloid shift to 
the spleen and bone marrow are frequently noted. 16 It is reported 
that 30% to 50% of HCCs are not 18 F-fhiorodeoxyglucose ( 18 F- 
FDG) avid or are only mildly avid 18 because of the abundant 
amount of the enzyme glucose-6-phosphatase in certain types 
of HCC. Glucose-6-phosphatase dephosphorylates FDG-6- 
phosphatase, and as a result of this, FDG “leaks back” into the 
circulation. However, the use of u C-acetate as a positron emis¬ 
sion tomography (PET) tracer for detection of kinetics and 
uptake characteristics of fatty acid synthesis in HCC has shown 
promising results. Well-differentiated HCC, which tends to 
show negative uptake for FDG because of glucose-6-phospha- 
tase, has uptake of n C. Unfortunately, n C has a short half-life 
of 20 minutes, which leads to the need for an on-site cyclotron. 
Therefore, in routine situations, there is little role of PET or 
PET/CT in the diagnosis or staging of HCC. 

The soft tissue contrast of liver MRI is far more superior 
to that of PET for the detection of small primary HCC (<2 cm), 
especially when liver-specific contrast agents are used. Further- 
more, functional MRI techniques, such as diffusion-weighted 
MRI, have been demonstrated to significantly improve the 
detection rate of subcentimeter-sized intrahepatic metastasis 
of HCC compared with conventional MRI alone. 19 If the high 
sensitivity of liver MRI and the potential of functional MRI 
can be transferred to combined PET/MRI, it can show a per- 
formance no less than that of MRI for the primary diagnosis 
of HCC. The major advantage of PET/MRI scanners is that 
MRI evaluation of primary tumor extent and PET evaluation 
for whole body staging can be performed with a single 
examination. 

PET/MRI unites the high soft tissue contrast of MRI, the 
data of functional MRI, and the metabolic information of PET 
in the evaluation of tumor volume and viability. PET can serve 
as a tool for differentiating HCCs with low biologic behavior 
and highly aggressive biologic behavior by measuring tumor 
18 F-FDG uptake (standardized uptake value). The aggressive - 
ness of biologic behavior is related to the volume doubling time 
of HCC and thus is predictive for survival rate, with an inverse 
relation between the standardized uptake value and survival 
rate. 21 


Furthermore, 18 F-FDG PET imaging has been proved to be 
useful for the detection of tumor recurrence in HCC patients 
after liver transplantation and interventional therapy. 22 Although 
there are studies outlining the high potential of functional MRI 
techniques, such as dynamic contrast-enhanced MRI and 
diffusion-weighted MRI, as partners in combination with PET, 
the exact sensitivity and specificity of PET/MRI for tumor 
recurrence are still in question. 

Ultrasound 

The sonographic appearance of HCC is varied (Fig. 87-4). 
These lesions are frequently hyperechoic, particularly if there is 
fatty change or marked sinusoidal dilation. 25 Ultrasonogra- 
phy can detect extremely small tumors and, in combination 
with serum a-fetoprotein assays, serves as an excellent screen¬ 
ing method for high-risk patients with long-standing cirrho- 
sis. 26,2 This approach to patients has been successful in Asia but 
has been found to be far less accurate in the United States 
because of differences in patient body habitus and sonography 
expertise. 

Some authors explain the varied sonographic appearance of 
HCC on the basis of size. Small HCCs (<3 cm) often appear 
hypoechoic and are associated with posterior acoustic enhance- 
ment; tumors larger than 3 cm more often have a mosaic or 
mixed pattern. Ultrasound is also capable of demonstrating 
the capsule in encapsulated HCC, which appears as a thin, 
hypoechoic band. 4 

Sonography, in conjunction with color and duplex Doppler 
imaging, can diagnose tumor thrombus in the portal and 
hepatic veins as well as in the inferior vena cava. 31,32 

Color Doppler ultrasound has been used to assess the vas- 
cularity of HCC. 33 These data plus the resistive index of tumor 
vessels have been used to differentiate HCC from other 
tumors. 34 35 Color Doppler ultrasound demonstrates an intra- 
lesional tangle of vessels, the “basket” pattern, in up to 15% of 
cases, indicating hypervascularity and tumor shunting. 36,37 
Power Doppler has also been assessed in the characterization of 
HCCs. Although most HCCs show a central pattern of vascular- 
ity, so do some hemangiomas and metastases, and the clinical 
usefulness of this technique is therefore limited. 8 

The introduction of intravascular contrast agents has 
improved the ability of ultrasound to diagnose HCC. An HCC 
typically demonstrates an early hyperperfusion compared with 
the adjacent normal liver tissue. A chaotic vessel dysmorphol- 
ogy and washout during the portal venous phase are the other 
characteristics of the tumor. 39,40 

Computed Tomography 

Unenhanced CT scans demonstrate a large, hypodense mass 
with central areas of lower attenuation that correspond to the 
tumor necrosis frequently seen in HCC (Figs. 87-5 and 87-6). 
In North American and European patients, the remainder of 
the liver shows cirrhosis (60%) or hemochromatosis (20%) 3,5 
(Fig. 87-7). 

Multiphasic multidetector computed tomography (MDCT) 
including nonenhanced, hepatic arterial, portal venous, and 
delayed phase images is an efficient technique for determination 
of HCC and preoperative staging of HCC. 41,42 Because HCC 
derives most of its biood supply from the hepatic artery, the 
tumor demonstrates early enhancement during arterial phase 
and is relatively hypodense on the delayed phase images because 
of the early washout of contrast medium by arterial biood (see 
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Figure 87-4 HCC: sonographic features. A. The neoplasm is strikingly echogenic in this patient. Because of variable amounts of hemorrhage 
and necrosis, this tumor can have a variety of sonographic appearances. B-D. Dynamic contrast-enhanced sonographic images of the liver of 
70-year-old man with segment V hepatocellular carcinoma (diameter, 2.3 cm). Baseline sonographic image (B) shows focal hypoechoic 
hepatocellular carcinoma in right hepatic lobe ( cursors delineate margins of the tumor). Arterial phase image after the injection of microbubbles 
(C) shows homogeneous enhancement of the lesion ( arrows point to margins of the tumor). Late portal phase image (D) obtained at 180 seconds 
shows that the HCC is clearly hypoechoic with respect to surrounding liver. E-G. Hepatocellular carcinoma in 59-year-old man. Unenhanced 
gray-scale sonogram (E) shows peripheral halo sign (arrow). Power Doppler sonogram (F) shows heterogeneous vascularity ( arrow ). Early-phase 
carbon dioxide-enhanced sonogram (G) shows vascularity (arrow) similar to that seen in F. (B-D from Nicolau V, Vilana R, Catalå V, et al: 
Importance of evaluating all vascular phases on contrast-enhanced sonography in the differentiation of benign from malignant focal liver lesions. 
AJR Am J Roentgenol 186:158-167, 2006. E-G from Chen R-C, Chen W-T, Tu H-Y, et al: Assessment of vascularity in hepatic tumors: Comparison 
of power Doppler sonography and intraarterial C0 2 -enhanced sonography. AJR Am J Roentgenol 178:67-73, 2002. Reprinted with permission 
from the American Journal of Roentgenology.) 
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Figure 87-5 HCC: CT appearance. A. Contrast- 
enhanced arterial phase CT scan of a patient with 
multifocal HCC. These lesions demonstrate robust 
enhancement during the hepatic arterial phase. 

B. On the portal venous phase scan, the lesions 
become isodense to the relatively normal liver 
parenchyma. C. On delayed phase imaging, lesions 
become hypodense because of early washout. 
(Courtesy Dr. Tomoaki Ichikawa, Yamanashi 
University, Yamanashi, Japan.) 



Figure 87-6 HCC: CT findings. A. Early arterial phase (25 seconds) contrast-enhanced CT scan shows a rapidly enhancing lesion in the left 
lobe of the liver ( arrow ). B. On late arterial phase image (40 seconds), HCC becomes less conspicuous because of early washout ( arrow). 
(Courtesy Dr. Tomoaki Ichikawa, Yamanashi University, Yamanashi, Japan.) 


Figs. 87-5 and 87-6). The tumor has a variable appearance on 
the portal phase images. 43 Small tumors may appear as lesions 
of different attenuation, whereas larger ones almost always 
demonstrate central necrosis (see Fig. 87-7). The capsule 
appears isodense or hypodense relative to the liver during the 
hepatic arterial phase and enhances on delayed CT images (see 
Fig. 87-7). 

HCC has a tendency to invade the portal and hepatic 
veins so that an enlarged venous segment that exhibits intra- 
luminal low attenuation is highly suggestive of tumor throm- 
bus. Differential diagnosis of tumor thrombus can be made 
through demonstration of the expansion of the main portal 


vein diameter (>23 mm) and intrathrombus neovascularity 
on arterial phase images. 44 Hepatic venous tumor thrombus 
may extend into the inferior vena cava and even to the right 
atrium in some cases. CT can also depict complications of 
HCC, such as hemoperitoneum associated with rupture of 
HCC and vascular invasion. 5,45 Ruptured tumors tend to be 
located in the periphery of the liver and have a protruding 
contour. 46 On arterial phase images, a ruptured tumor appears 
as a nonenhancing hypodense lesion with focal discontinuity 
and peripheral rim enhancement. This Ånding is termed the 
enucleation sign because of its similarity to an enucleated 
orbital globe with the remaining intact sclera. 43 
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Figure 87-7 HCC: CT features. The 

heterogeneous appearance on unenhanced 
(A) and contrast-enhanced (B) CT scans is 
suggestive of necrosis. The tumor capsule is 
visualized as a hypodense rim on A and B and 
shows enhancement on delayed phase image 
(C). (Courtesy Dr. Tomoaki Ichikawa, Yamanashi 
University, Yamanashi, Japan.) 



Figure 87-8 HCC: coronal reformatted CT image. Arterial phase 
CT image shows the tumor (arrow) and feeding artery ( arrowhead ) 
branching from the inferior branch of the left hepatic artery. (Courtesy 
Dr. Tomoaki Ichikawa, Yamanashi University, Yamanashi, Japan.) 

An additional role for CT lies in the noninvasive evaluation 
of hepatic arterial anatomy in potential candidates for liver 
transplantation. 4 In the majority of cases, three-dimensional 
(3D) CT arteriography is comparable to conventional arteriog- 
raphy and surgical Åndings in the delineation of the major 
hepatic arteries. The technique of 3D CT angiography is safe, 
convenient, and less invasive than conventional arteriography 
(Fig. 87-8). 47 

In patients with underlying hemochromatosis, a dense liver 
resulting from iron deposition is identified on unenhanced CT 
scans. 3 


Angiography 

On angiography, HCC is a hypervascular tumor with marked 
neovascularity and arteriovenous shunting. A large hepatic 
artery, abnormal vessels, and vascular invasion are usually 
present. Avascular or hypovascular areas may be present as a 
result of necrosis or hemorrhage. Extension of the tumor into 
the porta hepatis and other perihepatic veins is frequently 
detected. 49 Hepatic venous tumor thrombus has been described 
in 6% of cases. 50 The presence of the “threads and streaks” sign 
is character istic of this intravenous tumor thrombus. 49 

Although biliary invasion by HCC is rare, percutaneous or 
retrograde cholangiography and magnetic resonance cholan- 
giopancreatography (MRCP) may occasionally demonstrate 
that the tumor is causing obstruction or a mass within the 
biliary tree. 

Magnetic Resonance Imaging 

On MRI, HCC has a variable appearance (Figs. 87-9 to 87-11) 
with low-intensity, isointensity, and high-intensity patterns 
seen on Tl-weighted images, depending on the degree of fatty 
change, the presence of internal fibrosis, and the dominant 
histologic pattern. 51 ' 53 The capsule of encapsulated HCCs is 
visualized as a hypointense rim in Tl-weighted images. 

MRI has also been used to differentiate small HCCs from 
regenerative nodules of cirrhosis. 54,55 Cirrhotic nodules are 
usually of high signal intensity on Tl-weighted images. 56 On 
T2-weighted images, cirrhotic nodules are isodense or hypoin¬ 
tense to the liver. 56 The relative hypointensity is due to greater 
accumulation of iron within the nodule than in surrounding 
liver. 56 Also, the inflammatory fibrous septa within the liver 
demonstrate increased signal on T2-weighted images, and con- 
sequently cirrhotic nodules appear relatively hypointense. 56 In 
contrast, HCCs are often hyperintense on T2-weighted images 
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Figure 87-9 HCC: MRI contrast enhancement patterns. Hypervascular HCC shows robust contrast enhancement during the hepatic arterial 
phase (A), which rapidly becomes isointense during the portal venous phase (B). This tumor rapidly becomes hypointense relative to the normal 
liver on delayed phase imaging (C and D). In a different patient with cirrhosis, this small HCC shows uniform enhancement during the hepatic 
arterial phase (E) and washout with ring enhancement on the portal venous phase image (F). 



Figure 87-10 HCC: the importance of hepatic arterial phase imaging on MRI. The tumor enhances during the hepatic arterial phase (A) and 
becomes isodense with the adjacent parenchyma during the portal venous phase (B). Thus this lesion would not be detected if scans were 
obtained only during the portal venous phase. 
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Figure 87-11 HCC: MRI appearances. 

A. Miliary pattern in which innumerable nodules 
mimic regenerative nodules of cirrhosis. B and 
C. A unifocal tumor that is encapsulated is seen 
in this patient with cirrhosis. D and E. This large 
HCC in the right lobe is inhomogeneous on 
both pulse sequences. 


and can be distinguished from hypointense nodules. 56 However, 
some well-differentiated HCCs have signal characteristics 
similar to cirrhotic nodules, and diagnosis is less straightfor- 
ward. 56 HCC arising within a siderotic nodule has a character- 
istic “nodule within a nodule” appearance on MRI. The HCC 
appears as a small focus of high signal intensity within the low 
signal intensity nodule. 56 These lesions are often demonstrated 
only at MRI, and MR-guided biopsy is now being performed at 
many centers. 5 However, biopsy may be technically diffkult 
because the lesions are small; direct referral for surgery may be 
a better option if the patient is a good surgical candidate. 

As with CT, HCC during dynamic gadolinium-enhanced 
MRI (Fig. 87-12; see also Fig. 87-9) shows early enhancement 
in the hepatic arterial phase. In the portal venous phase, the 
tumor is usually isointense; in delayed phase, it becomes 
hypointense because of the washout of contrast medium. 
However, some tumors may show progressive enhancement in 
the dynamic imaging. 4 HCCs larger than 1.5 cm tend to have 
a fibrous capsule that may be demonstrated as a hypointense 
band on delayed phase images. 58 MRI depicts vascular invasion, 
which is seen in 30% to 50% of patients, as a lack of signal 


void on multislice Tl-weighted gradient recalled echo and 
flow-compensated T2-weighted fast spin-echo images. 59 On 
gadolinium-enhanced images, the tumor thrombus shows a 
typical early arterial enhancement. 

Intravenous administration of superparamagnetic iron 
oxide (SPIO) also increases the detection sensitivity of MRI. 60 
MRI with SPIO is especially helpful in the detection of small 
HCCs in cirrhotic livers. In a study, more HCCs were detected 
on images acquired with SPIO-enhanced fast low-angle shot 
and long repetition time sequences (2000/70 and 2000/28) than 
on unenhanced scans. 61 A potential limitation of this technique 
is that early HCCs may accumulate iron because of the presence 
of reticuloendothelial cells and will therefore mimic normal 
liver parenchyma on SPIO-enhanced sequences. 61 In these cases, 
unenhanced MR images may provide valuable information 
concerning the internal morphology of these lesions, enabling 
the correct diagnosis of HCCs. 6] Hepatobiliary contrast agents 
such as gadoxetate (Gd-EOB-DTPA) may be useful in the char- 
acterization of questionable lesions. Use of hepatobiliary con¬ 
trast agents may allow differentiation of hepatocellular tumors 
such as HCC from nonhepatocellular tumors. 62 
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Figure 87-12 HCC ( arrows ): MRI findings. HCC in the right lobe of the liver that is hyperintense on the T2-weighted image (A) and 
hypointense on the Tl-weighted image (B). It shows arterial enhancement and then washout on the arterial phase (C) and portal venous phase 
(D) images, respectively. 


Preliminary studies suggest that on delayed images with a 
hepatobiliary contrast agent, well-differentiated HCCs often 
behave like hepatocytes, appearing isointense or sometimes 
hyperintense, whereas poorly differentiated HCCs typically do 
not accumulate the contrast agent and appear relatively hypoin¬ 
tense. 63,64 Although accumulation of contrast material in a 
lesion does not exclude HCC, if HCC accumulates a hepatobili¬ 
ary contrast agent, it is postulated to be well differentiated. 

Approximately 15 to 20 minutes after the injection Gd- 
EOB-DTPA, in the hepatocytic phase, hepatocytes take up 
contrast agent by transporter of organic anion-transporting 
polypeptides 1B3 (OATP1B3). 65 Gd-EOB-DTPA works as a 
Tl-shortening agent at the hepatocytic phase, and malignant 
liver lesions, such as HCC and metastases, are spared from 
the uptake of contrast material that occurs in the background 
liver parenchyma. 66,67 

HCC usually appears hypointense relative to background 
liver signal intensity in the hepatocellular phase, probably 
owing to impaired expression of the membrane cotransporters 
necessary for uptake of the contrast agent. A minority of 
HCCs appear isointense or hyperintense relative to the back¬ 
ground liver signal intensity, demonstrating hepatocellular 
phase uptake. It is reported that there is a significant correla- 
tion between the level of expression of OATP1B3 and the 
enhancement ratio within the tumors. On the basis of the 
data published to date, it appears that HCCs with uniform 
signal hyperintensity in the hepatocellular phase may be well 
or moderately differentiated but are rarely if ever poorly 
differentiated. 68 


Many small hypovascular HCCs can be detected only on 
hepatocytic phase images, showing no arterial enhancement 
and only mild washout in the portal venous and equilibrium 
phases of dynamic MDCT and dynamic MRI with Gd-DTPA 
(Fig. 87-13). 69 

Gd-EOB-DTPA-enhanced MRI can reveal HCC as a nodule 
appearing hypointense relative to the background liver paren¬ 
chyma regardless of its histologic differentiation (Figs. 87-14 
and 87-15). 70,71 Gd-EOB-DTPA-enhanced MRI has higher sen- 
sitivity for detection of hypovascular and hypervascular HCCs 
compared with either dynamic MDCT or dynamic MRI with 
Gd-DTPA. Gd-EOB-DTPA-enhanced MRI also has higher sen- 
sitivity for detection of hypovascular HCC or hypervascular 
HCC compared with SPIO-enhanced MRI. 

Regenerative nodules and dysplastic nodules are the two key 
cirrhotic nodular lesions that are important to identify and dif- 
ferentiate from HCC. Regenerative nodules have primarily 
portal venous biood supply with mild contribution from hepatic 
artery biood. 58 Therefore, they typically do not show early 
enhancement during the arterial phase of dynamic MRI while 
enhancing with the rest of the liver in the portal phase. Regen¬ 
erative nodules are usually isointense on both TI- and 
T2-weighted images, with the exception of some “siderotic” 
nodules that contain iron and therefore have a low signal inten¬ 
sity on TI- and T2-weighted MRI. 

Dysplastic nodules develop from regenerative nodules and 
are present in 15% to 25% of cirrhotic livers. 72 Although they 
contain atypical hepatocytes, they do not have defmite features 
of malignancy on histology. 10 Depending on the degree of 
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differentiation, they are histologically classified as low grade or 
high grade. Although high-grade ones may develop arterial 
hypervascularity, dysplastic nodules receive their biood supply 
mainly from the portal vein. 3 High-grade dysplastic nodules 
are considered premalignant and can undergo malignant 
transformation within a short time like 4 months (Fig. 87-16). 75 
Nevertheless, the clinical significance of dysplastic nodules is 
unclear, and current management guidelines do not advocate 
aggressive workup of suspected dysplastic nodules. 76 

Their usual MR appearance is that of homogeneous hyper- 
intensity on Tl-weighted images and hypointensity on 
T2-weighted images. A high signal intensity focus within a low 
signal intensity nodule on T2-weighted images is the nodule 
within a nodule appearance of a dysplastic nodule with a focus 
of HCC. 58 ’ 77 


Figure 87-14 HCC: MRI findings. On the 

T2-weighted image ( arrows ) (A), there is a suspicious 
lesion in the left lobe of the liver. This lesion is 
subtle on the Tl-weighted, arterial phase, and 
late phase images (B-D, respectively). On the 
hepatocellular phase image (E), the lesion is 
relatively more suspicious. 


After administration of Gd-EOB-DTPA, in the hepatocyte 
phase, regenerative nodules generally take up and excrete con- 
trast material because of preserved hepatocellular function and 
intact organic ion transporters, showing signal intensity similar 
to liver parenchyma. The number of expressed organic ion 
transporters decreases with progression of atypia in dysplastic 
nodules, reducing their ability to take up Gd-EOB-DTPA. Dys¬ 
plastic nodules that retain their ability to take up but not to 
excrete the contrast media appear homogeneously or heteroge- 
neously hyperintense because of intracellular cholestasis, 
whereas nodules that lost their ability to take up contrast media 
appear hypointense in the hepatocyte phase of Gd-EOB- 
DTPA. 78 Such hypointense nodules can be mistaken for HCCs 
in the hepatocyte phase, and their interpretation is not fully 
understood. 78 
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Studies have shown that diffusion-weighted imaging can 
be helpful in differentiating cysts and hemangiomas from 
solid lesions, but differentiation among different solid lesions 
such as HCC, focal nodular hyperplasia (FNH), and adenoma 
may be challenging on the basis of apparent diffusion coef- 
ficient (ADC) values alone. 79,80 A mass in a cirrhotic liver 
that shows restricted diffusion favors a solid lesion and is 
more likely to be HCC, especially when other supporting 
MRI features are present. Conversely, not all HCCs show 
restricted diffusion on diffusion-weighted imaging. A hepatic 
mass demonstrating MRI features of hepatoma even with the 
absence of restricted diffusion can still be HCC. Diffusion- 
weighted imaging has also been used for monitoring of 
response to therapies such as transarterial chemoembolization 
and radioembolization; however, the Utility of diffusion- 
weighted imaging in differentiation of tumor grades is not 
clearly established. 81,82 


Figure 87-15 HCC: MRI findings. A patient with 
a cirrhotic liver. There is a lesion ( arrows ) in the 
right liver lobe with some atypical imaging findings 
for HCC. It is hypointense to isointense on the 
T2-weighted image (A) and hypointense to 
isointense on the Tl-weighted image (B). On the 
arterial phase image (C), the lesion shows strong 
enhancement; nevertheless, it does not show 
the typical washout on the late phase image 
(D) despite its big size. On the hepatocellular 
phase image (E), the lesion does not show any 
uptake, which is strong evidence for its malignant 
nature. 


Fibrolamellar Carcinoma 

PATHOLOGIC FINDINGS 

Fibrolamellar carcinoma (FLC) is a slow-growing tumor that 
arises in normal liver. It is composed of neoplastic hepatocytes 
separated into cords by lamellar fibrous strands. 2 These lesions 
have a distinctive microscopic pattern with eosinophilic, malig¬ 
nant hepatocytes containing prominent nuclei 83 (Fig. 87-17). 
Some of the markers usually present in typical HCC, such as 
inclusions of a-fetoprotein bodies, are not present. The fibrous 
component accounts for half of the tumor distributed in mul- 
tilamellate strands, except in larger tumors containing large 
central scars. 2 

FLC usually arises in a normal liver, with only 20% of patients 
having underlying cirrhosis. 83 Satellite nodules are often present. 
The gross appearance of FLC is somewhat similar to that of 
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Figure 87-16 Multiple dysplastic nodules in 
the right liver lobe. The largest nodule (arrow) is 
slightly hyperintense on Tl-weighted image (A) and 
hypointense on T2-weighted image (B). It shows no 
arterial enhancement (C) or washout (D). On the 
hepatocellular phase image (E), the lesion shows 
uptake and remains isointense with the rest of the 
liver parenchyma. 



Figure 87-17 Fibrolamellar carcinoma (FLC): pathology. A. Coarse lamellar fibrosis is characteristic of FLC. B. Cut section demonstrates a 
central scar with radiating septa. 
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TAB LE 

87-1 


Pathologic Features Radiologic Features 

Lamellar fibrosis Hypovascular: CT, angiography 

(septa), "true scar" Hypointense: T2-weighted MRI 

Calcification: CT, plain radiography, 
ultrasound 

No necrosis or Homogeneous mass: CT, ultrasound, MRI 

hemorrhage 

No underlying Normal hepatic morphology except for 

cirrhosis mass: CT, ultrasound, MRI 


FNH in that both tumors have a central scar and multiple 
fibrous septa. Hemorrhage and necrosis are rare. Radiologic- 
pathologic correlates are given in Table 87-1. 

INCIDENCE AND CLINICAL PRESENTATION 

There is some confusion in the literature about the incidence 
and clinical presentation of FLC because it was not recognized 
as a biologic entity until the 1980s. 84 FLC usually occurs in 
adolescents and adults younger than 40 years and without 
underlying cirrhosis or other predisposing risk factors. 83 There 
is no sex predominance, and the mean survival is considerably 
better than that for other types of HCC (45-60 months vs. 6 
months), with a high likelihood of cure (40%) if the tumor is 
surgically resectable. 85,86 

Clinically, patients with HCC usually present with pain, 
malaise, and weight loss; jaundice occurs only occasionally, 
when FLC invades the biliary tree. A palpable mass is seen in 
two thirds of patients. 8 a-Fetoprotein levels are usually normal. 

RADIOLOGIC FINDINGS 

Plain Radiography 

On plain abdominal radiographs, FLC frequently appears as a 
partially calcified upper abdominal mass. 

Nuclear Medicine 

Nuclear medicine is no longer routinely used in the detection 
of FLC. Sulfur colloid scintiscans usually demonstrate a defect 
in a liver that has no evidence of underlying cirrhosis. Multiple 
defects can be seen in cases of multifocal FLC. 

Ultrasound 

Sonography typically demonstrates a large, well-defmed, 
lobulated mass (Fig. 87-18) with variable echotexture. FLC 
usually is of mixed echogenicity (60% of cases) and pre- 
dominantly contains hyperechoic or isoechoic components. 88 
If the central scar is present, it may be visualized as a central 
area of hyperechogenicity. 

Computed Tomography 

On unenhanced CT scans, FLC appears as a hypodense mass 
with a well-defmed contour (Figs. 87-19 and 87-20). Areas of 
decreased density within the tumor correspond to the central 
scar or necrosis and hemorrhage. 89 Stellate calcification within 
the central scar can also occur. 87,89 During the arterial and portal 
phases of dynamic enhanced CT, the “nonscar” portion of FLC 
enhances heterogeneously. This heterogeneous enhancement 



Figure 87-18 FLC: ultrasound findings. The extensive fibrosis 
present within this neoplasm accounts for the echogenic appearance 
of this mass. 


pattern during the arterial and portal phases probably corre- 
sponds to the more vascular, cellular portions of the tumor in 
comparison with the fibrous (lamellae and scar) and necrotic 
portions. 88 On the other hånd, the relative delayed phase homo- 
geneity of the tumor probably reflects the washout of the con- 
trast material from its more vascular portions together with 
delayed enhancement of the fibrous lamellae. In some cases, 
central scar may also demonstrate delayed enhancement, and 
the appearance of the tumor, on delayed images, may closely 
simulate that of FNH. Although FLC is a tumor not character- 
istically encapsulated, the compressed liver tissue adj acent to it 
may demonstrate delayed enhancement. Features that deter- 
mine the resectability of FLCs, such as portal vein invasion and 
lymphadenopathy, are well seen on CT scans. 8 91 

Angiography 

On angiography, FLC is a hypervascular tumor with compart- 
mentalization in the capillary phase resulting from multiple 
fibrous septa. 75 Daughter nodules or secondary lesions may be 
noted in the capillary phase of arteriography. 

Magnetic Resonance Imaging 

FLC is hypointense or isointense with normal liver on 
Tl-weighted images and isointense or slightly hyperintense on 
T2-weighted images. 92,93 Because of its purely fibrous nature, 
the scar is hypointense on both TI- and T2-weighted images 
(Fig. 87-21). However, hyperintensity of the central scar on 
T2-weighted images has been described in a biopsy-proved FLC 
that was initially diagnosed as FNH on the basis of imaging 
findings alone. 94 The enhancement pattern of FLC seen with 
gadolinium-enhanced dynamic MRI parallels the enhancement 
seen with dynamic contrast-enhanced CT. The tumor demon¬ 
strates heterogeneous enhancement in the arterial and portal 
phases and progressively becomes more homogeneous on 
delayed images (Fig. 87-22). 93 

On hepatocyte phase images, fibrolamellar HCC appears 
predominantly hypointense, but components of the tumor may 
show some uptake of Gd-EOB-DTPA, indicative of a primary 
liver lesion. FNH, on the other hånd, shows intense uptake of 
hepatocyte-specific (hepatobiliary) contrast agents during the 
hepatobiliary phase. 9 " 99 


Fibrolamellar Carcinoma 
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Figure 87-19 FLC: imaging features. A. CT scan shows an 
ill-defined low-attenuation area in the left lobe of the liver. B and 
C. Enhanced arterial phase CT scans improve definition of the 
lesion. Note the central low-density area representing necrosis 
and scar tissue ( arrow). D. Single photon emission CT (SPECT) 
image shows the tumor as a large defect ( arrows ). E. Specimen 
shows the necrotic areas (black arrows), central scar ( arrowheads ), 
and intratumoral hemorrhage (white arrows). 



Figure 87-20 FLC: CT findings. A. This noncontrast scan shows calcification of the central scar. B. The central scar is better appreciated on 
this contrast-enhanced scan. 
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Figure 87-21 FLC: MRI findings. Unenhanced scan of a low signal intensity mass (A) that showed striking enhancement with the exception of 
the central scar on the contrast-enhanced image (B). 



Figure 87-22 FLC: CT and MRI findings. A patient with a large fibrolamellar carcinoma ( arrows ). Note the central calcification as depicted 
on the nonenhanced CT image (A). The lesion is slightly hyperintense on the T2-weighted image (B), with areas of central necrosis. It shows 
strong enhancement on the arterial and portal venous images (C-D, respectively). 


DIFFERENTIAL DIAGNOSIS 

The major differential diagnosis with FLC is FNH. FNH can be 
differentiated from FLC in the majority of cases because the 
central scar of FNH is hyperintense on T2-weighted images. 
FNH rarely has calcification within the scar (<1.5% of cases 
compared with up to 55% of FLC). 8 FNH is usually asymp- 
tomatic, whereas patients with FLC usually present with some 
symptoms. FNH shows strong uptake of hepatobiliary contrast 
agents. Biopsy demonstrates malignant, eosinophilic hepato- 
cytes in FLC and normal hepatocytes with bile ductules in FNH 
(Table 87-2). 


Hepatoblastoma 

PATHOLOGIC FINDINGS 

Hepatoblastoma is a malignant tumor of hepatocyte origin 
that often contains mesenchymal elements. 98 On micro- 
scopic examination, it can be classified as epithelial or 
mixed (epithelial-mesenchymal). 2 

Epithelial hepatoblastoma consists of fetal or embryonal 
malignant hepatocytes. Mixed hepatoblastoma has both an epi¬ 
thelial (hepatocyte) component and a mesenchymal compo- 
nent consisting of primitive mesenchymal tissue and osteoid 
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material or cartilage" (Fig. 87-23). This histologic classification 
has prognostic implications; the epithelial type, particularly if 
it has fetal hepatocyte predominance, has a better prognosis 
than the other forms. Embryonal epithelial cells are more prim¬ 
itive than fetal epithelial and mesenchymal cells, and tumors 
with this histologic type have a worse prognosis. 99,100 A rare 
anaplastic form of hepatoblastoma has an even poorer progno¬ 
sis than the mixed form of hepatoblastoma. 2 

In gross appearance, hepatoblastoma is usually a large, well- 
circumscribed solitary mass that has a nodular or lobulated 
surface; 20% are multifocal. 2 On cut section, the appearance 
varies according to the histologic type. Epithelial hepatoblasto- 
mas are more homogeneous; mixed hepatoblastomas with 
osteoid and cartilage have large calcifications, fibrotic bands, 
and overall a more heterogeneous appearance. 101 

INCIDENCE AND CLINICAL PRESENTATION 

Hepatoblastoma is the most common primary liver neoplasm 
in childhood. It usually develops in the first 3 years of life. 
Although it may be present at birth or develop in adolescents 
and young adults, 102 this tumor has a peak incidence between 
18 and 24 months of age. Hepatoblastoma is more frequent in 
males than in females. 


table Focal Nodular Hyperplasia versus 
87-2 Fibrolamellar Carcinoma 



Focal Nodular 


Features 

Hyperplasia 

Fibrolamellar Carcinoma 

Hepatobiliary 

Shows uptake of 
contrast agent 

No uptake 

Scar 

Hyperintense on 

Hypointense on T2- 


T2-weighted 

weighted images 


images 

High signal intensity 
(flow) on GRE 
images 

No signal on GRE images 

Calcification 

No 

Frequent 

Symptoms 

No (usually 
incidental finding) 

Symptomatic 

Biopsy 

Normal hepatocytes 

Malignant eosinophilic 


Portal branches 

hepatocytes 


Biliary ductules 

No portal branches 

No biliary ductules 


GRE, gradient-recalled echo. 


Clinically, children with hepatoblastoma present with 
abdominal swelling that may be accompanied by anorexia or 
weight loss. More rarely, children may present with precocious 
puberty due to secretion of gonadotropins or testosterone by 
the tumor. 10 " The serum oc-fetoprotein level is markedly ele- 
vated in most patients. This tumor is aggressive, and lung 
metastases are frequently encountered at the time of diagno- 
sis. 104 Conditions associated with hepatoblastoma include 
Beckwith-Wiedemann syndrome, hemihypertrophy, familial 
polyposis coli, and Wilms’ tumor. 103 

RADIOLOGIC FINDINGS 

Plain Radiography 

Because hepatoblastoma is usually a large solitary tumor, a large 
right upper quadrant mass may be detected on plain abdominal 
radiographs. Extensive coarse, dense calcification is often 
present because of osteoid formation. 104 

Nuclear Medicine 

Hepatoblastoma appears as a large defect on sulfur colloid 
scans. It may take up gallium and FDG and excrete iminodiace- 
tic acid derivative agents. 

Ultrasound 

On sonography, hepatoblastoma appears as an echogenic mass 
that may have shadowing echogenic foci corresponding to 
intratumor calcification. 104 Hyperechoic or cystic areas, corre¬ 
sponding to hemorrhage within the tumor, or necrotic areas 
may be present as well. 105,106 Hepatoblastoma is associated with 
high Doppler frequency shifts that correlate with the neovascu- 
larity typical of this tumor. 107 

Computed Tomography 

On unenhanced CT scans, hepatoblastoma appears as a solid 
hypodense mass, with or without calcification, that may occupy 
large portions of the liver. A lobulated pattern caused by 
bands of fibrosis can frequently be seen. 104 Calcification and 
a heterogeneous appearance are particularly extensive in mixed 
hepatoblastoma. After intravenous administration of a contrast 
agent, the tumor appears hyperdense, in keeping with its 
hypervascular nature. In the early arterial phase, enhancement 
of a thick peripheral rim, corresponding to the viable portion 
of the tumor, may be seen. 1 Invasion of perihepatic vessels 
or other structures can be demonstrated. 104 The 3D recon- 
struction of helical CT data provides important information 



Figure 87-23 Hepatoblastoma: pathologic findings. A. Small tumor cells with fairly round to oval nuclei form tubular, acinar, or ribbon-like 
arrangements. B. This tumor typically is a large, solitary mass that is often multinodular because of foci of hemorrhage and necrosis. 
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in the preoperative assessment of patients with hepatoblas- 
toma 109 (Fig. 87-24). For example, when tumor impinges on 
the portal vein, the initial treatment is chemotherapy to 
reduce the size of the lesion. If shrinkage of the tumor away 
from the vessel is seen on follow-up 3D CT, surgery is 
indicated. 109 

Angiography 

On angiography, hepatoblastoma is hypervascular and occa- 
sionally has a “spoke-wheel” pattern, reminiscent of FNH, that 
is due to the presence of multiple fibrous septa and bands. 
Arteriovenous shunting is uncommon, and invasion of the 
vessels is rare. Hypovascular or avascular zones resulting from 
hemorrhage can occur within the tumor. 

Magnetic Resonance Imaging 

Hepatoblastoma is hyperintense on T2-weighted images and 
hypointense on Tl-weighted images. Foci of high signal due 
to hemorrhage may be seen on Tl-weighted images. 111 On 
T2-weighted images, internal septa corresponding to fibrosis 
within the tumor appear as hypointense bands. 112 The mixed 
type may demonstrate a more heterogeneous appearance on 
TI- and T2-weighted images because of the necrosis, hemor¬ 
rhage, fibrosis, calcification, cartilage, and fibrous septa 
contents. After intravenous administration of gadolinium, 
hepatoblastoma shows immediate diffuse (homogeneous or 


heterogeneous) enhancement followed by a rapid washout. 
On the hepatocellular phase of an MR scan with hepatobiliary 
contrast agents, the lesion does not show uptake of the agent. 
MRI also demonstrates the presence of perihepatic vascular 
invasion. MRI can be more accurate than conventional CT in 
both assessing preoperative tumor extension and detecting 
postoperative tumor recurrence. 113 However, CT has an impor- 
tant advantage over MRI in the evaluation of the pediatric 
abdomen; shorter scanning times result in less motion artifact, 
obviating the need for sedation. 109 

Intrahepatic Cholangiocarcinoma 

PATHOLOGIC FINDINGS 

Intrahepatic cholangiocarcinoma (ICAC), or adenocarcinoma 
of biliary duet origin, originates in the small intrahepatic duets 
and represents only 10% of all cholangiocarcinomas. 2 Hilar 
(Klatskin s) and bile duet cholangiocarcinomas account for the 
remaining 90%. 2 ’ 114 

In gross appearance, these neoplasms are large, firm masses 
(Fig. 87-25). On cut section, they are characterized by large 
amounts of whitish, fibrous tissue. They rarely have internal 
areas of necrosis and hemorrhage. 115 

On microscopic examination, the tumor is an adenocarci¬ 
noma with a glandular appearance and cells resembling biliary 
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Figure 87-25 Intrahepatic cholangiocarcinoma (ICAC): pathology. A. Photomicrograph demonstrates cuboidal cells resembling biliary 
epithelium with pseudogland formation. B. The gross specimen shows a large, whitish, homogeneous lesion within a cirrhotic liver. The tumor 
extends to the liver capsule. The whitish, homogeneous nature is indicative of the large amount of fibrosis and relative hypovascularity of these 
neoplasms. 


TAB LE 

87-3 


Pathologic Features Radiologic Features 

Fibrosis Calcification: CT, ultrasound 

Hypodense areas: CT 
Hypointense areas: MRI 
Hyperechoic areas: ultrasound 

No necrosis or Homogeneous mass: CT, ultrasound, MRI 

hemorrhage 

Vascular encasement Hypovascular mass: angiography, 

contrast CT, MRI 

Encasement: angiography, Doppler 
ultrasound, contrast CT, MRI 


epithelium. 116 Mucin and calcification can often be demon- 
strated. A large amount of desmoplastic reaction is typical of 
cholangiocarcinoma. 

Pathologic-radiologic correlates of this lesion are given in 
Table 87-3. 

INCIDENCE AND CLINICAL PRESENTATION 

ICAC is the second most common primary hepatic malignant 
neoplasm in adults. It is usually seen in the seventh decade of 
life, and there is a slight male predominance. 2 

Clinical signs and symptoms are related to the site of origin 
of the tumor. Symptoms are vague until the tumor is far 
advanced, and patients present with abdominal pain and a pal- 
pable mass in the upper abdomen. Jaundice is rarely a present - 
ing symptom in ICAC, whereas it is common with hilar or 
ductal cholangiocarcinoma. 

RADIOLOGIC FINDINGS 

P/a/n Radiography 

On plain radiographs, ICAC may appear as a large upper 
abdominal mass. Calcification is frequently seen and results 
from mucous secretions or amorphous calcification in sclerotic 
areas. 115 

Nuclear Medicine 

Sulfur colloid and hepatobiliary scans demonstrate a large 
defect; signs of cirrhosis are present in 20% of patients with 
ICAC. 115 There is no accumulation of gallium in ICAC. Red 


biood cell scans demonstrate a defect without late filling, reflect- 
ing the markedly hypovascular nature of this tumor. 

Ultrasound 

On sonograms, ICAC appears as a homogeneous mass that 
is usually hypoechoic. 117 Satellite nodules may be seen. Cal- 
cified foci can be seen as high-level echoes with acoustic 
shadowing. Although the majority of the tumors appear 
slightly hyperperfused in color Doppler ultrasound studies, 
Doppler imaging Åndings vary widely. 36 In the arterial phase 
of contrast-enhanced sonography, the perfusion picture of 
ICAC is variable but mainly hyperperfused. In the late 
portal venous phase, the tumor is contrasted as punched- 
out defects. 

Computed Tomography 

On unenhanced CT, this lesion usually is manifested as a homo¬ 
geneous, hypodense mass. After injection of contrast material, 
there is early peripheral enhancement with delayed, persistent 
central enhancement that may take 5 to 15 minutes to be 
manifested 115 ' 120 (Fig. 87-26). Retraction of the overlying liver 
capsule is a feature suggestive of ICAC. 1 A central scar may be 
seen in 30% of cases. 113 Small areas of necrosis, hemorrhage, 
mucin, and calcification can also be present within the tumor. 
Biliary dilation adjacent to the tumor is another finding seen in 
20% of the cases. 

Extension through the hepatic capsule and invasion of 
organs adj acent to the liver are common in ICAC but rare in 
HCC. Invasion of vascular structures around the liver is uncom- 
mon but may be seen with ICAC. 

Angiography 

On angiography, ICAC is predominantly hypovascular with 
small, thin vessels corresponding to the fibrous nature of this 
tumor. 121 Encasement of hepatic arteries and other major vessels 
is associated with the degree of sclerosis resulting from the 
tumor. 

Magnetic Resonance Imaging 

On MRI, ICAC appears as a large mass of decreased signal 
intensity on Tl-weighted images and increased signal on 
T2-weighted images. 122,12 " A central area of hypointensity is seen 
in some cases on T2-weighted images and corresponds to the 
central scar. The pattern of enhancement on Gd-DTPA- 
enhanced scans depends on the size of the lesion (Fig. 87-27). 123 


Intrahepatic Cholangiocarcinoma 
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Figure 87-26 ICAC: CT 

features. A. This lesion does not 
enhance on the portal venous 
phase image. B. Significant 
contrast enhancement, with the 
exception of the central scar, is 
present on the 10-minute 
delayed scan. 




Figure 87-27 ICAC: MRI findings. 

A patient with situs inversus ( arrows ). 

The lesion is in the "left" liver lobe and 
is an ICAC. It is poorly demarcated 
and hyperintense on the T2-weighted 
image (A). ICAC is hypointense on the 
Tl-weighted image (B) and shows late 
enhancement as depicted on the arterial 
(C) and late phase (D) images. 


Larger ICACs (>4 cm) show peripheral enhancement that pro- 
gresses centripetally and spares the central scar (Fig. 87-28). 
Smaller lesions (2-4 cm) enhance homogeneously. 123 These pat¬ 
terns of enhancement may also be seen in hemangiomas. 
However, the degree of enhancement of hemangiomas is 
greater. 1 In addition, ICACs may have other features, such 
as satellite nodules, invasion of the portal vein, and dilation of 
intrahepatic bile duets distal to the lesion, that are not associ- 
ated with hemangiomas. 122 ICACs do not show uptake of hepa- 
tobiliary contrast agents during the hepatocellular phase scans. 
On diffusion-weighted imaging with inereasing b values, ICACs 
show high signal intensity and low ADC values, indicating their 
malignant character. 


Cystadenoma and 
Cystadenocarcinoma 

PATHOLOGIC FINDINGS 

Biliary cystadenoma and cystadenocarcinoma are currently 
considered forms of the same disease, with cystadenocarcinoma 
being overtly malignant and cystadenoma having malignant 
potential. Transformation of cystadenoma to cystadenocarci¬ 
noma is a recognized complication. 124,125 

On microscopic examination (Fig. 87-29), cystadenomas 
and cystadenocarcinomas are commonly mueinous, but a 
serous variety is also recognized. The locules of these tumors 
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Figure 87-28 ICAC: MRI findings. No significant enhancement of the tumor is noted on the early phase scan (A), but on the 10-minute 
delayed scan (B), there is enhancement with the exception of the central scar. In a different patient, the lesion in the caudate lobe does not 
enhance on early scan (C) but does on delayed scan (D). 



Figure 87-29 Biliary cystadenoma: pathology. A. Photomicrograph shows the cyst wall lined by benign cuboidal epithelium (arrow) with a 
subepithelial mesenchymal "ovarian-like" stroma. B. The cut resected left lobe shows the fibrous wall of the tumor, multiple tumor nodules 
(curved arrow), and loculi. The mass arises from the compressed bile duet ( straight arrow). (From Levy AD, Murakata LA, Abbott RM, Rohrmann 
CA Jr: Benign tumors and tumorlike lesions of the gallbladder and extrahepatic bile duets: Radiologic-pathologic correlation. RadioGraphics 
22:387-413, 2002.) 


are lined by columnar, cuboidal, or even flattened epithelium. 2 
Polypoid projections and papillary areas are frequently present. 
There is a well-formed wall, and focal calcification within 
the wall is rare. Biliary-type epithelium lines the cysts. In cyst- 
adenocarcinoma, malignant epithelial cells line the cysts. 
Pathologists have categorized biliary cystadenocarcinoma by 
whether ovarian stroma is present or absent. 126 Cystadenocar¬ 
cinoma with ovarian stroma is found in women and has an 
indolent course and a good prognosis, whereas tumors without 
ovarian stroma are found in both sexes and have an aggressive 
clinical course and a poor prognosis. 126 


In gross appearance, these tumors are usually solitary and 
may become up to 30 cm in size. 2 The surface is shiny, smooth, 
or bosselated. On cut section, multiple communicating locules 
of variable size have a smooth and glistening lining. Papillary 
excrescences or mural nodules are seen in the tumor wall. 

INCIDENCE AND CLINICAL PRESENTATION 

Cystadenomas and cystadenocarcinomas are rare and represent 
only 5% of all intrahepatic cysts of bile duet origin. 27 They are 
probably congenital in origin because of the presence of 
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aberrant bile duets. There are no associated pathogenic factors, 
and these tumors usually occur in middle-aged women. 2 

A “microcystic” cystadenoma variant is composed of mul¬ 
tiple small cysts lined by a single layer of cuboidal epithelial 
cells that are rich in glycogen. 128 The papillary features and 
the cellular mesenchymal stroma typical of the mueinous 
variety of cystadenoma or cystadenocarcinoma are not seen 
in microcystic, glycogen-rich cystadenoma. No radiologic 
descriptions of microcystic cystadenoma of the liver have been 
published. 

RADIOLOGIC FINDINGS 

Endoscopic retrograde cholangiopancreatography (ERCP) can 
show communication of the tumor with the bile duet (Fig. 
87-30). Cystadenoma or cystadenocarcinoma of the liver usually 
appears as a large, unilocular or multilocular mass on cross- 
sectional imaging. Ultrasound nicely demonstrates the septa as 
well as the mur al nodules in the wall of these tumors (Fig. 
87-31). Good correlation is seen between the nodularity and 
septation on ultrasound scans and gross specimens. 126 

On CT scans, these tumors are large, unilocular or multi¬ 
locular low-attenuation intrahepatic masses 126 with well-defined 
thick fibrous capsules, mural nodules, and internal septa 129 (Fig. 
87-32). Calcification may be seen within the wall and septa in 
a minority of cases. 126 



Figure 87-30 Biliary cystadenoma: ERCP. Lateral radiograph of the 
abdomen obtained after ERCP shows communication of the tumor 
(arrow ) with the biliary system. The galIbladder has an anterior 
location. (From Levy AD, Murakata LA, Abbott RM, Rohrmann CA Jr: 
Benign tumors and tumorlike lesions of the gallbladder and 
extrahepatic bile duets: Radiologic-pathologic correlation. 
RadioGraphics 22:387-413, 2002.) 



Figure 87-31 Biliary cystadenoma: 
sonographic findings. A. Transverse image of 
the liver shows a well-defined anechoic cystic 
structure with enhanced through-transmission. 
There are multiple echogenic tumor excrescences 
extending into the cyst lumen ( arrows). 

B. Transverse image of the left hepatic lobe in a 
different patient reveals a complex anechoic cyst 
containing echogenic septa ( straight arrow) and 
tumor nodules ( curved arrow). C. Transverse 
image of the liver in a different patient shows a 
biliary cystadenoma composed of complex fluid 
containing diffuse low-level internal echoes. 
Echogenic septa course through the complex 
fluid. A portion of the tumor ( asterisk) contains 
simple anechoic fluid. (From Levy AD, Murakata 
LA, Abbott RM, Rohrmann CA Jr: Benign tumors 
and tumorlike lesions of the gallbladder and 
extrahepatic bile duets: Radiologic-pathologic 
correlation. RadioGraphics 22:387-413, 2002.) 
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On angiography, most cystadenomas and cystadenocarcino- 
mas are avascular, although a small peripheral vascular blush 
may be seen in a few cases. 126 

On MRI, the tumors are multiseptate and have predomi- 
nantly high signal on T2-weighted images and mixed or low 
signal on Tl-weighted images (Fig. 87-33). The areas of high 
signal on Tl-weighted images represent hemorrhagic fluid 
components. 126 A low signal rim on T2-weighted images may 
be due to hemorrhage in the wall of the lesion. 126 Variable signal 
intensity within the locules of biliary cystadenoma and cystad- 
enocarcinoma on both TI- and T2-weighted images was 
reported as a new sign. 30 This feature may prove extremely 
useful in the characterization of a multiseptate hepatic lesion as 
cystadenoma or cystadenocarcinoma. 



Figure 87-32 Biliary cystadenoma: CT. Contrast-enhanced scan 
shows a multilocular cyst with septations and mural calcifications 
(straight arrow) in the left hepatic lobe. There is duet dilation and 
extension of the cyst into the left hepatic and common bile duets 
(curved arrow). (From Levy AD, Murakata LA, Abbott RM, Rohrmann 
CA Jr: Benign tumors and tumorlike lesions of the gallbladder and 
extrahepatic bile duets: Radiologic-pathologic correlation. 
RadioGraphics 22:387-413, 2002.) 


It is impossible to distinguish cystadenomas from cystadeno- 
carcinomas radiologically. However, the combination of septa- 
tion and nodularity is suggestive of cystadenocarcinoma (Fig. 
87-34), whereas septation without nodularity is seen only in 
cystadenoma. 126 In addition, the presence of distant metastases, 
adenopathy, or other signs of widespread malignancy are con- 
sistent with cystadenocarcinoma. 126 It is also difficult to distin¬ 
guish between cystadenoma or cystadenocarcinoma, hydatid 
disease, and abscess on cross-sectional imaging. 126,131 However, 
use of clinical and laboratory Åndings should enable identifica- 
tion of an infeetious cause. 126 

Angiosarcoma 

PATHOLOGIC FINDINGS 

Angiosarcoma of the liver is a malignant tumor derived from 
endothelial lining cells that occurs primarily in adults with 
exposure to a variety of Chemical agents and radiation (thorium 
oxide administration). 2,132,133 

On microscopic examination, angiosarcomas are composed 
of malignant endothelial cells lining vascular channels of vari¬ 
able size from cavernous to capillary. These vascular channels 
try to form sinusoids. Thorotrast particles can be found within 
the malignant endothelial cells in cases of Thorotrast-induced 
angiosarcoma. 

In gross appearance, the majority of angiosarcomas are mul¬ 
tiple and have areas of internal hemorrhage. 132 When angiosar¬ 
coma appears as a single, large mass, it does not have a capsule 
and frequently contains large cystic areas filled with bloody 
debris. 

The radiologic correlates of the pathology of angiosarcoma 
are given in Table 87-4. 

INCIDENCE AND CLINICAL PRESENTATION 

Angiosarcoma is a rare neoplasm that occurs most frequently 
in men (2:1 to 4:1 more often than in women) in the 
seventh decade of life. It is 30 times less common than 
HCC. 134 Angiosarcoma is associated with previous exposure 
to toxins such as Thorotrast, vinyl chloride, arsenicals, 
and steroids. It has also been found in association with 
hemochromatosis. 



Figure 87-33 Biliary cystadenoma on MRI. A. Fast spin-echo T2-weighted MR image shows a multilocular, septated mass ( arrows ) in segment 
VII of the liver, with high signal intensity within the tumor. B. Corresponding portal venous phase gadolinium-enhanced Tl-weighted image 
shows enhancement of the capsule and septa. (From Mortele KJ, Ros PR: Cystic focal liver lesions in the adult: Differential CT and MR imaging 
features. RadioGraphics 21:895-910, 2001.) 
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Figure 87-34 Biliary cystadenocarcinoma: imaging features. A. MRCP. Biliary cystadenocarcinoma in a 65-year-old woman with abdominal 
pain. Single-shot fast spin-echo MRCP image shows a large, fluid-filled mass in the left hepatic lobe ( solid arrows), with proximal dilation of the 
left intrahepatic bile duets. The low signal intensity filling defeets in the mass are related to polypoid masses of the wall, and the low signal 
intensity filling defeet in the common hepatic duet (open arrow) is related to muein secreted by the mass. In a different patient, arterial (B) and 
equilibrium phase (C) CT scans show a large, bilobular, cystic mass with internal septation and calcification ( arrows ) that involves the left hepatic 
lobe. Papillary excrescences and mural nodules along the cyst wall enhance well during the arterial phase. (A from Vitellas KM, Keogan MT, 
Spritzer CE, et al: MR cholangiopancreatography of bile and pancreatic duet abnormalities with emphasis on the single-shot fast spin-echo 
technique. RadioGraphics 20:939-957, 2000. B and C from Lee WJ, Lim HK, Jangy KM, et al: Radiologic Spectrum of cholangiocarcinoma: 
Emphasis on unusual manifestations and differential diagnoses. RadioGraphics 21 :S97-S116, 2001.) 


TAB LE 

87-4 


Angiosarcoma 


Radiologic Features 

Hyperechoic nodules: ultrasound 
Hypodense nodule (central): CT 
Hypointense nodule: MRI 
Metallic density: CT 

Heterogeneous mass: CT, ultrasound 
Hyperdense regions: CT 
Hyperechoic regions: ultrasound 
Hyperintense regions: Tl-weighted 
MRI 

Persistence of contrast medium: red 
biood cell scintigraphy, contrast- 
enhanced CT and MRI 


Clinically, patients with angiosarcoma frequently present 
with generalized weakness, weight loss, abdominal pain, hepa- 
tomegaly, and ascites. Thrombocytopenia caused by platelet 
sequestration within a large angiosarcoma may be present. 
Rupture and acute hemoperitoneum are rare. 135,136 


RADIOLOGIC FINDINGS 

P/a/n Radiography 

The plain abdominal radiographic findings depend on the pres- 
ence or absence of prior Thorotrast exposure. If there is no 
history of Thorotrast exposure, the findings of angiosarcoma 
are nonspecific. A soft tissue density mass in the upper abdomen 
may be detected if there is a large predominant angiosarcoma 
nodule. 

If there is a history of Thorotrast exposure, localized areas 
of inereased density, in a network fashion, are visualized in the 
liver and spleen as well as in the mesenteric and celiac lymph 
nodes. Circumferential displacement of the Thorotrast by 
nodules of angiosarcoma can be identified on plain films. 1 " 7 

Nuclear Medicine 

Sulfur colloid scans demonstrate either solitary or multiple 
filling defeets in an often diffusely abnormal liver. A defeet is 
also noted on hepatobiliary and gallium scans. Tagged red biood 
cell pool studies may show early as well as late uptake. Angio¬ 
sarcoma, therefore, can mimic the appearance of hemangiomas 
on red biood cell studies, with persistent uptake of the tracer. 138 


Pathologic Features 

Multiple nodules 

Thorium oxide (Thorotrast) 
deposition 

Areas of hemorrhage 

Vascular channels 
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The retention of the tagged red biood cells by this tumor is not 
as prolonged as that by hemangiomas, however. 

Ultrasound 

On ultrasound studies, angiosarcomas appear as either single 
or multiple hyperechoic masses. The echo architecture is het- 
erogeneous because of hemorrhage of various ages. 

Computed Tomography 

CT scans show the reticular pattern of deposition of 
Thorotrast extremely well in both the liver and the spleen. 
Circumferential displacement of Thorotrast in the periphery 
of a nodule has been described as a characteristic Ånding 
of angiosarcoma. 138 

When there is no evidence of Thorotrast deposition, angio¬ 
sarcomas are manifested with single or multiple masses that are 
hypodense on unenhanced CT scans except for hyperdense 
areas of fresh hemorrhage. In case of rupture of the hepatic 
angiosarcoma, the diagnosis is made by demonstrating free 
intraperitoneal fluid and focal high-density area adjacent to the 
tumor representing acute biood dot. 139 Centripetal enhance- 
ment with contrast material can be seen mimicking the heman- 
gioma pattern. 1 However, in most cases, angiosarcomas have 
additional imaging features that are atypical for hemangiomas, 
such as focal areas of enhancement that show less attenuation 
than the aorta or peripheral ring-shaped enhancement. 

Angiography 

On angiography, these moderately hypervascular tumors show 
diffuse puddling of contrast medium that persists into the 
venous phase. 141 Angiosarcomas are fed by large peripheral 
vessels, and centripetal flow can be recorded angiographically. 
Avascular areas corresponding to central hemorrhage can be 
seen within the tumors. On occasion, angiosarcomas may 
rupture, and angiography and CT can demonstrate the bleeding 
as well as the presence of hemoperitoneum. 136 

Magnetic Resonance Imaging 

Angiosarcoma (Fig. 87-35) is of low signal intensity on 
Tl-weighted images and of predominantly high signal on 
T2-weighted images with central areas of low signal. 121,142 
Imaging features that have been described on T2-weighted 


images include fluid-fluid levels reflecting the hemorrhagic 
nature of the tumor and marked heterogeneity with focal areas 
of high intensity along with septum-like or rounded areas of 
low intensity. On Tl-weighted imaging, areas of hyperintensity 
are related to hemorrhage. During dynamic scanning after 
intravenous administration of Gd-DTPA, peripheral nodular 
enhancement is seen, which progresses centripetally. 142 On 
delayed postcontrast images, the peripheral enhancement per¬ 
sists while the center of the lesion remains unenhanced and may 
represent fibrous tissue or deoxyhemoglobin. 1 1142 Although the 
pattern of enhancement mimics hemangiomas, the inhomoge- 
neity of angiosarcomas on T2-weighted images is not seen in 
hemangiomas. 121,141 Because Thorotrast does not produce a rec- 
ognizable MR signal, it, like the presence of calcification, may 
easily be missed. 

Undifferentiated (Embryonal) 

Sarcoma 

PATHOLOGIC FINDINGS 

Undifferentiated (embryonal) sarcoma (UES), or mesenchymal 
sarcoma, is a malignant tumor occurring primarily in children. 
It is composed of primitive, undifferentiated spindle cells, with 
frequent mitoses and myxoid stroma, that resemble primitive 
(embryonal) cells. 1 In gross appearance, UES is a large, usually 
solitary, spherical mass with well-defined margins (Fig. 87-36). 
On occasion, a pseudocapsule is present. On cut surface, it has 
a variegated, glistening appearance with cystic areas of variable 
size that contain necrotic debris, hemorrhagic fluid, biood, or 
gelatinous material. 143,144 Cystic tumors are seen more frequently 
than solid ones. 

INCIDENCE AND CLINICAL PRESENTATION 

UES is the fourth most common hepatic neoplasm in children, 
after hepatoblastoma, infantile hemangioendothelioma, and 
HCC. 14 It usually occurs in older children, 6 to 10 years of age, 
and 90% of patients are younger than 15 years. 145 The incidence 
is almost the same in males and females. 

The usual presenting symptoms are pain and abdominal 
mass, with fever, jaundice, weight loss, and gastrointestinal 



Figure 87-35 Angiosarcoma. Gadolinium-enhanced MR images obtained in the arterial (A) and portal venous (B) phases demonstrate the 
replacement of the liver parenchyma with numerous nodules. There is also an angiosarcoma in the spleen. 
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Figure 87-36 Undifferentiated embryonal sarcoma. A and B. Undifferentiated embryonal sarcoma in a 22-year-old woman. Portal venous 
phase contrast-enhanced CT scan (A) shows a 10-cm-diameter cystic lesion with septa in the right lobe of the liver. Note the calcifications [arrow) 
within the mass. Specimen photograph (B) shows that the mass has predominantly solid components ( arrows ) with coexisting hemorrhagic areas. 
C and D. Undifferentiated embryonal sarcoma in a 36-year-old woman. T2-weighted MR image (C) shows a mass in the right lobe of the liver. 

The solid portions of the mass ( arrowheads) are hyperintense relative to normal liver tissue, and the cystic portions (arrow) have signal intensity 
similar to that of water. Delayed phase gadolinium-enhanced Tl-weighted MR image (D) shows heterogeneous enhancement of the solid 
portions of the lesion (arrow). (From Koenraad J, Mortele KJ, Ros PR: Cystic focal liver lesions in the adult: Differential CT and MR imaging 
features. RadioGraphics 21:895-910, 2001.) 


complaints found less commonly. a-Fetoprotein levels are 
usually not elevated. 

RADIOLOGIC FINDINGS 

P/a/n Radiography 

Abdominal radiographs demonstrate a large, usually noncalci- 
fied mass in the upper abdomen associated with displacement 
of adj acent structures and elevation of the diaphragm on the 
right side. Calcification, although rare, may occur, with small, 
punctate chunks of calcium seen within the solid portions of 
this tumor. 145 

Nuclear Medicine 

On liver sulfur colloid scans, UES is usually a well-defmed intra- 
hepatic defect. Biood pool studies demonstrate no early uptake 
or delayed filling, corresponding to the hypovascular nature of 
this tumor. 145 Bone scintigraphy and gallium scans demonstrate 
no uptake by UES. 145 

Ultrasound 

On sonograms, the appearance of UES ranges from a mul- 
tiseptate cystic mass to an inhomogeneous, predominantly 


echogenic solid mass. The cysts range in size from a few 
millimeters to several centimeters, corresponding to the cystic 
changes seen grossly. 145 In a review of 28 cases of UES, all 
tumors were predominantly solid. 146 

Computed Tomography 

On CT scans, UES appears as a hypodense mass resembling old 
intrahepatic hemorrhage or a biloma 147 (see Fig. 87-36A). Cal¬ 
cification is a rare feature. 146 Septa are seen as dense bands 
within the cystic tumor, corresponding to solid portions. If 
there is a pseudocapsule, a thin rim of dense tissue may sur- 
round the predominantly cystic tumor. On contrast-enhanced 
CT images, heterogeneous enhancement is present in the solid, 
usually peripheral portions of the mass, especially on delayed 
images. 108 ’ 129 

Angiography 

Angiographic studies demonstrate a large hypovascular to avas- 
cular mass. Abnormal vessels as well as hypervascular portions 
can be seen in the solid component of UES. Intratumoral aneu- 
rysms, arteriovenous shunting, pooling of contrast medium, 
and arterial encasement can be found in tumors with a sizable 
solid component. 
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Magnetic Resonance Imaging 

On MRI, UES has signal characteristics similar to cerebrospinal 
fluid, with high signal on T2-weighted images and low signal 
on Tl-weighted images. 146 In addition, foci of high signal inten- 
sity are seen on Tl-weighted images corresponding to hemor- 
rhage. 146 If present, the pseudocapsule and septations are of low 
signal intensity on both TI- and T2-weighted images. The 
enhancement pattern of UES on postcontrast MR images is 
parallel to that on CT images (see Fig. 87-36D). 

Epithelial Hemangioendothelioma 

PATHOLOGIC FINDINGS 

Epithelial hemangioendothelioma (EHE) is a rare malignant 
hepatic neoplasm of vascular origin that develops in adults. It 
should not be confused with infantile hemangioendothelioma, 
which occurs predominantly in young children. 

INCIDENCE AND CLINICAL PRESENTATION 

EHE is usually discovered incidentally, although jaundice, liver 
failure, and occasionally rupture with hemoperitoneum may be 
present. 148 It is more common in women than in men. 

In gross appearance, the tumors are often multiple and 
are composed of neoplastic cells that infiltrate the sinusoids 
and intrahepatic veins. The prognosis of EHE is much 
more favorable than that of angiosarcoma; extrahepatic 
metastases occur in only one third of the reported cases. 148 
It appears that the biologic behavior of this tumor is related 
to its matrix, including inflammation, sclerosis, and 
calcification. 

RADIOLOGIC FINDINGS 

EHEs appear as multiple nodules that grow and coalesce, 
forming large confluent masses. This lesion usually develops 
in the periphery of the liver and commonly shows calcifica- 
tions corresponding to the fibrotic nature of this tumor. 149 
The calcifications are visible on plain radiographs in 15% of 
cases. 138 

On sonography, EHE is primarily hypoechoic. 138,150 On CT 
scans, the full Spectrum of growth may be seen from multiple 
nodules to large confluent masses. 138 On unenhanced CT scans, 
EHE is of low attenuation, corresponding to myxoid stroma. 138 
Portions of these large, low-attenuation masses become 
isodense after administration of contrast material, so it is often 
easier to identify the extent of the disease on unenhanced 
scans. With extensive involvement, compensatory enlargement 
of the uninvolved portions of the liver is seen. 138 On angio- 
graphic examination, the tumor may be hypervascular, hypo- 
vascular, or avascular, depending on the extent of hyalinization 
and sclerosis within the tumor. Invasion of hepatic veins 
may be seen. 138 

The MRI features of EHEs are similar to the CT appearances, 
and either peripheral nodules or larger confluent lesions are 
seen. 151,152 The tumors are hypointense on TI - and hyperintense 
on T2-weighted images, although a hypointense center may 
be seen on both sequences corresponding to calcification, 
necrosis, and hemorrhage. 15 After intravenous administration 
of Gd-DTPA, moderate peripheral enhancement and delayed 


central enhancement are seen. 1 MRI also demonstrates inva¬ 
sion of the portal veins by the tumor. 152 With the exception of 
calcification, MRI demonstrates the internal architecture of 
EHE better than CT does. 152 

Other Mesenchymal Sarcomas 
(Leiomyosarcoma, Malignant Fibrous 
Histiocytoma) 

PATHOLOGIC FINDINGS 

Primary tumors arising in mesenchymal elements of the adult 
liver are extremely rare. They include angiomyosarcoma, 
fibrous sarcoma, rhabdomyosarcoma, leiomyosarcoma, and 
malignant fibrous histiocytoma. 153 ' 155 These sar comas of the 
liver are usually large, solid, smoothly lobulated tumors and 
on cut surface show fibrous septa or central necrosis and 
hemorrhage. 

INCIDENCE AND CLINICAL PRESENTATION 

Primary leiomyosarcoma of the liver is rare, with few cases 
reported in the liter ature. 153 The majority of patients are adults 
with an average age at discovery of 57 years. Leiomyosarcomas 
grow slowly, with slowly evolving clinical abnormalities present 
for several months. Survival ranges from several months to 
years. 

RADIOLOGIC FINDINGS 

On CT scans, both leiomyosarcoma and malignant fibrous 
histiocytoma have a similar appearance: a large, noncalci- 
fied, hypodense, homogeneous mass that exhibits inhomo- 
geneous peripheral enhancement after administration of 
the contrast agent. 156,157 Ultrasound demonstrates a variable 
appearance from hyperechoic to isoechoic and hypoechoic 
patterns. 

Lymphoma 

PATHOLOGIC FINDINGS 

Hepatic lymphoma can be either primary or secondary and can 
occur in both Hodgkins lymphoma (HL) and non-Hodgkin s 
lymphoma (NHL). The majority of lymphomas of the liver are 
secondary; primary lymphoma is rare. 1 However, secondary 
lymphoma of the liver is found in more than 50% of patients 
with HL or NHL. 159,160 

Nodular and diffuse forms of hepatic lymphoma are seen. 
HL occurs more often as miliary lesions than as masses. Early 
in the disease, liver involvement is microscopic, but with time, 
small nodules a few millimeters to several centimeters in size 
develop. 161 HL of the liver is almost invariably associated with 
splenic involvement, and the likelihood of hepatic disease is 
greater if there is extensive splenic disease. 162,163 

In patients with HL, a Reed-Sternberg variant type of cell is 
accepted as evidence for liver involvement. Typical Reed- 
Sternberg cells are rarely identified, particularly in biopsy speci- 
mens. In NHL, the lymphocytic form tends to be miliary 
whether the large cell or histiocytic varieties are nodular or 
tumoral. 164 In both HL and NHL, initial involvement is seen in 
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the portal areas because this is where the majority of the scant 
lymphatic tissue of the liver is found. 

INCIDENCE AND CLINICAL PRESENTATION 

Primary hepatic lymphoma occurs most commonly in middle- 
aged white men. 165 Organ transplant recipients and patients 
with acquired immunodeficiency syndrome are at high risk for 
development of hepatic lymphoma. Patients usually present 
with right upper quadrant pain, hepatomegaly, or a tender 
upper abdominal mass. Hepatomegaly may be present in an 
uninvolved liver, and a diffusely infiltrated liver can be of 
normal size. 166 

RADIOLOGIC FINDINGS 

P/a/n Abdominal Radiography 

Plain abdominal radiography may demonstrate hepatomeg¬ 
aly in cases in which the liver is markedly enlarged. Calci- 
fications are not detected in untreated hepatic lymphoma. 
Barium studies may demonstrate other involved areas in 
the gut. 

Nuclear Medicine 

Lymphomas may be manifested as focal defects on techne- 
tium Tc 99m sulfur colloid scans or with diffusely inhomo- 
geneous hepatic uptake. Gallium citrate is taken up by 
normal liver tissue and lymphoma, and the usefulness of 
the technique in the diagnosis of hepatic lymphoma is there - 
fore questionable. However, it may help confirm areas of 
liver involvement seen by other imaging techniques and may 
have a role in assessing response to therapy. 165,167 On occa- 
sion, areas of increased uptake in relation to normal liver 
can be identified. 

Ultrasound 

On ultrasound studies, hepatic lymphoma appears as a 
hypoechoic mass or masses in the tumoral form of the disease. 
In the diffuse form, the echogenicity of the hepatic paren- 
chyma may be normal or the overall architecture of the liver 
may be altered. 165 If there is bleeding within the lymphoma 
deposit, true cystic ultrasonographic characteristics may be 
detected. 168 

Computed Tomography 

CT is currently the preferred imaging method for evaluating 
lymphoma of the liver, with a specificity of almost 90% and a 
sensitivity of almost 60%. 169,170 

Secondary hepatic lymphoma most commonly is manifested 
as multiple well-defmed, large, homogeneous low-density 
masses (Fig. 87-37). Areas of diffuse infiltration by lymphoma 
causing hepatomegaly may not be distinguishable from normal 
liver tissue by CT. Frequently, additional areas of involvement 
may be noted in the spleen, lymph nodes (para-aortic, celiac, 
and periportal), and kidneys. 170 

Angiography 

On angiography, primary and secondary lymphomatous 
liver masses are usually hypovascular or avascular. There 
may be arterial displacement; however, encasement is not 
noted. In the capillary phase, the tumor mass is relatively 
hypolucent. 



Figure 87-37 Hepatic lymphoma. Contrast-enhanced CT scan 
shows a lesion with heterogeneous low attenuation in the right 
hepatic lobe. 


Magnetic Resonance Imaging 

Hepatic lymphoma is hypointense compared with normal liver 
on Tl-weighted images and hyperintense on T2-weighted 
images. After intravenous administration of contrast material, 
transient perilesional enhancement of focal hepatic lymphoma 
deposits has been reported. However, these tumors generally 
remain hypointense during the dynamic study as a result of 
their poor vascularity. 58,1/1 Although it is easy to distinguish 
normal liver, the difference in relaxation times of lymphoma 
and metastases is not significant. Diffuse hepatic lymphoma is 
more readily detectable by CT than by MRI. Although some 
authors indicate that MRI may be slightly more sensitive than 
CT for all forms of hepatic involvement, this has not been 
completely proved. 172 

Metastases 

PATHOLOGIC FINDINGS 

Gross Pathology 

Metastases vary in size, consistency, uniformity of growth, 
stromal response, and vascularity (Fig. 87-38). They can be 
infiltrative or expansive. All these factors depend on the 
primary source and mode of metastasis. The gross morpho- 
logic patterns of the major liver metastases are described in 
Table 87-5. 173,174 

Metastatic adenocarcinomas from the gallbladder and colon 
often have a slimy cut surface because of mucin production. 
Tumors that are expanding and massive, such as colon cancer 
metastases, often have central liquefactive necrosis. Metastases 
that have significant necrosis or fibrosis can umbilicate the 
surface of the liver capsule, which is a helpful diagnostic feature 
because HCCs rarely cause umbilication. 1/3,174 

Poorly differentiated tumors such as seminomas, oat cell 
carcinomas, NHLs, and undifferentiated sarcomas tend to have 
a uniformly soft, “fish flesh-like” consistency. Squamous cell 
carcinomas have a granular and caseous central portion that 
lacks the shiny appearance of most adenocarcinomas. 173,174 

Individual metastases in the same liver can vary greatly in 
appearance because of differences in biood supply, hemorrhage, 
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Figure 87-38 Hepatic metastases: pathology. A. Multiple metastases from breast cancer are present in both lobes of the liver. B. Cut section 
shows multiple large metastases from lung cancer. C. Photomicrograph shows normal liver on the left and gastric cancer metastases on the right 
side of the image. 


table Morphologic Patterns of Metastatic Tumors 
87-5 to Liver 


Pattern Site 


Expanding massive (solitary 
with satellites or multiple fod) 
Uniformly nodular 
Infiltrative massive 

Uniformly multifocal 

Diffuse 

Surface spreading 
Miliary 

Mixed or indeterminate 


Colon, gallbladder, testis 

Lung, melanoma, pancreas 
Lung, breast, pancreas, 
biadder, melanoma 
Breast, pancreas, lung, 
melanoma 

Breast, pancreas, lymphomas 
Colon, ovary, occasionally 
stomach 

Prostate, occasionally any 
Any 


Modified from Edmondson HA, Craig JR: Neoplasms of the liver. 
In Schiff L, Schiff ER (eds): Diseases of the Liver, 8th ed. 
Philadelphia, JB Lippincott, 1987, pp 1109-1158. 


cellular differentiation, fibrosis, and necrosis. This variable 
pattern is particularly common in the vascular metastases car- 
cinoid, renal cell carcinoma, choriocarcinoma, and broncho- 
genic carcinoma. 173,174 

An unusual zone of venous stasis up to 1 cm in size is 
observed in approximately 25% of affected livers. This zone is 
uniformly circumferential, and either all or none of the meta¬ 
static foci have this finding. This phenomenon is seen most 
commonly with bronchogenic cancer and least commonly with 
colon cancer and has important implications for imaging and 
enhancement with contrast material. 173,174 


Microscopic Pathology 

Most metastases maintain the microscopic features of the 
primary tumor, including the degree of stromal growth. Meta¬ 
static carcinomas of the pancreas and breast incite an intense 
fibrous or sclerosing reaction around the tumor acini, leading 
to fibrous scar formation. Oat cell carcinoma intermingles with 
the liver plates, blending in with the hepatocytes. In faet, some 
tumors with no organoid pattern at the primary site (e.g., bron¬ 
chogenic carcinoma, biadder carcinoma) may retain the pattern 
of the sinusoidal bed and simulate a ductal liver neoplasm. In 
colon cancer metastases, a thin collagenous pseudocapsule is 
often situated between the tumor margin and compressed liver 
but does not surro und individual tumor giands. 1 3174 

Approximately 7% to 15% of patients with metastatic liver 
disease have tumor thrombi that occlude the portal or hepatic 
veins. Metastases that penetrate the large portal veins dissemi- 
nate throughout peripheral portal branches. When the hepatic 
veins are penetrated, pulmonary metastases can develop. 173,174 

In the presence of muein, necrosis, and phosphatase activity, 
metastases can develop calcification that is detectable radio - 
graphically. 175,176 This is particularly common in metastases 
from mueinous adenocarcinomas of the colon, pancreas, and 
stomach. 

INCIDENCE AND CLINICAL PRESENTATION 

Metastases (Table 87-6) are by far the most common cause of 
malignant focal liver lesions, outnumbering primary malignant 
tumors by a factor of 18:1. The liver is second only to regional 
lymph nodes as a site of metastatic disease, and approximately 
25% to 50% of all patients who die of cancer have liver 
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table Most Common Nonlymphoma 
87-6 Hepatic Metastases 



No. of 
Primary 

No. with 

Percentage 

with 

Tumor 

Tumors 

Metastases 

Metastases 

Lung 

682 

285 

41.8 

Colon 

323 

181 

56.0 

Pancreas 

179 

126 

70.4 

Breast 

218 

116 

53.2 

Stomach 

159 

70 

44.0 

Unknown primary 

102 

59 

57.0 

Ovary 

97 

47 

48.0 

Prostate 

333 

42 

12.6 

Gallbladder 

49 

38 

77.6 

Cervix 

107 

34 

31.7 

Kidney 

142 

34 

23.9 

Melanoma 

50 

25 

50.0 

Biadder and ureter 

66 

25 

37.9 

Esophagus 

66 

20 

30.3 

Testis 

45 

20 

44.4 

Endometrium 

54 

17 

31.5 

Thyroid 

70 

12 

17.1 


Modified from Edmondson HA, Craig JR: Neoplasms of the liver. 
In Schiff L, Schiff ER (eds): Diseases of the Liver, 8th ed. 
Philadelphia, JB Lippincott, 1987, pp 1109-1158. 


metastases at autopsy. Colon (42%), stomach (23%), pancreas 
(21%), breast (14%), and lung (13%) are the most common 
primary neoplasms. A silent primary with hepatic metastasis 
most often occurs in carcinoma of the pancreas, stomach, and 
lung. The highest percentage of liver metastases occurs in 
primary carcinoma of the gallbladder, pancreas, colon, and 
breast; the lowest percentage occurs in prostate cancer. 

Approximately 50% of patients who die with metastatic 
carcinoma of the liver have some hepatic signs or symptoms. 
Hepatomegaly (31%) is the most common finding, followed 
by ascites (18%), jaundice (14.5%), and varices (1%). Liver 
function tests are notoriously unreliable for detection of metas¬ 
tases; results are normal in 25% to 50% of patients with 
metastases and can be abnormal in any number of conditions, 
such as parenchymal tumor replacement, tumor obstructing 
the intrahepatic or extrahepatic bile duets, or chemotherapy 
hepatotoxicity. For this reason, imaging is the key to both 
the diagnosis and serial follow-up of liver metastases. 1 In 
addition, cross-sectional imaging techniques now have a unique 
and important role in the management of patients with hepatic 
metastases from colorectal cancer. Many of these patients have 
good survival rates of 20% to 40% at 5 years if resection of 
liver metastases is performed. However, the preoperative evalu- 
ation of these patients is vital in selecting those who will 
benefit from surgery. Accurate assessment of the presence, 
extent, and number of liver metastases and the delineation 
of extrahepatic disease are requirements of any imaging 
technique. 178 

RADIOLOGIC FINDINGS 

P/a/n Radiography 

Plain abdominal radiographs in patients with metastatic disease 
most commonly show normal Åndings. Nonspecific Åndings 
include hepatomegaly, ascites, and splenomegaly, which may be 
due to humoral factors, tumor, or portal hypertension. 


BOX 87-3 METASTATIC LIVER TUMORS THAT 
MAY CALCIFY 


Mucinous carcinoma of the colon, stomach, and pancreas 
Islet cell pancreatic tumor 

Leiomyosarcoma, osteogenic sarcoma, rhabdomyosarcoma, 
chondrosarcoma 

Papillary serous ovarian cystadenocarcinoma 

Malignant melanoma 

Pleural mesothelioma 

Neuroblastoma 

Embryonal tumor of the testis 

Bronchogenic carcinoma 

Breast cancer 


CalciAcation (Box 87-3) is a more speciAc sign but is insensi- 
tive (<1%) except in small children with metastatic neuro¬ 
blastoma, in whom the sensitivity approaches 25%. Colloid 
carcinomas of the colon or stomach most commonly cause 
calciAcation that has been described as stippled, amorphous, 
Aaky, punetate, granular, or poppy seed-like. The pattern of 
calciAcation, however, seldom indicates whether the tumor is 
primary or metastatic, and even differentiation from benign 
disease may be difAcult. When there is a progressive inerease in 
the size and number of calciAcations accompanied by hepato¬ 
megaly, the diagnosis of neoplasm is nearly certain. CalciAca¬ 
tion may also occur in focal areas of metastasis after radiation 
therapy or chemotherapy. 

Nuclear Medicine 

Metastases typically are manifested as focal defeets on both 
sulfur colloid and hepatobiliary scintiscans. 18118 They are, in 
faet, the most common cause of focal “cold” liver lesions. 
Most oAen, multiple round focal defeets of relatively 
uniform size are seen. The scintigraphic pattern, however, 
depends on the primary tumor type, stage of disease, and 
presence of underlying hepatic disease, such as cirrhosis, 
acute or chronic hepatitis, or steatosis. When only a single 
defeet is seen, it must be differentiated from a normal 
variant, cyst, abscess, or intrahepatic gallbladder. Multiple 
defeets make the diagnosis of metastases likely, but multiple 
cysts, hemangiomas, or abscesses may occasionally have the 
appearance. 185)186 

Some tumors (leukemia, lymphoma) may inAltrate the liver 
diffusely, whereas others (breast and oat cell carcinoma) cause 
numerous small focal nodules. In both of these circumstances, 
hepatomegaly or diffuse heterogeneity of uptake or both may 
be seen. Colon cancers commonly produce large, often solitary 
defeets. 185 ’ 186 

Whereas nuclear medicine is no longer routinely used for the 
detection of hepatic metastatic lesions, PET with 18 F-FDG has 
emerged as a sensitive tool for the detection of liver metastases 
from colorectal primaries (Fig. 87-39). 187 18 F-FDG is a glueose 
analogue that is metabolized more rapidly in tumor cells than 
in normal cells, resulting in inereased uptake in malignant 
lesions. However, PET has important limitations. The spatial 
resolution is poor, so complementary anatomic information 
from cross-sectional imaging techniques such as CT is necessary 
for evaluation of PET Åndings. 178 PET/CT is an efAcient tool to 
solve this problem by means of combining the metabolic 
imaging and spatial localization advantages of PET and CT. A 






1592 SECTION X Liver 



Figure 87-39 Hepatic metastases: PET/CT. A. Axial, unenhanced CT shows no mass. B. PET image at the same level shows uptake of 18 F-FDG 
in the right lobe. C. Fused image provides precise localization of the colon cancer metastasis. D. Whole body PET image shows the solitary 
hepatic metastasis. 


second limitation is the 18 F-FDG uptake by inflammation, 
which makes clinical correlation necessary to assess the signifi- 
cance of PET findings. 188 

18 F-FDG PET has been shown to be valuable in the response 
assessment of liver metastases undergoing systemic or local 
interventional therapy. 18 F-FDG PET is superior to CT in the 
assessment of radiofrequency ablation response by being able 
to distinguish between a marginal zone of reactive hyperperfu- 
sion, which is frequently seen at the rim of metastases on 
contrast-enhanced CT after radiofrequency ablation, and resid- 
ual viable tumor tissue. 189 ' 192 

After radiofrequency ablation treatment, most metastases 
that were persistently 18 F-FDG PET positive recurred within the 
follow-up time of 16 months, whereas metastases that were 
found to be 18 F-FDG PET negative within 3 weeks after treat¬ 
ment were less likely to relapse. 19 " Recently, regarding the 
patients with liver metastases from breast cancer, the only inde- 
pendent predictive factor for patient survival was identified as 
a change in maximal standardized uptake value between the 
preinterventional stage and 3 months after selective internal 
radiation therapy. 1 In respect to this, it can be said that after 
therapy, functional MRI and PET can be useful for providing 
complementary information on tumor tissue viability. A study 
comparing diagnostic performance of fused 18 F-FDG PET 
and Gd-EOB-DTPA-enhanced MRI retrospectively versus 


stand-alone Gd-EOB-DTPA-enhanced MRI and integrated 
PET/CT for liver lesion detection revealed that PET/MRI was 
significantly more accurate than PET/CT, providing signifi- 
cantly greater confidence for discrimination between benign 
and malignant liver lesions and representing a perfect test for 
the detection of hepatic lesions larger than 1 cm. 195 According 
to the same study, comparison of stand-alone Gd-EOB-DTPA- 
enhanced MRI and PET/MRI did not reveal significant change 
in sensitivity or specificity. Interestingly, the performances of 
both PET/MRI and Gd-EOB-DTPA-enhanced MRI were better 
than PET/CT in the detection and characterization of lesions 
smaller than 1 cm. 195 

It seems that especially for detection of small hepatic lesions, 
compared with CT, MRI compensates for the drawbacks in PET 
better (Figs. 87-40 and 87-41) 196 and enhances lesion discrimi¬ 
nation. 1 However, PET/MRI does not seem to have any ben- 
efits over MRI alone. 20 

Ultrasound 

Ultrasound has a diagnostic sensitivity of more than 90% in the 
detection of metastases. 197 In the absence of complications, such 
as hemorrhage, infection, or necrosis, focal metastatic liver 
disease is manifested with five basic sonographic patterns (Fig. 
87-42): hypoechoic, bulFs-eye or target pattern, calcified, cystic, 
and diffuse. Although there is no consistent correlation between 
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Figure 87-40 Hepatic metastases: PET/CT and PET/MRI. Metastatic colon cancer in a 76-year-old man. Axial CT (A), 18 F-FDG PET (B), and 
fused PET/CT (C) images demonstrate two hypermetabolic low-attenuation lesions in the dorne of the liver. The metastatic lesions are well 
appreciated on T2-weighted spectral attenuated inversion recovery image (D). 18 F-FDG PET image (E) and fused PET/MRI axial image 
(F) delineate the hypermetabolic activity. 


sonographic appearance and primary tumor type, certain gen- 
eralities can be made (Box 87-4). 197-203 

Hyperechoic Metastases. These usually arise from colon 
cancers and other gastrointestinal neoplasms. Vascular metas¬ 
tases from islet cell tumors, carcinoid, choriocarcinoma, and 
renal cell carcinoma tend to be echogenic as well. 198 They are 
echogenic because of numerous interfaces arising from the 
abnormal vessels. 

BulPs-Eye or Target Pattern. The anechoic, thin, poorly 
defined halo that often surrounds solid liver metastases is 
most often a result of peritumoral compression of normal 
parenchyma and less often a result of tumor infiltrating into 


the surrounding parenchyma. Its presence usually indicates 
an aggressive tumor. 204,205 This is frequently seen in metastases 
from bronchogenic carcinoma. 

Hypoechoic Metastases. These lesions tend to be hypovas- 
cular and highly cellular with few internal interfaces. Lym- 
phoma, particularly when it is associated with acquired 
immunodeficiency syndrome, can be manifested with mul¬ 
tiple hypoechoic deposits. More commonly, lymphoma is 
diffusely infiltrating. 198,199 

Cystic Metastases. Cystic metastases usually develop in patients 
with primary neoplasms that have a cystic component: cystad- 
enocarcinoma of the pancreas and ovary and mucinous 
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Figure 87-41 Hepatic metastasis: PET/CT and PET/MRI. Metastatic colon cancer in a 60-year-old man. Coronal CT image (A) demonstrates a 
subtle segment V lesion, further depicted on 18 F-FDG PET (B) and fused PET/CT (C) images. T2-weighted spectral attenuated inversion recovery 
image (D) better delineates the metastasis, with associated hypermetabolic uptake seen on 18 F-FDG PET (E) and fused PET/MRI (F) images. 


carcinoma of the colon. Indeed, these lesions may resemble 
benign cysts on CT scans. Ultrasound, however, can usually 
reveal certain differentiating features: septa, mural nodules, 
debris, fluid-fluid levels, and mural thickening. When the 
central portion of a liver metastasis undergoes extensive necro- 
sis, sonolucent metastases with low-level echoes and an irregu- 
larly thickened wall may be seen. 206 

Calcified Metastases. These metastases are relatively distinctive 
because of their marked echogenicity and acoustic shadowing 
(see Box 87-3). Mucinous adenocarcinoma of the colon is the 


most common primary neoplasm associated with calcified liver 
metastases. 207 ’ 208 

Diffuse Infiltration. This diffuse permeative infiltration is 
the most difficult sonographic pattern to be appreciated 
because the tissue texture is diffusely inhomogeneous, 
without the presence of well-defined masses. Diagnosis is 
further compromised in the presence of cirrhosis and fatty 
infiltration. 198 ’ 209 

Contrast-enhanced ultrasound shows lesion biood flow in 
metastases as a reflection of the vascularity of the primary 
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Figure 87-42 Hepatic metastases: Spectrum of sonographic findings. A. Hyperechoic metastases are seen on this sagittal scan of the left 
hepatic lobe in a patient with carcinoid tumor. B. Bull's-eye lesions are present on this axial scan in a patient with metastatic lung cancer. 

C. Hypoechoic metastases are demonstrated in this patient with pancreatic cancer. There is a pleural effusion as well. D. Cystic metastasis with 
multiple fine internal echoes is present in this patient with mucinous ovarian carcinoma. E. Calcified metastases are seen in this patient with 
mucinous colon carcinoma. F. Hypervascular liver metastases in a 60-year-old man with previously resected retroperitoneal sarcoma. Early arterial 
phase ultrasound image (F) obtained 20 seconds after contrast material injection shows a large lesion with heterogeneous and mostly peripheral 
(nonglobular) enhancement ( large arrows). Two small lesions remain hypoechoic ( small arrows). (F from Catalano O, Nunziata A, Lobianco R, et al: 
Real-time harmonic contrast material-specific US of focal liver lesions. RadioGraphics 25:333-349, 2005.) 


tumor. 39 Because of this, considerable variation is seen during 
the arterial phase enhancement. Hypervascular metastases 
may reveal enhancement features that overlap with those of 
HCC. Hypovascular metastases mostly show a slight signal 
enhancement with a marginal emphasis (halo sign, rim sign). 40 
Fortunately, regardless of their appearance during the arterial 
phase, metastases have consistently shown less enhancement 
than the liver during the portal venous phase of contrast- 
enhanced ultrasound. 


Computed Tomography 

On CT scans, metastases can be hyperdense, isodense, 
hypodense, hypodense with peripheral enhancement, cystic, 
complex, calcified, or diffusely infiltrating (Figs. 87-43 to 
87-46). The CT appearance depends on tumor size and vas- 
cularity, the degree of hemorrhage and necrosis, and the 
quality of the intravenous contrast material bolus. Thus, 
individual metastatic lesions within the liver can have 
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different CT Åndings, and metastases from different cell types 
can appear identical. 2 10-214 

Hyperdense metastases (see Fig. 87-44) are uncommon. 
These lesions are usually hypervascular (Box 87-5) and enhance 
rapidly and diffusely, becoming isodense with normal liver. 
These lesions may be diffkult to visualize on contrast-enhanced 
CT scans obtained during the portal venous phase of enhance- 
ment. Hypervascular lesions may also occasionally be seen as 
hypoattenuating lesions on portal venous phase images. 215 

Islet cell tumors are among the most common of the 
very hypervascular metastases. Breast carcinoma, carcinoid, 


BOX 87-4 SONOGRAPHIC PATTERNS OF 
LIVER METASTASES 


HYPOECHOIC 

Lymphoma 

Pancreas 

Cervical carcinoma 
Adenocarcinoma of the lung 
Nasopharyngeal cancer 

MIXED ECHOGENICITY 

Breast cancer 
Lung cancer 
Stomach cancer 
Anaplastic cancer 
Cervical cancer 
Carcinoid 

HYPERECHOIC 

Colon cancer 
Hepatoma 

Treated breast cancer 

CYSTIC 

Mucinous ovarian carcinoma 

Colorectal carcinoma 

Sarcoma 

Melanoma 

Lung cancer 

Carcinoid 


melanoma, thyroid carcinoma, and renal cell carcinoma also 
result in hypervascular metastases. 216 

The majority of metastases are hypodense (see Fig. 87-45) 
with an attenuation between that of water and that of normal 
liver. These lesions are usually hypovascular, and intravenous 
contrast medium increases their conspicuity by increasing 
the density of normal liver. These lesions are best depicted 
during the portal phase of enhancement (60 seconds after 
intravenous administration of contrast material). 215,217 Colon, 
lung, prostate, gastric, and transitional cell carcinoma are 
the most common tumors that appear as hypovascular liver 
metastases. 218 

On the delayed phase images, metastases are often isoattenu- 
ating. Some metastases will show hypoattenuating peripheral 
areas surrounding an enhanced center on delayed images. This 
appearance is thought to represent contrast material washing 
out of the viable tumor periphery while remaining in the extra- 
cellular space of the center. 219 



Figure 87-43 Calcified liver metastases on CT. This patient has 
mucinous adenocarcinoma of the colon. 



Figure 87-44 Hypervascular liver metastases on CT. A and B. A dominant, strikingly hypervascular mass from metastatic leptomeningeal 
hemangiopericytoma is demonstrated on these two coronal volume rendered images. Arrow, Pancreatic tail metastasis. 
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Figure 87-46 Ring enhancement of liver metastases on CT. Arterial (A) and portal venous (B) phase images show a hypervascular ring of 
enhancement [arrow). This complete ring of enhancement is typical of metastases but can also be seen in hepatic abscesses. 


BOX 87-5 HYPERVASCULAR LIVER METASTASES 


Melanoma 

Carcinoid 

Pancreatic islet cell tumor 
Choriocarcinoma 
Pheochromocytoma 
Breast cancer 
Thyroid carcinoma 
Renal cell carcinoma 


Certain metastases may be cystic, having an attenuation less 
than 20 HU. Ultrasound may be needed to differentiate these 
lesions from simple cysts. Calcifications are also well demon- 
strated on CT scans. 

Rim enhancement (see Fig. 87-46) of a hypodense metastasis 
represents a vascularized viable tumor periphery contrasted 
with a hypovascular or necrotic center. 210,213 

Unless the size or contour of the liver is altered, diffusely 
infiltrating metastases can be difficult to appreciate. Diagnosis 
is also difficult in patients with cirrhosis and hepatic steatosis. 
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In these cases, MRI can be useful in appreciating the tumor 
nodules. 

The borders of hepatic metastases can be sharp, ill-defined, 
or nodular, and their shape may be ovoid, round, or irregular. 

Magnetic Resonance Imaging 

The TI and T2 relaxation times of liver metastases vary 
considerably, depending on the primary tumor, degree of 
necrosis, hemorrhage, and vascularity. Nevertheless, the TI 
and T2 relaxation times of most liver metastases (Fig. 87-47) 
are longer than those of normal liver and shorter than those 
of simple cysts or hemangiomas. 220 " 228 Five major morpho- 
logic patterns have been described for metastases on MR 

• 229 

images. 

Doughnut. On Tl-weighted images, metastases, because of 
their long TI relaxation time, are manifested as a low signal 
intensity mass containing a distinet central region of even lower 
signal intensity. This pattern is usually seen with larger lesions 
and those that are prone to undergo necrosis. Metastases that 
contain considerable muein, fat, subacute hemorrhage, or 
melanin, however, may have a relatively high signal intensity on 
Tl-weighted images. High signal intensity has also been 
observed in carcinoids with hemorrhage. 229 

Target. On T2-weighted images, some metastases are mani¬ 
fested with a central smooth or irregularly rounded area of high 
signal intensity surrounded by a rind of tissue with a somewhat 


weaker signal intensity. This pattern is also seen in lesions that 
are large and tend to undergo necrosis. 229 ' 231 

Amorphous. These metastases have variable inereased signal 
intensity with inhomogeneous and featureless contents. The 
outer margins tend to be round and indistinet. 

Halo. These masses have a distinet but not necessarily smooth 
circumferential rim of high signal intensity. The rim varies in 
thickness from 2 to 10 mm and encircles a lesion of somewhat 
lower signal intensity. The lower signal intensity may reflect the 
presence of fibrosis, coagulative necrosis, and muein. This halo 
is probably a manifestation of greater water content than in 
adjacent normal liver parenchyma, perhaps reflecting an edem- 
atous reaction incited by tumor cell infiltration. Alternatively, it 
may reflect a viable tumor. Therefore, the peripheral zone of 
hyperintensity should be assumed to represent tumor for the 
purposes of surgical planning and estimating tumor volume. 
Some 50% of colon cancer metastases have some central 
hypointensity. 229 ' 231 

Light Bulb. These lesions are smooth, sharply defined, and 
round or elliptic. The contents have high signal intensity, similar 
to that of gallbladder, cerebrospinal fluid, cysts, and hemangio¬ 
mas. In these cases, the high signal intensity on T2-weighted 
images is attributed to either fluid contents or considerable 
biood flow. In metastases, this may be due to complete tumor 
necrosis and liquefaction or a hypervascular mass. The light 




Figure 87-47 Liver metastases: MRI features. 

Most metastases have prolonged TI and T2 
relaxation times compared with normal liver. 

Thus, these lesions have low signal intensity on 
Tl-weighted images (A) and high signal intensity 
on T2-weighted images (B). There are exceptions, 
such as metastatic melanoma (C), in which the 
lesions have high signal intensity on Tl-weighted 
images because of the presence of hemorrhage, 
muein, or paramagnetic contents such as melanin. 
(C courtesy Jay P. Heiken, MD, St. Louis, MO.) 
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bulb sign has been described in cystic neoplastic metastases, 
pheochromocytoma, carcinoid, and islet cell tumor. 

Role of Magnetic Resonance Imaging 

The introduction of hepatic resection as a potentially curative 
treatment for patients with liver metastases from colorectal pri¬ 
maries has created major challenges for MRI. The preoperative 
assessment of these patients requires accurate delineation of the 
precise number and location of metastases and their relation- 
ship to adjacent vascular structures. Also, because benign liver 
lesions such as cysts and hemangiomas are relatively common, 
imaging techniques must be able to distinguish between benign 
and malignant lesions with a high degree of specificity. 3 For 
the performance of MRI to be improved in this clinical context, 
numerous different sequences and contrast agents have been 
evaluated. The use of Gd-DTPA in the detection of liver metas¬ 
tases has been disappointing, and no clear benefit of using 
dynamic gadolinium-enhanced sequences over unenhanced 
Tl-weighted images has been demonstrated at 1.5T After the 
intravenous administration of contrast material with dynamic 
imaging (Fig. 87-48), enhancement patterns of the hepatic 
metastases are similar to those on CT. Hypervascular metastases 
show marked early enhancement as a continuous ring that on 
later images filis in centrally, or they may show early uniform 
enhancement (Fig. 87-49). During the portal venous phase, 
hypervascular metastases may become isointense or hypoin- 
tense (Fig. 87-50). Hypovascular metastases are seen as hypoin- 
tense masses that may have an enhancing peripheral rim best 
seen during the arterial phase. Progressive centripetal fill-in 
may occur on delayed phases. 

Several studies have evaluated the accuracy of SPIO- 
enhanced MRI in the detection of liver metastases by use of 
findings at intraoperative ultrasound and pathologic examina- 
tion as the “gold standard.” 235 ' 2 With use of SPIO, metastatic 
lesions should appear unenhanced against a negatively enhanced 
liver. 219 SPIO-enhanced MRI detected more lesions than unen¬ 
hanced MRI, percutaneous ultrasound, and contrast-enhanced 
CT and was comparable to CT arterial portography. 235,236 
Important advantages of SPIO-enhanced MRI are its lack of 
invasiveness compared with CT arterial portography and the 
availability of an extended imaging window, allowing greater 
flexibility in scanning times (Fig. 87-51). 238 

With use of hepatobiliary contrast agents such as Gd-EOB- 
DTPA, hepatic metastases from extrahepatic malignant neo- 
plasms do not enhance in the hepatocellular phase because of 


lack of functioning hepatocytes or bile duets, and they typically 
appear uniformly hypointense relative to normal liver (Fig. 
87-52). On occasion, at the interface between a metastasis and 
normal liver parenchyma, a thin rim of hyperintensity can be 
seen that presumably represents a perilesional biliary reaction, 
compressed normal hepatic parenchyma, or a combination of 
the two. 68 

Gd-EOB-DTPA appears to be suitable not only for detecting 
very small metastases less than 1 cm but also in differentiating 
them from FNH and simple cysts. 239,240 In several studies, it is 
reported that with the use of Gd-EOB-DTPA, more liver metas¬ 
tases are depicted, and also lesion characterization and diagnos- 
tic confidence are improved. 240,241 

The usefulness of diffusion-weighted imaging in the detec¬ 
tion of liver metastases compared with unenhanced and 
dynamic liver-specific contrast-enhanced MRI has been dem¬ 
onstrated by several studies. Lesion conspicuity of heman¬ 
giomas and metastases is significantly higher with respiratory 
triggered diffusion-weighted imaging at low b values compared 
with conventional unenhanced MRI because of an excellent 
lesion-to-liver contrast and suppression of background signals 
from vessels. 24 However, diffusion-weighted imaging alone 
is not useful because it is susceptible to motion artifacts 
that obscure lesions, and difficulty arises for image interpre¬ 
tation. 243 Breath-hold or respiratory triggered diffusion- 
weighted imaging has a significantly higher overall lesion 
detection rate compared with conventional T2-weighted 
MRI. 244 Especially in considering small metastases less than 
10 mm, respiratory echo planar diffusion-weighted imaging 
is more sensitive in detection compared with conventional 
MRI with and without contrast. 241 Low lesion-to-liver contrast 
and the interfering bright signal from intrahepatic vessels 
hinder lesion detection on T2 turbo spin-echo sequences. 
Lesion conspicuity with diffusion-weighted imaging is excel¬ 
lent, and limitation of the diffusion-weighted imaging sequence 
is predominantly referred to lesion characterization rather 
than to lesion detectability. 246 

Angiography 

Angiography is no longer used to diagnose liver metastases 
but is performed to provide a vascular road map for the 
surgeon and to guide intra-arterial therapy. 247 Because 
metastases are almost completely supplied by the hepatic 
artery, injection of the celiac or superior mesenteric artery 
may show hypervascular tumor circulation early and 



Figure 87-48 Liver metastases: ring enhancement on MRI. There are complete rings of lesion enhancement seen in this patient with breast 
cancer and a solitary metastasis in the left lobe (A) and in a different patient with multiple carcinoid metastases (B). 
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Figure 87-49 Liver metastasis: MRI findings. 

A patient with a hypervascular liver metastasis of 
a malignant neuroendocrine tumor ( arrows ). 

The metastasis is slightly hyperintense on the 
T2-weighted image (A) and shows strong 
enhancement on the arterial (B) and late phase 
(C) images. On the diffusion-weighted image (D), the 
metastasis shows diffusion restriction and appears 
hyperintense. It has a low ADC value on the ADC 
map (E). 


hypovascularity during the venous phase as portal biood 
containing contrast medium perfuses the surrounding normal 
hepatic parenchyma. 247 ' 249 

Differential Diagnosis— 

Incidental Mass 

Improvements in cross-sectional imaging have led to the detec- 
tion of more and smaller hepatic lesions. Detection of lesions 
smaller than 15 mm can be a problem because of their uncer- 
tain clinical significance. In one study using CT, a single small 
(<1.5 cm) lesion was benign in 65% of patients, and two to four 
tiny lesions were benign in 59% of cases. When the number of 
lesions increases or an additional large lesion is present, the 
likelihood of malignancy increases. Even in the presence of 
extrahepatic malignant disease, 51% of these small lesions are 
benign. This has important implications for patients with dom¬ 
inant metastases who are being considered for hepatic resection. 


The possibility that the other lesions are benign should be 
considered. 250 

Metastases are not the only causes of multiple hepatic masses. 
Abscess, cyst, extramedullary hematopoiesis, multifocal or 
diffuse HCC, ICAC, angiosarcoma, nodular regenerative hyper- 
plasia, and hemangioma can all be multiple. 

Practical Approach to Liver Masses 

The evaluation of focal liver masses should be systematic and 
include both radiologic appearance and clinical information to 
help narrow the differential diagnosis. The three most impor¬ 
tant pieces of clinical information in evaluating liver neoplasms 
are the age and sex of the patient and the presence of extrahe¬ 
patic malignant disease. In adults, metastases, FLC, FNH, and 
hepatocellular adenoma are seen in patients younger than 40 
years. Metastases, typical HCC, ICAC, angiosarcoma, and hem¬ 
angioma are most frequently seen in patients older than 50 
years. In pediatric patients, the vascular tumors infantile 
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Figure 87-50 Liver metastasis: MRI findings. 

A patient with breast cancer. There is a slightly 
hyperintense metastasis on the T2-weighted 
image (A) that is hypointense on the 

Tl-weighted image (B). It shows enhancement 
on the arterial phase image (C), then becomes 
isointense with the liver on the portal venous 
phase image (D). Finally, on the late phase 
image (E), this metastasis shows rimlike 
peripheral enhancement while its central parts 
remain isointense with the liver. Arrow, liver 
metastasis. 



Figure 87-51 MRI of liver metastases with SPIO-enhanced scan. Metastases that are barely visualized on T2-weighted MR image (A) can be 
easily detected after the administration of SPIO (B). (Courtesy Dr. Tomoaki Ichikawa, Yamanashi University, Yamanashi, Japan.) 
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Figure 87-52 Liver metastasis: MRI 
features. MR images of a patient with breast 
cancer. On the T2-weighted (A) and arterial 
phase (B) images, the lesion is not visible. 

On the late phase image (C), the lesion is 
somehow suspicious. On the diffusion- 
weighted image with a b value of 1000 (D), the 
lesion is clearly depicted. The hepatocellular 
phase image (E) is in concordance with the 
diffusion-weighted image. Arrow, liver 
metastasis. 


hemangioendothelioma and hemangioma are seen in the first 
6 months of life. Hepatoblastoma usually is manifested in the 
first 3 years of life, and although it may be present at birth, the 
peak incidence is at 18 months. Benign mesenchymal hamar- 
toma has an incidence similar to that of hepatoblastoma. 
Tumors that occur in older children and adolescents include 
HCC and UES. With regard to sex, malignant primary liver 
tumors are generally more frequent in men and benign primary 
tumors in women. Metastases are overwhelmingly more fre¬ 
quent than primary liver neoplasms in both the pediatric and 
the adult populations. O ther significant clinical data include a 
history of chronic steroid and contraceptive use. Neoplasms 
related to steroid use include hepatocellular adenoma and, to a 


lesser degree, FNH, nodular regenerative hyperplasia, heman¬ 
gioma, and HCC. 

Multiple imaging tests are available for evaluating hepatic 
neoplasms. Contrast-enhanced dynamic MR and CT imaging 
and sonography provide important diagnostic dues that can 
help establish a final diagnosis. In interpreting a hepatic imaging 
study, the parameters to consider are the presence of single 
versus multiple masses; calcification; sharpness of contour; 
presence, absence, or persistence of enhancement; patency of 
vessels; and extrahepatic extension. 

After all these considerations, the radiologist must deter- 
mine whether a hepatic mass is a nonsurgical lesion. In the 
adult, the two most common nonsurgical primary tumors 
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are hemangioma and FNH. All other primary neoplasms of 
the liver are surgical lesions if they are resectable. Therefore, 
the two most important determinations the radiologist must 
make are whether the mass in the liver is hemangioma or 
FNH and, if it is not, whether the mass is resectable for cure. 
Metastases, HCC, FLC, ICAC, angiosarcoma, and hepatocel- 
lular adenoma are all potentially resectable in the adult. In 
children, hepatoblastoma, UES, HCC, and mesenchymal ham- 
artoma are all surgical lesions. Infantile hemangioendothelioma 
does not require surgery if the patient can survive with sup- 
portive therapy or embolization until the tumor regresses 
spontaneously. 

Hemangioma has a highly suggestive appearance on ul- 
trasound, CT, MRI, and scintigraphic studies. However, the 
optimal imaging techniques are dynamic MRI with gado- 
linium enhancement and contrast-enhanced CT (see Chapter 
83). The appearance of FNH on ultrasound, CT, and unen- 
hanced MRI is nonspecific, unless a central scar is present, 
and overlaps with FLC and hepatocellular adenoma. However, 
gadolinium-enhanced dynamic MRI and T2-weighted MRI 
enhanced with SPIO may demonstrate imaging features of 
FNH that aid in narrowing of the differential diagnosis. FNH 
shows characteristically dramatic signal loss. The degree of 
signal loss is greater than in other focal liver lesions, such 


as hepatocellular adenoma and metastases, and is a useful 
diagnostic feature for FNH. 

Hepatobiliary contrast agents also play a major role in the 
diagnostic work-up of liver masses. They can be used to dif- 
ferentiate benign lesions from the malignant ones and most 
probably to estimate the differentiation degree of HCCs. Nev- 
ertheless, hepatocellular phase images are not enough for a 
correct diagnosis to be made. The extracellular phases (arterial, 
portal venous, and hepatic venous phases) of MRI with hepa¬ 
tobiliary contrast agents, T2-weighted images, diffusion- 
weighted images, and in-phase and out-of-phase images are all 
crucial for a definite diagnosis of the liver masses to be reached. 

Finally, the use of percutaneous needle biopsies should be 
considered for exceptional cases, when noninvasive imaging 
studies have yielded atypical or inconclusive findings. In general, 
liver biopsies are devoid of significant risk when they are per- 
formed with CT or ultrasound guidance. The material obtained 
by percutaneous biopsy is sometimes not sufficient for a diag¬ 
nosis, and an open biopsy should be done. 

In summary, the differential diagnosis of a liver neoplasm 
can be narrowed significantly by use of different imaging and 
clinical features. In addition, percutaneous biopsy may be useful 
in further defining tumors without a characteristic imaging 
appearance. 
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Technologic advances have significantly enhanced the role of 
radiology in the detection, characterization, and management 
of focal infectious diseases of the liver. Today, all cross-sectional 
techniques allow highly accurate detection of focal hepatic 
infections. Computed tomography (CT) is particularly helpful 
in revealing the presence of calcifications and gas and in 
detailing the enhancement pattern. 1 With its multiplanar 
capacity and sensitivity to small differences in tissue com- 
position, magnetic resonance imaging (MRI) is a useful tool 
to diagnose and to characterize lesions such as hepatic abscess, 

1608 


hydatid cyst, and candidiasis. The impact of imaging is par¬ 
ticularly dramatic for pyogenic abscess; early diagnosis and 
imaging-guided percutaneous drainage have markedly reduced 
both the mortality rates (from 40% to 2% of cases) and 
the need for surgery. 1 This chapter is a review of the radio¬ 
logic and pathologic findings in a variety of focal hepatic 
infections, including abscesses, parasitic diseases, and fungal 
diseases. 

Bacterial (Pyogenic) Hepatic 
Abscesses 

INCIDENCE 

Pyogenic liver abscesses are uncommon in Western countries, 
accounting for 0.1% of hospital admissions and having a preva- 
lence at autopsy series of nearly 1%. There is a slight female 
predominance, and individuals between 40 and 60 years of age 
are most often affected. 2 ' 6 

PATHOGENESIS 

Hepatic abscess can develop by hve major ro utes: biliary— 
ascending cholangitis from benign or malignant biliary obstruc¬ 
tion, choledocholithiasis; portal vein—pylephlebitis from 
appendicitis, diverticulitis (Fig. 88- 1A), necrotic colon cancer, 
inflammatory bowel disease, proctitis, infected hemorrhoids, 
pancreatitis; hepatic artery—septicemia from bacterial endo- 
carditis, pneumonitis, osteomyelitis; direct extension from con- 
tiguous organs—perforated gastric or duodenal ulcer, lobar 
pneumonia, pyelonephritis, subphrenic abscess; and traumatic, 
from blunt or penetrating injuries. Metastatic tumor nodules 
can also become abscesses. 7 ' 14 

Before the antibiotic era, pylephlebitis of the portal vein 
from seeding by appendicitis and diverticulitis was the most 
common cause of hepatic abscess. 15 Indeed, appendicitis, which 
was once responsible for 34% of all pyogenic abscesses, now 
accounts for less than 2%. 13 ' 16 Biliary tract disease is now 
the most common source of pyogenic liver abscess. 15 Obstruc¬ 
tion of bile flow allows bacterial proliferation. Through pres- 
surization and distention of canaliculi, portal tributaries and 
lymphatics are invaded, with subsequent pylephlebitic abscess 
formation. Cholecystitis, stricture (benign or malignant), 
malignant neoplasms, and congenital diseases are common 
inciting conditions. Approximately 50% of pyogenic abscesses 
are caused by an anaerobic organism, mixed anaerobic organ- 
isms, or mixed anaerobic and aerobic organisms. Facultative 
gram-negative enteric bacilli, anaerobic gram-negative bacilli, 
and microaerophilic streptococci are the organisms most often 
responsible for liver abscesses. Escherichia coli is the organism 
most commonly isolated in culture in adults (Fig. 88-IB). 
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Staphylococci organisms are most often isolated from hepatic 
abscesses in children. 5 

PATHOLOGY 

Abscesses of biliary tract origin are multiple and in 90% of cases 
involve both hepatic lobes. Abscesses of portal origin are usually 
solitary; 65% occur in the right lobe, 12% occur in the left lobe, 
and 23% are bilateral. This distribution is explained by the 
streaming effect of mesenteric biood flow in the portal vein. 2 

CLINICAL FINDINGS 

The high morbidity and mortality of hepatic abscesses (50%- 
70%) before the era of cross-sectional imaging attest to the 
difficulty of establishing a diagnosis of pyogenic liver abscess on 
clinical grounds alone. The most common symptoms are fever, 
malaise, pain, rigors, nausea and vomiting, and weight loss. 
Tender hepatomegaly is the most common clinical sign, and 
leukocytosis, elevated serum alkaline phosphatase levels, hypo- 
albuminemia, and prolonged prothrombin time are the most 
common laboratory abnormalities. Clearly, these Åndings are 
nonspecific, and cross-sectional imaging has proved vital in the 
prompt diagnosis and management of hepatic abscess, resulting 
in improved survival. 2,5,6,17 


RADIOLOGIC FINDINGS 

Cholangiography 

Ascending cholangitis is the most common cause of pyogenic 
hepatic abscess, and cholangiography has become an important 
aid to diagnosis in many cases. Percutaneous transhepatic chol¬ 
angiography and endoscopic retrograde cholangiography can 
accurately define the level and cause of biliary obstruction; they 
are a first step in biliary drainage procedures and can accurately 
define biliary anatomy for the surgeon. These procedures 
increase intrabiliary pressure and can precipitate deterioration 
of a patient who is already septic. Accordingly, biliary drainage 
procedures should be anticipated. 18 Magnetic resonance chol- 
angiopancreatography is an important tool in diagnosis of 
obstructive biliary tract lesions. 

Ultrasound 

Real-time ultrasound can detect hepatic abscesses as small as 
1.5 cm with a sensitivity of 75% to 90%. Pyogenic hepatic 
abscesses are extremely variable in shape and echogenicity. They 
are usually spherical (Fig. 88-2) or ovoid but may be lobulated 
or lentiform. Mural thickness is variable, and the wall typically 
is irregular and hypoechoic. On sonography, abscesses appear 
anechoic (50%), hyperechoic (25%), or hypoechoic (25%). 
Septa, fluid-fluid levels, internal debris, and posterior acoustic 



Fig ure 88-1 Escherichia coli 
pyogenic liver abscess: 
pathologic findings. This 
76-year-old woman died of 
sigmoid diverticulitis and 
pylephlebitis of the inferior 
mesenteric vein and portal vein, 
causing a liver abscess. 

A. Infected material is present 
within a portal vein ( arrow). B. A 
multicompartmental suppurative 
liver abscess is present. 



Figure 88-2 Pyogenic liver 
abscess: sonographic features. 

A. Transverse sonogram of 
the liver shows a complex, 
predominantly hypoechoic 
mass with posterior acoustic 
enhancement containing coarse, 
clumpy debris. B. Longitudinal 
sonogram of the liver in a 
different patient shows bright 
reflectors within the abscess due 
to gas. 
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enhancement may also be seen. Early lesions tend to be echo- 
genic and poorly demarcated; they may evolve into well- 
demarcated, nearly anechoic lesions. If gas is present in an 
abscess, brightly echogenic reflectors with posterior reverbera- 
tion artifact may be noted. 19 

The sonographic differential diagnosis includes amebic or 
hydatid infection, necrotic or cystic neoplasm, hematoma, com- 
plicated biloma, and simple cyst with infection. 

Nuclear Scintigraphy 

Pyogenic liver abscesses appear as rounded, cold areas on tech- 
netium Tc 99m sulfur colloid and hepatobiliary scintiscans. On 
occasion, communication between the abscess cavity and the 
biliary system can be demonstrated on the 99m Tc-sulfur colloid 
study. 26 " 28 

Gallium citrate Ga 67 scintigraphy and imaging with leuko- 
cytes labeled with indium In 111 are the two nuclear medicine 
techniques that were used for the detection of pyogenic abscess 
in the past but are abandoned today. 

Magnetic Resonance Imaging 

Hepatic abscesses, like most other focal hepatic processes, 
prolong TI and T2 relaxation times. 29 At MRI, air within the 
abscess appears as a signal void and is therefore more difficult 
to differentiate from calcifications. However, the shape and 
location (air-fluid level) should enable the correct diagnosis. 
After administration of gadopentetate dimeglumine (Gd- 
DTPA), abscesses typically show rim enhancement (Fig. 88-3), 
which is secondary to increased capillary permeability in the 
surrounding liver parenchyma (the double target sign). Small 
lesions (<1 cm) may enhance homogeneously, mimicking hem- 
angiomas. 29 Abscess wall enhancement on dynamic postgado- 
linium images may be considered a distinctive feature of 
pyogenic liver abscesses. Abscess wall shows a fast and intense 
enhancement that persists on portal venous and late-phase 
images. Some of the lesions may contain internal septations, 
which also reveal persistent enhancement on late-phase 
images. 30 Perilesional edema, shown as high signal on 
T2-weighted images, is associated with 50% of abscesses. 
However, it may also be seen in 20% to 30% of patients with 




Figure 88-3 Pyogenic liver abscess: MRI findings. Gadolinium- 
enhanced, fat-suppressed Tl-weighted image shows a predominantly 
low signal intensity mass with enhancing wall and septations. 


primary or secondary hepatic malignant neoplasms. Therefore, 
the presence of perilesional edema can be used only to differ¬ 
entiate a hepatic abscess from a benign cystic hepatic lesion. 1 
Resolution of perilesional edema may indicate response to 
therapy. 29 Limitations of MRI in the investigation of patients 
with abscesses include the relatively high cost and the lack of 
easy access for drainage procedures. 17 

Computed Tomography 

By virtue of its good spatial and contrast resolution, CT is 
the single best method for detecting hepatic abscess, with a 
sensitivity as high as 97% (Fig. 88-4). On CT scans, abscesses 
appear as generally rounded masses that are hypodense on 
both contrast and noncontrast scans. The attenuation ranges 
between 0 and 45 HU and thus overlaps with the appearance 
of cysts, bilomas, and hypodense neoplasms. Most have a 
peripheral rim or capsule that shows contrast enhancement 
in a pattern similar to that seen on MRI (see Fig. 88-2). Most 
abscesses are sharply defined, but a minority have a grossly 
lobular contour and circumferential “transition zones” of inter- 
mediate attenuation. 24,31 

Another helpful finding is the transient segmental or wedge- 
shaped enhancement of the hepatic parenchyma surrounding 
an abscess on the arterial dominant phase of a contrast- 
enhanced dynamic CT scan. 32 

Some abscesses show the cluster sign (see Fig. 88-4C-E), in 
which small, pyogenic abscesses appear to cluster or aggregate 
in a pattern suggesting coalescence into a single large cavity. 

All of these findings are nonspecific and require aspiration 
for diagnosis. Central gas (see Fig. 88-4A), as either air bubbles 
or an air-fluid level, is a specific sign, but it is present in less 
than 20% of cases. A large air-fluid or fluid-debris level is often 
associated with communication with the gut."" 

TREATMENT 

Effective treatment of pyogenic liver abscess entails elimination 
of both the abscess and its underlying source. Current thera- 
peutic options include surgical drainage, antibiotics alone, per- 
cutaneous aspiration in conjunction with antibiotics, and 
percutaneous catheter drainage. 

As a rule, aspiration alone is sufficient if the fluid collection 
is unilocular, well demarcated, and less than 5 cm in diameter 
and shows no communication with the gut or biliary tree. 
Unless the abscess is chronic and the cavity walls are fibrotic or 
calcified, small intrahepatic abscess cavities quickly collapse 
when aspirated, unlike abscesses in other organs and peritoneal 
spaces. In a retrospective study of 115 patients, excellent results 
were obtained with ultrasound-guided percutaneous needle 
aspiration of pyogenic abscesses followed by injection of anti¬ 
biotics into the abscess cavity. 48 Cure was achieved in 98% of 
cases, with no deaths, complications, or recurrences at 3-year 
follow-up. 48 Fluid drainage usually requires introduction of a 
16- or 18-gauge Teflon-sheathed needle into the collection and, 
if the fluid is extremely viscous, temporary insertion of a 5F to 
8F pigtail catheter. All fluid is aspirated, and the cavity is irri- 
gated with normal saline or an antiseptic solution." 2 

Before removal of the catheter, the collection is injected with 
contrast medium to rule out communication with surrounding 
organs. Intravenous antibiotics are given before, during, and 
after the procedure and are changed accordingly when the 
infecting organism is identified. 37,42 
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Figure 88-4 Pyogenic liver abscess: CT findings. A. Mottled gas collection is present in this right lobe abscess. B. A multifocal abscess is 
identified in this patient with cholangitis. Axial (C), coronal (D), and sagittal (E) images show the classic cluster sign of a multiloculated pyogenic 
liver abscess. Note the peripheral lobulations and thin enhancing wall. 


An indwelling drainage catheter is usually required when the 
fluid collection is ill-defined, multiloculated, or more than 5 cm 
in diameter or when communication with the gut or biliary tree 
is suspected. A variety of drainage catheter styles (single lumen, 
double lumen, sump type) and sizes (8.3F-16F) are available. 34,39 
Most are made of a flexible Silastic material with a pigtail curve 
containing multiple side holes. Smaller catheters (8.3F-10F) are 
usually sufficient to adequately drain thin fluid collections or 
extremely small abscesses; large abscesses require larger cathe¬ 
ters (12F-16F), especially if they contain particulate material. 
The catheter can be inserted under CT, ultrasound, or fluoro- 
scopic guidance by the Seldinger or trocar technique. Other 
chapters contain complete discussions of imaging guidance and 
abscess catheterization. The catheter is left in place until drain¬ 
age volume has decreased to less than 20 mL/day. If there is a 
known or suspected fistula, a fluoroscopic sinogram is obtained 
before catheter removal to rule out communication with bowel, 
bile duet, or pancreatic duet. If no fistula is present, most 
hepatic abscesses require only 2 to 14 days of drainage. 37,42,49 

The failure and recurrence rates of catheter therapy are 8.4% 
and 8%, respectively. They are most often associated with com- 
plicated abscesses caused by fistula, phlegmons, or infeeted 
tumors. 37,42,49 

Surgery is reserved for patients for whom percutaneous 
drainage has failed, those with associated intra-abdominal per- 
foration of hepatic abscess, and those with fistula formation 
(e.g., biliary, colonic). 


The mortality rate for pyogenic hepatic abscess has declined 
from 80% to less than 10% owing to earlier diagnosis, antibiot- 
ics, and advances in surgical and percutaneous drainage 
techniques. 44,47 

Amebic Abscesses 

INCIDENCE 

Approximately 10% of the world’s population is infeeted with 
Entamoeba histolytica , which causes more deaths than any other 
parasite with the exceptions of malaria-causing plasmodia and 
schistosomes. Less than 10% of infeeted individuals, however, 
are symptomatic. Amebic liver abscess is the most common 
extraintestinal manifestation, occurring in 3% to 7% of this 
population. 50 ' 56 

Although amebiasis is usually considered a disease of devel- 
oping countries, certain groups are at high risk in Western 
nations: recent immigrants, institutionalized patients, and 
homosexual persons. Indeed, E. histolytica has been isolated in 
the stool of up to 30% of sexually active homosexual men; its 
clinical significance is unclear. 50 Worldwide, some 85% to 90% 
of amebic liver abscesses occur in men. 

In the United States, the overall mortality rate for hepatic 
amebic abscess is 3%. It is less than 1% when the abscess is 
confined to the liver, 6% with extension into the chest, and 30% 
with extension into the pericardium. 5 
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PATHOGENESIS 

The cystic form of E. histolytica gains access to the body by oral 
ingestion of infected material, usually contaminated water (Fig. 
88-5A). The mature cysts are resistant to gastric acid and pass 
unchanged into the intestine. The cyst wall is then digested by 
trypsin; four invasive trophozoites are released, which live and 
multiply in the colon, particularly the cecum. The trophozoites 
exist in two forms, small (10-20 mm) and large (20-60 mm). 
The large form usually occurs in invasive amebiasis when the 
mucosa is invaded. This can cause minute superficial mucosal 
ulcerations. With further invasion, hemorrhage, perforation, 
enterocolic or cutaneous fistulas, amebic appendicitis, or 
ameboma formation can occur. Amebic trophozoites can also 
enter the mesenteric venules and lymphatics and be carried to 
the liver, lungs, and other organs. The liver can be invaded in 
one of three ways: through the portal vein (most common); 
through lymphatics; or by direct extension through the colon 
wall into the peritoneum and then through the liver capsule. 2,4,52 

When a sufficient number of trophozoites become lodged in 
small hepatic venules, thrombosis and infarction of small areas 
of hepatic parenchyma occur (amebic hepatitis). The host’s 
nutritional and immune status determine whether the initial 
infestation heals or progresses to a macroabscess. A visible 
abscess results from the coalition of multiple small areas of 
ischemic necrosis and amebic destruction of hepatic parenchy- 
mal cells. 

Trophozoites that pass into the distal colon may change into 
round, resistant cysts (Fig. 88-5B) that pass into the feces. 
Indeed, human carriers who pass amebic cysts into their stool 
are the primary source of infection. 2,4,54 

PATHOLOGY 

The fluid of an amebic abscess is usually dark reddish brown 
and has the consistency of anchovy paste (Fig. 88-5C). This 
material is usually sterile, consisting of a mixture of biood and 
destroyed hepatocytes. Rarely, the trophozoites are found cen¬ 
trally within the paste, but they are often found in the zone of 
necrotic tissue adjacent to the outer abscess wall. The wall of 
connective tissue becomes better developed with age, and leu- 
kocyte infiltration and inflammatory reaction are characteristi- 
cally absent. If the abscess is not treated, it may rupture into the 
peritoneum, pleural cavity, lung, or pericardium. 2,4,54 

Amebic abscesses are most often solitary (85%) and affect 
the right lobe more often (72%) than the left lobe (13%). Soli¬ 
tary liver abscesses and right lobe predominance are more 
marked in amebic than in pyogenic abscesses because most 
infestations are transmitted through the portal vein. Amebiasis 
most often affects the right colon, which drains into the supe- 
rior mesenteric vein, which preferentially streams into the right 
lobe. Flow from the inferior mesenteric vein (left colon) and 
splenic vein streams preferentially into the left lobe. 2,4,54 

CLINICAL FINDINGS 

Most patients with amebic liver abscess present with a tender 
liver and right upper quadrant pain. Compared with persons 
who have pyogenic liver abscess, they are more likely to have 
diarrhea and hepatomegaly and less likely to have jaundice or 
sepsis. Amebae are not found in the stool of most patients with 
an amebic liver abscess. 50 ' 52 


Because clinical features and Åndings of stool examination 
for amebae usually are nonspecific or negative, serologic tests 
are particularly helpful when hepatic amebic abscess is sus- 
pected. The indirect hemagglutination test result is positive in 
more than 90% of these patients. 50 " 52 

RADIOLOGIC FINDINGS 

Nuclear Scintigraphy 

Amebic abscesses appear as cold defects on sulfur colloid scans. 
They often show “rim enhancement” on hepatobiliary scinti- 
scans, presumably owing to inflammation of the adj acent 
parenchyma. A cold lesion with a hot periphery is suggestive of 
the diagnosis. Nevertheless, nuclear medicine techniques are 
not routinely used for detection of hepatic amebic abscess. 

Ultrasound 

Amebic abscess on ultrasound studies is usually a round or 
oval, sharply defined hypoechoic mass (Fig. 88-6) that abuts 
the liver capsule with homogeneous, fine, low-level echoes and 
distal acoustic enhancement. 5 In comparison of amebic and 
pyogenic abscesses, amebic abscess is more likely to have a 
round or oval shape (82% vs. 60%) and a hypoechoic appear- 
ance with fine, low-level internal echoes at high gain settings 
(58% vs. 36%). 20,58 ' 63 On contrast-enhanced ultrasonography, 
pyogenic abscess appears as a partially enhancing lesion with 
a thin or thick rim of dense opacification and persistently 
hypoechoic center. 64 

Computed Tomography 

The CT appearance of amebic abscess is variable and nonspe¬ 
cific. The lesions are usually peripheral, round or oval areas of 
low attenuation (10-20 HU). A peripheral rim of slightly higher 
attenuation can be seen on noncontrast scans and shows marked 
enhancement after administration of contrast material (Fig. 
88-7). A peripheral zone of edema around the abscess is also 
common and somewhat characteristic for this lesion. 1 Lesions 
may appear unilocular or multilocular and demonstrate nodu- 
larity of the margins. Concomitant extrahepatic abnormalities 
include right-sided pleural effusion, perihepatic fluid, and 
gastric or colonic involvement. ’’ 66 

Magnetic Resonance Imaging 

On MRI (Fig. 88-8), amebic liver abscesses are spherical and 
usually solitary lesions with a hyperintense center on T2- 
weighted images and a hypointense center on Tl-weighted 
images. The abscess wall is thick, and on gadolinium-enhanced 
images, the enhancement pattern is similar to that of pyogenic 
abscess. 1,30 Diffuse central inhomogeneity is often seen on 
T2-weighted images. Edema in otherwise normal surrounding 
parenchyma may be appreciated on T2-weighted images. 67,68 

After treatment, abscesses become more homogeneously 
hypointense on T2-weighted images. Successful treatment may 
show concentric rings of different signal intensity surrounding 
the lesion on T2-weighted images. 67,68 

COMPLICATIONS 

Pleuropulmonary amebiasis is the most frequent complication 
of amebic liver abscess, occurring in 20% to 35% of patients. 
This may be manifested as pulmonary consolidation or abscess, 
serous effusion, empyema, or hepatobronchial fistula. 50 ' 52,69 
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Figure 88-5 Amebiasis: pathologic findings. A. Life cycle. Cysts are passed in feces (1). Infection by Entamoeba histolytica occurs by ingestion 
of mature cysts (2) in fecally contaminated food, in water, or on hånds. Excystation (3) occurs in the small intestine and trophozoites (4) are 
released, which migrate to the large intestine. The trophozoites multiply by binary fission and produce cysts (5), which are passed in the feces (1). 
Because of the protection conferred by their walls, the cysts can survive days to weeks in the external environment and are responsible for 
transmission. (Trophozoites can also be passed in diarrheal stools but are rapidly destroyed once outside the body and if ingested would not 
survive exposure to the gastric environment.) In many cases, the trophozoites remain confined to the intestinal lumen (A, noninvasive infection) 
of individuals who are asymptomatic carriers, passing cysts in their stool. In some patients, the trophozoites invade the intestinal mucosa (B, 
intestinal disease) or, through the bloodstream, extraintestinal sites such as the liver, brain, and lungs (C, extraintestinal disease), with resultant 
pathologic manifestations. It has been established that the invasive and noninvasive forms represent two separate species, respectively, 

E. histolytica and E. dispar, however, not all persons infected with E. histolytica will have invasive disease. These two species are morphologically 
indistinguishable. Transmission can also occur through fecal exposure during sexual contact (in which case not only cysts but also trophozoites 
could prove infective). B. Cyst of E. histolytica, permanent preparation stained with trichrome. C. Typical anchovy paste-like material drained 
from an amebic abscess. (A source: Centers for Disease Control and Prevention. http://www.cdc.gov/parasites/amebiasis/biology.html.) 
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Figure 88-6 Amebic abscess: sonographic features. A large, 
well-defined abscess is identified in the right lobe of the liver. 



Figure 88-7 Amebic abscess: CT features. A large unilocular 
mass with an enhancing wall demonstrates a thin peripheral 
hypoattenuating rim of surrounding edema that is typical of amebic 
abscesses. 


Peritoneal amebiasis occurs in 2% to 7.5% of patients with 
amebic liver abscess. Sudden rupture is manifested dramatically, 
in the manner of a perforated viscus. Pericardial amebiasis is 
the most serious complication of amebic liver abscess because 
it can lead to progressive tamponade or sudden development of 
shock. Most abscesses responsible for this complication are 
located in the left hepatic lobe. Renal amebiasis is a rare com¬ 
plication that can result from abscess rupture. 50 ' 52,69,70 

TREATMENT 

The complications of amebic liver abscess just mentioned are 
becoming less frequent because of earlier diagnosis, improved 


imaging and serologic techniques, and effective medical, percu¬ 
taneous, and surgical management. 1 More than 90% of hepatic 
amebic abscesses respond to antimicrobial (metronidazole or 
chloroquine) therapy alone. The efficacy of these amebicidal 
agents has reduced the mortality rate of hepatic amebic abscesses 
from 81% to 4%. 50 ' 52, 72,73 

There are, nevertheless, some circumstances in which aspira¬ 
tion and drainage of amebic abscess are indicated: to differenti- 
ate pyogenic from amebic abscess; for a large symptomatic 
abscess in which rupture is imminent; after poor response to 
medical therapy; with suspected bacterial superinfection; in 
pregnancy; for noncompliance with medical treatment; and as 
an alternative to surgery when an abscess ruptures. Drainage 
can be accompanied by intralesional delivery of drug, which can 
increase mean intralesional drug levels up to 246-fold. 8 

Confirmation of an amebic abscess may not always be pos- 
sible by percutaneous aspiration. In one series, only 50% of 
patients had the classic “anchovy paste” appearance, and posi¬ 
tive diagnoses based on fluid evaluation were established in only 
5% of cases. Therefore, the primary role of percutaneous aspira¬ 
tion and drainage in these patients is the diagnosis and treat¬ 
ment of superimposed bacterial infection. 

Hepatic Echinococcal Disease 

EPIDEMIOLOGY 

Hydatid disease is prevalent throughout much of the world, 
and the two main forms that affect humans are Echinococcus 
granulosus and Echinococcus multilocularis. The disease flour- 
ishes in rural areas where dogs are used for herding livestock, 
especially sheep. Greece, Uruguay, Argentina, Australia, and 
New Zealand are the countries with the highest incidence of 
hydatid disease. 7 

PATHOPHYSIOLOGY 

E. granulosus is a small tapeworm, 3 to 6 mm long, that lives in 
the intestine of the definitive host, usually the dog. The life cycle 
(Fig. 88-9A) depends on a primary host harboring the adult 
worm and an intermediate (human) host harboring the larval 
stage. The adult parasite sheds eggs, which may infect humans 
when contaminated, unwashed vegetables are ingested or 
through contact with infected dogs, which may carry ova on 
their fur or shed them onto soil where children play. 79 ' 81 

In humans, the external shell of the egg is digested in the 
duodenum and the embryo is freed. The embryo actively pen- 
etrates the intestinal mucosa until it enters a biood vessel, from 
which it is transported until trapped by narrowing of the capil- 
laries. Most are carried by the portal vein and trapped in the 
liver, but the lungs, spleen, kidneys, bone, and central nervous 
system can also be involved. 9 81 

Although most embryos are destroyed by host defenses, sur- 
viving embryos (Fig. 88-9B) develop into the hydatid stage in 4 
to 5 days while trapped within a capillary. After 3 months, this 
cyst measures 5 mm in diameter. The life cycle is complete when 
the infected intermediate host (sheep or other ruminant) dies 
and its viscera, which contain the larval form, are consumed by 
a definitive host. 81 

E. multilocularis (alveolaris) is a less common but more 
aggressive form of echinococcus. The disease is endemic in 
central Europe, the former Soviet Union, Japan, and central 
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Figure 88-8 Amebic abscess: MRI features. 

A. T2-weighted image shows the hyperintense 
center and the relatively less hyperintense abscess 
wall ( arrow ). B. Gadolinium-enhanced arterial 
phase Tl-weighted image shows the hypointense 
center. In this phase, the wall does not enhance. 
Note the enhancing inflamed liver parenchyma 
surrounding the abscess (arrow). C. Portal venous 
phase image shows enhancement of abscess wall 
(arrow). (Courtesy Dr. N. Cem Balci, St. Louis 
University, St. Louis, MO.) 


\ 
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and northern North America. 82 ' 85 The main host of the adult 
parasite is the fox, although less commonly domestic dogs 
and cats may serve as hosts. 82 The intermediate hosts, usually 
wild rodents, acquire infection by eating contaminated wild 
berries. Humans become infected either by eating wild fruits 
contaminated with fox feces or by direct contact with infected 
animals. 82 ' 84 The larvae reach the liver through the portal vein. 
Here they proliferate and penetrate surrounding tissue, which 
causes a diffuse and infiltrative process that simulates a malig- 
nant neoplasm. E. multilocularis organisms induce a brisk 
granulomatous reaction with central necrosis, cavitation, and 
calcification. 79 ' 81 

PATHOLOGY 

The hydatid cyst has three layers composed of both host and 
parasite tissue (Fig. 88-9C). The outer pericyst is composed of 
modified host tissue that forms a rigid protective zone only 
several millimeters thick. As the cyst expands, the vessels and 
ductal structures of the liver become incorporated in the cyst 
wall; this explains enhancement of the wall on contrast CT and 
MR studies and angiography. 

The two internal layers are formed by the parasite. The 
middle layer is a thicker (1-2 mm) laminated membrane that 
resembles the white of a hard-boiled egg and is easily ruptured 
with manipulation. It permits the passage of nutrients but is 
impervious to bacteria. Disruption of this layer predisposes to 
bacterial infection. The innermost or germinal layer (endocyst) 
is the living parasite, which is one cell thick. It produces the 
laminated membrane and scolices that represent the larval 
stage. Brood capsules are small spheres of disrupted germinal 
membrane that produce scolices (Fig. 88-9D). Free-floating 


brood capsules and scolices form a white sediment of barely 
visible particles known as hydatid sand. 

Cyst fluid is secreted by the germinal lining and normally is 
crystal clear. It is a transudate of serum that contains protein 
and is antigenic. The high secretion pressure is responsible for 
progressive cyst enlargement. Up to 60% of cysts are multiple. 

In contrast to E. granulosus , the alveolar form has daughter 
cysts that arise on the outer surface of the original cyst with 
invasion of adjacent liver parenchyma. 86 On histologic exami- 
nation, the cysts have a thick lamellated wall. 86,87 Surrounding 
this is the marked granulomatous reaction with hepatic necro¬ 
sis, collagenous tissue, multinucleated giant cells, and lympho- 
cytes. In contrast to the cysts of E. granulosus , the E. alveolaris 
cysts rarely contain scolices in human infestation. 87,88 

CLINICAL FINDINGS 

Most patients acquire hydatid disease in childhood but are not 
diagnosed until the third or fourth decade of life. Echinococcal 
cysts enlarge at a rate of approximately 1 cm/year. Most cysts 
are initially asymptomatic and remain so until they grow large 
enough to cause pain; erode into a moderate-sized bile duet, 
allowing cyst fluid to enter the bile (and vice versa), causing 
fever and jaundice; or induce an allergic reaction because of 
leakage of cyst fluid. Large cysts can obstruct biood and bile 
flow, leading to portal hypertension and jaundice. 72 

Routine biood analysis is usually not helpful in establishing 
the diagnosis of hydatid disease. Results of serologic tests are 
positive in more than 80% of cases and are diagnostic of echi- 
nococcoses. 2 The clinical manifestations of E. multilocularis 
may occur 5 to 20 years after the inciting event. 86 ' 88 Abdominal 
discomfort, jaundice, and hepatomegaly may be present, and 
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eosinophilia is frequently observed. 86,89 Although the serum 
levels of the transaminases usually remain normal, alkaline 
phosphatase and y-glutamyl transpeptidase values are ele- 
vated. 86,88 Serologic titers are elevated in alveolar echinococcosis 
and aid in diagnosis. 89 

RADIOLOGIC FINDINGS 

Plain Radiographic Findings 

Calcification is visible on 20% to 30% of abdominal plain 
radiographs (Fig. 88-10). The calcification is usually curvilinear 
or ringlike and lies in the pericyst. Daughter cysts may calcify, 
creating rings of calcification. Calcification does not always 
indicate death of the parasite, and small irregular areas of cal¬ 
cification may be secondary to dystrophic calcification in old 
biood clots. 90 E. multilocularis can cause faint or dense punctate 
calcification scattered throughout necrotic and granulomatous 
tissue. 


Ultrasound 

Hepatic hydatid disease is manifested sonographically in several 
different fashions (Fig. 88-1 1), depending on the stage of evolu¬ 
tion and maturity: a well-defined anechoic cyst; an anechoic 
cyst except for hydatid sand; a multiseptate cyst with daughter 
cysts and echogenic material between the cysts (characteristic); 
a cyst with a floating, undulating membrane with a detached 
endocyst, the characteristic “water lily” sign; or a densely calci- 
fied mass. Daughter cysts usually cause mural thickening as 
well. 15,91 

Ultrasound has been used to monitor the efficacy of medical 
antihydatid therapy. Findings suggesting a positive response 
include reduction in cyst size, membrane detachment, pro¬ 
gressive increase in cyst echogenicity, and mural calcifica¬ 
tion. 20 ’ 92 ' 99 When hydatid cysts become infected, they lose their 
characteristic sonographic appearance and become diffusely 
hyperechoic. 20,82,92 ' 99 



Figure 88-9 Hydatid disease: pathologic findings. A. Life cycle. The adult Echinococcus granulosus (3-6 mm long) (1) resides in the small 
bowel of the definitive hosts, dogs or other canids. Gravid proglottids release eggs (2) that are passed in the feces. After ingestion by a suitable 
intermediate host (under natural conditions: sheep, goat, swine, cattle, horses, camel), the egg hatches in the small bowel and releases an 
oncosphere (3) that penetrates the intestinal wall and migrates through the circulatory system into various organs, especially the liver and lungs. 

In these organs, the oncosphere develops into a cyst (4) that enlarges gradually, producing protoscolices and daughter cysts that fill the cyst 
interior. The definitive host becomes infected by ingesting the cyst-containing organs of the infected intermediate host. After ingestion, the 
protoscolices (5) evaginate, attach to the intestinal mucosa (6), and develop into adult stages (1) in 32 to 80 days. The same life cycle occurs with 
E. multilocularis (1.2-3.7 mm), with the following differences: the definitive hosts are foxes and to a lesser extent dogs, cats, coyotes, and wolves; 
the intermediate hosts are small rodents; and larval growth (in the liver) remains indefinitely in the proliferative stage, resulting in invasion of the 
surrounding tissues. With E. vogeli (up to 5.6 mm long), the definitive hosts are bush dogs and dogs; the intermediate hosts are rodents; and the 
larval stage (in the liver, lungs, and other organs) develops both externally and internally, resulting in multiple vesicles. E. oligarthrus (up to 
2.9 mm long) has a life cycle that involves wild felids as definitive hosts and rodents as intermediate hosts. Humans become infected by ingesting 
eggs (2), with resulting release of oncospheres (3) in the intestine and the development of cysts (4) in various organs. 
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Figure 88-9, cont'd B to D. Hydatid cysts are typically spherical and have the ability to achieve large sizes. The insides of the cysts are filled 
with fluid, brood capsules, daughter cysts, and protoscolices that have the capability to grow into adult worms if consumed by a definitive host. 
If a cyst is ruptured, which may occur through a sharp blow or during surgery, each protoscolex released may form a new cyst. Also, the fluid 
within the hydatids is highly allergenic and may cause anaphylactic shock and rapid death if it is freed inside the body. (A source: Centers for 
Disease Control and Prevention. http://www.cdc.gov/parasites/echinococcosis/biology.htmlJ 
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Figure 88-10 Hydatid cyst: plain radiographic findings. 

Curvilinear calcification of the pericyst is present in 20% to 30% of 
abdominal radiographs in patients with hydatid cysts. 


E. multilocularis produces echogenic lesions that can be 
single or multiple and are usually situated in the right lobe. 82 
Irregular necrotic regions can be seen. 82,100 Microcalcifications 
have been described in about 50% of cases. 82 Intrahepatic biliary 
dilation is a common sonographic finding. 82 E. multilocularis 
lesions are infiltrative with a propensity to spread to the liver 
hilum. 82 

Computed Tomography 

On CT scans, hydatid disease appears as unilocular or multi- 
locular, well-defined cysts with either thick or thin walls 1 "° (Fig. 
88-12). Daughter cysts are usually seen as areas of lower attenu- 
ation than the mother cyst and are usually oriented in the 
periphery of the lesion (see Fig. 88-12). Daughter cysts can also 
float free in the lumen of the mother cyst, so altering the 
patients position may change the position of these cysts, con- 
firming the diagnosis of echinococcal disease (Fig. 88-13). Cur¬ 
vilinear ringlike calcification is also a common feature. 101 ' 107 

E. multilocularis causes geographic, infiltrating lesions 
without sharp margins or high-attenuation rims. These low- 
density (14-40 HU) lesions are solid masses rather than 
cysts. There is little if any enhancement with intravenous 
administration of contrast material. These are invasive 



Figure 88-11 Hydatid disease: sonographic features. A. Longitudinal scan shows a rounded, well-defined, multilocular hypoechoic lesion with 
echogenic internal septa due to E. granulosus. B. Hydatid cyst in the right lobe with wavy bands of delaminated endocyst (water lily sign, arrows). 
C. E. multilocularis cysts. Transverse ultrasound images obtained at different levels of the liver show E. multilocularis infection with the typical 
hailstorm pattern, characterized by multiple echogenic nodules with irregular and indistinct margins. (B and C from Mortele, KJ, Segatto E, Ros 
PR: The infected liver: Radiologic-pathologic correlation. RadioGraphics 24:937-955, 2004.) 
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Figure 88-12 Hydatid disease: CT findings. A. CT scan shows a large multilocular cyst with a thick wall. Multiple daughter cysts line the 
periphery of the mass. B. Calcification is seen within the dominant cyst in the right lobe on this noncontrast scan. C. More caudal scan shows 
intrabiliary passage of hyperdense cyst contents ( arrow ). D. Contrast-enhanced scan at the same level as C demonstrates filling defects (arrow) 
within dilated intrahepatic bile duet. E. Precontrast scan in a patient with E. alveolaris demonstrates an extensive, infiltrative lesion with 
calcifications in the right lobe. 



Figure 88-13 Hydatid disease: CT findings. Contrast-enhanced CT 
image of a patient with hydatid cyst (arrow). 


rather than expansile lesions whose nonspecific appearance can 
simulate a primary or secondary hepatic tumor. Calcification, 
when it is present, is usually amorphous rather than ringlike. 
When the alveolar lesion is located centrally, it may cause 
hepatic lobar atrophy. 85 

Magnetic Resonance Imaging 

On MRI studies, the cyst component of echinococcal cysts is 
similar to that of other cysts, with long TI and T2 relaxation 


times (Fig. 88-14). However, because of its superb contrast reso¬ 
lution, MRI hest demonstrates the pericyst, the matrix or 
hydatid sand (debris consisting of freed scolices), and the 
daughter cysts (Fig. 88-15). 1 The pericyst usually has low signal 
intensity on TI- and T2-weighted images because of its fibrous 
component. This rim and a multiloculated or multicystic 
appearance are distinetive features. The hydatid matrix appears 
hypointense on Tl-weighted images and markedly hyperin- 
tense on T2-weighted images. When present, daughter cysts are 
hypointense relative to the matrix on both TI - and T2-weighted 
images. 108 Floating membranes have low signal intensities on 
TI- and T2-weighted images. 

MRI with its multiplanar capabilities is useful in displaying 
extrahepatic extension of E. multilocular is , such as transdia- 
phragmatic spread to the pleura, lung, pericardium, and 
heart. The relationship between the hepatic lesions and 
vessels such as the hepatic veins and inferior vena cava is well 
delineated on MRI. 83 The regions of fibrous and parasitic tissue 
are of low signal intensity on TI- and T2-weighted sequences 
and correspond to areas of nonenhancement on CT scans. 83 
Small cystic extensions from the main lesion are shown as 
peripheral areas of inereased signal on T2-weighted images and 
are thought to represent the active portions of the disease. 83 
Large regions of necrosis do not have a characteristic signal 
pattern. 83 Calcifications display low signal but are more difficult 
to identify on MRI than on CT. 83 

COMPLICATIONS 

Rupture, the major complication of echinococcal disease, can 
be classified into three types: contained, when only the endocyst 
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Figure 88-14 Hydatid disease: MRI features. A. Axial gradient-echo Tl-weighted image shows a hydatid cyst with a hypointense fibrous 
pericyst ( arrow ). The hydatid matrix has intermediate signal intensity, and peripheral daughter cysts that are hypointense relative to the matrix 
are seen. B. On an axial T2-weighted image, the matrix is hyperintense and the daughter cysts again are relatively hypointense. (From Mortele, 
KJ, Segatto E, Ros PR: The infected liver: Radiologic-pathologic correlation. RadioGraphics 24:937-955, 2004.) 


ruptures and the cyst contents are confined by the host-derived 
pericyst; communicating, when cyst contents escape into biliary 
or bronchial radicles that are incorporated into the pericyst; and 
direct, when both the endocyst and pericyst tear, spilling cyst 
contents into the pleural, peritoneal, or pericardial cavity. 110 

When cyst contents enter the biliary tract (see Fig. 88-12B 
and C), the cyst becomes echogenic. Intrabiliary hydatid mate¬ 
rial, including echogenic or nonechogenic daughter cysts and 
echogenic fragmented membranes, may hil the biliary system. 
Cyst-bile duet communication may be manifested as interrup- 
tion of the cyst wall adjacent to a bile duet wall. On CT scans, 
there is interruption of the cyst wall and higher attenuation 
hydatid material in the biliary system. On MRI studies, cyst 
rupture is recognized as an area of discontinuity of the low- 
intensity wall. 111 116 A fat-fluid level within hepatic hydatid cysts 
has been described on CT and MRI studies of two patients with 
communicating rupture of the cysts into the biliary tree. 117 
Laboratory analysis of the contents of the hydatid cysts revealed 
elevated levels of bile, confirming that the fat seen in the cysts 
on CT and MRI scans represented lipid material within bile. 

This intrabiliary hydatid material can lead to obstructive 
jaundice. Passage of hydatid sand or hydatid liquid can also lead 
to inflammation and spasm of the sphineter of Oddi. 118121 Until 
surgery can be performed, endoscopic retrograde sphineterot- 
omy can be used as a temporizing measure to decompress the 
obstructed biliary system. Some 25% of cysts become infected 
and are manifested clinically as abscess. 

If E. multilocularis is left untreated, the outeome is invariably 
fatal within 10 to 15 years as the cyst continues to slowly grow 
and destroy hepatic tissue. 84,86 ' 93 In some cases with Budd-Chiari 
syndrome or inferior vena cava thrombosis, death may be 
sudden due to embolic events to the heart or pulmonary 


arteries. 84 Another serious complication is hemorrhage from 
esophageal varices secondary to portal hypertension. Metastasis 
to the brain is a less common cause of death in patients with E. 
multilocularis. 89 

TREATMENT 

Hepatic hydatid cysts require drainage because medical therapy 
with mebendazole and albendazole is usually ineffeetive. There 
are two surgical approaches: radical, in which a pericystec- 
tomy and hepatic resection are performed; and conservative, 
with injection of scolicidal agents followed by evacuation of 
the cyst, removal of the germinal lining and laminated mem- 
brane, and closure, capitonnage, drainage, or omentoplasty 
of the remaining cyst cavity. Surgical complications are high, 
including a 4% mortality rate and a 50% complication rate. 
The recurrence rate is high for the conservative approach, 
and both procedures require approximately 3 weeks of 
hospitalization. 122 ’ 123 

Hydatid disease of the liver has been treated percutaneously 
in an effort to obviate surgery and its attendant morbidity and 
mortality. At one time, percutaneous drainage or even diagnos- 
tic aspiration of these cysts was discouraged because of poten¬ 
tial complications, such as anaphylactic shock and spread of 
daughter cysts into the peritoneum. This has not proved to be 
the case, particularly when a transhepatic approach is used. A 
new cutting device has been described that can percutaneously 
extract laminated membranes and all daughter cysts with little 
chance of fluid leakage. 124 128 A single aspiration and drainage 
procedure with this instrument resulted in successful evacua¬ 
tion of cyst contents in 90% of patients, with few major com¬ 
plications and no recurrence. 129 
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Figure 88-15 Hydatid disease: 
MRI features. A patient with 
hydatid cyst. On the coronal 
(A) and axial (B) T2-weighted 
images, the lesion ( arrow ) 
appears hyperintense and 
includes daughter cysts. On the 
Tl-weighted image (C), the 
lesion (arrow) is hypointense and 
does not show any enhancement 
after the injection of gadolinium 
(D). Note that the daughter cysts 
are darker (arrow) on the 
Tl-weighed images. 


A number of scolicidal agents have been used; hypertonic 
(20%) saline and alcohol are effective percutaneous therapies 
for hepatic hydatid cysts and are associated with low complica- 
tion rates. 130,131 Percutaneous therapy should be attempted only 
with an accessible, dominant cyst that is truly cystic and uncom- 
plicated. Infected cysts and cysts that communicate with the 
biliary system require surgical drainage (Fig. 88-16). 132 

The treatment of choice for patients with E. multilocularis 
is complete excision with partial hepatectomy where possi- 
ble. 83 ’ 84 ’ 8 «^ j n p a ti en ts with extensive disease, palliative proce¬ 
dures including hepaticojejunostomy, portosystemic shunts, 
and drainage of necrotic areas or abscesses in combination with 
benzimidazole therapy may be undertaken to prolong sur- 
vival. 84,88 Prolonged mebendazole therapy may slow disease pro¬ 
gression and suppress metastasis. 87 ' 89 More recent treatment 
strategies include hepatectomy with orthotopic liver transplan¬ 
tation to effect a cure. 83, 84,86 Flowever, the disease can recur after 
liver transplantation. 86 

Fasciola hepatica 

Fasciola hepatica is a trematode liver fluke. Contaminated water 
or vegetables are causes of human infestations. 133 First, the 
metacercariae encyst in the stomach; by perforating the duo- 
denal wall, they migrate into the peritoneal cavity; and after 
perforating the hepatic capsule, they reach the liver paren- 
chyma, where they browse for approximately 6 weeks. 133 As 
soon as the parasites spread into the biliary system, they start 
to mature into adult parasites and begin to produce eggs. CT 



Figure 88-16 Hydatid disease: CT findings. A large infected 
hydatid cyst (arrow) that shows an air-fluid level on the contrast- 
enhanced CT image. 


is the best imaging modality to detect fascioliasis, which typi- 
cally is manifested as multiple clustered hypoattenuating 
nodules and multiple branching, hypoattenuating subcapsular 
peripheral lesions pointing toward the hilum of the liver 
(Fig. 88-17). 133 
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Figure 88-18 Candidiasis: pathology. A. Gross specimen of the spleen shows multiple small, white nodules representing involvement by 
candidiasis throughout the parenchyma. B. Low-power photomicrograph shows multiple candidiasis microabscesses with a peripheral zone of 
fibrosis and a central area of necrosis ( arrows ). (From Mortele, KJ, Segatto E, Ros PR: The infected liver: Radiologic-pathologic correlation. 
RadioGraphics 24:937-955, 2004.) 



Figure 88-19 Candidiasis on CT and MRI. A. Contrast-enhanced CT scan of the liver shows multiple hypoattenuating microabscesses less 
than 1 cm in diameter disseminated throughout the hepatic parenchyma. B. Axial Tl-weighted MR image reveals relatively hyperintense lesions 
less than 1 cm in diameter in the liver (arrows). (From Mortele, KJ, Segatto E, Ros PR: The infected liver: Radiologic-pathologic correlation. 
RadioGraphics 24:937-955, 2004.) 


Candidiasis and Fungal Infections 

Candidiasis (Figs. 88-18 and 88-19) is the most frequently 
encountered systemic fungal infection in immunocompro- 
mised hosts. It is becoming more common with the acquired 
immunodeficiency syndrome (AIDS) epidemic and with 


increasingly intensive chemotherapy. Indeed, hepatic candidia¬ 
sis is fo und in 50% to 70% of patients with acute leukemia and 
50% of those with lymphoma at the time of autopsy. Diagnosis 
is difficult on clinical grounds because biood cultures are posi¬ 
tive in only 50% of affected patients, so cross-sectional imaging 
is necessary for diagnosis. 134 ' 136 
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On sonography, four major patterns of hepatic candidiasis 
are seen: wheel within a wheel, in which a peripheral zone 
surrounds an inner echogenic wheel, which in turn surrounds 
a central hypoechoic nidus that represents focal necrosis in 
which fungal elements are fo und early in the disease; bull’s- 
eye, a 1- to 4-mm lesion with a hyperechoic center that sur¬ 
rounds a hypoechoic rim, present when the neutrophil count 
returns to normal; uniformly hypoechoic, the most common 
appearance attributable to progressive fibrosis; and echogenic, 
caused by scar formation. 15,136 ' 139 After antifungal therapy, the 
lesions increase in echogenicity and decrease in size, often 
disappearing altogether, although in some cases sonographic 
inhomogeneity of the liver may persist for up to 3 years after 
treatment. 140 

On CT scans, the most common pattern is multiple small, 
rounded areas of decreased attenuation that may require both 
precontrast and postcontrast scans to be appreciated. Areas 
of scattered increased attenuation representing calcification 
can be seen on noncontrast scans. Periportal areas of increased 
attenuation, correlating with fibrosis, may be seen as well. 141 ' 
143 On the basis of available evidence, CT is more sensitive 
than ultrasound in detecting hepatic candidal lesions 144 (see 
Fig. 88-19). Although CT and ultrasound appearances may 
be suggestive of candidiasis, they are not specific, and a 
definitive diagnosis is necessary before treatment because 
antifungal drugs may have significant side effects. Percutane- 
ous needle biopsy achieves a definitive diagnosis in the majority 
of cases. 134 

On MRI, untreated nodules are minimally hypointense on 
Tl-weighted pregadolinium and postgadolinium images and 
markedly hyperintense on T2-weighted images. In the sub- 
acute presentation after treatment, lesions appear mildly to 
moderately hyperintense on TI- and T2-weighted images and 
also demonstrate enhancement after intravenous administra¬ 
tion of contrast material. A dark ring is usually seen around 
these lesions with all sequences. Completely treated lesions are 
minimally hypointense on Tl-weighted images, isointense to 
mildly hyperintense on T2-weighted images, and moderately 
hypointense on early postcontrast images. They become mini¬ 
mally hypointense in delayed phase images. 145,146 

Candida microabscesses have been reported as cold lesions 
on both sulfur colloid and gallium scans. 138 

Schistosomiasis 

EPIDEMIOLOGY 

Schistosomiasis is one of the most common and serious para¬ 
sitic infections of humans. This disease affects 200 million 
people worldwide, and in endemic areas its prevalence is nearly 
70%. Some 10% of patients in endemic areas develop hepato- 
splenic involvement. Schistosoma japonicum occurs in the 
Coastal areas of China, Japan, Taiwan, and the Philippines. Schis¬ 
tosoma mansoni occurs in parts of Africa, in the Middle East 
and West Indies, and in the northern part of South America. 
Schistosoma haematobium is seen in North Africa, the Mediter- 
ranean, and Southwest Asia. 147 ' 149 

PATHOPHYSIOLOGY 

The schistosomal larvae are shed by snails, the intermediate 
host, into fresh water (Fig. 88-20A). Human infection occurs 


in the course of bathing in or wading through contaminated 
irrigation canals, streams, and ponds. The schistosomal cer- 
cariae penetrate intact skin or mucous membranes and then 
migrate through venules and lymphatics to the heart. They 
pass through the pulmonary circulation to enter the mes- 
enteric circulation. All schistosomula die except those that 
enter the mesenteric arteries, where they pass through capil- 
laries into the portal venous system and mature within intra- 
hepatic portal venous radicles. The host responds to the ova 
with granulomatous inflammation, which becomes replaced 
by fibrous tissue, leading to periportal fibrosis. If the trema- 
tode infestation is sufficiently chronic and heavy, progressive 
intrahepatic portal vein occlusion, presinusoidal portal hyper¬ 
tension, varices, and splenomegaly result. Schistosomiasis is 
the most common cause of portal hypertension worldwide. 
These parasites (Fig. 88-20B) are also known as biood flukes, 
and the importance of their vascular location cannot be 
overemphasized. 21 

The life cycle is completed when the mature female worm, 
after living within the male in the portal vein for some 10 
to 15 years, swims against biood flow to reach the venules 
of the urinary biadder (S. haematobium) or gut (S. mansoni , 
S. japonicum) to deposit eggs. The eggs pass through the wall 
of the intestine or biadder to release miracidia, which infect 
mollusks. Cercariae emerge after maturing in their intermedi¬ 
ate host. 

PATHOLOGY 

In severe S. mansoni and S. japonicum infections, the liver 
is dark colored, showing a bumpy but not nodular surface 
that is distinet from the appearance of ordinary cirrhosis. 
Cut section reveals granulomas (Fig. 88-20C) with widespread 
periportal fibrosis beginning in the porta hepatis and extend- 
ing peripherally. The intervening parenchyma, however, is 
not distorted by regenerative nodules. The fibrous triads 
simulate the cross section of a clay pipe stem. Some portal 
triads lack a perceptible vein, and latex casts demonstrate 
widespread distortion and blockage of the portal vascular 
bed. These features account for the portal hypertension. 
Jaundice and hepatocellular necrosis usually ensue after vari- 
ceal hemorrhage. 146,148 

CLINICAL FINDINGS 

Schistosomiasis is an insidious and chronic disease. Because 
hepatocellular necrosis occurs late in its course, patients may 
seek medical attention for portal hypertension and variceal 
bleeding. Patients with S. haematobium infection, which affects 
the liver less severely, typically present with hematuria resulting 
from urinary tract involvement. 21 

RADIOLOGIC FINDINGS 

Conventional Studies 

Calcification is usually too faint to be appreciated on abdominal 
plain radiographs. Splenomegaly is commonly seen, and barium 
studies may reveal esophageal and gastric varices. 

Ultrasound 

In patients with severe hepatic disease, thick, densely echogenic 
bands replace the portal triads. They sometimes reach a 
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Figure 88-20 Schistosomiasis: pathologic findings. A. Life cycle. Eggs are eliminated with feces or urine (1). Under optimal conditions, 
the eggs hatch and release miracidia (2), which swim and penetrate specific snail intermediate hosts (3). The stages in the snail include two 
generations of sporocysts (4) and the production of cercariae (5). On release from the snail, the infective cercariae swim, penetrate the skin of the 
human host (6), and shed their forked tail, becoming schistosomula (7). The schistosomula migrate through several tissues and stages to their 
residence in the veins (8, 9). Adult worms in humans reside in the mesenteric venules in various locations, which at times seem to be specific for 
each species (10). For instance, S. japonicum is more frequently found in the superior mesenteric veins draining the small intestine (A), and S. 
mansoni occurs more often in the superior mesenteric veins draining the large intestine (B). However, both species can occupy either location, 
and they are capable of moving between sites, so it is not possible to State unequivocally that one species occurs only in one location. S. 
haematobium most often occurs in the venous plexus of biadder (C), but it can also be found in the rectal venules. The females (7-20 mm; males 
slightly smaller) deposit eggs in the small venules of the portal and perivesical systems. The eggs are moved progressively toward the lumen of 
the intestine (S. mansoni and S. japonicum ) and of the biadder and ureters (S. haematobium) and are eliminated with feces or urine, respectively 
(1). Pathology of S. mansoni and S. japonicum schistosomiasis includes Katayama fever, presinusoidal egg granulomas, Symmers pipestem 
periportal fibrosis, portal hypertension, and occasional embolic egg granulomas in brain or spinal cord. Pathology of S. haematobium 
schistosomiasis includes hematuria, scarring, calcification, squamous cell carcinoma, and occasional embolic egg granulomas in brain or spinal 
cord. B. S. mansoni egg (iodine stain). C. Low-power photomicrograph of a liver specimen reveals calcified eggs ( arrows ) and fibrosis in the 
subcapsular region. (A source: Centers for Disease Control and Prevention. http://www.cdc/parsites/schistomsomiasis/biology.html. C from 
Mortele, KJ, Segatto E, Ros PR: The infected liver: Radiologic-pathologic correlation. RadioGraphics 24:937-955, 2004.) 
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Figure 88-21 Schistosomiasis on CT and ultrasound. Hepatic Schistosoma japonicum infection. A. Sonogram demonstrates thick and densely 
echogenic bands producing a network pattern. B. Contrast-enhanced CT scan demonstrates capsular calcification ( arrow ) and gross septations 
( arrowheads ). 


thickness of 2 cm, radiating from the porta hepatis to the 
periphery. When scanning is performed perpendicular to the 
triad, rounded foci of echogenic material with a hypoechoic rim 
can be identified. This produces a “network” pattern with echo¬ 
genic septa outlining polygonal areas of relatively normal liver 
(Fig. 88-21A). 150 A “bird’s claw” appearance is present at bifur- 
cating points. Early, the liver is enlarged, but as periportal fibro- 
sis progresses, it becomes contracted and the features of portal 
hypertension (varices, splenomegaly, ascites) become more 
apparent. 151 

Computed Tomography 

Peripheral hepatic or capsular calcification is the hallmark of S. 
japonicum infection (Fig. 88-2IB). The liver also shows gross 
septations that contain numerous calcified Schistosoma eggs 
resulting in bands of calcification described as a “turtie back” 
appearance. 152,153 Prominent periportal low-density areas may 
also be present. There is an increased incidence of hepatocel- 
lular carcinoma in these livers. 153 In patients with acute schis¬ 
tosomiasis (Katayama syndrome), multiple hypodense nodules 
may develop. 153 

S. mansoni infection is manifested as low-density, rounded 
foci with linear branching bands that encompass the portal 
tracts. These fibrotic bands sometimes show enhancement with 
contrast material but usually do not calcify. 1 

Magnetic Resonance Imaging 

On MRI, the septa are of low signal on Tl-weighted scans and 
are hyperdense on T2-weighted images and reveal enhancement 
on postgadolinium images. 30 The septal calcifications are 
depicted less well on MRI than on CT. 150,154 

Angiography 

Angiography shows the hemodynamic changes of presinusoidal 
portal hypertension: normal hepatic venous outflow, decreased 
portal biood flow, and compensatory increased hepatic arterial 
flow. Wedged hepatic venous pressure is normal or only slightly 
elevated compared with portal hypertension resulting from 
alcoholic cirrhosis. 


TREATMENT 

Praziquantel, an isoquinoline derivative, and oxamniquine are 
effective against schistosomal infestation. Colchicine, an antifi- 
brotic agent, has shown encouraging results in the treatment of 
schistosome-induced hepatic fibrosis. 2 

Pneumocystis carinii (Pneumocystis 
jiroveci) Infection 

Pneumocystis carinii (P. jiroveci) is the most common cause of 
opportunistic infection in patients with AIDS. Nearly 80% of 
AIDS patients are affected, and extrapulmonary dissemination 
is becoming increasingly common. 

P. jiroveci infection of the liver can be manifested sono- 
graphically as diffuse, tiny, nonshadowing echogenic foci or 
extensive replacement of normal liver parenchyma by echo¬ 
genic dumps of dense calcification. This pattern, although 
suggestive, has also been reported in Mycobacterium avium- 
intracellulare and cytomegalovirus infection. 156 On CT scans, 
these regions are first hypodense but then become charac- 
teristically calcified. The calcifications may be punctate, 
nodular, or rimlike. 157-159 

Tuberculosis 

Tuberculosis is an infectious disease in which different ways of 
liver involvement may be seen. Being one of the most common 
infectious diseases, tuberculosis has two forms of presentation, 
miliary and local. The local form has two subdivisions as 
nodular tuberculosis (tuberculoma or abscess) and hepatobili- 
ary tuberculosis. 1,160,161 Imaging techniques are most frequently 
not adequate to detect miliary tuberculosis, in which hepato- 
megaly is usually the only radiologic finding. Tuberculomas 
may be manifested as hypoechoic round masses at ultrasound, 
nonenhancing hypodense lesions at CT, and hypointense lesions 
on Tl-weighted images and hypointense to isointense lesions 
on T2-weighted images at MRI. 161 
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The liver has quite accurately been called the custodian of the 
milieu intérieur , and as such, it is vulnerable to a variety of 
metabolic, vascular, toxic, infectious, and neoplastic insults. 
Diffuse liver disease can be diagnostically challenging because 
of nonspecific and overlapping clinical signs and symptoms or 
even asymptomatic disease. The ability to assess liver and spleen 
size and the presence of ascites is limited on physical examina- 
tion. Liver function tests also lack diagnostic specificity, are 
affected by nonhepatic factors, and in general poorly correlate 
with physiologic hepatic function. 1 ' 4 

Imaging plays a critical role in the diagnosis and treat- 
ment of diffuse liver disease by detecting its presence, deter- 
mining its distribution and severity, and identifying associated 
complications, such as cirrhosis, portal hypertension, and 
malignant disease. Dramatic advances, particularly in magnetic 
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resonance imaging (MRI), have led to novel techniques to 
noninvasively diagnose and to characterize patterns of diffuse 
hepatic disease. 

Hepatic Steatosis 

The excessive accumulation of intracellular fat within hepato- 
cytes, known as hepatic steatosis, occurs as a metabolic compli- 
cation of a variety of hepatic exposures (Table 89-1). Common 
causes include alcohol abuse and viral hepatitis (discussed sepa- 
rately), obesity and metabolic disorders, toxins, human immu¬ 
nodeficiency virus (HIV) infection, genetic lipodystrophies, 
and chemotherapy. This abnormal intracellular accumulation 
of fat within hepatocytes is now recognized as an important 
causative factor in liver injury. Although it is initially reversible, 
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TAB LE 

89-1 


TOXIN OR MEDICATION RELATED 

Alcohol 

Chemotherapy 

Carbon tetrachloride 

Corticosteroids 

Phosphorus 

Tetracycline 

Reye's syndrome 

INFECTIOUS 

Viral hepatitis 
Tuberculosis 

METABOLIC 

Obesity 

Malnutrition 

Total parenteral nutrition 
Small bowel bypass surgery 
Glycogen storage disease 
Hyperlipidemia 

CHRONIC DISEASE 

Congestive heartfailure 
Inflammatory bowel disease 
Cystic fibrosis 
Obstructive sleep apnea 

OTHER 

Pregnancy 

Trauma 


the process may also progress and can result in cirrhosis and 
increased risk for hepatocellular carcinoma (HCC). 510 

Nonalcoholic fatty liver disease (NAFLD) is a disease Spec¬ 
trum extending from simple steatosis to the more severe form 
with inflammation and fibrosis known as nonalcoholic steato- 
hepatitis (NASH), the result of hepatic metabolic disturbance 
in the absence of alcohol abuse. Steatosis is the hallmark feature 
of NAFLD. NASH is established histopathologically by the pres- 
ence of steatosis with evidence of hepatitis (centrilobular 
inflammation, hepatocyte ballooning degeneration, and spotty 
necrosis) and variable degrees of fibrosis (stages 0-3). Advanced 
or stage 4 fibrosis is indicative of cirrhosis. Severity of NASH 
is based on grading of inflammation and different stages of 
fibrosis. 11 As a result of the current epidemic of obesity and 
metabolic syndrome, NAFLD is reported to occur in 20 to 80 
million Americans and is the most common chronic liver 
disease in the United States. Recent research suggests that 
NAFLD is an independent risk factor for cardiovascular disease 
and contributes to the development of diabetes by impairment 
of insulin regulation within the liver. 12 ' 14 

The development of HCC is common in steatohepatitis; up 
to 7% of patients with NAFLD-related cirrhosis develop HCC 
within 10 years. The population of patients with chronic liver 
disease is growing, particularly from NAFLD, and it is antici- 
pated to become an increasingly significant burden on the 
health care system as well as the number one cause of cirrhosis 
and HCC. 9 

CLINICAL FINDINGS 

Hepatic steatosis from any cause is often clinically asymp- 
tomatic, which clinically increases the challenge for early 


intervention and treatment of the patient. In NAFLD, liver 
chemistry values are often normal. On physical examination, 
liver size may be normal or slightly enlarged and potentially 
difficult to evaluate in the obese patient. Alcohol-related steato¬ 
sis can be manifested with vague right upper quadrant pain, 
with or without hepatomegaly, and is more often associated 
with liver function test abnormalities. One third of patients 
with alcoholism, however, have a fatty liver and are asymptom- 
atic. Hepatic steatosis is also commonly seen in oncology 
patients as a result of chemotherapy administration, and its 
presence can impair imaging detection of concurrent metastatic 
disease. Hepatic steatosis with concomitant viral hepatitis can 
accelerate cellular damage and also decreases the effectiveness 
of antiviral therapies. Less commonly, hepatic steatosis can 
develop acutely secondary to pregnancy, carbon tetrachloride 
exposure, or binge drinking and can be manifested with jaun- 
dice, acute hepatic failure, or encephalopathy. 2,6,15 

Hepatic steatosis is a potentially reversible disease treatable 
by removal of the insulting agent such as alcohol, other drug 
cessation, or treatment of infection. NAFLD can be treated by 
weight loss; however, it is often difficult for patients to achieve 
the recommended amount (5%-10% of body weight) 16 without 
intervention, such as gastric bypass or banding surgery. 1 Bar- 
iatric surgery patients have an incidental rate of 91% with 
NAFLD and 37% with steatohepatitis. 19 Cellular damage from 
inflammation and the development of fibrosis and cirrhosis are 
irreversible, however, and the definitive treatment to prevent 
liver failure is transplantation. The early reversibility of this 
disease obviates the need for effective screening and treatment 
in a largely asymptomatic population. 

PATHOLOGIC FINDINGS 

Fat is deposited in the liver as a result of a number of metabolic 
derangements. These include increased hepatic synthesis of 
fatty acids (alcohol), decreased hepatic oxidation or utilization 
of fatty acids (carbon tetrachloride, high-dose tetracycline), 
impaired release of hepatic lipoproteins, and excessive mobili- 
zation of fatty acids from adipose tissue (starvation, steroids, 
alcohol). 2,20,21 

On pathologic examination, lipid accumulates within the 
cytoplasm of the hepatocyte, predominantly in the centrilobu- 
lar zone (Fig. 89-1). As lipid accumulation progresses, these 
small vacuoles coalesce, creating large, clear, macrovesicular 
spaces that peripherally displace the cell nucleus and virtually 
transform the hepatocyte into a lipocyte. Retention of water 
and protein adds to cellular enlargement. The liver may weigh 
4 to 6 kg (normal, 1.5-2.5 kg) and at gross pathologic examina¬ 
tion has a soft, yellow, greasy cut surface. 22 

Segmental areas of fatty infiltration of the liver may develop 
as a result of a variety of traumatic and ischemic insults that 
reduce the amount of nutrients and insulin normally necessary 
to produce glycogen, culminating in a “metabolic infarct” of the 
involved region. Fatty replacement occurs where glycogen is 
depleted from the liver. This occurs primarily in regions where 
portal venous biood is reduced secondary to tumor, Budd- 
Chiari syndrome, or vascular thrombus. There is a difference in 
hormonal balance between the right and left lobes; pancreatic 
and splenic venous biood contains higher concentrations of 
insulin, and glycogen preferentially supplies the left portal 
vein. 2,21,22 Accordingly, fat often infiltrates the right lobe of the 
liver before involvement of the left. 


Causes of Hepatic Steatosis 
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Figure 89-1 Hepatic steatosis: pathologic findings. A. Gross specimen shows a yellow, greasy liver that has undergone diffuse fatty 
metamorphosis. B. Pathologic specimen shows lipid accumulation within the hepatocytes, primarily in the centrilobular zone. 


Focal fat sparing of the parenchyma in an otherwise fatty 
liver can also present as a diagnostic challenge. This occurs in 
characteristic locations, including the inferior medial portion 
of the liver, along the gallbladder fossa adj acent to the interlobar 
fissure, subcapsular portions of the liver, and adj acent to the 
porta hepatis. Direct vascular Communications to the portal 
system from aberrant gastric venous flow or accessory cystic 
veins are found in certain areas of these spared regions, and it 
is postulated that these areas are perfused by systemic biood 
rather than by splanchnic venous biood from the portal veins. 
The posterior aspect of segment IV, a common area to be spared 
in diffuse fatty infiltration, has been shown to have aberrant 
direct gastric venous flow when focal fat sparing is present. 
Consequently, a “third biood supply” to these areas may help 
spare them the adverse effects of toxic agents entering through 
the portal circulation. 23,24 

RADIOLOGIC FINDINGS 

Several major patterns of fat deposition can be visualized at 
cross-sectional imaging: diffuse deposition; focal deposition 
and focal sparing; multifocal deposition; perivascular deposi¬ 
tion; and subcapsular deposition. 25 Diffuse deposition is the 
most common pattern and is associated with homogeneous 
involvement and hepatomegaly. Focal deposition or diffuse 
deposition with focal sparing is a less common pattern that 
characteristically occurs adj acent to the falciform ligament, 
fissure for the ligamentum venosum, porta hepatis, and gall¬ 
bladder fossa. This probably relates to variant arterial supply or 
venous drainage as described before. A true mass can be dif- 
ferentiated from focal regions of fat deposition and focal sparing 
because these occur in characteristic locations and typically 
have a geographic shape (but may appear nodular), poorly 
delineated margins, and, importantly, absence of mass effect on 
biood vessels. 25 Multifocal deposition of fat may simulate true 
masses such as metastases. In these patients, differentiation can 
be made by measurement of the tissue density on computed 
tomography (CT) or specific sequences performed with MRI to 
evaluate for the presence of fat. With perivascular fat deposi¬ 
tion, halos of fat surround the hepatic or portal veins. This fat 
is tramlike or tubular in appearance when the course is in the 
imaging plane and ringlike or round for vessels with a course 
perpendicular to the imaging plane. 25 Subcapsular fat deposi¬ 
tion can be seen in patients with renal failure and insulin- 
dependent diabetes in which insulin is added to the peritoneal 


dialysate. The dialysate exposes the subcapsular hepatocytes to 
a higher concentration of insulin than in the remainder of the 
liver and promotes the esterification of free fatty acids into 
triglycerides. This in turn results in subcapsular deposition of 
fat. 25 

P/a/n Radiographs 

Plain film radiography is relatively insensitive to the presence 
of fat in the liver unless marked degrees of infiltration are 
present. In these cases, the liver may appear hyperlucent and 
blend imperceptibly with the right retroperitoneal fat stripe. 
This produces a visible interface between the combined radio- 
lucency of the fatty liver and flank stripe and the relatively 
radiodense abdominal musculature. A fat-fluid interface may 
be present if the patient has ascites. The outer wall of the 
gut may produce a viscus wall sign as the soft tissue density 
of the bowel wall is contrasted with the fatty liver. These 
changes, however, are most commonly seen in pediatric 
patients. 

Ultrasound 

Ultrasound is the most common modality used to evaluate the 
liver and is often the first imaging examination performed. It is 
low in cost, fast, and readily available. The positive predictive 
value for the presence of steatosis is low, however, at 62% to 
77%. 26,27 It is also operator dependent and difficult in obese 
patients, who represent a large population of those patients 
requiring assessment. 

On sonographic evaluation, in diffuse hepatic steatosis, there 
is increased hepatic echogenicity roughly proportional to the 
histopathologic grade of steatosis 28 ' 31 (Fig. 89-2). Sonographic 
changes also tend to correlate with the severity of biochemical 
and clinical dysfunction. The key ultrasound findings are accen¬ 
tuation of the brightness of parenchymal echoes and an 
increased number of echogenic foci resulting from the prolif- 
eration of fat-nonfat interfaces. These small echogenic foci 
increase attenuation of the ultrasound beam, resulting in poor 
visualization of deep hepatic structures and of the hepatic 
venous system. 

Normally, four to six portal and hepatic veins are seen per 
longitudinal section of the right lobe. With fatty infiltration, 
fewer vessels are seen, and the smaller vascular structures may 
be nonvisible. This dropout of vessels is due to physical vascular 
compression by parenchymal swelling, decreased sound pene¬ 
tration, and loss of contrast between echogenic vascular walls 
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Figure 89-2 Hepatic steatosis: Spectrum of 
sonographic findings. A. Linear array high- 
frequency transducer shows an echogenic liver with 
a smooth capsule ( arrows ) in a patient with 
nonalcoholic steatohepatitis. B. This is in marked 
contrast to the nodular surface ( arrows ) of the liver 
in this patient with posthepatitis cirrhosis. C. Sagittal 
scan of the right lobe of the liver shows an 
enlarged, echogenic liver with poor sound 
penetration. The walls of the hepatic veins and 
portal veins are not defined. D. Oblique scan shows 
geographic steatosis in the anterior aspect of the 
liver, with focal sparing posteriorly. Note the sharp 
delineation ( arrows ) between the involved portions 
of liver. E. Focal fatty deposition is identified in the 
right lobe of the liver, adjacent to the interlobular 
fissure ( arrow ). (D courtesy of Peter Cooperberg, 

MD, Vancouver, British Columbia, Canada.) 


and abnormally increased echogenicity of the surrounding 
parenchyma. 28 ' 30 

Four sonographic patterns of focal fatty infiltration have 
been described: (1) hyperechoic nodule, (2) multiple confluent 
hyperechoic lesions, (3) hypoechoic skip nodules, and (4) irreg- 
ular hyperechoic and hypoechoic areas. On occasion, a focal 
area of liver parenchyma may be spared from fatty metamor- 
phosis and appear as an ovoid, spherical, or sheetlike hypoechoic 
mass in an otherwise echogenic liver. The characteristic 


location, lack of mass effect on surrounding vessels, straight 
linear interface between normal and fatty parenchyma, and 
increased echogenicity of the liver compared with the cortex of 
the right kidney are useful diagnostic criteria. Hepatic heman- 
giomas, most often sonographically hyperechoic, in the pres- 
ence of fat may appear hypoechoic compared with the adjacent 
liver and simulate a suspicious mass. Focal fatty infiltration in 
an otherwise normal-appearing liver may also produce a hyper¬ 
echoic space-occupying mass. An angular or interdigitating 
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geometric margin, when present, is characteristic of focal 
fat. 28 Hepatic steatosis and fibrosis appear similar on ultra- 
sound and often coexist. Differentiation of hepatic steatosis 
from a mass or other liver pathologic process may necessitate 
confirmation with CT or MRI, both of which have an increased 
sensitivity. 

Technical considerations are important in the sonographic 
diagnosis of focal fat. The operator should take care not to 
erroneously change the time-gain-compensation curve, which 
can cause fatty parenchyma to have normal rather than increased 
echogenicity, whereas the spared, normal liver appears abnor- 
mally hypoechoic, simulating focal disease. 

Computed Tomography 

CT is an imaging technique that is also fast and widely available 
(Fig. 89-3). It is a strong diagnostic tool for hepatic steatosis 
because of the excellent correlation between the hepatic paren- 
chymal CT attenuation value and the amount of hepatic triglyc- 
erides found on liver biopsy specimens. 23,24 

On non-contrast-enhanced scans, the normal liver appears 
homogeneous with an attenuation value ranging from 50 to 70 
Hounsfield units (HU), which is 8 to 10 HU greater than the 
attenuation of the spleen. 2 " 4 The diffusely steatotic liver has a 
reduced attenuation value of less than 40 HU and appears and 
measures less dense than the spleen. The accumulation of other 
substances, such as iron, copper, glycogen, drugs (including 
amiodarone and gold therapy), and even cirrhosis or edema, 
can increase the attenuation value of the liver and underesti- 
mate the presence of fat. CT is also insensitive for mild steatosis, 
which makes it a poor screening tool for early disease. In a study 
of potential liver donors, unenhanced CT was able to provide 
an accurate diagnosis of macrovesicular steatosis of 30% or 
greater. 23,24 A meta-analysis from 2011 compared CT with his- 
topathologic examination with an overall sensitivity of 46.1% 
to 77%. 32 

The rapid intravenous administration of contrast medium 
causes transiently increased attenuation of the spleen in com- 
parison with the liver secondary to differences in vascularity 
that vary with rate of contrast agent administration and scan 
acquisition time, particularly early (<100 seconds) after the 
infusion, which can mimic the presence of fat in a normal 
liver. 33 Hepatic steatosis can be suggested on postcontrast 
images, with confirmation needed, preferably, on noncontrast 
or delayed phase postcontrast imaging. A recent publication on 
assessment of hepatic steatosis with contrast-enhanced CT 
found this technique 100% specific but only 60.5% sensitive. 33 

In patients with NASH, the mean liver-to-spleen attenuation 
ratio is 0.66. 23 24 The craniocaudal spån of the liver has a mean 
of 21.4 cm; hepatomegaly is present in 92% of patients. 23,24 The 
caudate lobe-to-left lobe ratio is usually normal (mean, 0.43), 
as is the preportal Space (mean, 4.5 mm). Mildly prominent 
lymph nodes are present in the porta hepatis in 58.3% of 
patients. In mild but visible steatosis, the diagnosis can be made 
by comparing the relative CT attenuation of the liver and spleen, 
which appear and measure nearly equal. In more severe steato¬ 
sis, the liver appears less dense than the spleen as well as the 
portal and hepatic veins, simulating the appearance of intravas- 
cular contrast material on a noncontrast examination. 23,24 

Hepatic steatosis is manifested with a wide Spectrum of CT 
appearances (see Fig. 89-3). Although diffuse parenchymal 
involvement is commonly seen, similar to the ultrasound 
appearance, fat may also be deposited in a focal, lobar, 


segmental, or nonpattern-like distribution. Fatty infiltration of 
the liver can obscure the detection of focal liver lesions, such as 
neoplasm or abscess, by lowering the background liver attenu¬ 
ation to a level similar to that of an otherwise hypoattenuating 
mass or fluid collection. 

When fatty infiltration is lobar, segmental, or wedge shaped, 
differentiation from other focal hepatic disease is straightfor- 
ward. In such cases, it usually has a straight-line margin, typi- 
cally extending to the liver capsule without associated bulging 
of the contour to suggest an underlying mass. When the steato¬ 
sis is focal or nodular, differentiation from metastatic disease 
can be challenging. Absolute attenuation values are affected by 
multiple parameters other than fat as previously described and 
alone are not diagnostically reliable. The previously mentioned 
differentiating features of focal fat, including characteristic 
location, lack of contour abnormality, and normal course of the 
hepatic vessels, are helpful and are only rarely simulated in 
metastatic tumor lesions. On occasion, discrete focal areas of 
fatty replacement have a central core of normal-appearing 
tissue, the reverse of the typical tumor necrosis pattern. 23,24 

Because of its unique ability to characterize the presence of 
fat, MRI is often required. It is the most reliable diagnostic tool 
in differentiating any geographic pattern of hepatic steatosis or 
fatty sparing from metastatic disease. 34 

Magnetic Resonance Imaging 

MRI is the most sensitive modality for hepatic steatosis and has 
the highest correlation with histopathologic evaluation with a 
sensitivity of 76.1% to 95.3%. 32 In addition, MRI can be used 
to quantify the amount of fat present. Severity of liver fat or 
steatosis is categorized by a 4-point grading system for histo¬ 
pathologic liver fat of 0 to 3, representing less than 5%, 6% to 
33%, 34% to 66%, and more than 66%, respectively. 35 The 
grading system incorporates the accepted normal value of liver 
fat, which is less than 5%. Limitations of MRI include increased 
cost, longer time to be performed, and less widespread avail- 
ability. MRI also requires the patient’s cooperation, such as the 
ability to lie still and breath-hold. 

Proton Chemical shift imaging, also termed opposed-phase 
gradient-echo imaging, is a rapidly acquired, high-resolution, 
and commonly used sequence to confirm the presence of 
microscopic fat within multiple organs including the liver, 
kidney, and adrenal giand (Fig. 89-4A, B). This technique capi- 
talizes on the difference in precession frequency between fat and 
water protons (3.7 ppm). Imaging is performed when their 
signals are additive (in-phase) and opposite or subtractive 
(opposed-phase). The presence of water alone in a solid organ 
will have the same signal intensity on both the in-phase and 
opposed-phase images. When fat and water are present, signal 
will be lost in the corresponding area on the opposed-phase 
image only because of cancellation of the contribution of signal 
from both water and fat in opposite phases or direction. 36 At 
1.5T, water and fat are in-phase every 4.6 ms (2.3 ms at 3T), 
with signal acquired at 4.6 ms, 9.2 ms, 13.4 ms, and so on 
(2.3 ms, 4.6 ms, 6.9 ms, and so on at 3T). Opposed-phase 
imaging occurs at 2.3 ms and every subsequent interval of 
4.6 ms (6.9 ms, 11.5 ms, and so on). At 3T, opposed-phase 
imaging starts at 1.15 ms and is performed at every multiple of 
2.3 ms (3.5 ms, 5.8 ms, and so on). A fat signal fraction can be 
calculated to quantify fat by the equation (IP - OP)/(2IP), 
where IP is the signal of the liver with in-phase divided by the 
signal of the spleen with in-phase and OP is the signal of the 
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Figure 89-3 Hepatic steatosis: Spectrum of CT findings. A. Diffuse hepatic steatosis. The density of the liver parenchyma is lower than that of 
the spleen on this unenhanced CT scan. Note how the intrahepatic biood vessels stand out as hyperattenuating structures. B. CT scan shows 
several hypodense masses in a patient with colon cancer. In-phase (C) and opposed-phase (D) MR images show that these hypodense areas 
represent fat. E. Perivascular steatosis in a patient with cystic fibrosis. Notice the fat highlighting the hepatic biood vessels. F. Capsular steatosis 
( arrows ) is identified in this diabetic patient with renal failure and peritoneal dialysis who had received insulin in the dialysis fluid. (E and F 
courtesy of Pablo Ros, MD, Boston, MA.) 
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Figure 89-4 Hepatic steatosis: Spectrum of MR findings. A. In-phase Tl-weighted spoiled gradient-echo image demonstrates normal hepatic 
signal intensity. B. Opposed-phase image shows diffuse loss of hepatic signal intensity indicating diffuse hepatic steatosis. Note the focal region 
of sparing ( arrow ) adjacent to the falciform ligament in the medial segment of the left hepatic lobe. C and D. Color maps of the liver show signal 
intensity loss in a healthy subject corresponding with grade 0 steatosis (C) and in a subject with grade 3 steatosis (D). E. Corresponding color 
scale for signal intensity loss by steatosis grade. 


liver with opposed-phase divided by the signal of the spleen 
with opposed-phase. Inclusion of the spleen signal is used to 
normalize inherent imaging inhomogeneities. In normal liver, 
the lipid fraction is less than 10% and is without significant 
signal loss on opposed-phase imaging. Clinically significant 
hepatic steatosis is often greater than 20% : and can be detected 
with proton Chemical shift imaging qualitatively with a visual- 
ized signal loss or quantitatively by creation of a fat signal frac¬ 
tion map (Fig. 89-4C-E). Chemical shift imaging is limited in 
the detection of a low amount of fat (<10%); at higher levels, 
fat amount is detected but ambiguous, with 40% fat appearing 
the same as 60%, reducing accurate quantification at these 
levels. Additional methods to detect fat include fat suppression 
with either TI or T2, which performs as well as or better than 
Chemical shift imaging, and MR spectroscopy, which is sensitive 
to small amounts of fat and has high accuracy but with limita- 
tions of difficulty to perform and to analyze, limited availability, 
high cost, small spatial sample region, and sampling error with 
repeated examinations. 14,38 

When signal loss is present with Chemical shift imaging, the 
presence of fat is confirmatory. The technique is limited, 


however, secondary to several confounders, including magnet 
held inhomogeneities such as in the presence of iron, T2* decay, 
TI bias (which refers to the different TI weighting for fat versus 
water), and inclusion of only one spectral peak for fat when 
multiple smaller peaks exist and add to the fat signal. These 
confounders result in underestimation or lack of detection of 
fat. These effects are most dramatic at low fat levels, the range 
where screening for early disease would be important. 37,39 

New MRI techniques continue to be developed to correct for 
these cofounders and also to better quantify the presence of fat 
to accurately grade steatosis. The benefit of these techniques is 
the potential to replace the “gold standard” for fat quantifica¬ 
tion, which currently is percutaneous biopsy, an invasive tech¬ 
nique that samples only a small portion of the liver. These 
techniques may also serve as an early and accurate screening 
tool for asymptomatic but high-risk patients. These techniques 
result in accurate separation of signal created by mobile fat 
protons from all other mobile protons by calculating a proton 
density fat fraction. 37 ' 39 This fraction can be used to create a fat 
map of the entire liver that can be viewed with a color scale to 
demonstrate the variability of fat fractions throughout the 
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parenchyma. These maps are also useful in monitoring changes 
over time with treatment. Early results have demonstrated high 
correlation of these methods with MR spectroscopy and 
improved ability to detect smaller amounts of fat (<5%) where 
the transition lies from normal to clinically significant steatosis 
(>5.56%) / 4041 

Hepatitis 

Hepatitis is a general term used to describe acute or chronic 
inflammation of the liver. In general medical parlance, hepatitis 
refers to viral hepatitis, but diffuse parenchymal inflammation 
can result from numerous hepatic infectious or inflammatory 
processes. It can also be seen after inhalation, ingestion, or 
parenteral administration of a number of agents, including 
alcohol, acetaminophen, carbon tetrachloride, halothane, iso- 
niazid, chlorpromazine, oral contraceptives, a-methyldopa, 
methotrexate, azathioprine, and 6-mercaptopurine. 42 " 44 

VIRAL HEPATITIS 

The liver is almost invariably involved in all hematogenous viral 
infections. These include mononucleosis; herpes simplex; cyto- 
megalovirus infection in patients with acquired immunodefi- 
ciency syndrome (AIDS); yellow fever in tropical countries; and 
rubella, adenovirus infection, and enterovirus infection in chil- 
dren. The term viral hepatitis is usually reserved for hepatic 
infections caused by a small group of hepatotropic viruses 
known as hepatitis A, B, C, D, and E. Viral hepatitis is the etiol- 
ogy for 60% of cases of fulminant hepatic failure in the United 
States. 42 ' 44 

Clinical Findings 

Viral hepatitis type A is an acute infection that occurs sporadi- 
cally or epidemically and is transmitted by a fecal-oral route. Its 
incubation period is 15 to 50 days, and it most often has a 
benign self-limited course that does not cause chronic hepatitis 
and only rarely causes fulminant hepatitis. 42 " 44 

Viral hepatitis type B is the most common of the hepato¬ 
tropic viruses worldwide. It is also the most versatile in its 
presentation and can cause an asymptomatic carrier State, acute 
hepatitis, chronic hepatitis, cirrhosis, fulminant hepatitis with 
massive hepatocyte necrosis, or HCC. Viral hepatitis type B is 
manifested within 30 to 180 days of infection by parenterally 
administered infected biood or by vertical transmission from 
mother to child at birth. There are more than 240 million car- 
riers of the virus worldwide and 1.4 million in the United 
States. 42 " 46 

Hepatitis B viral infection is closely linked to the global 
distribution of HCC. In endemic areas, the annual incidence 
of HCC is 387 per 100,000 for men and 63 per 100,000 for 
women. In Europe and the United States, the carrier rate of 
hepatitis B virus is less than 1%. In Africa and Southeast Asia, 
the carrier rate is up to 10%. In high-incidence locales, HCC 
accounts for almost 40% of all cancers, as opposed to 2.3% 
in the West. Vertical transmission of the virus from infected 
mothers is the most common means of disease spread in these 
regions. 42 " 44 Vaccination has been available since 1982 and is 
95% effective. 

Hepatitis C is caused by a parenterally transmitted RNA 
virus that affects 0.5% to 1% of normal volunteer biood donors 
in the United States. It now accounts for 90% of the cases of 


hepatitis as a result of contaminated biood transfusions before 
standard screening. A routine biood test for anti-hepatitis C 
antibody has been developed, greatly improving transfusion 
safety. The use of unclean needles is also a major mode of 
transmission. Approximately 150 million people are chronically 
infected with hepatitis C worldwide. 45 The mean delay of the 
onset of symptoms and seropositivity is 22 weeks. 42 " 44 Hepatitis 
C can cause either acute or chronic hepatitis; at least 50% of 
acute cases progress to chronic hepatitis. Chronic hepatitis C 
tends to be a silent, insidious disease; 10% to 20% of patients 
eventually develop cirrhosis. 42 " 44 

The hepatitis D virus (HDV), a defective virus that requires 
the presence of the hepatitis B virus (HBV) to exist, can be 
acquired either as a coinfection (occurs simultaneously) with 
HBV or as a superinfection in persons with existing chronic 
HBV infection. HBV-HDV coinfection has a more severe acute 
disease and a higher risk (2%-20%) for development of acute 
liver failure compared with those infected with HBV alone. 
Chronic HBV carriers who acquire HDV superinfection usually 
develop chronic HDV infection. Progression to cirrhosis is 
believed to be more common with HBV-HDV chronic infec¬ 
tions than with HBV infection alone. 42 " 44 

Hepatitis E is a single-stranded RNA virus that is waterborne 
and transmitted by the fecal-oral route; it has an incubation 
period of 6 weeks. There is no chronic carrier State, and the 
disease is usually self-limited with a rate of fulminant hepatic 
failure of about 2%. The mortality and morbidity are signifi- 
cantly higher in pregnant women, with a morality rate of 20%. 

Patients with viral hepatitis typically present subacutely with 
fatigue, anorexia, nausea and vomiting, malaise, mild pyrexia, 
myalgias, photophobia, pharyngitis, cough, and coryza. These 
constitutional symptoms precede the onset of jaundice by 1 to 
2 weeks. When jaundice appears, the patient’s clinical condition 
improves, but the liver becomes enlarged and tender in 70% of 
cases. Splenomegaly is present in 20%. Complete clinical and 
biochemical recovery is usually seen in 3 to 4 months. 42 " 44 If the 
inflammatory changes persist for more than 6 months, the 
patient is considered to have chronic hepatitis. The prognosis is 
often poor for these patients, who have jaundice and hepato- 
splenomegaly associated with an immune-mediated multisys- 
tem disease. 

Pathologic Findings 

On pathologic examination, the changes of acute viral hepatitis 
are virtually the same regardless of the offending agent. The 
entire liver is acutely inflamed, with centrilobular necrosis, 
hepatocyte necrosis, periportal infiltration by leukocytes and 
histiocytes, and reactive changes in the Kupffer cells and sinu- 
soidal lining cells (Fig. 89-5). Centrilobular cholestasis and bile 
duet proliferation also occur. 2 

In chronic active hepatitis, the chronic periportal inflamma¬ 
tory changes extend into the liver parenchyma, producing 
necrosis and formation of intralobular fibrous septa. Chronic 
persistent hepatitis is a relatively benign condition character- 
ized histologically by cellular infiltrates within the necrosis. In 
both disorders, definitive diagnosis is made by liver biopsy. 2 

Radiologic Findings 

The diagnosis of viral hepatitis can usually be made on the basis 
of history, serologic markers, and liver funetion test abnormali- 
ties. Imaging is usually done to ensure that there is no obstruc- 
tive component of the patient’s hepatic dysfunetion, to assess 
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for cirrhosis and its complications, to exclude focal hepatic 
abnormalities such as HCC, and to assess hepatic vascular 
patency. 

Ultrasound 

Ultrasound Åndings in acute hepatitis, although often present, 
are nonspecific. The major role of ultrasound in hepatitis is to 
exclude biliary obstruction as the cause of liver disease and to 
diagnose other major complications, such as ascites or vascular 
occlusion. In chronic viral hepatitis, ultrasound is also used to 
screen for the development of cirrhosis or HCC. Although its 



Figure 89-5 Hepatitis: pathologic findings. Liver biopsy specimen 
shows so-called piecemeal necrosis typical of viral hepatitis. 


sensitivity for both lags in comparison to CT and MRI, ultra¬ 
sound is less expensive and more readily available. 

In acute viral hepatitis, the liver and spleen are frequently 
enlarged. When parenchymal damage is severe, the parenchy- 
mal echogenicity is decreased and the portal venule walls are 
“brighter” than normal (Fig. 89-6). The increased sonographic 
contrast between the parenchyma and the periportal collage - 
nous tissue is probably due to increased hepatic water, hydropic 
swelling of hepatocytes, and inflammatory cell infiltration. The 
increased hepatic water (periportal edema) accentuates the 
acoustic mismatch between the hepatocytes and the portal 
tracts. 3,30,31 Also, the decreased attenuation of the liver allows 
greater sound penetration to “highlight” these vessels, with 
increased echogenicity of the walls of peripheral portal veins. 
This has been termed the centrilobular pattern or “starry sky” 
appearance. It has been observed in up to 60% of patients with 
acute hepatitis and is best appreciated in thin patients.^ 1 This 
pattern is nonspecific and has also been reported in toxic shock 
syndrome, cytomegalovirus infection, idiopathic neonatal jaun- 
dice, leukemia, diabetic ketoacidosis, and lymphoma. Hepato- 
megaly is another nonspecific Ånding in patients with acute 
hepatitis. 

When it is severe, chronic hepatitis produces increased 
parenchymal echogenicity and loss of mural definition of the 
portal veins. This is attributed to “silhouetting out” of the portal 
vein walls by the echogenic fibrotic and inflammatory process 
surrounding the lob ules that abut the portal triads. These Ånd¬ 
ings are nonspecific and can also be seen in patients with fatty 
infiltration and cirrhosis. One useful differentiating feature is 
the presence of adenopathy in the hepatoduodenal ligament in 




Figure 89-6 Hepatitis: sonographic 
features. A. In a patient with acute hepatitis, 
sagittal scan of the right lobe of the liver shows 
diffusely decreased parenchymal echogenicity 
with accentuated brightness of the portal 
triads and periportal cuffing, the "starry sky" 
appearance. B. In a patient with chronic active 
hepatitis, there is increased inhomogeneous 
parenchymal echogenicity due to the 
inflammatory process surrounding the lobules 
that abut the portal triads. C. In viral hepatitis, 
the lymph nodes ( cursors) draining the liver 
may become enlarged and serve as a useful 
marker to the efficacy of antiviral therapy. 

(B courtesy o f Peter Cooperberg, MD, 
Vancouver, British Columbia, Canada.) 
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chronic active hepatitis, which has been attributed to direct 
spread of the hepatic inflammatory process. 

Acute viral hepatitis can also be associated with thickening 
of the gallbladder wall. In early hepatitis, the gallbladder is 
hypertonic, whereas in patients more than 9 days after disease 
onset, the gallbladder is hypokinetic with a large volume and 
demonstrates a diminished response to a fatty meal. 3,31 

Computed Tomography 

The primary role of CT in patients with hepatitis is to assess for 
the development of cirrhosis and associated sequelae, including 
HCC. CT Åndings in hepatitis are usually nonspecific. Hepato- 
megaly, gallbladder wall thickening, and hepatic periportal 
lucency (Fig. 89-7) are the major CT Åndings in patients with 
acute viral hepatitis. This lucency is due to periportal Auid and 
lymphedema surrounding the portal veins and has also been 
reported in patients with AIDS, trauma, neoplasm, liver trans- 
plants, liver transplant rejection, and congestive heart failure. 
Early in the disease, the liver is enlarged and heterogeneous. 
Multiple regenerative nodules may be seen, and the liver 
becomes smaller and nodular with time as Abrosis increases and 
progresses to cirrhosis. CT has shown that hepatic necrosis is 
repaired by hypertrophy of regenerative nodules rather than by 
an increase in the number of nodules. These nodules give rise 
to the macronodular pattern of postnecrotic cirrhosis. Rarely, 
the nodules may be hypodense and simulate metastases on CT. 
Cirrhosis is discussed in detail later in this chapter. 

In patients with chronic active hepatitis, lymphadenopathy 
is commonly found in the porta hepatis, gastrohepatic liga¬ 
ment, and retroperitoneum; it may be the only CT abnormality 
in a patient with severe hepatic dysfunction. CT can also follow 
the course of antiviral therapy by observing a reduction in 
lymph node size. 

Magnetic Resonance Imaging 

On MRI, acute hepatitis may show nonspeciAc Åndings such as 
heterogeneous signal intensity, most apparent on T2-weighted 
sequences, and a heterogeneous pattern of enhancement on 



Figure 89-7 Acute hepatitis: CT findings. CT scan shows periportal 
edema (arrow) highlighting the intrahepatic biood vessels. 


arterial-dominant phase spoiled gradient-echo images. This 
abnormal enhancement becomes more marked and can persist 
into the venous and delayed phases as the severity of disease 
increases. High signal intensity periportal edema can be seen on 
T2-weighted images. In both acute and chronic hepatitis, ade- 
nopathy in the lesser omentum may be the only abnormality 
identiAed. 47 ' 51 

In chronic hepatitis, MRI can provide information on the 
degree of histologic activity of disease and help monitor the 
response to therapy. Homogeneous or heterogeneous increase 
in signal intensity has been described on T2-weighted images 
and reAects the presence of inAammation or necrosis of the liver 
parenchyma. Early patchy enhancement patterns in patients 
with chronic hepatitis have been shown to be associated with 
signiAcant parenchymal inAammatory reaction. Absence of this 
early patchy enhancement correlates with low inAammatory 
reaction. 48 

In patients with chronic Abrosis associated with cirrhosis, 
there is progressive enhancement on delayed images due to 
leakage of gadolinium contrast from the intravascular into the 
interstitial Space. 49 

ALCOHOLIC HEPATITIS 

Clinical Findings 

Alcoholic liver disease is manifested as three distinet but over¬ 
lapping entities: fatty liver, alcoholic hepatitis, and cirrhosis. 
The Arst is reversible with abstinence; the last two are progres¬ 
sive and shorten life expectancy. Alcoholic hepatitis is part of 
the Spectrum of alcoholic liver disease in which a major drink- 
ing binge produces acute liver cell necrosis. These changes are 
usually superimposed with steatosis or already developing cir¬ 
rhosis from chronic aleohol use. In most cases, cessation of 
aleohol consumption and adequate nutrition may ameliorate 
the patient clinically and histologically. Repeated bouts of acute 
alcoholic hepatitis are associated with a 10% to 20% risk of 
death and a 35% risk for development of cirrhosis. Patients 
usually have fever and neutrophil leukocytosis and may present 
with malaise, anorexia, weight loss, upper abdominal pain, 
tender hepatomegaly, and jaundice. 52 56 

Pathologic Findings 

The speciAc mechanism of aleohol-induced hepatotoxicity is 
uncertain despite extensive research on both biochemical and 
immunologic models of hepatocyte damage. Theories range 
from peroxidation of cell membranes to modiAcation of mem- 
brane permeability to sensitized T cells directed against hepa- 
tocytes. The histologic hallmark of alcoholic hepatitis consists 
of Mallory bodies, which are eosinophilic cytoplasmic inclu- 
sions that take the form of “candle droppings” in ballooned, 
degenerating hepatocytes. In most cases, alcoholic hepatitis is 
accompanied by pericellular and perivenular Abrosis, again sug- 
gesting that this is a precursor to cirrhosis. 5 

Radiologic Findings 

In patients with alcoholic hepatitis, imaging is done to exelude 
obstructive biliary disease and neoplasm and to evaluate paren¬ 
chymal damage noninvasively. 

Ultrasound 

In acute alcoholic hepatitis, the liver is hyperechoic secondary 
to fatty inAltration. The liver may be enlarged early in the 
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disease process, but it becomes atrophic as cirrhosis ensues. 
Because cirrhosis and fatty infiltration appear similar sono- 
graphically, both with heterogeneous echotexture, increased 
echogenicity, and sound attenuation, CT and MRI are more 
sensitive in their differentiation. 111 

Computed Tomography 

CT may show fatty infiltration in a normal-sized, enlarged, or 
atrophic liver, depending on the extent of prior liver injury. 57 As 
hepatitis progresses to cirrhosis, alcoholic cirrhosis characteris- 
tically demonstrates a micronodular pattern as well as enlarge- 
ment of the caudate lobe and of the right posterior hepatic lobe 
notch of greater proportion than in other causes of hepatitis. 
HCC develops at a 5-year cumulative rate of 8%. 58 Biliary stasis 
and development of gallstones as well as periportal lymphade- 
nopathy are common in alcoholic hepatitis. 

Magnetic Resonance Imaging 

Similar to CT, MRI depicts hepatic size and morphology and 
can be useful in depicting hepatic fibrosis, steatosis, and cir¬ 
rhosis. MRI is also the most sensitive modality for detection of 
HCC. Phosphorus 31 MR spectroscopy has shown that livers of 
patients with alcoholic hepatitis and cirrhosis can be differenti- 
ated from normal liver and from each other on the basis of 
intracellular pH and absolute molar concentration of adenosine 
triphosphate. Hepatocytes are more alkaline than normal in 
alcoholic hepatitis and more acidic than normal in cirrhosis. 47 

Toxin- and Drug-lnduced 
Liver Disease 

Although drug-induced liver disease represents a small propor¬ 
tion of all adverse drug effects, it accounts for 2% to 5% of 
hospital admissions for jaundice in the United States and up to 
43% of admissions for “acute hepatitis.” 

Anesthetics (halothane, enflurane), anticonvulsants (phe- 
nytoin), anti-inflammatory agents (gold, clometacin, sulindac), 
analgesics (acetaminophen), hormonal derivatives (danazol), 
antidepressant or antianxiety drugs (amitriptyline, aminept- 
ine), antimicrobials (isoniazid, amoxicillin, sulfamethoxazole- 
trimethoprim), antiulcer drugs (cimetidine, ranitidine), 
hypolipidemic agents (nicotinic acid, gemfibrozil), drugs for 
inflammatory bowel disease (sulfasalazine), and cardiovascular 
drugs (quinidine, amiodarone) have all been associated with 
parenchymal liver disease. 56 Liver damage may be severe, exem- 
plified by 20% to 50% of cases of fulminant hepatic failure 
being attributed to drugs such as halothane, acetaminophen, 
a-methyldopa, and phenytoin. 56 

Certain drugs and other Chemical agents are capable of pro- 
ducing a wide variety of clinical consequences ranging from 
very mild liver disease to hepatic failure. The Spectrum of hepa- 
totoxicity varies from acute, dose-related, predictable, hepato- 
cellular necrosis to chronic inflammatory disorders ranging 
from mild chronic persistent hepatitis to severe chronic active 
hepatitis. In addition, vascular disorders, such as peliosis hepatis 
and the Budd-Chiari syndrome, and neoplastic lesions, such as 
angiosarcomas and benign hepatic adenomas, are associated 
with certain naturally occurring toxins such as “bush teas” and 
aflatoxins in peanuts, oral contraceptives and anabolic steroids, 
industrial toxins such as vinyl chloride (Thorotrast), and 
organic arsenic found in pesticides. 56 


CHEMOTHERAPY TOXICITY 

The liver plays a key role in the metabolism of most medications 
that are either parenterally administered or gastrointestinally 
absorbed into the portal venous system and therefore is vulner- 
able to possible injury as a result of exposure. Hepatic deteriora- 
tion resulting from Chemical toxicity can be a diagnostic 
dilemma in oncology patients with known liver metastases. It 
is often clinically difficult to differentiate chemotherapy- 
induced parenchymal injury from other processes, including 
tumor progression, tumor necrosis, portal and hepatic venous 
thrombosis, hepatic ischemia and infarction, transfusion reac¬ 
tions, viral hepatitis, and segmental biliary obstruction by 
tumor. Radiology plays a key role in elucidating the cause of 
hepatic dysfunction in these patients. 

Clinical or subclinical hepatotoxicity is common during sys- 
temic chemotherapy. A large series of patients with breast 
cancer demonstrated that 77% of those receiving systemic adju- 
vant chemotherapy and 82% of those being treated for meta- 
static breast cancer, all with normal pretreatment liver function 
test results, developed abnormal hepatic laboratory values 
during and after therapy. 54-56 The mechanism of chemotherapy 
agents often involves prevention or retardation of cell division, 
which can also damage liver cells and diminish immune 
response. Methotrexate is often associated with steatosis, fibro¬ 
sis of the portal triads, and eventually cirrhosis. Corticosteroids 
and L-asparaginase may produce steatosis. Dacarbazine and 
6-thioguanine can cause thrombosis of intrahepatic portal 
veins, producing a Budd-Chiari-like appearance. Azathioprine 
and 6-mercaptopurine therapy may result in intrahepatic cho- 
lestasis and variable degrees of parenchymal cell necrosis. Intra- 
arterial infusion of floxuridine may cause Chemical hepatitis 
and biliary strictures simulating sclerosing cholangitis. Mithra- 
mycin is perhaps the most hepatotoxic drug used in chemo¬ 
therapy and is associated with acute parenchymal necrosis. 
Bevacizumab (Avastin) has been associated with hepatic veno- 
occlusive disease. 54 

On cross-sectional images, the findings are fairly nonspecific 
and identical to those seen in other liver injuries: hepatomegaly, 
cirrhosis, and fatty infiltration. Cross-sectional imaging, how- 
ever, is vital in excluding biliary obstruction or worsening liver 
metastases as the cause of the patient’s hepatic dysfunction. 
MRI and MR spectroscopy may be helpful in evaluating pa¬ 
renchymal injury. In vitro and laboratory MR experiments 
have shown that carbon tetrachloride produces water and so- 
dium retention, which can be detected by sodium 23 and 
proton imaging. Cellular damage is most prominent in the 
periportal regions, which may be seen as a high signal intensity 
on T2-weighted images and high sodium signal intensity on 
spectroscopy. 47 

AMIODARONE TOXICITY 

Hepatotoxicity caused by amiodarone is well documented and 
is usually manifested by mild asymptomatic elevation of serum 
transaminase levels. When more severe injury occurs, it can 
simulate alcoholic liver disease with steatosis, Mallory bodies, 
and cirrhosis. The length of treatment with amiodarone before 
recognition of hepatic damage can range from several weeks to 
several years. 56 

The sonographic findings in this disorder are nonspecific 
and related to steatosis or cirrhosis. The CT appearance 
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Figure 89-8. Amiodarone hepatotoxicity. Non-contrast-enhanced 
CT scan of a cardiac patient who had been taking amiodarone 
demonstrates a liver with an abnormally high attenuation compared 
with the spleen. Note how the hepatic biood vessels are highlighted 
by the dense parenchyma. The appearance is indistinguishable from 
that of hepatic iron overload. There is a right-sided pleural effusion. 


(Fig. 89-8), however, is distinctive. When this drug or its metab- 
olites, which contain iodine, accumulate in sufficient quantities 
in the liver, increased parenchymal attenuation simulating 
hemochromatosis can be identified. 

Radiation-lnduced Liver Disease 

CLINICAL FINDINGS 

Although the liver was once believed to be relatively radioresis- 
tant, hepatic morphologic and functional alterations have been 
observed after radiation therapy since the 1960s and are now 
established as a complication. 

The liver is usually not the intended target for radiation 
treatment; its exposure occurs when it is unavoidably 
included in the treatment portal for primary malignant neo- 
plasms of the breast, esophagus, stomach, pancreas, and 
lymphoma. Patients who receive greater than 30 Gy of total 
liver radiation are at risk of developing radiation-induced 
hepatitis. 563 Nearly 75% of patients receiving whole liver irra¬ 
diation have liver function test abnormalities. 1,2 The classic 
signs and symptoms of acute hepatic radiation injury are 
hepatomegaly and ascites. Such effects are not observed when 
the area of irradiated hepatic tissue is small. High doses of 
radiation to the liver during childhood can result in hepatic 
atrophy. In children, restricted development can occur in 
other structures included in the radiation held, such as the 
kidney or vertebral bodies. 

Radiation damage can also occur from local effects of tar- 
geted radiation therapy to the liver with yttrium 90. These 
microspheres are delivered angiographically to treat either a 
primary malignant neoplasm or metastatic disease to the liver 
and inflict a combination of local intense radiation and embolic 
devascularization. Although local radiation effects can occur, a 



Figure 89-9 Radiation-induced hepatic injury. Contrast-enhanced 
CT scan shows a sharply defined region ( arrows ) of hepatic 
hypoattenuation near the dorne of the liver. This patient had received 
external beam radiation therapy for lung carcinoma. 


major advantage of targeted radiation is that radiation-induced 
diffuse liver disease with hepatomegaly and ascites is extremely 
rare. 59 

PATHOLOGIC FINDINGS 

Radiation hepatitis is characterized by massive panlobular con- 
gestion, hyperemia, hemorrhage, and mild proliferative change 
in the sublobular central veins. Most of the acute findings are 
sequelae of biood flow stasis secondary to injury of these veins. 
Complete clinical recovery is typically seen within 60 days, but 
there may be irreversible hepatocyte loss, fat deposition, fibro- 
sis, or obliteration of the central veins. 1,2 

RADIOLOGIC FINDINGS 

With ultrasonography, geographic areas of radiation injury are 
hypoechoic relative to the remainder of the liver. This is likely 
the result of localized hepatic congestion or edema. These 
changes are more easily detected sonographically in patients 
with a background of hepatic steatosis resulting from chemo- 
therapy or other causes, which accentuates the hypoechoic areas 
of radiation injury. 28,31 

CT performed within several months of the radiation 
therapy shows a sharply defined band of low attenuation cor- 
responding to the treatment port (Fig. 89-9). This is due to 
edema or fatty infiltration of the involved area. If hepatic con¬ 
gestion is severe, it may appear heterogeneous and possibly 
simulate other processes, such as malignant neoplasms. In 
patients with a background of diffuse hepatic steatosis, the irra¬ 
diated hepatic area may appear as a region of relatively increased 
attenuation. This may be due to loss of fat accumulation in the 
irradiated hepatocytes or regional edema, with the water content 
demonstrating higher attenuation in comparison with the stea- 
totic parenchyma. During a period of weeks, the initially sharp 
horders of the irradiated zone become more irregular and indis- 
tinct as the peripheral areas of parenchyma begin to regenerate. 
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Eventually, the irradiated area may become atrophic, demon- 
strated by volume loss. Radiation effects from yttrium 90 
therapy can be manifested with hyperenhancement or hypoen- 
hancement of a portion of the liver and chronically result in 
atrophy, similar to external beam radiation. The difference is 
that the distribution of the changes occurs in a hepatic arterial 
territory distribution rather than along a sharply marginated 
line. Extensive fibrosis from any radiation source can also 
potentially cause portal hypertension. Biliary strictures and 
radiation-induced cholecystitis can rarely occur. 59 

Radiation hepatitis on MRI is manifested as geographic areas 
of low signal intensity on Tl-weighted images and high signal 
intensity on T2-weighted images secondary to increased water 
content as determined by proton spectroscopic imaging. 
Similar to CT, a distinctly sharp margin between the normal 
and abnormal liver parenchyma and appropriate clinical history 
are useful in making the specific diagnosis of postradiation 
changes. 

Hemosiderosis and Hemochromatosis 

The body normally contains 2 to 6 g of iron, 80% of which is 
functional iron in the form of hemoglobin, myoglobin, and 
iron-containing enzymes. The other 20% is in the storage form 
as either hemosiderin or ferritin and is normally stored within 
the reticuloendothelial system, which includes Kupffer cells 
within the liver and macrophages within the spleen and bone 
marrow. When it is present in excess amounts, iron is deposited 
into additional organs, where it can potentially cause dysfunc- 
tion. Increased iron deposition without parenchymal organ 
damage is called hemosiderosis and is usually seen with body 
iron stores between 10 and 20 g. 60 ' 64 

Hemochromatosis is an iron overload disorder that results 
in structural and functional impairment of the involved organs. 
In these cases, body iron accumulation may reach 50 to 60 g. 
Primary hemochromatosis is an inherited disorder character- 
ized by abnormally increased iron absorption by the mucosa 
of the duodenum and jejunum that leads to excessive delivery 
of iron into the portal venous system. Iron accumulates within 
the liver; once it is saturated, the iron spilis into the systemic 
circulation, where it binds to transferrin. Iron is then deposited 
preferentially into organs with a high transferrin receptor 
density, including the pancreas, heart, thyroid, gonads, pituitary 
giand, and skin, and generally spares the reticuloendothelial 
system. Secondary hemochromatosis develops in three groups 
of patients: those with high iron intake (e.g., prolonged con- 
sumption of medicinal iron, iron-laden wine, kaffir beer, 
multiple biood transfusions); anemic patients with ineffective 
erythropoiesis and multiple biood transfusions (e.g., thalas- 
semia major, sideroblastic anemia); and patients with liver 
disease in alcoholic cirrhosis and after portacaval shunts. 
Iron liberated from red biood cells as a result of multiple 
transfusions or hemolytic anemias is taken up primarily by 
phagocytes within the liver, spleen, bone marrow, and lymph 
nodes, and organ function is generally preserved (hemosid¬ 
erosis). 60 ' 64 Unlike in primary hemochromatosis, reticuloen¬ 
dothelial cell iron overload resulting from transfusions and 
rhabdomyolysis is usually of little clinical consequence; 
however, if it is prolonged or severe, such as in thalassemia 
or sickle cell disease, iron overload can cause a similar pattern 
of organ dysfunction and is then referred to as secondary 
hemochromatosis. 


CLINICAL FINDINGS 

The classic triad of hemochromatosis consists of micronodular 
pigment cirrhosis, diabetes mellitus, and hyperpigmentation. 
Patients with primary hemochromatosis usually present in the 
fourth or fifth decade of life because it takes many years to 
accumulate sufficient iron (20-40 g) to result in symptoms. 
There is a 10:1 male predominance in fully developed hemo¬ 
chromatosis. Women are protected from this disorder by the 
iron loss that occurs during normal menstruation, pregnancy, 
and lactation. 60 ' 64 

The liver is the first organ damaged in hemochromatosis, 
and hepatomegaly is present in 95% of symptomatic cases. 
Splenomegaly is present in nearly 50% of cases. Arthropathy of 
the small joints of the hånds develops in 25% to 50% of cases 
and may antedate other symptoms. Cardiac involvement is the 
presenting complaint in about 15% of cases and is most com- 
monly manifested as congestive heart failure in young adults. 
Loss of libido, loss of body hair, and testicular atrophy resulting 
from failure of gonadotropin production are also common. 
Increased melanin deposition in the basal layers of the epider- 
mis leads to hyperpigmentation, resulting in so-called bronze 
diabetes in these patients. 60 " 64 

The life expectancy of untreated patients with idiopathic 
hemochromatosis after the disease becomes clinically mani¬ 
fested is 4.4 years. The most common causes of death in 
these patients are cardiac failure (30%), hepatic coma (15%), 
hematemesis (14%), HCC (14%), and pneumonia (12%). 
Removal of iron by repeated phlebotomy and use of iron chela- 
tors increases the 5-year survival from 33% to 89%. The liver 
and spleen decrease in size, liver function test results return to 
normal, pigmentation decreases, glucose tolerance normalizes, 
and cardiac function improves with successful therapy. Once 
cirrhosis occurs, liver injury is irreversible, and about one third 
of patients develop HCC as a late sequela despite adequate 
therapy. The risk for development of HCC is increased more 
than 200-fold in patients with hereditary hemochromatosis. It 
is therefore important to diagnose this disorder early, in the 
pre-cirrhotic stage. Early diagnosis, however, is often diffi- 
cult because there may be considerable hepatic iron accumula¬ 
tion before the patient becomes symptomatic. CT and MRI may 
fortuitously detect iron overload, and these modalities are 
useful in confirming the diagnosis in patients with equivocal 
laboratory data. Classically, the serum iron level is greater than 
250 mg/dL (normal, 50-150 mg/dL), serum ferritin value is 
above 500 ng/dL (normal, below 150 ng/dL), and transferrin 
saturation approaches 100% (normal, 25%-30%) in patients 
with hemochromatosis. Transferrin saturation is the earliest 
and most sensitive indicator of increased iron stores. Virtually 
all patients older than 20 years have levels greater than 50%. 60 ' 64 
Serum ferritin levels, however, are nonspecific and influenced 
by the presence of inflammatory States, neoplastic disorders, 
and other hepatocellular diseases. Imaging or biopsy helps 
clarify the results of these sensitive but somewhat nonspecific 
tests. 60 " 64 

PATHOLOGIC FINDINGS 

The principal features of classic primary hemochromatosis are 
excessive intracellular ferritin and hemosiderin aggregates as 
the result of excessive intestinal absorption of iron. Iron first 
accumulates in periportal hepatocytes and then in the lobular 
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Figure 89-10 Iron overload: histologic findings. Prussian blue stain 
showing extensive iron deposition. 



Figure 89-11 Iron overload: gross pathologic findings. Autopsy 
specimens show iron deposition in the liver, pancreas, and a lymph 
node in a patient who died with hemochromatosis. Note the dark 
brown hue of these organs. 


hepatocytes, Kupffer cells, and biliary epithelium. When the 
liver becomes overwhelmed, iron enters the systemic circulation 
bound to transferrin and subsequently is deposited into organs 
with high transferrin-binding receptors including the pancreas, 
heart, joints, endocrine giands, and skin, in decreasing order of 
severity (Figs. 89-10 and 89-11). Free iron within cells causes 
formation of free radicals and results in cell damage leading to 
inflammation, cell death, and fibrosis. Because the liver contains 
up to one third of the total body store of iron, it is the organ 
most profoundly damaged in hemochromatosis. At gross 
pathologic examination, early in the disease, the liver is slightly 
larger than normal, dense, and chocolate brown due to ferritin 
with focal golden yellow granules of hemosiderin. Progressive 
deposition leads to slowly evolving liver damage and develop- 
ment of fibrous septa similar to those in alcoholic cirrhosis, 
ultimately producing micronodular cirrhosis. Late in disease, 
the liver size is only slightly diminished, and fat is usually absent. 
Liver biopsy can be used to pro vide an objective measurement 
of hepatic iron concentration (normal, 7 to 100 pg/100 mg). 
With primary hemochromatosis, the pancreas is intensely pig¬ 
mented and demonstrates diffuse interstitial fibrosis resulting 



Figure 89-12 Iron overload: CT findings. The attenuation of the 
liver is diffusely increased secondary to intraparenchymal iron 
deposition. 


in a deficiency of exocrine and, to a greater extent, endocrine 
function. Hemosiderin is found in both acinar and islet cells, 
and some correlation is reported between the degree of iron 
deposition in pancreatic islets and the severity of endocrine 
dysfunction. 60 ' 64 

RADIOLOGIC FINDINGS 

Plain Radiographs 

Rarely, diffuse, homogeneously increased density of the liver 
may be seen on plain abdominal radiographs in patients with 
hemochromatosis. Skeletal abnormalities include chondrocalci- 
nosis and degenerative arthritis in the second and third meta- 
carpal heads. Chondrocalcinosis occurs in two thirds of patients 
and is associated with cartilage narrowing. 

Ultrasound 

The sonographic appearance of hemochromatosis is nonspe- 
cific and related to fibrosis and cirrhosis. Parenchymal iron 
deposits are too small to be reflective, so ultrasound has no role 
in the early diagnosis of hepatic iron overload. 

Computed Tomography 

CT has had a significant impact on the noninvasive diagnosis 
of excess hepatic iron deposition, although it has a limited sen- 
sitivity (63%) and high specificity (96%). 65 The normal density 
of the liver is between 45 and 65 HU on noncontrast scans 
obtained at 120 kVp. On CT, in patients with hemochromatosis, 
the liver demonstrates homogeneously increased density with 
an attenuation of greater than 72 HU (Fig. 89-12). The increased 
attenuation highlights the lower attenuation hepatic and portal 
veins on unenhanced CT. As discussed elsewhere in this chapter, 
a similar, diffuse pattern of increased attenuation can be seen 
in patients treated with amiodarone and in patients with glyco- 
gen storage disease that can be indistinguishable from iron 
overload with CT. Other causes of high parenchymal attenua¬ 
tion that are usually inhomogeneous or focal include calcifica- 
tion resulting from shock liver, exposure to Thorotrast, prior 
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intravasation of enteric barium, gold therapy administration 
for treatment of rheumatoid arthritis, and, rarely, Wilsons 
disease and chronic arsenic poisoning. Clinical history and the 
lack of homogeneity in these entities are useful in differentiat- 
ing these from iron accumulation. 66 High density may also been 
seen on noncontrast CT in siderotic nodules of cirrhosis. 

Measurement of the liver attenuation with CT is confounded 
by the presence of other diffuse liver processes, particularly 
hepatic steatosis. The fat decreases the attenuation value, which 
masks the increase in density seen from iron accumulation. The 
use of dual-energy CT has been proposed as a method with 
accuracy similar to that of MRI for the detection of iron in the 
setting of hepatic steatosis. 67 

For accurate assessment for malignant disease in patients 
with iron accumulation, it is particularly important to obtain a 
noncontrast sequence. The high attenuation of the background 
liver parenchyma can decrease the conspicuity of contrast- 
enhancing masses, and the noncontrast images may best dem- 
onstrate the attenuation difference between a hypoattenuating 
mass and high-attenuation background parenchyma. Nonspe- 
cific changes of cirrhosis and portal hypertension with end- 
stage hemochromatosis can also be readily depicted with CT. 

Magnetic Resonance Imaging 

MRI is the most sensitive and specific imaging test for the dem¬ 
onstration of hepatic iron overload and for follow-up of patients 
undergoing treatment (Figs. 89-13 and 89-14). In primary 
hemochromatosis, MRI shows dramatic reduction in the signal 
intensity of the liver (90%). This signal loss is due to the large 
paramagnetic susceptibility of ferritin and hemosiderin-iron- 
oxyhydroxide crystals, which contain ferric ions (Fe 3+ ), that 
profoundly shortens both the TI and T2 relaxation times of the 
adj acent protons within the liver. This paramagnetic effect is 
more conspicuous on T2-weighted images and is most pro- 
found on T2*-weighted images, both clinically used to assess 
for iron. When iron concentrations within the liver are elevated, 
the T2-shortening effect predominates, accounting for the 
diminished hepatic signal intensity. Iron overload can some- 
times be recognized in the heart and pancreas by diminished 
signal intensity, as seen in the liver. 25 " 27,42 In reticuloendothelial 
overload, decreased signal intensity is seen on T2 within the 
spleen and bone marrow. In hemolytic anemias, the renal cortex 
also occasionally has decreased T2-weighted signal intensity. 
The paramagnetic effect increases as the echo time increases. 


On TI in-phase and opposed-phase gradient-echo sequences, 
signal loss is greater on the TI in-phase imaging because of its 
longer echo time in comparison with the opposed-phase 
imaging. This is opposite to the pattern of signal loss seen in 
the presence of microscopic fat, when signal loss occurs on the 
opposed-phase sequence. Focal iron deposition may also be 
demonstrated by MRI, such as in siderotic nodules seen in 
cirrhosis. 

The normal hepatic parenchyma has a slightly increased T2- 
and T2*-weighted MR signal intensity compared with that of 
the kidney and paraspinous musculature, which can be used for 
comparison both qualitatively and quantitatively. MRI can be 
helpful to distinguish the parenchymal overload that occurs in 
primary hemochromatosis from reticuloendothelial cell iron 
overload (see Figs. 89-13 and 89-14). Whereas abnormally 
decreased T2 signal intensity is seen in both, in primary hemo¬ 
chromatosis, decreased signal intensity is observed within the 
pancreas and heart; in reticuloendothelial cell iron overload, 
decreased signal intensity of the spleen, bone marrow, and occa¬ 
sionally lymph nodes is observed with normal signal intensity 
of the other organs. 47 " 49,68 

MRI can also be used to diagnose and to monitor treatment 
of patients with parenchymal iron overload. Quantitative 
assessment can be performed with two techniques, signal inten¬ 
sity ratio and relaxometry. The signal intensity ratio method 
uses T2- and T2*-weighted imaging at multiple different echo 
times or flip angles and measures the signal intensity of the liver 
and of a reference tissue that will not accumulate iron, usually 
the paraspinous muscle. 69 The mean signal intensity of the liver 
is divided by the mean signal intensity of the reference tissue. 
For estimated concentration of more than 85 pmol/g, the posi¬ 
tive predictive value for hemochromatosis is 100%; for less 
than 40 pmol/g, the negative predictive value for hemochroma¬ 
tosis is 100%. 68 Complete signal loss at concentrations above 
300 pmol/g precludes accurate measurements with iron over¬ 
load above these levels. Other limitations of this technique 
include the need for breath holding and inhomogeneity of 
signal intensity resulting from the presence of fat or minor 
variations in the location of selected regions of interest between 
sequences. In the relaxometry method, the signal intensity of 
the liver is measured as a function of increasing echo time, 
which is used to calculate a signal decay constant. Iron concen¬ 
tration is inversely proportional to these values. 70 Technical 
factors include calibration for the held strength and choosing a 



Figure 89-13 Hemosiderosis: MR findings. A. Axial Tl-weighted image shows marked decrease in signal intensity of the liver and spleen due 
to iron deposition into the Kupffer cells of the liver and the reticuloendothelial cells of the spleen. B. Axial Tl-weighted image of the pelvis in 
the same patient shows markedly decreased signal intensity within the pelvic bones due to the deposition of iron into bone marrow 
reticuloendothelial cells. 
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Figure 89-14 Hemochromatosis: MR findings. Two different patients with hemochromatosis. A. MR scan shows a cirrhotic, markedly 
hypointense liver surrounded by ascites. The spleen is spared because it is composed primarily of reticuloendothelial cells, which do not 
accumulate iron in hemochromatosis, an important differentiating feature from hemosiderosis. B. Scan obtained caudal to A shows low signal 
intensity of the pancreas; the acinar cells do accumulate iron. In a different patient, Tl-weighted (C) gradient-echo (D) images of the upper 
abdomen show marked hypointensity of the liver and spleen due to the deposition of iron in the hepatocytes of the liver and the acinar cells of 
the pancreas. Notice the low signal intensity Gamna-Gandy bodies in the spleen, secondary to hemosiderin deposition, a finding seen in portal 
hypertension with microhemorrhages into the splenic parenchyma. 


clinical range of echo time values. The choice of parameters 
used for measurement and the pulse sequence design also affect 
the calculated result. For both methods, normal variability 
within tissues, concurrent processes such as steatosis and fibro- 
sis, choice of voxel size and location, technical factors related to 
MRI hardware and technique, and mathematical models used 
for data calculation all potentially limit the accuracy of iron 
quantification. 71 ' 75 

Glycogen Storage Disease 

CLINICAL AND PATHOLOGIC FINDINGS 

The liver has a major role in the synthesis and storage of glyco¬ 
gen as well as its ultimate catabolism into glucose. Among 
inherited disorders of glycogen metabolism, types la, Ib, II, III, 
IV, VI, and IX affect the liver and are manifested with hepato- 
megaly. 76 Type la (von Gierke’s disease) is the most common 
subtype to affect the liver. It is due to a deficiency of glucose-6- 
phosphatase in the liver and kidneys, which results in excessive 
glycogen deposition in the hepatocytes and proximal renal 
tubules. On pathologic examination, intracytoplasmic accumu- 
lations of glycogen and small amounts of lipid are found. 
Patients clinically demonstrate failure to thrive, hypoglycemia, 
hyperlipidemia, hyperuricemia, stunted growth, hepatomegaly, 
and nephromegaly. Hepatic adenomas are much more common 
than in the normal population, and the presence of more than 
10 hepatic adenomas, known as adenomatosis, is seen in up 
to 60% of patients with type la glycogen storage disease. 


Adenomas are also seen in glycogen storage disease types Ib and 
III. Increase in the size and number of adenomas increases the 
risk for associated hemorrhage. Much less commonly, HCCs 
can occur from malignant degeneration of an adenoma. Both 
processes are thought to result from hepatic exposure to chronic 
hormonal stimulation resulting from the chronic hypoglyce¬ 
mia. Types III and IV glycogen storage disease can progress to 
cirrhosis. Imaging surveillance of these patients is useful to 
evaluate for complications of the disease, including hemorrhage 
and malignant transformation. 

RADIOLOGIC FINDINGS 

Ultrasound 

On sonographic evaluation, the liver is enlarged with increased 
echogenicity and beam attenuation, presumably from fatty 
infiltration and possibly contributed to by the excess glycogen 
deposition. Adenomas are common and can appear well cir- 
cumscribed and may be hypoechoic, isoechoic, or hyperechoic 
in relation to the remainder of the liver. Increased sound trans¬ 
mission with refractile shadowing at the tumor margins is com¬ 
monly seen. These findings are related to the paucity of fat and 
glycogen in the adenomas compared with the rest of the involved 
liver. These sonographic features are unique to adenomas in 
patients with glycogen storage disease, whereas adenomas from 
other causes tend to contain more fat in comparison to the 
background liver parenchyma. Change in the sonographic 
appearance of adenomas over time may reflect malignant 
degeneration or hemorrhagic necrosis. 28,30 HCC can occur, and 
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any new or significantly changing mass should be further evalu- 
ated with contrast-enhanced CT or MRI. 

Computed Tomography 

The CT density of the liver in glycogen storage disease is 
altered by two processes with conflicting imaging effects: 
hepatic attenuation is increased by glycogen storage and 
decreased by fatty infiltration (Fig. 89-15A, B). Which appear- 
ance predominates within the liver depends, therefore, on the 
predominant underlying pathologic process. In addition to 
the liver, the spleen and kidneys are typically enlarged and 
the renal cortex may appear dense secondary to glycogen 
deposition. On noncontrast CT, hepatic adenomas are 
hypodense compared with normal liver and spuriously hyper- 
dense if there is concomitant fatty infiltration. Unenhanced 
CT may also demonstrate hemorrhage within an adenoma. 
Adenomas are also usually well circumscribed and rarely have 
calcification. After the administration of contrast material, 
adenomas usually are hypervascular to the liver parenchyma 
on arterial phase imaging and nearly isoattenuating during 
the portal venous phase. Adenomas should remain stable in 
size or show slow growth on follow-up examination. Although 
distinction of adenomas from HCCs may be challenging on 
the basis of imaging morphology alone, malignant degenera¬ 
tion should be suspected if there is rapid growth or density 
change with a focal mass. Clinical assessment with surveillance 
of a-fe topro tein can also be used to detect development of 
malignancy and should not be elevated with the presence of 
adenomas alone. 77 

Magnetic Resonance Imaging 

On MRI, the appearance of adenomas varies but in general is 
heterogeneously hyperintense on TI - and T2-weighted imaging. 


Focal areas of hypointensity may represent old hemorrhage or 
calcification. The presence of microscopic fat demonstrates 
focal signal intensity loss on the TI opposed-phase sequence in 
comparison with the in-phase sequence 7 " (Fig. 89-15C). 
Enhancement on hepatobiliary phase imaging with liver-specific 
gadolinium agents is not expected, which, however, does not 
help differentiate an adenoma from a dysplastic or malignant 
mass. 78 

Amyloidosis 

CLINICAL AND PATHOLOGIC FINDINGS 

Amyloidosis is a systemic process whereby insoluble protein 
aggregates accumulate in various organs throughout the body. 
Several categories of amyloidosis exist, all of which can affect 
the liver. Primary amyloidosis results from overproduction 
by the bone marrow, such as in multiple myeloma. Second¬ 
ary amyloidosis is due to chronic inflammatory disease. A 
rare familial form of amyloidosis also exists. Hepatic infiltra¬ 
tion and enlargement are frequently found in patients with 
systemic amyloidosis, but significant liver disease is rare. 
Amyloid within the liver is deposited within spaces of Disse 
and then progressively encroaches on adjacent hepatic paren- 
chymal cells and sinusoids. Cellular replacement of large areas 
of liver parenchyma may occur, giving the liver at gross 
pathologic examination a pale, waxy gray, firm appearance. 
Hepatic function is usually preserved despite marked amyloid 
infiltration. When amyloidosis is severe, it may be clinically 
symptomatic, manifested with right upper quadrant pain 
caused by stretching of Glissons capsule, pruritus, ascites, 
malaise, weight loss, intrahepatic cholestasis, or portal 
hypertension. 79 ' 82 




Figure 89-15 von Gierke # s disease: imaging 
findings. A. Unenhanced CT scan of the liver 
shows diffuse increase in the density of the liver 
due to glycogen deposition. Three fat-containing 
adenomas ( arrows ) are present. B. Contrast- 
enhanced scan shows that these adenomas 
( arrows ) are hypervascular. C. Axial Tl-weighted 
MR scan shows high signal intensity fat within the 
adenoma in the left lobe ( arrow ). 
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RADIOLOGIC FINDINGS 

Radiologic findings of amyloidosis are mostly nonspecific. On 
sonographic evaluation, the liver is enlarged and inhomoge- 
neous in echotexture. 1 On CT, findings also include hepato- 
megaly, and areas of low attenuation can occasionally be seen 
in focal areas of amyloid deposition. Calcification, also nonspe¬ 
cific, can also be present. Delayed contrast enhancement may 
be seen in the involved areas because of vascular and sinusoidal 
infiltration. A specific pattern of hepatomegaly with focal tri- 
angular enlargement near the falciform ligament and pointed 
surface anteriorly has been suggested. 85 Concomitant abnor- 
malities seen in the spleen, including enlargement, decreased 
attenuation, and possible calcification, are helpful in differenti- 
ating amyloid deposition from hepatic neoplasm and fatty infil¬ 
tration but are not often present. 

On MRI, patients with primary amyloidosis demonstrate 
decreased T2 signal intensity within the spleen and adrenal 
giands and increased T2 signal intensity of the pancreas in 
comparison with normal individuals. Signal intensity within 
the liver may appear normal or increased on TI (etiology 
unknown); however, T2 intensity is not significantly changed 
within the liver. 84,85 Suggestion of delayed or absent contrast 
enhancement with liver-specific contrast agents has been sug¬ 
gested as a way to identify focal areas of amyloid deposition. 86 

Wilson's Disease 

CLINICAL AND PATHOLOGIC FINDINGS 

Wilson’s disease, also called hepatolenticular degeneration, is an 
autosomal recessive inherited disorder of copper metabolism. 
Copper is balanced within the body by regulation of its excre- 
tion and is protein bound within the serum. In Wilson’s disease, 
there is a copper-transporting enzyme mutation that is mani¬ 
fested with decreased biliary excretion of copper, excessive 
absorption of copper from the gastrointestinal tract, abnormal 
urinary excretion of copper, and decreased levels of ceruloplas- 
min, the serum protein to which 95% of body copper is bound. 
Copper accumulates in hepatocytes until all the binding sites 
are used, at which point unbound copper causes oxidative 
damage. Accumulation then occurs in other organs, including 
the basal ganglia, renal tubules, cornea, bones, joints, and para- 
thyroid giands. 87 ' 89 

Clinical presentation can vary secondary to different muta¬ 
tions and degree of dysfunction of the copper-transporting 
adenosine triphosphatase; onset of the disease occurs as early 
as 5 years to as late as 40 years of age. Liver disease with a com- 
pletely nonfunctioning enzyme most often is manifested in 
childhood or early adolescence with signs and symptoms 
including fatigue, hepatosplenomegaly, variceal bleeding, 
ascites, and encephalopathy. Hemolytic anemia can occur by a 
mechanism thought to be due to hemoglobin damage second¬ 
ary to serum copper accumulation. This can result in acute 
fulminant hepatic failure. 

The onset of neurologic symptoms usually occurs later, in 
early adulthood after cirrhosis is present. If hepatic changes 
remain subclinical, the patient may present with an asymmetric 
tremor, ataxia, speech disturbance, personality changes, and 
Parkinson-like symptoms including decreased movement and 
facial expression. 90 Kayser-Fleischer rings are green to brown 
copper deposits in the cornea, and their presence is a helpful 


diagnostic Ånding in 98% of untreated patients. A slit-lamp 
examination is warranted in any patient with this suspected 
diagnosis of Wilson’s disease. 8 

Laboratory diagnostic tests can be helpful in differentiating 
Wilson’s disease from other hepatic diseases. Low serum ceru- 
loplasmin concentration (<50 mg/100 mL) is present in 95% of 
cases and highly suggestive of Wilson’s disease. Urinary copper 
(>100 pg/day) is elevated and can be useful in diagnosis and 
treatment monitoring. Liver aspartate transaminase, although 
nonspecific, is also elevated early in the disease. Genetic testing 
in patients with a family history can be performed. 

On pathologic examination, electron microscopy of liver 
biopsy specimens shows fat droplets, nuclear glycogen deposits, 
and cellular necrosis. Inflammatory cells accumulate, and even- 
tually fibrosis, loss of hepatic architecture, and cirrhotic changes 
are seen. Hepatic copper content is high (>250 pg/g dry weight; 
normal is <55 pg/g), 91 which is concentrated in the sinusoidal 
and periportal distribution. Copper initially accumulates in 
the cytoplasm, followed by lysosomes. Morphologic abnormali- 
ties of the mitochondria are also seen. Marked elevation of 
hepatic copper can also be seen in the setting of chronic cho- 
lestasis but can usually be differentiated from Wilson’s disease 
with clinical information and biliary obstruction seen with 

• • 92 93 

imaging. 

The difficulty in the early recognition of this disease is its 
infrequency and subtlety of its early manifestations. Early diag¬ 
nosis is crucial to the prognosis; effective treatment is available 
with copper chelators, such as penicillamine, to prevent toxic 
copper deposition. Dietary intake of copper should also be 
limited. According to the American Association for the Study 
of Liver Diseases, the diagnosis of Wilson’s disease should be 
considered in patients aged 3 to 55 years with liver disease of 
uncertain etiology, in acute hepatic failure, and in NAFLD. 94 
Treatment of asymptomatic patients prevents manifestations of 
the disease; however, treated symptomatic patients also often 
improve, sometimes dramatically. 93 Acute hepatic failure, end- 
stage cirrhosis, and failure of chelation therapy are indications 
for liver transplantation, which is curative. 

RADIOLOGIC FINDINGS 

Imaging findings of Wilson’s disease are predominantly non¬ 
specific, although more specific features have been suggested. 
The natural history of Wilson’s disease is similar to that of other 
diffuse liver diseases and includes fatty infiltration, acute hepa¬ 
titis, chronic active hepatitis, cirrhosis, and sequelae of portal 
hypertension. 

Ultrasound, CT, and MRI can show heterogeneous hepatic 
parenchyma, contour irregularity, and macronodularity (nod- 
ules >3 mm). Ultrasound can demonstrate these macronodules, 
which are predominantly hypoechoic. A publication evaluating 
28 patients suggests that unique imaging features of Wilson’s 
disease, which include a normal caudate lobe-to-right hepatic 
lobe ratio (normal, <0.6) 95 and a perihepatic layer of fat, can be 
demonstrated with all three modalities. 96 HCC can occur but is 
reported almost exclusively in patients who have developed 
cirrhosis. 97 

Copper has a high atomic number and can increase hepatic 
attenuation on CT. This can be seen diffusely or focally within 
hepatic nodules. This finding is not often seen, however, prob- 
ably secondary to coexistent hepatic steatosis, lowering the 
overall hepatic density and diminishing this effect. 
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Copper also has a paramagnetic effect and shortens TI relax- 
ation time, which would be expected to result in TI hyperin- 
tensity. Copper, however, has low magnetic susceptibility 98 and 
does not significantly alter the local magnetic held in compari- 
son to other metals, such as iron and titanium. MRI signal is 
therefore not visibly altered in the presence of copper and 
cannot be used to differentiate Wilson’s disease from other 
diffuse liver diseases. Regenerative nodules are often present 
and as in other forms of cirrhosis can contain iron, resulting in 
T1/T2 hypointensity, also nonspecific. 95 

Phosphorus 31 MR spectroscopy is a technique that can be 
used to assess the severity of hepatic injury and provide a non- 
invasive baseline to assess treatment response as an alternative 
to percutaneous biopsy (Fig. 89-16). This technique may have 
limited availability and practicality." 

Bone changes occur in up to 85% of patients and may be 
incidentally seen with liver imaging. These include osteomala- 
cia, chondrocalcinosis, premature degenerative joint disease 
with fragmentation, cystic changes and sclerosis of subchondral 
bone, and anterior compression of the dorsal vertebral bodies. 87 
In addition, copper accumulation in the brain results in possible 
cortical atrophy and mixed abnormal signal intensity within the 
thalami and basal ganglion. 

Gaucher's Disease 

CLINICAL AND PATHOLOGIC FINDINGS 

Gaucher’s disease is an autosomal recessive inherited disease 
and is the most common lysosomal storage disease caused by 
deficiency of the enzyme glucosylceramidase. Type I Gaucher’s 
disease is the subtype that can involve the liver and has an inci- 
dence of 1 in 2500 births, most commonly among the Ashkenazi 
Jewish ethnic population. Accumulation of the enzyme’s sub- 
strate, glucosylceramide, occurs within the reticuloendothelial 
system and, when there is hepatic involvement, within Kupffer 
cells. Symptoms are manifested in either childhood or early 
adulthood and include bone pain and fractures from bone 
marrow involvement and hepatosplenomegaly. The degree of 
liver involvement correlates with the severity of extrahepatic 
disease. Rarely there can be extensive replacement of the liver 
by Gaucher cells (lipid-laden Kupffer cells), and cirrhosis and 
portal hypertension can develop. 100,101 

RADIOLOGIC FINDINGS 

All imaging modalities may show hepatosplenomegaly and 
occasionally multiple hepatic calcifications. Bone changes are 
common and include modeling deformities of the lower femoral 
shafts (“Erlenmeyer flask” appearance), pathologic fractures, 
and vertebral body collapse. 

In a study of 500 symptomatic patients with Gaucher’s 
disease, 7.8% had hepatic abnormalities seen on ultrasound. 
Findings included hepatomegaly, fatty infiltration, heteroge- 
neous echotexture, and focal hypoechoic or hyperechoic lesions. 
These focal lesions are most often the accumulation of Gaucher 
cells and are small and slow growing. More rapid changes 
should prompt evaluation for malignant disease. 102 CT and MRI 
show similar findings, which are nonspecific; however, the pres¬ 
ence or absence of liver abnormalities in patients with known 
Gaucher’s disease may help triage patients who could benefit 
from enzyme replacement therapy. 
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Figure 89-16 Wilson # s disease: imaging findings. A. A 9-year-old 
giri with Wilson's disease. T2-weighted axial MR image (TR/TE, 
1800/90) of the liver shows numerous tiny hypointense nodules at 
presentation before medical treatment. Note hyperintense ascitic fluid 
(arrow) around edge of liver. B. Graph shows representative serial 
phosphorus 31 MR liver spectra before and after 3 and 7 months of 
medical treatment. Elevation in phosphomonoester (PME) resonance 
(long blue arrow) is concurrent with reduction in phosphodiester 
(PDE) resonance ( short blue arrow) at presentation, followed by 
gradual reversal change in subsequent 3- and 7-month spectra. NTP, 
Nucleotide triphosphate; PI, inorganic phosphate; PCr, 
phosphocreatine. (From Chu WCW, Leung TF, Chan KF, et al: 

Wilson's disease with chronic active hepatitis: Monitoring by in vivo 
31 -phosphorus MR spectroscopy before and after medical treatment. 
AJR Am J Roentgenol 183:1339-1342, 2004. Reprinted with 
permission from the American Journal of Roentgenology.) 

Sarcoidosis 

CLINICAL AND PATHOLOGIC FINDINGS 

Sarcoidosis is a systemic granulomatous disorder that com¬ 
monly affects the liver; reported series show 24% to 79% of 
patients with hepatic involvement. 60 ' 65 As in the lungs and other 
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organs, hepatic granulomas can form. These are most often 
clinically unapparent, although a surrounding fibrotic and pos- 
sibly immune-mediated process can occur and rarely can lead 
to chronic inflammation, chronic hepatitis, and cirrhosis. Three 
patterns of disease presentation are cholestatic liver disease with 
jaundice, Budd-Chiari syndrome, and cirrhosis and portal 
hypertension. Biopsy of the liver will reveal diffuse, small, non- 
caseating granulomas, usually less than 2 mm in size. The dif- 
ferential diagnosis for this finding on histopathologic evaluation 
also includes primary biliary cirrhosis. A mitochondrial anti- 
body test can be used to differentiate these two entities; the 
result is negative in sarcoidosis and usually positive in primary 
biliary cirrhosis. 103 ' 108 

RADIOLOGIC FINDINGS 

The most prevalent CT finding (Fig. 89-17) of sarcoidosis in 
the liver is hepatomegaly, and hypoattenuating nodules varying 
in size up to 2 cm will occasionally be seen on both non- 
contrast and contrast-enhanced images. Because most granu¬ 
lomas at pathologic examination are small, imaging studies 
depict nodular changes in only approximately one third of 
affected patients. At ultrasound examination, larger granulomas 
can be seen as hypoechoic nodules; at MRI, when nodules 
are visualized, they appear hypointense on both Tl-weighted 
and T2-weighted sequences (Fig. 89-18) compared with adja- 
cent liver parenchyma. Associated upper abdominal lymph- 
adenopathy, as elsewhere in the body, is often present. The 


presence of hepatic nodules at imaging does not correlate 
with severity of pulmonary disease. 103 ' 108 Also unlike in pul- 
monary disease, resolution of imaging findings within the 
liver after treatment does correlate with a positive treatment 
response. 




Figure 89-17 Sarcoidosis: CT findings. Contrast-enhanced CT scan 
shows hepatomegaly with innumerable small hypodense nodules. 
Portal adenopathy is also present ( arrows ). (From Warshauer DM, Lee 
JKT: Imaging manifestations of abdominal sarcoidosis. AJR Am J 
Roentgenol 182:15-28, 2004. Reprinted with permission from the 
American Journal of Roentgenology.) 



Figure 89-18 Sarcoidosis: MR findings. A. Unenhanced gradient-echo Tl-weighted MR image of the upper abdomen demonstrates irregularly 
shaped, low signal intensity nodules peripherally in the liver ( arrows ) and widening of the periportal tract ( arrowheads ). B. On a T2-weighted MR 
image of the upper abdomen, the peripheral liver nodules demonstrate increased signal intensity. Multiple hypointense nodules in the spleen 
create a heterogeneous appearance. The area of focal hyperintensity ( arrowheads ) represents gastric mucosal involvement. C. Ferumoxides- 
enhanced gradient-echo T2*-weighted MR image shows multiple hyperintense nodules scattered throughout the periphery of the liver ( arrows ) 
and a hyperintense, widened periportal tract. (From Koyama T, Ueda H, Togashi K, et al: Radiologic manifestations of sarcoidosis in various 
organs. RadioGraphics 24:87-104, 2004.) 
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Biliary Hamartomas 

CLINICAL AND PATHOLOGIC FINDINGS 

Biliary hamartomas, also known as von Meyenburg complexes, 
are benign malformations of the biliary tract characterized by 
irregular bile duets, surrounded by fibrous stroma. These mal¬ 
formations are incidental Åndings at pathologic examination 
(in approximately 2.6% of the population) or imaging and 
almost always produce no clinical symptoms. 109121 There are 
also reported associations with both polycystic liver and poly- 
cystic kidney disease. Gross pathologic specimens show small 
gray-white nodules. Malignant transformation is exceedingly 
rare, with only a few cases reported. 

RADIOLOGIC FINDINGS 

Biliary hamartomas are near fluid density on all modalities with 
some variability and appear as multiple small cysts measuring 
0.5 to 1.5 cm without a capsule. Their small size helps differen- 
tiate them from simple hepatic cysts. There is no communica- 
tion with the biliary tree, which can be nicely demonstrated 
with magnetic resonance cholangiopancreatography (MRCP). 
The larger lesions may be detected at imaging as multiple focal 
lesions, often simulating a multifocal or diffuse process. On 
sonographic evaluation, these lesions appear small, hypoechoic, 
heterogeneous, and well circumscribed. CT may show numer- 
ous small, hypoattenuating lesions on unenhanced scans that 
persist and may be more conspicuous as hypoattenuating 
lesions on posteontrast imaging. MRI (Fig. 89-19) reveals small 
nodules as hypointense on Tl-weighted and hyperintense on 
T2-weighted images compared with normal parenchyma. Con- 
trast enhancement is usually not present on CT or MRI, with 
the exception of some reported cases demonstrating thin 
peripheral enhancement. 109121 

Primary Biliary Cirrhosis 

Primary biliary cirrhosis is a chronic, usually progressive liver 
disease characterized by inflammation and destruction of 


interlobular and septal bile duets, leading to chronic cholestasis, 
cirrhosis, and ultimately hepatic failure (Fig. 89-20). This is a 
relentless process in which the initial destructive cholangitis is 
followed by proliferation of atypical bile ductules, scarring, and 
septum formation. The etiology of this disorder is unknown, 
and autoimmune, genetic, and endocrine abnormalities have 
been postulated. 122 ' 127 

CLINICAL AND PATHOLOGIC FINDINGS 

Patients afflicted with primary biliary cirrhosis are more than 
90% female and between the ages of 30 and 65 years. Pruritus 
and fatigue are often the first clinical symptoms, followed by 
jaundice months to years later. Physical Åndings include hepa- 
tomegaly (50%), hyperpigmentation (50%), and xanthomas 



Figure 89-19 Multiple bile duet hamartomas. Magnetic resonance 
cholangiopancreatography image demonstrates multiple high signal 
intensity bile duet hamartomas. Arrowheads, Pancreatic duet. 



Figure 89-20 Primary biliary cirrhosis: pathologic findings. A. Immunofluorescent stain shows antimitochondrial antibodies, typical of this 
disease. B. Photomicrograph of liver tissue from a 41-year-old woman with primary biliary cirrhosis with MR periportal halo sign. Stellate areas of 
hepatocellular parenchymal extinetion ( arrows ) around portal triads can be seen. Larger and more variably sized regenerative nodules encircle 
fibrotic portal triads. (From Wenzel JS, Donohue A, Ford KL, et al: Primary biliary cirrhosis: MR imaging findings and description of MR imaging 
periportal halo sign. AJR Am J Roentgenol 176:885-889, 2001. Reprinted with permission from the American Journal of Roentgenology.) 
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(25%). 1221 Other commonly associated autoimmune disor- 
ders are Hashimoto’s thyroiditis, scleroderma, lupus, the sicca 
complex, celiac disease, and even other hepatic disorders, 
including autoimmune hepatitis and primary sclerosing 
cholangitis. 1221 Other organ systems are affected late in the 
disease; findings of osteomalacia with pathologic fractures, 
muscle wasting, palmar erythema, and dubbing are observed. 

The first abnormality detected at routine checkup in an 
asymptomatic individual may be increased serum alkaline 
phosphatase and elevated cholesterol concentration. Bilirubin 
and transaminase levels may be normal or slightly elevated. 
Diagnosis of primary biliary cirrhosis is serologic and based on 
detection of high titers of antimitochondrial antibody and 
cryoproteins composed of immunoglobulins M and G (90%- 
95%), which are pathognomonic. The presence of antinuclear 
antibody (30%-50%), anti-smooth muscle antibody (30%- 
90%), rheumatoid factor (25%-60%), and antithyroid antibody 
(15%-26%) can also be seen. 122 " 127 As the disease evolves, con- 
jugated bilirubin becomes progressively elevated and may reach 
30 mg/dL. 122127 

Untreated, patient survival ranges between 7.5 and 16 
years. 128 Treatment consists of anti-inflammatory agents; immu- 
nosuppressants, such as steroids, methotrexate, cyclosporine, 
and azathioprine; and D-penicillamine, which lowers the hepatic 
copper concentration and reduces circulating immune com- 
plexes and autoantibodies. Cholestyramine and rifampicin are 
given to treat the pruritus. ! Liver transplantation is defini¬ 
tive treatment in patients with advanced disease. Primary biliary 
cirrhosis is the third most common indication for hepatic trans¬ 
plantation in adults, following viral and alcohol-induced cir¬ 
rhosis. Primary biliary cirrhosis can recur after transplantation 
within 30% within 10 years and usually with a milder course. 128 

Liver biopsy is often unnecessary but can be performed when 
the diagnosis is equivocal. Four pathologic stages of primary 
biliary cirrhosis based on location of inflammatory and fibrotic 
changes are described. Stage 1 disease is associated with portal 


inflammation; in stage 2, inflammation extends periportally, 
and there is bile duet proliferation; in stage 3, there is fibrosis, 
which extends into the septal region; and in stage 4, disease 
cirrhosis is present. All four stages may occur simultaneously, 
and the distribution may be nonuniform. 128 

RADIOLOGIC FINDINGS 

Endoscopic retrograde cholangiopancreatography (ERCP) is 
the primary radiographic technique for imaging evaluation of 
primary biliary cirrhosis, and cross-sectional imaging should 
be used to exelude extrahepatic causes of biliary obstruction 
and biliary cirrhosis. On ERCP, there is pruning of the periph- 
eral bile duets, which results in a “tree in winter” appearance. 
The cross-sectional imaging findings in primary biliary cir¬ 
rhosis are discussed in detail in Chapter 80. Briefly, early in 
the course of the disease, the liver is enlarged and remains 
smooth in contour. Regenerative nodules later develop with 
hepatic atrophy, distortion, and progression to cirrhosis. Gall- 
stones and lymphadenopathy are also frequently present. On 
ultrasound, the liver is heterogeneous and hyperechoic as in 
other forms of cirrhosis. Nodules are hyperdense on CT, isoin- 
tense on Tl-weighted MRI, and hypointense on T2-weighted 
MRI. Lacelike fibrosis surrounds the nodules and is TI hypoin¬ 
tense, T2 hyperintense. A reportedly specific finding (present 
within 43%) for primary biliary cirrhosis is the MRI “periportal 
halo” sign, multiple TI- and T2-weighted regions of low signal 
intensity measuring 5 to 10 mm surrounding small portal vein 
branches without mass effeet in both lobes. This finding is 
thought to be a result of fibrosis or focal cellular depletion 129 
(Fig. 89-21). 

Secondary Biliary Cirrhosis 

Secondary biliary cirrhosis results from long-standing 
partial or complete obstruction of the common bile duet 



Figure 89-21 Primary biliary cirrhosis: MR findings. A. Tl-weighted, unenhanced MR image shows numerous small regenerative nodules. 

B. TI -weighted MR image obtained 3 minutes after infusion shows conspicuous areas of low signal intensity around portal veins. C. T2-weighted 
single-shot fast spin-echo MR image reveals round areas of low signal intensity encircling portal veins. 
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Figure 89-22 Secondary biliary cirrhosis due to primary sclerosing cholangitis: pathologic findings. A. Trichrome histologic stain shows 
fibrosis surrounding the bile duets. B. End-stage macronodular cirrhosis is seen in this specimen. Note the greenish hue of the liver. 


or its major branches. Causes include postoperative stric- 
tures or choledocholithiasis often with superimposed infec- 
tious cholangitis, chronic panereatitis, primary sclerosing 
cholangitis, pericholangitis of uleerative colitis, and cystic 
fibrosis. Congenital atresia of the intrahepatic or extrahe- 
patic bile duets induces rapidly advancing periportal fibro¬ 
sis in infants. 

Primary sclerosing cholangitis is an idiopathic disease of 
chronic cholestasis of the extrahepatic and large intrahepatic 
bile duets (discussed in detail in Chapters 74, 75, and 80). 
Similar to primary biliary cirrhosis, it is of unknown etiology 
with evidence for autoimmune and genetic components. His¬ 
tologic grading of primary sclerosing cholangitis is similar to 
that of primary biliary cirrhosis (Fig. 89-22). 

Cirrhosis as a result of primary sclerosing cholangitis is asso- 
ciated with pronounced lobulation of the liver contour, atrophy 
of the posterior right lobe and left lateral segment of the left 
lobe, and hypertrophy of the caudate lobe. Atrophy of the lateral 
segment of the left lobe is distinetive (Fig. 89-23) because 
hypertrophy rather than atrophy of the lateral segment of the 
left lobe is typical in most other forms of cirrhosis. The caudate 
lobe may have a higher attenuation than the remainder of the 
liver on noncontrast scans, producing a pseudotumor appear- 
ance. Enlarged lymph nodes in the lesser omentum are also 

129-137 

common. 

On MRI (Fig. 89-24), peripheral wedge-shaped zones of 
hyperintense signal can be seen on T2-weighted images. These 
triangular areas range in size from 1 to 5 cm. On Tl-weighted 
images, areas of inereased signal intensity in the liver that 
do not correspond to fat may be seen. After the administra¬ 
tion of contrast material, areas of inereased enhancement 
that are patchy or segmental are frequently seen. These areas 
often remain mildly or markedly hyperintense on delayed 
images. Primary sclerosing cholangitis often produces large 
regenerative nodules that may cause obstruction of bile 
duets and ultimately segmental atrophy of the peripheral 
liver. 129 - 137 

Clinical history is important in differentiating between 
causes of secondary biliary cirrhosis. Evidence of cholecys- 
tectomy, chronic panereatitis, or biliary stones may be helpful. 
The treatment approach is the same as in primary biliary 
cirrhosis for end-stage disease and is curative only with liver 
transplantation. 



Figure 89-23 Secondary biliary cirrhosis due to primary 
sclerosing cholangitis: CT findings. Advanced cirrhotic changes are 
present with a markedly lobulated liver, enlargement of the caudate 
lobe (C), and widening of the fissures. There is atrophy of the lateral 
segment (LS) of the left lobe, which is a key differentiating feature 
from alcoholic and posthepatic cirrhosis. Note the splenomegaly and 
retrosplenic varices ( arrow). 

Acquired Immunodeficiency 
Syndrome 

CLINICAL FINDINGS 

With improved survival of AIDS patients since the introduc- 
tion of antiretroviral therapy, hepatic manifestations of AIDS 
have inereased in prevalence and are now the leading cause 
of death (14%-18%). The hepatobiliary disease profile affeet- 
ing AIDS patients, which includes infeetion, malignant neo- 
plasm, autoimmune abnormalities, and drug toxicity, has also 
changed. 138141 

A long list of opportunistic infeetions including viral, bacte- 
rial, and fungal that can be a result of the immunocompromised 
State of HIV infeetion and AIDS can cause primary or dissemi- 
nated infeetion of the liver. Before antiretroviral therapy, the 
most common infeetious organisms were cytomegalovirus and 
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Figure 89-24 Secondary biliary 
cirrhosis due to primary 
sclerosing cholangitis: CT 
findings. A. T2-weighted, single¬ 
shot, fat-suppressed image shows a 
very lobulated liver with caudate 
lobe enlargement and atrophy of 
the lateral segment of the left lobe. 
In a different patient, early (B) and 
delayed (C) Tl-weighted images 
after the administration of 
gadolinium show peripheral areas 
of fibrosis, with contrast accretion 
on the delayed image ( arrows ). 



non-tuberculosis Mycobacterium. Although these and other 
infectious agents (Table 89-2) continue to affect AIDS patients, 
currently the most clinically significant coinfection with HIV 
infection is viral hepatitis. Concurrent hepatitis C is present in 
25% and hepatitis B in 10% of HIV-infected patients because 
of a similar route of transmission. The increased life spån of 
AIDS patients receiving antiretroviral therapy can result in 
adequate time for chronic viral hepatitis to progress to cirrhosis. 
This progression is also accelerated in the setting of coinfection 
with HIV infection in comparison to patients with viral hepa¬ 
titis alone. Cirrhosis and its comorbidities, including HCC, are 
now a significant cause of death in the AIDS population. Myco¬ 
bacterium avium complex and cytomegalovirus remain the 
most common hepatic infections in AIDS. Interestingly, Pneu- 
mocystis jiroveci can preferentially involve the liver when inhaled 
prophylactics protect the lungs. Another entity known as bacil- 
lary peliosis hepatitis, a rare process in which biood-filled cavi- 
ties form in the liver, replacing the parenchyma, is associated 
with Bartonella infection. 1 " 8141 

AIDS patients are at increased risk for malignant disease 
including AIDS-relatedlymphoma and Kaposis sarcoma. Non- 
Hodgkin s lymphoma involves the liver in 33% of cases and can 
be manifested nonspecifically with pain or jaundice and with 


Hepatic Infections in AIDS 


VIRAL 

Hepatitis A, B, C, D, E 
Cytomegalovirus 
Herpes simplex virus 
Human herpes virus 6 
Varicella-zoster virus 
Epstein-Barr virus 
Adenovirus 

FUNGAL 

Cryptococcus neoformans 
Histoplasma capsulatum 
Coccidioides immitis 
Candida al bi can s 
Aspergillus fumigatus 

OTHER 

Mycobacterium avium 
Mycobacterium tuberculosis 
Pneumocystis 
Toxoplasma gondii 
Strongyloides stercoralis 
M i eros po ri da 
Bartonella henselae 
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nonspecific increase in liver function test results. Kaposis 
sarcoma involves the liver in 9% of cases and clinically is most 
often asymptomatic. HCC, as mentioned before, and other 
malignant neoplasms, such as anal and cervical cancers, are 
other important malignant neoplasms to consider in the AIDS 
patient. 

Drug therapies commonly used to treat AIDS patients, 
including antimycobacterial agents, acyclovir, and sulfon- 
amides, can unfortunately be hepatotoxic. 141 This can be mani¬ 
fested with mild symptoms and elevation of liver function test 
results to fulminant hepatic failure. The hepatotoxic effect of 
these drugs is increased when there is concurrent viral hepatitis 
and HIV infection. The mechanisms for hepatic damage include 
direct drug toxicity, hypersensitivity reactions, mitochondrial 
toxicity, and immune reconstitution inflammatory syndrome. 

Biliary disease in AIDS patients encompasses AIDS chol- 
angiopathy and acalculous cholecystitis, both attributed to 
infectious causes, most commonly cryptosporidium and cyto- 
megalovirus. Other infectious agents as well as autoimmune 
diseases as mentioned before can also affect the biliary system. 
AIDS cholangiopathy results in biliary obstruction, which can 
clinically be manifested with right upper quadrant pain, fever, 
nausea, and vomiting. There is marked elevation in alkaline 
phosphatase, with less increase in bilirubin and normal or 
slight increase in liver function test results. This is manifested 
most commonly in patients with low CD4 count and therefore 
is less common since implementation of antiretroviral therapy, 
which is also the preferred therapy. Cholecystectomy is pre- 
ferred in cases of acalculous cholecystitis. 138 " 141 

Other causes of hepatobiliary disease in AIDS patients 
include NAFLD, alcoholic hepatitis, and autoimmune diseases 
such as autoimmune hepatitis, primary biliary cirrhosis, and 
primary sclerosing cholangitis. 

PATHOLOGIC FINDINGS 

Therapeutic decisions seldom require liver biopsy, nor does 
biopsy significantly correlate with improved survival. Liver 
biopsy should be reserved for patients with unexplained fever, 
patients with an elevated serum alkaline phosphatase level, and 
those with focal mass lesions seen on imaging studies. The list 
of opportunistic infections in AIDS patients is long (see Table 
89-2). Organisms can be isolated from biopsy specimens for 
tailored therapy. 

AIDS hepatic disease is histologically nonspecific. Macrove- 
sicular steatosis and portal inflammation represent the most 
common Åndings. Hepatic granulomas have been reported in 
16% to 100% of biopsy and autopsy specimens. These granu¬ 
lomas are most frequently associated with mycobacterial infec¬ 
tion, usually Mycobacterium avium-intracellulare. In AIDS 
cholangiopathy, recovered infectious agents include cryptospo¬ 
ridium and cytomegalovirus. On pathologic examination, there 
is periductal inflammation. Targeted biopsy of a hepatic mass 
may be used to diagnose Kaposi’s sarcoma or AIDS-related 
lymphoma. 138-141 

RADIOLOGIC FINDINGS 

Ultrasound 

On ultrasound studies, hepatic parenchymal abnormalities in 
AIDS patients include hyperechoic parenchyma (45.5%), hepa- 
tomegaly (41%), and focal masses (9%). Hepatic steatosis and 


granulomatous hepatitis are responsible for increased echo- 
genicity of the liver. 12,141 It is postulated that the tiny aggregates 
of histiocytes found in granulomas act as multiple reflective 
interfaces that produce the hyperechoic pattern. Metastatic 
Kaposi’s sarcoma, lymphoma, pyogenic abscess, fungal or myco¬ 
bacterial abscess, and preexisting benign lesions such as heman- 
giomas can also be seen sonographically as focal masses. 28,141 

On ultrasound, AIDS cholangiopathy is manifested with 
periportal hyperechoic and hypoechoic regions associated with 
mural thickening of the gallbladder, cystic duet, and bile duets 
and can simulate primary sclerosing cholangitis. Acalculous 
cholecystitis is manifested with gallbladder wall thickening and 
distention without cholelithiasis and can be manifested acutely 
with a sonographic Murphy sign, pain, and fever. The biliary 
manifestations of AIDS are also illustrated in Chapter 80. 

Kaposi’s sarcoma is uncommonly seen on ultrasound; 
however, when present, these lesions may appear as small (5- to 
12-mm) hyperechoic nodules with associated dense periportal 
bands. The presence of hepatomegaly does not predict Kaposis 
sarcoma involvement because the liver is commonly enlarged 
in patients with AIDS or AIDS-related complex even when there 
is no specific pathologic process. 28, 47,141 

Hepatic lymphoma with ultrasound is usually hypoechoic 
compared with the normal liver parenchyma and may be 
anechoic and septate, mimicking a fluid collection. Associated 
adenopathy in the porta hepatis and retroperitoneum can 
be present but is nonspecific; it may also be present as a 
result of AIDS alone, chronic hepatitis, infection, or other 
neoplasm. 28, 47,141 

Computed Tomography 

On CT scans, patients with AIDS generally demonstrate hepa¬ 
tomegaly that is often associated with focal or diffuse fatty 
infiltration. Patients with long-standing hepatitis and postne- 
crotic change may also present with cirrhosis. Periportal lymph- 
edema seen as low attenuation surrounding the large portal 
branches is also common and reflects lymphadenitis, hepatitis, 
or malnutrition. 141 

Cirrhosis can occur in an accelerated fashion when both 
HIV infection and viral hepatitis are present; they are indis- 
tinguishable from other causes of cirrhosis at imaging, other 
than possibly by a more rapidly progressive disease course. 
Screening for HCC with multiphase contrast-enhanced CT is 
also necessary. 

Lymphoma is particularly aggressive in AIDS patients, and 
hepatic involvement is manifested on CT scans by focal 
hypodense lesions because of the high cellular content. CT 
abnormalities are more commonly found in affeeted livers in 
AIDS-associated lymphoma than in those with lymphoma and 
without AIDS. 

Parenchymal calcifications in the liver, spleen, lymph nodes, 
and kidneys can be seen in patients with healed disseminated 
P. jiroveci infection. Kaposi’s sarcoma can involve the liver in 
AIDS, but the lesions are usually not seen on CT. When present, 
they appear as small low-attenuation masses often located near 
the portal triads, which may simulate the appearance of intra- 
hepatic bile duets or fungal microabscesses. Masses in Kaposi’s 
sarcoma show enhancement on delayed scans, helping to dif- 
ferentiate them from cystic lesions. 138 ' 141 

AIDS cholangiopathy is manifested with mural thickening 
of the gallbladder; gallbladder distention; and intrahepatic and 
extrahepatic biliary strictures, irregularity, and dilation. 141 
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Endoscopic Retrograde Cholangiopancreatography 

ERCP is useful in demonstrating the findings of AIDS chol- 
angiopathy. Irregularity of the intrahepatic and extrahepatic 
bile duet walls with intervening strictures and dilation simu- 
lating primary sclerosing cholangitis is the cholangiographic 
corollary of biliary abnormalities seen with ultrasound and 
CT. Specific findings of ampullary stenosis, common bile duet 
enlargement, and uleerations of the common bile duet mueosa 
combined with intrahepatic strictures can help differentiate 
these entities. ERCP also has the advantage of offering thera- 
peutic relief in these patients by performance of a papillary 
sphineterotomy. 138 

MRI and MRCP 

MRI is most useful to assess AIDS cholangiopathy and dem- 
onstrates the dilated and irregular bile duets, which are hypoin- 
tense on Tl-weighted and hyperintense on T2-weighted 
imaging. Fat-suppressed Tl-weighted dynamic images after the 
administration of contrast material can demonstrate enhance- 
ment along the bile duets as a result of periportal inflamma¬ 
tion. MRI with contrast enhancement is also useful in 
demonstrating hepatic abscesses, whether bacterial or fungal, 
and is more sensitive than ultrasound and CT. MRI can also 
help differentiate abscesses from malignant disease. Another 
advantage of MRI is the large field of view permitting assess- 
ment for concurrent disease of other abdominal organs, par- 
ticularly the spleen. Cirrhosis and other nonspecific findings 
in AIDS-related hepatic disease, including lymphadenopathy, 
focal masses, and fatty infiltration, can also been seen at MRI 
with high sensitivity. 

MRCP, a heavily T2-weighted, high-resolution sequence that 
is similar to ERCP, can noninvasively demonstrate enlargement 
and focal irregularities from strictures of the intrahepatic and 
extrahepatic biliary tree. These appear hyperintense because of 
the fluid content and may be subtracted from the surrounding 


hepatic parenchyma and other background with the use of a 
long echo time. Enlargement of the common bile duet from 
ampullary stenosis can also readily be seen. 138141 

Cirrhosis 

EPIDEMIOLOGY 

Cirrhosis is the end response of the liver to chronic inflamma¬ 
tion complicated by parenchymal necrosis and fibrosis. Nodular 
regeneration also occurs; as a result, there is disorganization of 
the hepatic lobular and vascular architecture coupled with dete- 
riorating hepatic funetion. Cirrhosis can result from a variety 
of causes. The most common worldwide is hepatitis B, closely 
followed by aleohol abuse, NAFLD, and hepatitis C. 

Cirrhosis is one of the leading causes of death in the Western 
world and was the ninth leading cause in the United States in 
2012. Age-adjusted mortality is 2.3 times higher in males than 
in females and 1.7 times higher in black than in white persons. 
The mortality rate from cirrhosis has also shown a major 
inerease in the United States during the past 25 years; it is a 
significant cause of premature death, the fifth leading cause of 
death in the 45- to 64-year age gro up, and the third leading 
cause of death for men 34 to 54 years of age. One third of deaths 
related to cirrhosis are consequent to hemorrhage, usually from 
esophageal varices. 142-145 

PATHOPHYSIOLOGY 

Although no completely satisfactory scheme for the classifica- 
tion of cirrhosis (Fig. 89-25) has been developed, the disorder 
has traditionally been divided into several categories: (1) 
micronodular cirrhosis, in which equal-sized nodules up to 
3 mm in diameter involve every lobule; (2) macronodular 
(postnecrotic) cirrhosis, characterized by variable-sized nodules 
(3 mm to 3 cm) that are focal and do not involve every lobule; 




Figure 89-25 Cirrhosis: pathologic findings. 

A. Photomicrograph shows a regenerative nodule 
(RN) with surrounding fibrosis, the key pathologic 
finding in cirrhosis. This patient had hepatitis C 
cirrhosis. B. Micronodular cirrhosis is evident in this 
specimen image of a patient with alcoholic 
cirrhosis. C. Larger nodules are present in this 
specimen image of macronodular cirrhosis. 
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and (3) mixed cirrhosis. Alcoholic cirrhosis is associated with 
the micronodular pattern. Viral hepatitis is associated with 
the macronodular pattern. Other causes include primary and 
secondary biliary cirrhosis and hemochromatosis. 142-145 A more 
complete listing of the causes of cirrhosis can be found in 
Table 89-3. 

On pathologic examination, all forms of cirrhosis share the 
following character istics: (1) the entire parenchymal architec- 
ture is disorganized by interconnecting fibrous scars formed in 
response to hepatocyte injury and death; (2) the fibrosis may 
appear as delicate portal-central or portal-portal bands or con- 
stitute broad scars replacing multiple adjacent lobules; (3) the 
micronodules or macronodules are created by regenerative 
activity with the intervening network of scars; and (4) the vas- 
cular architecture of the liver is reorganized by the parenchymal 
damage and scarring with formation of abnormal arteriove- 
nous interconnections. 

Regenerative nodules have been further classified as siderotic 
or nonsiderotic, with a greater tendency for siderotic nodules 
to undergo malignant transformation. The increased incidence 
of HCC in patients with cirrhosis has been shown in part to be 
a progression of dysplasia within regenerative nodules, with the 
precursor to HCC being dysplastic nodules. 142 ' 145 HCC may be 
seen in patients infected with hepatitis B virus without develop- 
ment of cirrhosis. The presence of dysplastic nodules confers 
an increased risk of HCC through dedifferentiation not only of 
the dysplastic nodule itself but also in other regions of the liver. 
Longitudinal studies indicate that dysplastic nodules remain 
stable in size unless there is progression to HCC. 146,14 Dysplastic 
nodules have been reported to occur in 15% to 25% of patients 
with cirrhosis (usually less than 10 per liver) on the basis of 
histopathology data, 146,147 although typically not all dysplastic 
nodules are identified at imaging. 

Life-threatening complications of cirrhosis are related to 
decline in hepatic function and development of portal 
hypertension. 142 " 145 Ascites is the most common complication of 
cirrhosis and is associated with nearly 50% of deaths. Variceal 
hemorrhage in patients with ascites accounts for nearly 25% of 
deaths; 10% are due to renal failure resulting from the hepa- 
torenal syndrome, 5% result from spontaneous bacterial peri- 
tonitis in patients with massive ascites, and 10% are due to the 
complications of interventions for ascites. 142 " 145 

A third potentially life-threatening sequela of cirrhosis is the 
development of HCC. Its incidence varies with the underlying 


Etiology of Cirrhosis 


Alcoholic cirrhosis (60%-70%) 

Postnecrotic: viral hepatitis (10%) 

Biliary cirrhosis: primary and secondary (5%-10%) 

Pigment cirrhosis: hemochromatosis (5%) 

Cardiac failure 
Constrictive pericarditis 
Hepatic vein obstruction 
Malnutrition 

Hereditary: Wilson's disease, a r antitrypsin deficiency, 
galactosemia, tyrosinemia, hereditary tetany, hereditary fructose 
intolerance, type IV glycogen storage disease, Osler-Weber- 
Rendu syndrome 

Drug induced: methotrexate, oxyphenisatin, oc-methyldopa, 
nitrofurantoin, isoniazid, mithramycin, 6-mercaptopurine, 
azathioprine 


etiology, with an increased incidence in cirrhosis caused by 
alcoholism and a 2.5-fold greater occurrence in cirrhosis with 
hepatitis B surface antigen positivity. HCC has also been 
reported in patients with various other types of cirrhosis, 
including primary biliary cirrhosis, NASH, Wilson’s disease, 
and hemochromatosis. 142 " 145 

PORTAL HYPERTENSION 

The fibrosis of the liver that occurs with cirrhosis can result in 
dramatic changes in the hepatic circulation. The scarred paren- 
chyma causes an increase in intrahepatic vascular resistance 
that decreases portal venous liver perfusion. This leads to 
increased pressure within the portal system, normally between 
5 and 10 mm Hg; portal hypertension is defined as a portal 
venous pressure of more than 10 mm Hg. 

The hepatic artery, with a higher systemic pressure and 
muscle support of its wall, increases its flow and contribution 
of biood supply to the liver, allowing partial compensation. In 
addition, capillarization of the sinusoids is observed in the form 
of endothelial defenestration, deposition of collagen in the 
extravascular spaces of Disse, and formation of basal laminae. 
The transit time of large and small molecules, including con- 
trast material, is signifkantly affected by the sinusoidal 
capillarization. 145 

Portal hypertension may develop in a variety of clinical con- 
ditions but is most often secondary to cirrhosis. The causes of 
portal hypertension (Table 89-4) have been classically divided 


Classification of Portal Hypertension 


PREHEPATIC 

Portal vein thrombosis 
Splenic vein thrombosis 

Node or tumor extrinsic compression of portal vein 

Intrahepatic 

Presinusoidal 
Schistosomiasis 
Biliary cirrhosis 
Congenital hepatic fibrosis 
Neoplasm 

Arteriovenous portal fistula 
Hyperkinetic portal hypertension 

Sinusoidal 

Laénnec's cirrhosis 
Postnecrotic cirrhosis 
Fatty liver 
Hepatitis 

Sickle cell anemia and sinus thrombosis 

Postsinusoidal 

Alcoholic cirrhosis 
Hepatic vein obstruction 
Neoplasm 

Veno-occlusive disease 

POSTHEPATIC 

Congestive heart failure 
Constrictive pericarditis 
Inferior vena cava webs or thrombosis 
Rheumatic heart disease 
Neoplasm 












1656 SECTION X Liver 


into three major groups according to the level of obstruction: 
presinusoidal, postsinusoidal, and sinusoidal (intrahepatic). In 
most of these disorders, increased resistance to portal flow is 
found. In several diseases, there is increased flow into the portal 
system, so-called hyperkinetic portal hypertension. 

Cirrhosis is the most common cause of sinusoidal portal 
hypertension. It occurs secondary to the mechanical effect of 
the regenerative nodules and scar tissue that distort the hepatic 
vascular tree and impedes hepatic drainage and ultimately pro- 
duces backpressure in the portal system. This alteration in the 
microcirculatory route leads to portal hypertension. 

Presinusoidal obstruction can be caused by schistosomiasis, 
the leading cause of portal hypertension worldwide. The ova of 
the schistosomes travel through the mesenteric venous circula- 
tion into the portal venous system and implant on small portal 
radicles within the liver, where they induce inflammation and 
granuloma formation, resulting in destruction of the portal 
venules. Other major presinusoidal causes of portal hyperten¬ 
sion are portal or splenic vein thrombus, primary biliary cir¬ 
rhosis, sarcoidosis, myeloproliferative disease, and congenital 
hepatic fibrosis. 145 ’ 148 

Posthepatic obstruction occurs in patients with veno- 
occlusive disease (Budd-Chiari syndrome), right-sided heart 
failure, and constrictive pericarditis (discussed in Chapter 90). 

Increased portal flow is an infrequent cause of portal 
hypertension and is usually secondary to either congenital 
(hereditary hemorrhagic telangiectasia) or acquired (post- 
traumatic or aneurysm rupture) arteriovenous fistulas. Hyper¬ 
kinetic portal hypertension involves increased portal flow 
without fistulas, splenomegaly, and increased flow in the splenic 
artery and vein. 

Varices 

With increasing portal hypertension, portal venous biood flow 
seeks a pathway of less resistance and can change direction, 
resulting in the formation of portosystemic collateral vessels 
known as varices. These can be classified into two groups: 
varices that drain toward the superior vena cava and varices that 
drain toward the inferior vena cava. 148 

Varices That Drain into the Superior Vena Cava. The left 
gastric (coronary) vein is the most common visible varix in 
portal hypertension. It is located in the gastrohepatic ligament 
and drains into the superior vena cava. The normal left gastric 
vein drains both the anterior and posterior surfaces of the 
stomach, and it ascends the lesser curvature within the lesser 
omentum to the esophageal hiatus, where it anastomoses with 
the esophageal veins. The left gastric vein divides into anterior 
branches draining to the esophageal veins and posterior 
branches draining to the paraesophageal veins. Left gastric 
varices typically are accompanied by esophageal or paraesopha¬ 
geal varices. Esophageal and paraesophageal varices usually 
drain into the azygos-hemiazygos venous system but may also 
enter the subclavian-brachiocephalic system through the left 
pericardiophrenic vein or the inferior vena cava through the 
inferior phrenic vein. When the left gastric vein is larger than 5 
to 6 mm in diameter, portal hypertension should be considered. 
A left gastric vein larger than 7 mm in diameter is associated 
with a portohepatic gradient greater than 10 mm Hg. 148 

Short gastric veins are present in the gastrosplenic ligament 
and drain the gastric fundus. They communicate with the 
splenic vein or one of its large tributaries along the greater 


curvature of the stomach. These vessels can be dilated in isola¬ 
tion with splenic vein thrombosis. 148 

Varices That Drain into the Inferior Vena Cava. The splenic 
vein and left and short gastric veins communicate with the left 
renal vein through the splenorenal and gastrorenal ligaments, 
respectively. Reversal of biood flow in these veins from portal 
hypertension can cause preferential drainage into the left renal 
vein and a splenorenal or gastrorenal shunt. Normally, four or 
hve short gastric veins drain the gastric fundus and the left part 
of the greater curvature, traversing the gastrosplenic ligament 
to reach the splenic vein. Short gastric veins should be smaller 
than 5 mm in diameter. Gastrorenal and splenorenal shunts are 
seen as varices in the region of the splenic and left renal hilum 
that drain into an enlarged left renal vein. This may cause fusi- 
form dilation of the inferior vena cava at the level of the left 
renal vein. 148 

Small veins normally found in the ligamentum teres and 
falciform ligament can enlarge and form paraumbilical varices 
arising from the left portal vein. These vessels may also course 
through the medial segment of the liver rather than the liga¬ 
mentum teres. Paraumbilical varices can anastomose either 
with the superior epigastric or internal thoracic veins and drain 
into the superior vena cava or with the inferior epigastric vein 
and then drain into the inferior vena cava through the external 
iliac vein. Varices in the anterior abdominal wall surrounding 
the umbilicus produce the “Medusa’s head” appearance. 148 

Collateral vessels may also arise from the superior and infe¬ 
rior mesenteric veins within the subperitoneal Space of the 
small bowel mesentery. These usually drain into the retroperi- 
toneal or pelvic veins. A retroperitoneal shunt may develop 
between the mesenteric vessels and the renal vein or inferior 
vena cava. Veins of Retzius are Communications between the 
inferior vena cava and intestinal or retroperitoneal tributaries 
of the superior or inferior mesenteric veins and systemic 

• 148 

vems. 

The intrahepatic portal veins can form collateral pathways 
with hepatic venous branches or direct communication with 
the left gastric vein. There is a loose collateral plexus over the 
hepatic surface, and it is sometimes widely distributed over the 
parietal peritoneum with branches piercing the diaphragm to 
join pericardial, pleural, and pulmonary veins, the so-called 
pleuropericardial collaterals. The intercostal veins may also 
dilate and help drain hepatofugal biood flow through the 
azygos-hemiazygos system. 148 

GENERAL RADIOLOGIC FINDINGS: CIRRHOSIS 

Liver Morphology 

Many of the morphologic changes that occur in cirrhosis can 
be appreciated with multiple modalities, including ultrasound, 
CT, and MRI. These include gross changes in the hepatic size, 
vascular changes, and extrahepatic Åndings (Table 89-5). 

Changes in the hepatic parenchyma in cirrhosis occur in 
a predictable pattern with asymmetric atrophy of the right 
lobe and medial left lobe and preservation or increase in size 
of the lateral left lobe and caudate lobe. These changes can 
often be qualitatively observed but can also be demonstrated 
quantitatively with comparative measurements. The normal 
size ratio of the right lobe to the left lobe is 1.44. In cir¬ 
rhosis, this ratio decreases to less than 1.3, most prominent 
in viral hepatitis-associated cirrhosis (mean, 1.17) and less 
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TAB LE 

89-5 


Nodular hepatic contour 

Enlarged caudate lobe 

Enlarged lateral segment of left lobe 

Atrophy of the right and quadrate lobes 

Prominence of the fissures and porta hepatis 

Portal hypertension: varices, ascites, splenomegaly 

Fatty infiltration 

Colonic interposition 

Altered gallbladder angle 

Increased density of mesenteric fat 

Regenerative nodules 

Intrahepatic arterial-portal fistulas 

Fibrosis (focal confluent or lacy network surrounding nodules) 


pronounced in non-hepatitis-related cirrhosis (mean, 1.25). 
A ratio of 1.40 reportedly excludes cirrhosis in 100% of cases; 
a ratio of 1.35 has 90% sensitivity, 82% specificity, and 81% 
accuracy; a ratio of 1.3 has 74% sensitivity, 100% specificity, 
and 93% accuracy. 148 ' 155 

Hepatic segment IV also undergoes atrophy in patients with 
cirrhosis. Compared with a normal mean diameter of 43 ± 
8 mm (standard deviation), the mean diameter of segment IV 
is 28 ± 9 mm in patients with cirrhosis. The cause or severity 
of cirrhosis had no influence on the size of segment IV. 154 
Lafortune and colleagues 154 fo und that measurement at ultra- 
sound of the transverse diameter of segment IV had a sensitivity 
of 74% for the diagnosis of cirrhosis, with a specificity of 
100%. 11 The transverse diameter was obtained from a measure¬ 
ment between the left wall of the gallbladder and the ascending 
portion of the left portal vein at the point where it gives rise to 
the segment IV branch. These results were obtained by use of a 
lower limit of normal diameter of 30 mm, with atrophy below 
that indicative of cirrhosis. 

Measurements of the ratio of the caudate lobe size to that of 
the right lobe have been reported to be accurate in diagnosing 
the presence or absence of cirrhosis. To determine the caudate 
lobe-to-right lobe ratio, the caudate lobe is measured trans- 
versely from its most medial aspect to the right lateral wall of 
the main portal vein, just caudal to its bifurcation. The right 
lobe is measured from the same portion of the main portal vein 
to the right lateral margin of the liver. If the caudate lobe-to- 
right lobe ratio exceeds 0.65, the diagnosis of cirrhosis can be 
made with 96% confidence. By use of this sole criterion, the 
diagnosis can be made with a sensitivity of 84%, specificity of 
100%, and accuracy of 94%. The normal caudate lobe-to-right 
lobe ratio is 0.37, and the mean ratio in cirrhotic livers is 0.83. 
An alternative measurement uses the right portal venous bifur¬ 
cation rather than the bifurcation of the main portal vein to 
mark the lateral boundary of the hypertrophied caudate lobe 
and central liver from the atrophied right lobe. 1 " 6 

The gallbladder and interlobar fissure also undergo counter- 
clockwise rotation in patients with cirrhotic liver morphology. 
These topographic alterations may be quantified by measuring 
the gallbladder angle. This angle is determined by drawing a 
line through the interlobar fissure, gallbladder neck, or medial 
aspect of the anterior segment of the right hepatic lobe (which- 
ever is visible) and the inferior vena cava. Another line is drawn 
coronally through the inferior vena cava parallel to the patient s 
back. The gallbladder angle subtended by these lines is a useful 
marker of gallbladder position. In normal patients, the angle is 


46 degrees, but in cirrhosis, the angle is reduced to 35 degrees. 
Thus, the gallbladder becomes a more lateral and superficial 
structure in cirrhosis, prone to inadvertent injury during 
“blind” liver biopsy, surgery, and percutaneous transhepatic 
procedures. 156 ' 159 

The alterations in segmental hepatic anatomy described pre- 
viously produce profound changes in the topography of the 
right upper quadrant. Colonic interposition between the liver 
and the anterior lateral abdominal wall or diaphragm is seen in 
25% of cirrhotic patients as opposed to 3% of control subjects 
on CT scans. 156-159 Although these measurements do reflect the 
underlying morphologic changes and are documented in peer- 
reviewed literature, they are infrequently needed in clinical 
practice to diagnose cirrhosis. 156 ' 159 

A vascular corollary of the changes in the segmental mor¬ 
phology of the liver has been described. Normally, the diameter 
of the right portal vein is greater than that of the left portal 
vein because the right hepatic lobe is larger than the left lobe. 
When the lateral segment of the left lobe hypertrophies and 
the right lobe atrophies, the left portal vein diameter becomes 
equal to or greater than the right portal vein diameter. The 
sensitivity and specificity of this Ånding are 85% and 88%, 
respectively, for alcoholics without recanalization of the umbili- 
cal vein. 142 ' 158 

The cirrhotic liver is defined by the presence of both nodules 
and fibrosis. A Spectrum of nodules (Figs. 89-26 and 89-27) 
ranging from benign regenerative nodules to HCC can be 
visualized on pathologic examination and cross-sectional 
imaging. 161 Regenerative nodules are a benign process that is 
the livers response to cellular injury and attempt at parenchy- 
mal repair. Dysplastic nodules are thought to be an evolutionary 
process from a dominant large regenerative nodule associated 
with increased iron content, the siderotic nodule. These nodules 
are at risk for malignant transformation. 

At the time of transplantation, approximately 20% of 
patients with hepatitis B or C and 10% of patients with alcohol- 
induced cirrhosis will harbor an occult HCC. For detection, 
noncontrast, late arterial, portal venous, and delayed phase 
imaging sequences after administration of a large bolus of con- 
trast material are important. Even with optimum technique, 
35% to 40% of lesions will not be detected. 160-170 The cirrhotic 
liver also demonstrates pseudotumors, such as focal confluent 
fibrosis, and vascular anomalies, including arterioportal shunts, 
small arteriovenous malformations, and hemangiomas. 160 ' 170 

The fibrosis seen in cirrhosis is usually a diffuse, lacy process 
that surrounds and increases the conspicuity of regenerative 
nodules throughout the liver parenchyma. In patients with 
advanced cirrhosis, approximately 30% will develop collapse of 
normal hepatic architecture and replacement of liver paren¬ 
chyma with massive, confluent regions of fibrosis, termed focal 
confluent fibrosis (see Fig. 89-27). This can simulate a mass. 
Fortunately, associated morphologic changes are often present 
that allow characterization of focal confluent fibrosis. These 
lesions most commonly affect the anterior segment of the right 
lobe and the medial segment of the left lobe, usually with a 
wedge-shaped appearance radiating from the porta hepatis. 
Another key differentiating feature is associated focal capsular 
retraction over the abnormal region due to atrophy in the 
fibrotic region. Most untreated tumors, by comparison, cause a 
bulge in the overlying liver contour. When focal confluent fibro¬ 
sis has an atypical appearance or location, it can be difficult to 
differentiate from tumor. 156 ' 159 Contrast enhancement of focal 
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Figure 89-26 Hepatocellular nodules in cirrhosis: MR features. A. Stepwise pathway of carcinogenesis for hepatocellular carcinoma (HCC) in 
cirrhosis. One or more regenerative nodules may show signs of atypia and change into dysplastic nodules. Atypia indicates a number of changes 
in the shape and size of the nuclei and the cytoplasm of the hepatocytes. These changes often result in an increased number of cells (increased 
cellularity), which may be present in groups of small cells (small cell dysplasia) or large cells (large cell dysplasia). Atypia within dysplastic nodules 
can progress further and give rise to small and large HCCs. In addition to the cellular changes, the hepatic parenchymal structure will often be 
distorted in HCC. B. Opposed-phase MR image shows hyperintense dysplastic nodule in the right lobe of the liver ( arrow). Precontrast (C), 
postcontrast (D), and subtraction (E) images show enhancement of a dysplastic nodule (arrow) that had a subfocus of HCC pathologically. 

F. Small HCC ( red arrow) is present within a cirrhotic liver showing a nodular hepatic contour, right lobe notch ( broken yellow arrow), enlarged 
lateral segment (LS) of the left lobe, and superficial galIbladder (solid yellow arrow). (A from Hussain SM, Zondervan PE, Ijzermans JN, et al: 
Benign versus malignant nodules: MR imaging findings with pathologic correlation. RadioGraphics 22:1023-1039, 2002.) 


hepatic fibrosis with either CT or MRI most commonly dem- 
onstrates delayed enhancement only, a key differentiation from 
a typical HCC. 

Etiology of Specific Findings 

Although the imaging findings for cirrhosis are most often non- 
specific in regard to the underlying etiology, some disease- 
specific alterations can be observed. 


The volume of the caudate lobe is often significantly larger 
in alcoholic cirrhosis than in other causes of cirrhosis, including 
viral hepatitis. In addition, a notch in the right posterior hepatic 
lobe is more commonly seen in alcoholic cirrhosis. Regenerative 
nodules are significantly greater in size in hepatitis B-related 
cirrhosis than in alcoholic cirrhosis. 11 

Patients with biliary cirrhosis (see Fig. 89-2IB), particularly 
secondary to chronic changes from sclerosing cholangitis (see 
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Figure 89-27 Confluent hepatic fibrosis: 

MR features. A. Tl-weighted image shows 
wedge-shaped hypointense regions ( arrows ) 
along the anterior aspect of the right lobe and 
the medial segment of the left lobe. B. On the 
T2-weighted image, the areas of fibrosis are 
mildly hyperintense (arrows). This patient has 
ascites. C. Contrast-enhanced, Tl-weighted 
MR image in a different patient shows the 
classic location of capsular retraction in 
confluent hepatic fibrosis (arrow). Note the 
hypertrophy of the caudate lobe (C) and 
lateral segment (LS) of the left lobe. 


Figs. 89-23 and 89-24), in addition to the marked atrophy of 
the right lobe often characteristically have marked atrophy of 
the lateral segment of the liver. These changes, coupled with 
marked caudate lobe hypertrophy, result in a squared or 
rounded appearance to the liver. The atrophy of the more distal 
parts of the liver to a greater degree in these patients is thought 
to be due to the effects of chronic biliary obstruction. In addi¬ 
tion, zones of focal fibrosis in these patients can appear as 
peripheral bands of low attenuation. 

Extrahepatic Findings 

Mesenteric, omental, and retroperitoneal edema can be seen in 
patients with cirrhosis and portal hypertension. The increased 
hydrostatic pressure within the mesenteric veins causes fluid to 
seep into the mesentery. Liver dysfunction also produces a State 
of water overload due to hypoalbuminemia and decreased aldo- 
sterone catabolism. These features also play a role in the devel- 
opment of mesenteric edema, ascites, pleural effusion, and 
subcutaneous edema. With increasing severity, mesenteric 
edema can develop a more diffuse distribution and masslike 
appearance associated with recruitment of omental and retro¬ 
peritoneal sites. The degree of edema correlates with other find¬ 
ings of severe ascites, subcutaneous edema, pleural effusions, 
and low mean serum albumin concentration. 142-158 

Siderotic nodules, or Gamna-Gandy bodies, may rarely be 
identified as masses in the spleen. 153 Siderotic nodules are seen 
in patients with portal hypertension and are caused by focal 
hemorrhage into the spleen. The nodules are composed of 
fibrous tissue enerusted with hemosiderin and calcium. Pre- 
sumably, the fibrous tissue and calcium account for these echo- 
genic splenic masses. The incidence of gallstones is also increased 
in patients with cirrhosis regardless of etiology or gender. A 


number of mechanisms make stones more prevalent in the cir- 
rhotic population. Ingestion of aleohol may cause spasm of the 
sphineter of Oddi and edema of the papilla of Vater, thus inter- 
fering with bile duet and gallbladder emptying. Bile stasis and 
calculus formation may result from poor food intake and exces¬ 
sive aleohol consumption. Indeed, ascites, encephalopathy, and 
varices are more common in cirrhotic patients with stones than 
in those without stones. Chronic hemolysis is perhaps the most 
significant factor in pigment stone formation. Hypersplenism 
is another major contributing factor. Because of functional 
damage to the liver, cholesterol stones are uncommon in cir¬ 
rhotic patients. 142158 

As with hepatitis, the chronic inflammation present in cir¬ 
rhosis results in enlargement of abdominal lymph nodes in 
multiple upper abdominal locations. Such enlarged nodes range 
in size up to 4 cm in maximal diameter and can be found in 
patients with cirrhosis from all causes. Although they are most 
common in patients with primary biliary cirrhosis and primary 
sclerosing cholangitis, enlarged nodes have been reported with 
high frequency in patients with alcoholic cirrhosis (37%) and 
hepatitis B or C (45%-49%). The affeeted lymph node chains 
reported include (in order of frequency of involvement) the 
portaeaval Space, porta hepatis and hepatoduodenal ligament, 
gastrohepatic ligament, cardiophrenic angle, and celiac axis as 
well as other lesser, more remote abdominal chains. 156 ' 159 

ULTRASOUND: CIRRHOSIS 

Liver Morphology 

The sonographic features of fibrosis and fatty infiltration 
can also overlap significantly. Both demonstrate decreased 
beam penetration of the hepatic parenchyma, decreased 
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conspicuity of intrahepatic vessels, and increased parenchymal 
echogenicity 148-155 (see Table 93-11). Some authors have shown 
that the attenuation of sound can be normal in cirrhotic 
patients without fatty deposition. Cirrhosis should be sus- 
pected if on ultrasound there are alterations in liver size as 
detailed before, nodularity of the liver surface, accentuation 
of the fissures, heterogeneity and coarsening of the hepatic 
architecture, nodules, or signs of portal hypertension (Fig. 
89-28). Specifically, contour nodularity of the undersurface 
of the liver has a high sensitivity of 86% versus 53% along 
the superior surface. 172 

The reported sensitivity of ultrasound in the diagnosis of 
cirrhosis based on hepatic architecture varies between 65% 
and 95%. 148-155 Although ultrasound has up to a 98% positive 
predictive value in the diagnosis of diffuse parenchymal disease, 
it cannot reliably differentiate the underlying etiology. Irregu- 
larity of the liver surface has been suggested as a fairly sensitive 
sign (88%) of cirrhosis. It is detected by use of a high-frequency 
(9 MHz) linear probe. 148-155 Surface nodularity correlates 
pathologically with sinusoidal obstruction to portal flow and 
the development of portal hypertension. It has a higher cor- 
relation with severe fibrosis or cirrhosis on histopathologic 
evaluation than with caudate lobe hypertrophy or hepatic 
venous flow abnormalities. 96 In one series, high-resolution 
sonography was found to be useful in assessing the severity 
of hepatic scarring and differentiating macronodular and 
micronodular cirrhosis. 28141 155 

Regenerative nodules that are 2 to 3 mm or larger in diam¬ 
eter can occasionally be appreciated sonographically as 
hypoechoic areas with echogenic horders resulting from fibrous 
and fatty connective tissue surrounding and separating the 
nodules. They can usually be seen only with high-frequency 
transducers unless they are quite large, in which case they may 
simulate a malignant neoplasm. For these reasons, ultrasound 
can be a difficult tool to use for screening in cirrhotic patients 
to detect HCC. Some studies have reported that ultrasound 
sensitivity for detection of HCC in screening of cirrhotic 
patients is only approximately 50%. The current lack of an 
ultrasound contrast agent to detect the vascularity indicative of 
tumor makes ultrasound a less reliable tool than CT or MRI for 
screening of cirrhotic patients. 14 155 

Ultrasound contrast with microbubbles, currently used in 
Europe and Asia, can characterize vascular patterns to differen¬ 
tiate cirrhotic nodules from small tumors and may be particu- 
larly useful in patients who cannot receive iodinated or 
gadolinium contrast agents. 173 Ultrasound elastography can 
also be used to assess mechanical tissues in both cirrhosis and 
focal tumors that have increased liver stiffness. 174,175 

Vascular Changes 

On Doppler ultrasound, phasicity is normally seen in the 
hepatic vein waveform from the transmission of pressure 
changes within the right atrium throughout the cardiac cycle. 
This phasicity may be decreased or absent in cirrhosis because 
of decreased compliance of the fibrotic liver. 148 ' 155 Narrowing of 
the hepatic veins from extrinsic compression can result in spec- 
tral broadening in cirrhosis. Early in cirrhosis, the portal vein 
flow remains hepatopetal. In more advanced cirrhosis with the 
development of portal hypertension, the portal vein size 
increases to 1.4 cm or greater, and flow can become reversed to 
hepatofugal (discussed later). High resistance in the hepatic 
artery is a nonspecific finding that can be seen in cirrhosis and 


other forms of diffuse liver disease and is suggestive of but 
usually not used to diagnose cirrhosis. Alternatively, low arterial 
resistance can be present if there is significant arteriovenous or 
arterioportal shunting. 176 

Extrahepatic Findings 

Lymph nodes and gallstones are commonly seen on ultrasound 
in cirrhosis. When present, Gamna-Gandy bodies within the 
spleen are hyperechoic on ultrasound. Ascites, pleural effu- 
sions, and sequelae of portal hypertension can also be 
demonstrated. 

COMPUTED TOMOGRAPHY: CIRRHOSIS 

Liver Morphology 

In the United States, CT 156 " 159 is the primary noninvasive imaging 
modality in the evaluation of cirrhosis. Early parenchymal 
changes may not be visible on CT scans; however, fatty infiltra¬ 
tion, which is the initial feature of alcoholic liver disease, is well 
displayed. The density of the liver is less than that of the spleen, 
and there is often initially hepatomegaly. Alcoholic hepatitis and 
hepatic steatosis are discussed more fully in other sections of 
this chapter. 

In the later stages of cirrhosis (Fig. 89-29), the overall liver 
volume is diminished with the characteristic changes detailed 
before. Whereas all patients pathologically demonstrate regen¬ 
erative nodules, these are infrequently demonstrated at CT. 
Nodularity of the liver contour caused by regenerative nodules, 
fibrous scarring, and nonuniform lobar atrophy or hypertrophy 
may be demonstrated, particularly in the presence of ascites. 
Regenerative nodules, although present pathologically in all cir¬ 
rhotic livers, are visualized on multidetector CT (MDCT) in 
only approximately 25% of patients. Regenerative nodules, 
however, are most commonly isoattenuating with liver paren- 
chyma before and after contrast material administration. 
Uncommonly, regenerative nodules can appear as hypoattenu- 
ating small nodules on contrast-enhanced liver CT, simulating 
tumor. This is most commonly seen in primary biliary cirrhosis. 
Siderotic nodules will appear of higher attenuation than the 
normal liver because of hemosiderin content; they are most 
apparent on unenhanced CT and appear hyperdense but usually 
become isoattenuating with contrast-enhanced liver paren - 
chyma. Because of the insensitivity of CT to depict regenerative 
nodules, it is not able to depict or to differentiate the transfor¬ 
mation process of regenerative nodules to dysplastic nodules. 
On occasion, large dysplastic nodules can be identified on 
unenhanced CT with increased attenuation, perhaps owing to 
increased iron composition or packed cellular material with 
increased glycogen content. Most often, however, these nodules 
go undetected by CT. 156-159 

Cirrhotic liver parenchyma often demonstrates less contrast 
enhancement than normal liver and appears inhomogeneous 
because of the underlying regeneration, fibrosis, and altered 
portal venous biood flow. The hepatic and portal vein radicles 
in the liver are often compressed and difficult to visualize. The 
porta hepatis and intrahepatic fissures are also unusually prom¬ 
inent because of the hepatic atrophy. 156159 

Focal confluent fibrosis can appear at CT imaging as a focal 
mass, in some ways simulating tumor. It appears most con- 
spicuous on noncontrast CT and usually either becomes isoat¬ 
tenuating with contrast-enhanced CT or remains slightly 
hypoattenuating. In some cases, the fibrosis will show irregular 
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contrast enhancement, making it difficult to differentiate from 
HCC. 

These underlying parenchymal changes distort the liver 
parenchyma and can simulate other masses, such as HCC. In 
addition, the parenchymal changes can obscure subtle findings 
of HCC. Before the development of MDCT, it was difficult to 
detect even large foci of HCC in cirrhotic patients. The advent 
of MDCT gained the ability to optimally time contrast admin¬ 
istration and scanning and to detect arterial phase enhancement 
and delayed washout, which is critical in the diagnosis of HCC 
and has substantially increased the ability to detect small tumors 
in cirrhotic patients. The appearance of HCC is discussed more 
fully in Chapter 87. 

Vascular Findings 

Small vascular shunts can be seen as focal hyperenhancement 
without delayed washout. The arteries may also appear tortur- 
ous with a “corkscrew” appearance in cirrhosis because of the 
surrounding fibrosis. The hepatic artery and portal vein may 
both enlarge. Intrahepatic arterial-portal fistulas are occasion- 
ally seen on CT scans in patients with cirrhosis. They cause early 


opacification of the portal vein, which is best appreciated on 
dynamic scans by measuring the time-density curve in the aorta 
and the intrahepatic portal vein or hepatic hilum. In addition, 
the lobe that contains the arterial-portal fistula has higher 
density in the later arterial phase (transient hepatic attenuation 
difference) than the contralateral lobe. 156 ' 159 

Extrahepatic Findings 

Patients with cirrhosis and portal hypertension also show an 
increase in the density of the mesenteric fat compared with the 
retroperitoneal fat (56 vs 107 HU). The CT density of the mes¬ 
enteric fat is also significantly higher in these patients (56 HU) 
than in normal subjects (107 HU). 156 Pericaval fat collections 
are seen in up to 25% of patients with chronic liver disease. 
They are located along the posterior aspect of the IVC in most 
cases. The rightward angulation and narrowing of the intrahe¬ 
patic IVC that occur in cirrhosis can cause the pericaval fat 
collections to appear intraluminal on axial CT scans. 

Other findings commonly seen on CT are gallstones, lymph- 
adenopathy, varices and other sequelae of portal hypertension, 
and cirrhosis-related colopathy. Gamna-Gandy bodies are often 



Figure 89-28 Cirrhosis: sonographic findings. A. Sagittal scan of the left lobe of the liver shows multiple echogenic nodules ( arrow ) simulating 
metastases. They proved to be macroregenerative nodules. B. Sagittal scan of the right lobe demonstrates nodularity of the undersurface of the 
liver (arrow). C. A nodular hepatic surface ( arrows ) is highlighted by ascites. Note the thick galIbladder wall and gallstones. D. Sagittal sonogram 
showing enlargement of the caudate lobe (C) in a patient with cirrhosis. Arrows, Fissure for the ligamentum venosum. 
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Figure 89-28, cont'd E. A combination of schematic drawings and Doppler waveforms shows classification of hepatic vein Doppler waveforms 
in patients with cirrhosis and portal hypertension. (A courtesy of Peter Cooperberg, MD, Vancouver, British Columbia, Canada. E from Baik SKB, 
Kim JW, Kim HS, et al: Recent variceal bleeding: Doppler US hepatic vein waveform in assessment of severity of portal hypertension and 
vasoactive drug response. Radiology 240:574-580, 2006.) 


poorly seen on CT; when present, they can appear as faint areas 
of increased attenuation on noncontrast CT from focal 
calcification. 

MAGNETIC RESONANCE IMAGING: CIRRHOSIS 

The role of MRI in the cirrhotic patient is to assess liver size, to 
evaluate the effects of portal hypertension, to screen for HCC, 
and to better characterize masses detected in the liver by other 
techniques. 

Liver Morphology 

MRI (Fig. 89-30; see also Figs. 89-26 and 89-27) can often detect 
cirrhosis at an earlier stage than CT and ultrasound can. 1 
Early in the evolution of cirrhosis, MRI can demonstrate subtle 
changes, such as fine strands of fibrosis and enlargement of the 
hilar and periportal spaces. Opposed-phase spoiled gradient- 
echo images, which are heavily TI weighted, are sensitive to the 
depiction of subtle fibrotic change that is manifested as a lace- 
like hypointense network of abnormal signal intensity. 4 Linear 
enhancement is seen on the interstitial phase of enhancement, 
reflecting the distribution of gadolinium in the large extracel- 
lular spaces of the fibrotic septal tissue. There is also 


enlargement of the hilar periportal Space that lies anterior to 
the right portal vein. This is due to atrophy of segment IV and 
is visible in most patients with early cirrhosis. 177 ' 187 

MRI is the most sensitive imaging modality for demonstra¬ 
tion of regenerative nodules. They appear as isointense to 
hyperintense on T2-weighted imaging surrounded by a thin 
network of fibrotic change forming a hypointense background. 
Regenerative nodules are isointense to hypointense on TI com- 
pared with the liver parenchyma. When hemosiderin deposits 
are present, these nodules may have low signal intensity on both 
TI- and T2-weighted imaging from magnetic susceptibility 
effects. 1 18 These also enhance similarly to or slightly more 
than the background liver parenchyma during the portal venous 
phase of contrast administration, which is explained by their 
predominant portal venous biood supply. On MRI, these lesions 
are brightly hyperintense on TI-weighted images and hypoin¬ 
tense to liver on T2-weighted images, although a wide variety 
of signal intensity combinations have been reported. 160170 

Dysplastic nodules are premalignant and have a Spectrum of 
increased cellular density and cellular atypia, which is usually 
classified as low or high grade. Most small dysplastic nodules 
are not visualized as distinet masses on MRI. Similar to regen¬ 
erative nodules, surrounding fibrosis makes them distinet from 
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Figure 89-29 Cirrhosis: CT 
features. A. Contrast-enhanced 
CT scan demonstrates 
enlargement of the lateral 
segment (LS) of the left lobe, 
atrophy of the medial segment 
(solid red arrow) of the left lobe, 
and atrophy of the right lobe 
with a characteristic notch 
(broken yellow arrow) on the 
right posterior surface of the 
liver. Note that the galIbladder 
(solid yellow arrow) is in a more 
superficial and lateral position as 
a result of these morphologic 
changes. Several borderline 
size lymph nodes ( broken red 
arrow) are present within the 
gastrohepatic ligament. 

B. Contrast-enhanced CT scan 
demonstrates widening of the 
gal Ibladder fossa ( white arrow), 
enlargement of the lateral 
segment (LS) of the left lobe 
and caudate lobe (C) of the 
liver, ascites, varices ( red arrow), 
and splenomegaly (S). C. 
Non-contrast-enhanced CT scan 
shows diffuse nodularity of the 
hepatic contour associated with 
enlargement of the lateral 
segment (LS) of the left hepatic 
lobe and caudate lobe (C). Note 
the interposition of the colon 
(arrow) between the liver and 
lateral abdominal wall. RL, 

Right lobe. D. Coronal 
reformatted MDCT image 
shows interposition of colon 
(arrows) between liver and 
right diaphragm (Chilaiditi's 
syndrome), which is much more 
common in cirrhosis due to 
atrophy of the right lobe. 

E. Non-contrast-enhanced CT 
scan shows diffuse regenerative 
nodules that are hyperdense 
due to the presence of iron. 

F. Diagram depicting method of 
determining the presence of 
caudate lobe hypertrophy and 
right lobe atrophy. White arrow 
shows transverse diameter of 
the caudate lobe; yellow arrow 
depicts diameter of right lobe. 

If the caudate lobe-to-right 
lobe ratio is larger than 0.9, the 
diagnosis of cirrhosis can be 
predicted with a fairly good 
accuracy. G. Changes in the 
topography of the right upper 
quadrant commonly highlight 
pericaval fat in patients with 
cirrhosis, often simulating a 
fatty mass (arrow) in the inferior 
vena cava. 
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Figure 89-30 Cirrhosis: MR features. A. T2-weighted MR image demonstrates enlargement of the lateral segment (LS) of the left lobe, 
atrophy of the medial segment ( solid red arrow) of the left lobe, and atrophy of the right lobe with a characteristic notch ( broken yellow arrow) 
on the right posterior surface of the liver. Note that the gallbladder (solid yellow arrow) is in a more superficial and lateral position as a result of 
these morphologic changes. C, caudate lobe. B. Marked atrophy of the right lobe (RL) of the liver is seen in association with enlargement of the 
lateral segment (LS) of the left lobe and caudate lobe (C). The gallbladder fossa is widened, and the gallbladder ( yellow arrow ) and hepatic 
flexure ( red arrow) of the colon are in a superficial location. C. Coronal T2-weighted image shows marked hepatic atrophy associated with ascites 
and interposition of colon (arrow) between the liver and lateral abdominal wall. Splenomegaly is also present. 


the remaining liver parenchyma. Signal characteristics of dys- 
plastic nodules are variable and can overlap with both regenera¬ 
tive nodules and HCC. Dysplastic nodules are often hypointense 
on T2, and as dysplasia increases, the signal intensity can 
increase, appearing more similar to the increased T2 signal 
intensity of malignant disease (see Fig. 89-26). Dysplastic 
nodules classically appear hyperintense on TI, which does not 
vary with the degree of dysplasia. Dysplastic nodules are hypo- 
vascular and predominantly supplied by the portal system. Less 
commonly, they have an increase in hepatic arterial supply 
(approximately 12%), which can overlap with the appearance 
of HCC. When a small focus of HCC is present within a dys¬ 
plastic nodule, it has been called a “nodule within a nodule” 
appearance with central high signal intensity of T2 with sur- 
rounding hypointensity of the dysplastic tissue. The MR char¬ 
acteristics of hepatic lesions during dynamic arterial, venous, 
and delayed phases in conjunction with serum oc-fetoprotein 
level and number of lesions are predictors of hepatic malignant 
disease. 182 

Liver-specific MR contrast agents (Gd-EOB-DTPA) can also 
help differentiate nodules from malignant changes. Regenera¬ 
tive nodules contain Kupffer cells and appear similar to the 
hepatic parenchyma during the hepatobiliary phase of imaging. 
With increasing dysplasia, the amount of normal hepatic func- 
tion within nodules decreases and uptake is decreased with 
these contrast agents. However, well-differentiated HCC, which 


retains some hepatocyte function, can retain these contrast 
agents, creating a false negative and pitfall of this technique. 

Early fibrosis on MRI appears as a thin lacelike network with 
hyperintense T2 and hypointense TI signal. As fib rosis pro- 
gresses, these areas thicken, coalesce, and can demonstrate 
enhancement on delayed phase imaging. These fmdings are 
most prominent along the periphery and associated with cap- 
sular retraction and can form focal confluent fibrosis as previ- 
ously described. Liver-specific contrast agents can also help 
demonstrate fibrosis, which will not enhance during the hepa¬ 
tobiliary phase, differentiating it from the liver background. 
Unfortunately, these signal characteristics are similar to most 
HCCs. As with CT, the diagnosis rests with identifying the char¬ 
acteristic location and capsular retraction of this lesion. When 
focal confluent fibrosis appears round on axial images, the high 
signal intensity lesions on T2-weighted images replicate Ånd¬ 
ings of HCC. 177187 

Several new techniques allow further assessment of hepatic 
fibrosis at MRI. MR elastography has shown promise as a non- 
invasive means of determining the degree of hepatic fibrosis. 
Patients with liver fibrosis have elevated MR elastographic liver 
stiffness measurements, which increase as fibrosis progresses, 
and higher stages of fibrosis can be differentiated with this 
technique. 187 

Diffusion-weighted MRI may help detect cirrhosis, particu- 
larly assessment of multi-b value-generated apparent diffusion 
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coefficient values, which are decreased in cirrhosis. Analysis of 
phosphorus-based MR spectroscopy has also been investigated 
and has been reported to show alterations in the ratio of 
phosphorus-based liver metabolites. 

Extrahepatic Findings 

MRI is also useful in depicting Gamna-Gandy bodies (see Fig. 
89-14D) in the spleen in patients with portal hypertension. 
These siderotic nodules are composed of hemosiderin and cal- 
cification adjacent to thickened bundles of collagen fibers and 
result from repeated hemorrhages in the splenic follicles or 
adj acent to trabeculae. These tiny nodules have low signal 
intensity at virtually all pulse sequences because of their para- 
magnetic effect but are best seen on gradient-echo or fast low- 
angle shot images. 7-187 Other extrahepatic findings described 
on ultrasound and CT can also be appreciated with MRI. 

ULTRASOUND: PORTAL HYPERTENSION 

Sonography (Figs. 89-31 and 89-32) plays a key role in the 
management of patients with cirrhosis in the detection of portal 
hypertension and the noninvasive evaluation of the portosys- 
temic collateral circulation. The sonographic features of portal 
hypertension depend on changes in size and biood flow in the 
portal system, congestive splenomegaly, and development of 
collateral pathways. Sonography is also useful in differentiating 
presinusoidal causes of portal hypertension from obstruction 
at the sinusoidal or postsinusoidal level. 28 188,189 


Measuring portal vein size and observing respiratory varia¬ 
tions in the superior mesenteric and splenic veins are simple 
and sensitive methods for detection of portal hypertension. The 
diameter of the portal vein in normal individuals ranges from 
0.64 to 1.21 cm; the mean diameter is 1.2 cm in cirrhotic 
patients. There is a significant correlation between the diameter 
of the portal vein and maximal spleen length and the magnitude 
of varices seen endoscopically. A patent portal vein larger than 
1.3 cm is 100% specific for portal hypertension but is seen in 
only 75% of cases. Other signs of portal hypertension are 
patency of the umbilical vein (58%); splenomegaly with dik¬ 
tion of splenic vein radicles (91.3%); and disappearance of 
normal splenic and mesenteric vessel caliber variation with res¬ 
piration, which occurs in 78.5% and 88.4% of patients, respec- 
tively. Lack of distensibility of the portal vessels with respiration 
is an important sign. In normal individuals, the portal venous 
system distends with deep inspiration and breath holding 
because of diaphragmatic descent and compression of hepatic 
venous outflow. The diameter of the splenic or superior mes¬ 
enteric veins may increase 50% to 100%. Ninety percent of 
patients with manometrically proved portal hypertension fail 
to show this distensibility because the portal venous system is 
already maximally distended and respiration-induced pressure 
changes are poorly transmitted through the scarred liver. The 
caliber of these veins decreases and respiratory variation returns 
if therapy with various vasoconstrictors is successful. 28,188,189 

The size of the superior mesenteric and left gastric veins is 
also affected in portal hypertension. If the superior mesenteric 
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Figure 89-31 Portal hypertension: diagrammatic depictions of causes and decompressive pathways. A. Causes of portal hypertension. 

B. Drawing illustrates the collateral vessels in portal hypertension: AWV, abdominal wall vein; GEV, gastroesophageal vein; /MV, inferior mesenteric 
vein; WC, inferior vena cava; LGV, left gastric vein; LPV, left portal vein; LRV, left renal vein; MV, mesenteric vein; PDV, pancreaticoduodenal vein; 
PEV, paraesophageal vein; PV, portal vein; RPPV, retroperitoneal-paravertebral vein; SMV, superior mesenteric vein; SRV, splenorenal 
vein; SV, splenic vein; UV, umbilical vein. 
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Figure 89-31, cont'd C. Prominent paraumbilical vein in a patient with cirrhosis. Diagram shows a large paraumbilical vein associated with 
hepatopetal flow in the main portal vein but hepatofugal flow ( striped red arrows ) in intrahepatic portal vein branches. Both splanchnic venous 
biood ( black arrows ) and hepatic artery biood are shunted to the systemic venous circulation through the paraumbilical vein. Despite hepatopetal 
flow in the portal vein, the hepatic parenchyma is not perfused by splanchnic venous biood because portal venous inflow is completely shunted 
to the paraumbilical vein. Solid red arrow, hepatic artery biood shunted through the paraumbilical vein. D. Splenorenal shunt. Diagram shows 
diffuse intrahepatic arterioportal shunting that drains through a portosystemic connection between the splenic and left renal veins. Note the 
hepatofugal flow ( striped red arrow) in the intrahepatic portal vein branches, the main portal vein, and the retropancreatic segment of the splenic 
vein. Superior mesenteric vein flow is also shunted through this pathway. Note that both hepatic artery flow and splanchnic venous flow are 
shunted to the systemic circulation through the splenorenal pathway, whereas only splanchnic venous biood is shunted through this pathway as 
shown here. Green arrows, sites of flow diversion; solid black arrows, normally directed venous flow; solid red arrow, hepatic artery flow shunted 
through the splenorenal pathway. E. Transjugular intrahepatic portosystemic shunt in a patient with cirrhosis. Diagram shows hepatofugal flow in 
the intrahepatic portal veins ( striped red arrows ) and hepatopetal flow in the main portal vein. Note the similarity to the hemodynamics seen with 
a large paraumbilical vein. Black arrows, splanchnic venous biood; solid red arrow, hepatic artery biood shunted through a transjugular 
intrahepatic portosystemic shunt. (A reprinted from Losowsky MS: The physician's viewpoint. In Herlinger H, Lunderquist A, Wallace S [eds]: 
Clinical Radiology of the Liver. Part B. New York, Marcel Dekker, 1983, pp 581-594, by courtesy of Marcel Dekker, Inc. B from Kang HK, Jeong 
YY, Choi JH, et al: Three-dimensional multi-detector row CT portal venography in the evaluation of portosystemic collateral vessels in liver 
cirrhosis. RadioGraphics 22:1053-1061, 2002. C, D, and E from Wachsberg RH, Bahramipour R, Sofocleous CT, et al: Hepatofugal flow in the 
portal venous system: Pathophysiology, imaging findings, and diagnostic pitfalls. RadioGraphics 22:123-140, 2002.) 


vein is larger than the portal vein or the left gastric vein is larger 
than 4 mm, portal hypertension is present. The superior mes¬ 
enteric vein and splenic veins should be no larger than 11 and 
12 mm, respectively. A left gastric vein larger than 7 mm indi- 
cates a portohepatic gradient larger than 10 mm Hg, which 
makes variceal bleeding likely. 28,188,189 


Collateral vessels can be seen sonographically in up to 88% 
of patients with portal hypertension. The most important 
varices involve the left gastric vein and associated esophageal 
varices. These varices can be identified as circular and tubular 
sonolucencies in the region of the gastroesophageal junction 
and lesser curvature of the stomach. These vessels are normally 
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Figure 89-32 Portal hypertension: sonographic 
features. A. Gray-scale image of the left upper 
quadrant demonstrates splenomegaly and ascites. 
B. Coronal Doppler image obtained through the 
lesser omentum demonstrates varices involving the 
coronary veins. C. Longitudinal color flow Doppler 
scan of the upper abdomen shows multiple 
collateral vessels. D. Caput medusae due to 
collateral vessels in the anterior abdominal wall 
in a patient with cirrhosis and portal hypertension. 
E. Gray-scale image shows enlargement of the 
main portal vein of 1.5 cm compatible with portal 
hypertension. F. Color and spectral Doppler image 
of the main portal vein in a different patient 
demonstrates hepatofugal flow; reversal of biood 
flow away from the liver with flow demonstrated 
below the baseline. G. Sagittal color Doppler 
sonogram showing recanalization of the umbilical 
vein ( arrow). (B courtesy of Peter Cooperberg, MD, 
Vancouver, British Columbia, Canada.) 







1668 SECTION X Liver 


no larger than 4 mm. CT, however, more reliably depicts varices 
in this location. 28,188, The portal circulation commonly decom- 
presses through paraumbilical veins in the ligamentum teres. 
This usually echogenic structure becomes sonolucent centrally, 
producing a “bull’s-eye” appearance in the transverse plane. A 
central vascular channel exceeding 3 mm in diameter is a spe- 
cific sign of portal hypertension. On longitudinal scans, these 
paraumbilical varices can be followed caudally toward the 
umbilicus as a tubular lucency. A patent umbilical vein excludes 
an extrahepatic cause of portal hypertension because the umbil¬ 
ical vein arises from the intrahepatic portion of the left portal 
vein. This vein enables the formation of an anastomosis between 
the left branch of the portal vein and the veins of the anterior 
abdominal wall, creating a portal-systemic bypass circuit known 
as the Cruveilhier-Baumgarten syndrome. The vein may some- 
times become aneurysmally dilated and simulate a fluid collec- 
tion, emphasizing the importance of Doppler assessment of 
cystic structures in patients with cirrhosis before biopsy. 
Doppler sonography can also be used to assess the hemody- 
namic significance of flow in the paraumbilical vein. When 
hepatofugal flow in the umbilical vein exceeds hepatopetal flow 
in the portal vein, patients are less likely to have esophageal 
varices and bleeding. Although it occurs more commonly in 
patients with severe functional impairment, it may play a pro- 
tective role against variceal bleeding. 28,188,189 

The inferior mesenteric vein also dilates in patients with 
portal hypertension. It provides a conduit for portosystemic 
shunting through two major pathways: communication with 
the left gonadal vein and with the middle and inferior hemor- 
rhoidal veins. The inferior mesenteric vein is considered dilated 
when it is larger than 6 mm in diameter. 

Duplex sonography and color flow Doppler sonography are 
extremely useful in patients with portal hypertension. Doppler 
sonography provides more precise identification and character- 
ization of vessels and flow direction than conventional sonog¬ 
raphy does. It is particularly useful in patients with patent 
paraumbilical veins because patency of these channels can also 
be seen in normal patients but biood flow is hepatopetal, not 
hepatofugal as in cirrhosis. Doppler sonography can also suggest 
the likelihood of a spontaneous splenorenal shunt by demon- 
strating hepatofugal flow and dilated splenic and renal veins. 
The normal hepatic vein waveform (see Fig. 89-28) is triphasic 
because of central venous pressure variations that occur in the 
cardiac cycle. In patients with cirrhosis and portal hypertension, 
the waveforms become biphasic and ultimately monophasic. 
Monophasic waveforms are associated with severe portal hyper¬ 
tension with a sensitivity of 74% and specificity of 95%. 179 

Other changes in the splanchnic circulation in cirrhosis and 
portal hypertension can also be observed with Doppler ultra- 
sound. Superior mesenteric, splenic, and portal venous flows 
are significantly increased in patients with chronic cirrhosis. 
This is a result of increased portal inflow in cirrhosis because 
of a hyperdynamic circulatory State in the splanchnic circula¬ 
tion of the intestine and spleen in patients with portal hyperten¬ 
sion. Not surprisingly, splenic and superior mesenteric artery 
biood flow also significantly increases in patients with cirrhosis 
compared with normal subjects and patients with chronic hep¬ 
atitis. The resistive index of hepatic arterial flow is elevated 
(>0.78) in patients with hepatic fibrosis and portal hyperten¬ 
sion. Although it is specific for a large portal pressure gradient, 
the resistive index is not sensitive. Portal venous velocity is 
diminished in cirrhotic patients with (7.1 ± 2.3 cm/s) and 


without (12.0 ± 3.4 cm/s) spontaneous splenorenal shunts 
compared with normal subjects (16.5 ± 4.9 cm/s). 28,188,189 Flow 
can also become reversed (hepatofugal) in the main portal vein. 
Decreased flow within the portal venous system in either direc¬ 
tion increases the risk for portal venous thrombosis, another 
potential complication in cirrhosis and portal hypertension. 

There is a correlation sonographically between hepatic 
venous pressure gradient and renovascular impedance. High 
renovascular impedance, as evidenced by elevated pulsatility 
and resistive indices, indicates renal vasoconstriction, which in 
turn indicates severe portal hypertension. 18 

Duplex Doppler sonography should be the initial screening 
examination in patients with a transjugular intrahepatic por¬ 
tosystemic shunt (TIPS) who present with new or recurring 
variceal bleeding or increasing ascites when there is a question 
of shunt patency. It is also ideal for routine serial follow-up. 
Color Doppler sonography is a superb means of guiding TIPS 
procedures. 28,188,189 

COMPUTED TOMOGRAPHY: 

PORTAL HYPERTENSION 

CT (Fig. 89-33) is also excellent in demonstrating portal hyper¬ 
tension with its attendant varices, splenomegaly, and ascites. On 
CT scans, portosystemic collaterals appear as tortuous, tubular, 
or round soft tissue masses that may be mistaken for lymph 
nodes on noncontrast scans. Enhancement after intravenous 
administration of contrast agent confirms their vascular origin. 
By demonstrating selective vessel collateralization, CT also has 
the ability to diagnose and to differentiate their cause. Whereas 
short gastric and coronary collateral vessels are seen in both 
portal hypertension and splenic vein occlusion, enlargement of 
the gastroepiploic vein is seen only in splenic vein occlusion 
and paraumbilical varices only in portal hypertension. 1 ' 
Esophageal and gastric varices can be inferred from CT scans 
when marked enhancement is seen in association with mural 
thickening. Varices can also create intraluminal esophageal pro- 
trusions, giving a scalloped appearance. Liver MDCT is useful 
for grading of esophageal varices as well. It appears that a diam¬ 
eter of 3 mm for the varix is useful in identifying high-risk 
patients who benefit most from endoscopy and prophylactic 
therapy. 194 

Although duplex Doppler sonography can provide informa¬ 
tion concerning variceal flow and direction, CT is superior in 
demonstrating retroperitoneal varices and in depicting azygos, 
hemiazygos, pericardial, and periesophageal varices that can 
simulate mediastinal masses. 190 ' 203 

Hepatofugal portal venous flow in patients with cirrhosis 
indicates the presence of advanced portal hypertension placing 
the patient at increased risk for hepatic dysfunction, hepatic 
encephalopathy, variceal bleeding, and poorer response of the 
varices to endoscopic ligation compared with cirrhotic patients 
with hepatopetal flow. 201 A portal vein diameter of less than 
1 cm in the presence of cirrhosis is a highly specific but less 
sensitive sign of hepatofugal portal venous flow in cirrhotic 
patients. This implies that the liver is being almost exclusively 
supplied by the hepatic artery. This has important prognostic 
and therapeutic implications in planning chemoembolization 
of tumors or placement of a TIPS. 

The splenic index is a good indicator of the severity of 
esophageal varices and hepatic functional reserve in cirrhotic 
patients. A splenic index (= length x width x thickness of 
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Figure 89-33 Portal hypertension: CT features. A. Axial CT scan showing esophageal ( white arrow) and paraesophageal ( red arrow) varices. 
Superficial collateral vessels are also present (yellow arrows). B. Diagram shows connections between esophageal and paraesophageal varices 
through perforating veins with afferent or efferent biood flow. Paraesophageal varices are formed by union of groups of dilated perforating 
veins, and varices connect with left gastric veins inferiorly and with azygos vein superiorly. Throughout their length, esophageal varices form 
connections with paraesophageal varices through perforating veins. C. Coronal reformatted MDCT image shows short gastric and perigastric 
varices (arrow). D. Cavernous transformation of the portal vein ( arrows ) is identified in this patient with portal vein thrombosis, hepatic steatosis, 
and splenomegaly. Note also the gastric wall varices. In the following patient, CT demonstrates colonic disease associated with cirrhosis and 
portal hypertension. E. Axial CT with contrast enhancement shows mural thickening of the right colon ( yellow arrows ); the left colon (not shown) 
was uninvolved. Note the perisplenic and gastrocolic ligament varices ( red arrows ). Splenomegaly is also noted. (B from Matsuo M, Kanematsu 
M, Kim T, et al: Esophageal varices: Diagnosis with gadolinium enhanced MR imaging of the liver for patients with chronic liver damage. AJR Am 
J Roentgenol 180:461-466, 2003. Reprinted with permission from the American Journal of Roentgenology. C and D courtesy of Elliot Fishman, 
MD, Baltimore, MD.) 
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spleen) greater than 963 cm 3 is a good indicator of the presence 
of esophageal varices at risk for bleeding. 

Thickening of the wall of the small bowel and colon is 
common in patients with cirrhosis due to the presence of 
portal hypertension and low protein States. There is, however, 
a specific right-sided colitis (see Fig. 89-33) that can be due 
specifically to the portal hypertension. The increased pressure 
within the superior mesenteric vein leads to the release of a 
number of inflammatory mediators, including interleukin-1 
and nitrous oxide. This can lead to a colitis that simulates 
inflammatory bowel disease. Vascular ectasias that have a pro- 
pensity to bleed may also develop. The presence of this right- 
sided colitis is associated with an increased risk of spontaneous 
bacterial peritonitis as bacteria more readily translocate 
through the diseased colonic wall. The imaging differential 
diagnosis of the colonic submucosal edema includes inflam¬ 
matory bowel disease, ischemia, and infections including pseu- 
domembranous colitis. 

MAGNETIC RESONANCE IMAGING: 

PORTAL HYPERTENSION 

MRI (Fig. 89-34) is uniquely suited for the depiction of large 
vascular collaterals because of the natural contrast between 
flowing biood and surrounding soft tissues. The most successful 


MRI techniques for delineation of abdominal biood vessels are 
MR angiographic techniques that can be used with or without 
gadolinium injection. Collateral pathways are demonstrated as 
tortuous structures of high signal intensity on MR angiograms. 
Direct sagittal scans are particularly useful for imaging of the 
paraumbilical vein, and coronal scans are helpful for esophageal 
and mesenteric varices. 47,204,205 

Increased biood supply from the hepatic artery can cause 
heterogeneous increased arterial enhancement of the paren- 
chyma. Vascular shunts and occlusions can be seen similarly 
with MRI as with CT and MRI. 

Other Åndings of portal hypertension, including ascites, 
splenomegaly, and colitis, can also be seen with MRI. 

TRANSJUGULAR INTRAHEPATIC 
PORTOSYSTEMIC SHUNT 

The TIPS has become the mainstay of nonsurgical treatment of 
portal hypertension due to cirrhosis. This procedure is dis- 
cussed in detail in Chapter 84. The goal of this procedure is to 
reduce the portal vein-hepatic vein gradient to 12 mm Hg or 
less. Doppler ultrasound is most commonly used to assess the 
TIPS and can determine patency and directionality of flow. CT 
and MRI can also be used to assess patency of the TIPS 205 ' 211 
(Fig. 89-35). 




Figure 89-34 Portal hypertension: MR features. 

A. Superficial collateral vessels ( arrow) are identified 
in this patient with Cruveilhier-Baumgarten 
syndrome. B. Left gonadal vein varix (arrow). 

C. Spontaneous splenorenal shunt (arrow). 

(Courtesy of Drs. Hiroki Haradome and Tomoaki 
Ichikawa, Yamanishi, Japan.) 
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Figure 89-35 TIPS: cross-sectional imaging 
findings. A. Color flow Doppler image shows 
patency of the TIPS. B. Coronal reformatted 
MDCT image shows a patent TIPS stent ( arrow ). 
C. Color Doppler image through the right lobe 
demonstrates a TIPS without demonstrable flow 
compatible with occlusion. 
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The liver has a unique, dual biood supply in which 25% of the 
flow comes from the hepatic artery and 75% through the portal 
vein (Fig. 90-1). There is an inverse relationship between these 
two biood supplies. If portal flow decreases, arterial flow will 
increase as if an impedance has been removed. In addition, 
there are several Communications between these vessels that 
open in response to nervous and humoral factors: trans- 
sinusoidal, transvasal, and transplexal. When vascular compro- 
mise develops, the volume and direction of biood flow of an 
individual vessel will be altered. Multidetector computed 
tomography (MDCT), Doppler ultrasound, and magnetic reso- 
nance imaging (MRI) are sensitive in the diagnosis of these 
perfusion disorders and are discussed in this chapter. 

Transient Hepatic Attenuation 
Differences (THADs) and Transient 
Hepatic Intensity Differences (THIDs) 

Intraparenchymal perfusion disorders such as transient hepa¬ 
tic attenuation differences (THADs) and transient hepatic 
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intensity differences (THIDs) are epiphenomena of altera¬ 
tions of the dual vascular supply of the liver. 1 ' 9 There is a 
compensatory relationship between hepatic arterial and 
portal venous biood supply so that arterial flow increases 
when portal flow decreases (Fig. 90-2). This is made possible 
by communication among the main vessels, sinusoids, and 
peribiliary venules that dilate in response to autonomic 
nervous system and humoral factors activated by hepatic 
demand for oxygen and metabolites. THADs and THIDs are 
areas of parenchymal enhancement visible during the hepatic 
arterial phase after the intravenous administration of contrast 
media. These lesions can be classified by morphology, etiol¬ 
ogy (Figs. 90-3 to 90-6), and pathogenesis. 1 ' 4 

THADS AND THIDS ASSOCIATED 
WITH A MASS LESION 

Benign and malignant masses produce two morphologic types 
of THADs and THIDs by four pathophysiologic mechanisms: 
directly, by siphoning effect of the mass (lobar multisegmental 
shape); indirectly, by means of portal hypoperfusion (sectorial 
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Figure 90-1 Hepatic biood supply. A. Diagram shows that the arterial and venous supplies to the liver are not independent systems. There 
are numerous Communications between them, including the trans-sinusoidal route (between the interlobular arterioles and portal venules or 
sinusoids) and the transplexal route (peribiliary plexus), which play an important role when portal venous inflow is compromised. GDA, 
Gastroduodenal artery; IMV, inferior mesenteric vein; IVC, inferior vena cava; SMV, superior mesenteric vein. B. Normal hepatic venous anatomy. 
Drawing shows major hepatic veins and short hepatic vein orifices. C. Normal branching pattern of the portal vein. Coronal (left) and axial (right) 
diagrams show that the main portal vein (1) divides into the right (2) and left portal veins. The left portal vein first courses horizontally (horizontal 
portion [3]), then turns anteriorly (umbilical portion [4] toward the ligamentum teres [6]). The Cantlie line corresponds to the median fissure and 
extends from the gallbladder (7) to the inferior vena cava. It is located to the right of the umbilical ligament and divides the liver into right and 
left lobes. 5, Branch to segment IV. D. Four most common branching patterns of the intrahepatic portal vein. a, Coronal diagram shows the 
normal branching pattern. b, Coronal diagram shows trifurcation of the main portal vein. The right portal vein is not present, and the main portal 
vein divides into the right anterior, right posterior, and left portal veins at the same level, c, Coronal diagram shows the right anterior branch 
arising from the left portal vein. The main portal vein divides into the right posterior and left portal veins, and the right anterior portal vein arises 
from the left portal vein. d, Coronal diagram shows the right posterior branch arising from the main portal vein. The first branch to split off is the 
right posterior branch. The main portal vein then continues to the right for a variable distance and bifurcates into the right anterior and left 
portal veins. E. Diagram shows anatomic relationship between hepatic arterial and portal venous branches and bile duet (portal triad), biliary 
radicles, cords of hepatocytes, intervening sinusoid, and central draining hepatic vein. Hepatic biood supply is depicted at the sinusoidal level. 
Note that the bile duets primarily derive their biood supply from the hepatic arteries. 
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Figure 90-1, cont'd F. Diagram of microanatomic relationship of red biood cells within sinusoid, fenestrated endothelial cells, plasma (P), 
space of Disse, and hepatocyte. The communication through the sinusoids of the hepatic veins and portal veins is shown. G. Photomicrograph 
showing the fenestrated walls of the sinusoids ( arrow). (A from Quiroag S, Sebastia C, Pallisa E, et al: Improved diagnosis of hepatic perfusion 
disorders: Value of hepatic arterial phase imaging during helical CT. RadioGraphics 21:65-81, 2001. B from Desser TS, Sze DY, Jeffrey RB: 
Imaging and intervention in the hepatic veins. AJR Am J Roentgenol 180:1583-1591, 2003. C and D from Gallego C, Velasco M, Marcuello P, 
et al: Congenital and acquired anomalies of the portal venous system. RadioGraphics 22:141-159, 2002. E and F from Pandharipande P\/, 
Krinsky GA, Rusinek H, Lee VS: Perfusion imaging of the liver: Current challenges and future goals. Radiology 234:661-673, 2005.) 


Figure 90-2 The inverse relationship of portal venous and 
hepatic biood flow: the origin of THADs (transient hepatic 
attenuation differences) and THIDs (transient hepatic intensity 
differences). A. In the normal situation, a segment of liver derives 
most of its biood supply from the portal vein ( blue ) and a minority 
from the hepatic artery (red). B. If the portal vein flow is compromised 
(black) by obstruction or extrinsic compression or if intraparenchymal 
pressure exceeds portal venous pressure, that segment of liver will 
derive its biood supply almost exclusively from the hepatic artery 
(red). The normal liver will be perfused by both the hepatic artery 
(red) and the portal vein (blue). This has important implications for 
contrast-enhanced MDCT and MRI studies. (Courtesy Dennis M. Balfe, 
MD, St. Louis, Mo.) 



shape) due to portal branch compression or infiltration; by 
thrombus, resulting in a portal branch blockade; or by flow 
diversion caused by an arterioportal shunt . 14 

Lobar multisegmental THADs and THIDs occur when a 
benign hypervascular lesion or an abscess induces an increase 


in the primary arterial inflow, which leads to surrounding 
parenchyma perfusion, the so-called siphoning effect. These 
THADs and THIDs do not assume a triangular shape, but a 
straight border may be present between the arterial phenomena 
from adjacent parenchyma . 14 

Sectorial THADs and THIDs follow hepatic vessel dichot- 
omy and appear as triangular areas that result from the strict 
relationship between the portal hypoperfused area and the arte¬ 
rial reaction. These can be seen in benign and malignant tumors 
as well as in abscesses due to the spread of inflammatory media¬ 
tors. The THADs and THIDs can be wedge or fan shaped . 14 

THADS AND THIDS NOT ASSOCIATED 
WITH A MASS LESION 

THIDs and THADs can be seen in the absence of a focal lesion 
as a result of three mechanisms: portal hypoperfusion due to 
portal branch compression or thrombosis; flow diversion by 
arterioportal or an anomalous biood supply; or inflammation 
of the bile duets or gallbladder . 1 

Sectorial THIDs and THADs are usually caused by portal 
hypoperfusion due to portal vein or hepatic vein thrombosis, 
long-standing biliary obstruction, or arterioportal shunt that 
may be congenital, traumatic, or due to cirrhosis. These THIDs 
and THADs can have a globular shape, especially when they are 
adjacent to Glissons capsule . 1 ' 4 

Polymorphous THADs and THIDs have four major causes: 
external compression by a rib or subeapsular collection; 
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Figure 90-3 THADs (transient hepatic 
attenuation differences) and THIDs (transient 
hepatic intensity differences): benign causes. 

Contrast-enhanced MRI (A) and MDCT (B) in 
a patient with a dropped gallstone and 
pericapsular abscess. The abscess (yellow arrow) 
causes increased intraparenchymal pressure 
exceeding portal venous pressure, leading to 
hyperenhancement (red arrows ) from compensatory 
hepatic arterial flow. In a patient with sclerosing 
cholangitis, MR shows a THID (C, arrows ) in the 
posterior segment of the right lobe of the liver 
due to a stenotic intrahepatic bile duet (D, arrow). 
The biliary obstruction leads to increased 
intraparenchymal hepatic pressure exceeding portal 
venous pressure, leading to the hyperenhancement. 





Figure 90-4 THADs (transient hepatic attenuation differences) and THIDs 
(transient hepatic intensity differences) resulting from a hemangioma. Axial CT 
(A) and MR (B) images show a large hemangioma (H) in the lateral segment of the left 
lobe of the liver causing a large THAD and THID ( arrows ) in the medial segment of the 
left lobe. C. On the delayed MR image, the hemangioma (H) has filled in with contrast 
material, and the THID has resolved. 
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Figure 90-5 THADs (transient hepatic 
attenuation differences) and THIDs (transient 
hepatic intensity differences): malignant causes. 

A to C. MDCT shows a THAD (red arrows ) in the 
lateral segment of the left hepatic lobe due to 
portal vein thrombosis (blue arrow) secondary to 
hepatocellular carcinoma (not shown). The THAD 
resolves on the delayed, equilibrium image (C). CT 
(D) and MR (E) images in a different patient with 
hepatocellular carcinoma causing portal vein 
thrombosis (yellow arrow). Notice the THID 
(D) and THID (E) in the right lobe of the liver. 


anomalous biood supply from atypical arteries, collateral 
venous vessels, or accessory veins, especially in segment IV of 
the liver; inflammation of adjacent organs, such as cholecystitis 
and pancreatitis that spread inflammatory mediators and 
reduce portal inflow because of interstitial edema; and trauma, 
biopsy, or radiofrequency ablation of hepatic tumors . 1 ' 4 

In patients with obstruction of the superior vena cava, the 
medial segment of the left lobe (segment IV) of the liver will 
hyperenhance because of collateral veins. The internal mammary 
vein connects to the left portal vein by the paraumbilical vein. 

Diffuse THADs and THIDs can be seen in right-sided heart 
failure (see later), Budd-Chiari syndrome (see later), and biliary 
obstruction, leading to abnormal attenuation and signal inten¬ 
sity adj acent to the portal triads. 


Budd-Chiari Syndrome and Sinusoidal 
Obstruction Syndrome 

The term Budd-Chiari syndrome is applied to a diverse 
group of conditions associated with hepatic venous outflow 
obstruction, at the level of either the large hepatic veins or 
the suprahepatic segment of the inferior vena cava. Diagno- 
sis of this disorder is frequently difficult because of its 
protean causes and clinical manifestations. Sinusoidal 
obstruction syndrome is a subset of the Budd-Chiari syn¬ 
drome in which nonthrombotic occlusion of the small pre- 
sinusoidal venules occurs. This usually develops in the 
setting of chemotherapy, radiation therapy, and immunosup- 
pressive therapy . 10 ' 21 
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Figure 90-6 THADs (transient hepatic attenuation differences) 
due to superior vena cava obstruction by lung cancer. A. Axial CT 
scan shows robust enhancement of the medial segment of the left 
lobe of the liver ( arrow). B. Diagram depicting the decompression 
pathways responsible for this THAD. HCV, Hepatic central veins; 

IMV, internal mammary vein; IPV, inferior phrenic vein; SVC, superior 
vena cava. (B from Cihangiroglu M, Lin BH, Dachman AH: Collateral 
pathways in superior vena caval obstruction as seen on CT. J Comput 
Assist Tomogr 25:1-8, 2001.) 


CLINICAL FINDINGS 

The two major clinical presentations of Budd-Chiari syndrome 
are determined by the extent and speed of onset of venous 
occlusion. The acute form follows simultaneous obstruction of 
all three hepatic veins or, more frequently, obstruction of the 
last patent hepatic vein after previous, clinically occult throm- 
bosis of the others. These patients experience rapid onset of 
abdominal pain, tender hepatomegaly, vomiting, ascites, and 
arterial hypotension. This constellation of Åndings is associated 
with mild or marked increase of serum bilirubin level, marked 
elevation of the transaminase values, and decreased clotting 
factors resulting from hepatocellular failure. 10-21 


BOX 90-1 CAUSES OF BUDD-CHIARI SYNDROME 


HYPERCOAGULABLE STATES 

Antiphospholipid syndrome 

Antithrombin III deficiency 

Essential thrombocytosis 

Factor V Leiden 

Lupus anticoagulant 

Myeloproliterative disorder 

Paroxysmal nocturnal hemoglobinuria 

Polycythemia rubra vera 

Postpartum thrombocytopenic purpura 

Protein C deficiency 

Protein S deficiency 

Sickle cell disease 

INFECTION 

Amebic liver abscess 

Aspergillosis 

Filariasis 

Hepatic abscess 

Hydatid cysts 

Pelvic cellulitis 

Schistosomiasis 

Syphilis 

Tuberculosis 

CANCER 

Adrenal cancer 

Bronchogenic carcinoma 

Fibrolamellar cancer 

Hepatoma 

Leiomyosarcoma 

Leukemia 

Renal cell cancer 

Rhabdomyosarcoma 

MISCELLANEOUS 

Behget's disease 

Celiac disease 

Crohn's disease 

Laparoscopic cholecystectomy 

Membranous obstruction of vena cava 

Oral contraceptives 

Polycystic disease 

Pregnancy 

Sarcoidosis 

Trauma 


Patients with the chronic form of Budd-Chiari syndrome 
present with ascites of insidious onset, right upper quadrant 
pain, hepatomegaly, normal or moderately increased transami¬ 
nase values, decreased albumin and clotting factors, mild jaun- 
dice, and splenomegaly or variceal bleeding if cirrhosis develops. 
The diagnosis is seldom made on clinical grounds alone because 
clinicians tend to ignore the abdominal pain and ascribe the 
hepatomegaly and ascites to cirrhosis. The correct diagnosis 
may be inferred from the absence of a cause for the cirrhosis; 
episodes of abdominal pain during the preceding month; or, 
uncommonly, a palpable caudate lobe. 10-21 

ETIOLOGY 

Budd-Chiari syndrome is classified as either primary or second- 
ary, depending on the cause and pathophysiologic manifesta¬ 
tions (Box 90-1 ). In the primary type, there is total or incomplete 
membranous obstruction of hepatic venous biood, either above 
the entrance of the hepatic veins into the inferior vena cava or 
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between the ostium of the right hepatic vein, which remains 
patent, and the more superior middle and left hepatic veins. 
Membranous obstruction, although uncommon in Europe and 
North America, is the most common cause of Budd-Chiari 
syndrome in Japan, India, Israel, and South Africa. These mem¬ 
branes vary greatly in size, from wafer thin to several centime¬ 
ters thick. The origin of this lesion is controversial; most are 
believed to be congenital malformations that result from devia¬ 
tions of the complex embryologic process by which the inferior 
vena cava is formed. Other theories suggest that some of these 
lesions are acquired secondary to mechanical injury, infection, 
phlebitis, or organization of a preexisting thrombus. This origin 
would explain the adult presentation of the disorder. 6 ' 21 

Membranous obstruction of the inferior vena cava is com- 
plicated by hepatocellular carcinoma in 20% to 40% of cases in 
South African and Japanese series. It is postulated that the 
obstruction renders the hepatocytes more susceptible to the 
action of one or more environmental carcinogens or that 
perhaps long-standing venous obstruction induces formation 
of hyperplastic nodules, which may undergo malignant 
transformation. 6 ' 21 

Secondary Budd-Chiari syndrome can be classified on 
the basis of the site of hepatic venous obstruction. Obstruction 
at the level of the central and sublobular veins may follow 
chemotherapy with thioguanine, vincristine, cytarabine, 6- 
mercaptopurine, or dacarbazine; internal or external hepatic 
radiation; chemoradiation ther apy before bone marrow trans¬ 
plantation; azathioprine for immunosuppression; arsenic poi- 
soning; pregnancy (particularly in the postpartum period); and 
oral contraceptive use. Naturally occurring toxins, such as the 
pyrrolizidine alkaloids found in herbal teas containing senecio 
and aflatoxins, have been implicated as well. Nonthrombotic 
occlusion of small central and sublobular veins is termed sinu- 
soidal obstruction syndrome. 6 ' 21 

Sinusoidal obstruction syndrome (also known as hepatic 
veno-occlusive disease) is a distinctive and potentially fatal 
form of hepatic injury that occurs after drug and toxin expo- 
sure. Obstruction of the sinusoids occurs in central areas 
with hepatocyte necrosis and hemorrhage. Endothelial injury 
is the initiating event. Sinusoidal obstruction syndrome pro- 
duces a hypercoagulable State. The venular and sinusoidal 
lumens are reduced because of edema and partial to complete 
fibrosis of venular lumens. Cyclophosphamide is the most 
common agent. 

Obstruction of the major hepatic veins may occur in the 
setting of polycythemia vera, paroxysmal nocturnal hemoglo- 
binuria, myeloproliferative disorders, thrombocytosis, hyper- 
eosinophilic syndrome, sickle cell anemia, Beh^et’s disease, 
anticardiolipin antibodies, lupus anticoagulant, protein S or 
C deficiency, antithrombin III deficiency, antiphospholipid 
antibodies, mixed connective tissue disease, and Sjogren s 
syndrome. 6 ' 21 

A variety of hepatic and extrahepatic masses can also com- 
press the inferior vena cava and hepatic veins. These masses are 
the second most common mechanism of hepatic venous outflow 
block in Western countries. Hepatocellular carcinoma, hyper- 
nephroma, adrenal and bronchial carcinomas, leiomyosarcoma 
of the inferior vena cava, and hepatic adenoma or cystadenoma 
are the most common neoplasms associated with Budd-Chiari 
syndrome. Benign masses, such as hydatid cysts, intrahepatic 
hematoma, Caroli’s disease, large simple cysts, and amebic 
abscesses, can also cause obstruction. 6 ' 21 


PATHOLOGIC FINDINGS 

In acute Budd-Chiari syndrome, the liver is markedly enlarged 
and reddish (Fig. 90-7A-C). On histologic examination, sinu¬ 
soidal dilation is evident, and parenchymal damage ranges from 
mild atrophy to marked hemorrhagic necrosis in the centri- 
lobular areas. 

In chronic Budd-Chiari syndrome, the liver is nodular and 
irregular in shape, often with caudate lobe hypertrophy. Cen- 
trilobular fibrosis is the hallmark of this disorder, and the cen¬ 
trally scarred areas may link to form connective tissue bridges. 
Sinusoidal dilation also predominates around hepatic venules 
and is associated with liver cell atrophy and perisinusoidal 
fibrosis. 

In sinusoidal obstruction syndrome, the venular and sinu¬ 
soidal lumens are reduced because of edema and partial to 
complete fibrosis of venular lumens (Fig. 90-7D). 

Regenerative nodules are often seen in Budd-Chiari syn¬ 
drome and are usually multiple, measuring between 5 and 
40 mm. They develop in the setting of insufficient biood supply 
to the liver, leading to atrophy along with compensatory nodular 
hyperplasia in areas of hepatic parenchyma that have an ade- 
quate biood supply. The nodules are composed of hyperplastic 
hepatocytes arranged in plates of one or two cells in width. The 
nodules grow in an expansile fashion, compressing the sur- 
rounding liver and obliterating the central vein. There is no 
evidence that these nodules degenerate into malignancy. 6 21 

RADIOLOGIC FINDINGS 

Traditionally, the radiographic “gold standard” for the diagnosis 
of Budd-Chiari syndrome has been hepatic venography and 
cavography. However, these invasive angiographic procedures 
are not suitable for screening of patients with nonspecific signs 
and symptoms. The cross-sectional imaging modalities have 
proved successful in the diagnosis of this disorder, and such 
studies can usually obviate angiography or venography. 

Ultrasound 

Because of its excellent sensitivity, high specificity, noninvasive- 
ness, relatively low cost, availability, lack of contrast require- 
ments, and multiplanar imaging ability, sonography can be the 
initial screening study for the Budd-Chiari syndrome. The 
sonographic features (Fig. 90-8) of the Budd-Chiari syndrome 
are stenosis of hepatic veins (which often have thick, echogenic 
walls and proximal dilation), echogenic intravenous thrombi, 
intrahepatic collaterals or extrahepatic anastomoses, and large 
inferior right hepatic vein. 22 ' 24 

In chronic cases, the hepatic veins may not be visible. The 
inferior vena cava may also be narrowed by a grossly swollen 
liver. Ascites, abnormal hepatic shape with enlargement of the 
caudate lobe, and atrophy of the right lobe are present in most 
cases except in disease of acute onset. When both the left lobe 
and the caudate lobe are enlarged, confusion with cirrhosis can 
occur. Membranous webs are identified as echogenic or focal 
obliterations of the lumen. 22 24 

In patients with hepatomegaly, evaluation of the hepatic 
veins can be difficult because they are often compressed and 
may not be visible. In these patients, an abdomen distended by 
ascites can further interfere with sonography. Similarly, in cir- 
rhotic livers, patent hepatic veins may be difficult to identify, 
which precludes placement of the duplex Doppler cursor. 
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Figure 90-7 Budd-Chiari syndrome and 
sinusoidal obstruction syndrome: pathologic 
findings. A. Photomicrograph showing thrombus 
(arrow) within a subsegmental hepatic vein in 
this patient with polycythemia vera. B. Tumor 
thrombus from a renal cell carcinoma has 
propagated superiorly to involve the inferior vena 
cava (arrow) and hepatic veins. C. Gross autopsy 
specimen reveals relative central sparing of the 
caudate (C) lobe (arrow) associated with marked 
hemorrhagic congestion of the periphery of the 
liver. D. In a patient with sinusoidal obstruction 
syndrome, there is occlusive fibrosis of a small 
intrahepatic vein (V) seen on pathologic 
examination. 


Visualization of hepatic webs is also a problem. Color flow 
Doppler examination may be helpful in these cases. 22 24 

Absent or reversed flow in the hepatic veins or flat flow in 
the hepatic veins associated with reversed flow in the inferior 
vena cava as demonstrated by duplex Doppler ultrasound is 
diagnostic of Budd-Chiari syndrome. The flow in the portal 
vein may be slow or reversed. 

Color Doppler sonography overcomes some of the limita- 
tions of real-time sonography by demonstrating reversed flow 
in the retrohepatic inferior vena cava, documenting the pres- 
ence of intrahepatic venous collaterals, and conflrming the 
absence of flow in presumably thrombosed vessels. Color flow 
imaging rapidly and accurately determines the status of the 
hepatic veins and inferior vena cava and the direction of flow. 
Areas of occlusion are also clearly depicted, as are areas of nar¬ 
ro wing, tortuosity, and reversal of flow direction. 22 ' 24 

In sinusoidal obstruction syndrome, there is nonthrombotic 
occlusion of small hepatic veins and terminal hepatic venules, 
the major hepatic veins show normal hepatofugal flow 


direction, and the inferior vena cava is patent with flow toward 
the heart. Decreased, reversed, or to-and-fro flow (flow demod¬ 
ulation) may be seen in the main portal vein. Other Doppler 
criteria include decrease in spectral density, reversed flow or 
maximum flow in the main portal vein of 210 cm/s, portal vein 
congestion index (cross-sectional area of vein divided by average 
velocity), hepatic artery resistive index of 0.75 or greater, mono- 
phasic flow in the hepatic veins, and flow recorded in paraum- 
bilical veins. Gray-scale criteria include hepatic vein diameter 
of less than 3 mm, portal vein diameter of more than 8 mm in 
children and more than 12 mm in adults, and mural thickening 
of the gallbladder of more than 6 mm. Nonspecific findings 
include hepatosplenomegaly, ascites, and visualization of para- 
umbilical veins. 22 ' 24 

Computed Tomography 

The CT features of Budd-Chiari syndrome depend on the age 
and extent of the obstruction and the presence of coexisting 
changes in portal venous biood flow. 25,26 On noncontrast scans, 
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Figure 90-8 Budd-Chiari syndrome: 
sonographic findings. A. Axial scan shows 
thrombus in the inferior vena cava ( arrow ). Note 
the large right-sided pleural effusion. B. Coronal 
oblique scan shows thrombus within the middle 
hepatic vein (arrow). C. Sagittal sonogram in a 
different patient shows a thin fibrous web (arrow) 
across the inferior vena cava (IVC). 


in the acute phase of the disease, diffuse hepatic hypodensity 
is associated with global liver enlargement and ascites. The 
hepatic hypodensity is presumably due to hepatic parenchymal 
congestion. Hyperdense thrombus with an attenuation of 38 
to 42 HU may be seen in the inferior vena cava and hepatic 
veins. Rarely, a calcified caval membrane is identified. After the 
injection of contrast material, the liver typically shows patchy 
enhancement; this is due to the hepatic congestion, which 
causes portal and sinusoidal stasis. In most patients, the central 
regions of the liver, including the caudate lobe and part of the 
left lobe, may enhance normally and appear hyperdense com- 
pared with the more peripheral parts of the liver, which show 
decreased enhancement. Later, a classic “flip-flop” pattern may 
develop (Fig. 90-9), in which the contrast material from the 
normally enhanced central liver washes out so that this region 
becomes relatively hypodense compared with the peripheral 
zones, which are slowly accreting contrast material. The sub- 
capsular portions of the liver may enhance normally because 
they have independent venous drainage through systemic sub- 
capsular veins. These differences in hepatic attenuation and 
morphologic changes are closely related to regional distur- 
bances in portal flow. In segments of the liver in which venous 
drainage is obstructed (the hepatic periphery), portal biood 
flow is diminished, if not reversed. Portal venous flow is normal 
in the central portion of the liver, where hepatic venous egress 
is uninterrupted. 25,26 

Intravascular thrombus is best seen in the acute phase of the 
Budd-Chiari syndrome as a low-density mass in the lumen of 


the hepatic veins and inferior vena cava. The wall of the throm- 
bosed vessel may appear dense relative to the thrombus second- 
ary to the enhancement of the vasa vasorum. The involved 
vessel also is often enlarged. Portal vein thrombus may be seen 
in 20% of cases. Compression of the inferior vena cava is also 
demonstrated 24 ' 26 (Fig. 90-10). 

In more chronic cases of Budd-Chiari syndrome, the thrombi 
and the hepatic veins are often difficult to visualize. Intravascu¬ 
lar thrombus density, which is high for the first 3 weeks, also 
diminishes over time. As the obstruction becomes more chronic, 
the liver undergoes morphologic changes that are due to dimin¬ 
ished or reversed portal biood flow in the involved hepatic 
segments. Portal venous biood carries certain hepatotropic 
agents, mainly insulin, and segments deprived of these agents 
experience nutritional ischemia and eventually atrophy. Accord- 
ingly, the caudate lobe exhibits hypertrophy, and the periphery 
of the liver tends to exhibit atrophy. These changes may take 2 
to 4 months to appear. Unless the membranes are calcified, 
membranous obstruction of the inferior vena cava is more dif¬ 
ficult to visualize. 

On MDCT, large regenerative nodules robustly and homo- 
geneously enhance during the arterial dominant phase and 
remain slightly hyperdense on the portal venous dominant 
phase images as well. 

Magnetic Resonance Imaging 

MRI is a useful screening modality for Budd-Chiari syndrome 
by virtue of its ability to display directly the portal veins, hepatic 
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Figure 90-9 Budd-Chiari syndromer flip-flop pattern on MR. The classic CT flip-flop pattern of hepatic contrast enhancement is shown in this 
patient with Budd-Chiari syndrome. A. Contrast-enhanced MR image of the liver shows rapid enhancement ( arrow) of the unobstructed central 
portion of the liver with a delayed peripheral hepatogram. B. Delayed image shows that the central, unobstructed portion of the liver (arrow) has 
washed out, while the periphery is slowly accreting contrast material. 



Figure 90-10 Budd-Chiari syndrome: CT features with MR and ultrasound correlation. CT (A), MR (B and C), and sonographic (D) images 
of the liver show a mottled contrast enhancement pattern and narrowing of the inferior vena cava and no discernible hepatic veins. 


veins, and inferior vena cava in numerous planes. A number of 
specific MRI abnormalities 29 are associated with this syn¬ 
drome (Figs. 90-11 to 90-15): complete absence of hepatic veins 
or striking attenuation of their caliber, demonstration of throm- 
bus or absent vascular flow in hepatic veins, comma-shaped 
intrahepatic collateral vessels, and marked constriction of the 
inferior vena cava. Less specific Åndings include enlargement of 
the caudate lobe, ascites, and inhomogeneity of the hepatic 
parenchyma. Vascular patency can confidently be confirmed 
when the vessel has no signal. 

The multiplanar capabilities of MRI are of great value in 
depicting tumor thrombus in patients with Budd-Chiari 


syndrome secondary to neoplasm. Bland and tumor thrombus 
can be distinguished by the administration of gadolinium. 
Tumor thrombus may show contrast enhancement. 27 29 

The degree of enhancement of the liver parenchyma sup- 
plied by a thrombosed hepatic vein depends on the acuteness 
and duration of the thrombosis. Involved parenchyma enhances 
less than surrounding liver in acute thrombosis. In chronic 
thrombosis, enhancement is more variable and may be 
increased. In patients with acute Budd-Chiari syndrome, the 
congested liver may have a higher water content and longer T2 
relaxation time than the spared caudate lobe. Also, the periph¬ 
eral liver enhances less than the central liver after intravenous 
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Figure 90-11 Budd-Chiari syndrome: MRI findings in a patient with hepatocellular carcinoma invading the hepatic veins and inferior 
vena cava. Coronal (A) and parasagittal (B) images shows tumor thrombus ( arrows ) invading the inferior vena cava and right atrium. 



Figure 90-12 Acute Budd-Chiari syndrome: MR findings. The liver 
is edematous and inhomogeneous in signal intensity on this MR 
image. 


administration of gadolinium because of increased parenchy- 
mal pressure with resultant diminished biood supply from both 
the hepatic artery and the portal vein. 

Large regenerative nodules are bright on Tl-weighted MR 
images and show the same enhancement pattern after the intra- 
venous administration of gadopentetate dimeglumine (Gd- 
DTPA). They are predominantly isointense or hypointense 
relative to the liver on T2-weighted images. 29 

Angiography 

Angiography (Fig. 90-16) has traditionally been the radio- 
graphic gold standard for the evaluation of patients with Budd- 
Chiari syndrome. Now it is seldom performed for diagnosis but 



Figure 90-13 Subacute Budd-Chiari syndrome: MRI findings. 

T2-weighted MR image shows caudate lobe (C) hypertrophy. The 
periphery of the liver is hyperintense, indicating edema. There is a 
small amount of ascites. 


as a preliminary procedure to radiologic interventions, such as 
transjugular intrahepatic portosystemic shunt (TIPS) creation, 
balloon angioplasty, or stricture stenting. 

Nodular Regenerative Hyperplasia 

On contrast-enhanced CT and MRI studies, multiple enhancing 
nodules are identified that are usually 5 to 7 mm in diameter 30 ' 33 
(Fig. 90-17). 

TREATMENT 

The treatment and prognosis of Budd-Chiari syndrome are 
determined by the rate and degree of hepatic outflow obstruc¬ 
tion. In acute Budd-Chiari syndrome, survival time may be 
short because of acute liver failure or extension of thrombus 
into the inferior vena cava with resulting pulmonary emboli. 
Patients with chronic Budd-Chiari syndrome generally succumb 
to variceal bleeding secondary to severe cirrhosis and portal 
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Figure 90-14 Chronic Budd-Chiari syndromer MRI findings. A. Postgadolinium image shows no demonstrable inferior vena cava or hepatic 
veins. Note the dilated azygos vein (red arrow), hemiazygos vein (white arrow), and superficial collateral (yellow arrow) biood vessels. 

B. T2 -weighted image shows inhomogeneous, coarsened hepatic parenchyma. Ascites is present. 



Figure 90-15 Sinusoidal obstruction syndromer CT findings. Axial CT images in two different patients (A and B) show a mottled contrast 
enhancement pattern and narrowing of the right hepatic vein ( arrows ). This latter finding is suggestive of sinusoidal obstruction syndrome in the 
appropriate clinical setting. 



Figure 90-16 Budd-Chiari syndromer angiographic features. 

Digital subtraction angiogram shows a web (arrow) obstructing the 
inferior vena cava. 


hypertension. Most patients require portal decompression to 
prevent liver failure and to resolve the ascites. 34 ' 42 

Treatment of Budd-Chiari syndrome depends on the cause. 
In some cases, medical management with large doses of steroids 
(for idiopathic granulomatous venulitis) or nutritional therapy 
(for an acutely enlarged, fatty liver compressing the inferior 
vena cava) may suffice. However, in most cases, medical therapy 
is limited and is directed toward anticoagulation and the control 
of ascites with diuretics. 

Membranous obstructions of the inferior vena cava (see 
Fig. 90-16) and the hepatic veins are amenable to angioplasty 
with balloons or lasers and stent insertion. Before any inter¬ 
vention, these patients should receive anticoagulants because 
of the danger of pulmonary emboli from venous thrombi 
proximal to the membranes. This danger is the major risk 
of thrombolytic therapy as well. Angioplasty is more diffkult 
in patients with extensive thrombus, but clinical improvement 
may accompany dilation and recanalization of only one hepatic 
vein. 34 ' 42 

Reports suggest the Utility of expandable metal stents in the 
treatment of Budd-Chiari syndrome resulting from tumor 
compression or from idiopathic obstruction of the inferior vena 
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cava. The TIPS procedure is useful in treating Budd-Chiari 
syndrome as well. 34 ' 42 

The surgical alternatives in Budd-Chiari syndrome are as 
follows: direct repair by membranotomy, membranectomy, or 
cavoplasty; portosystemic decompression by side-to-side por- 
tacaval or mesoatrial shunt; transplantation; and peritoneo- 
jugular shunt. 

Liver in Cardiac Disease 

Passive hepatic congestion is caused by stasis of biood within 
the liver parenchyma as a result of compromise of hepatic 
venous drainage. It is a common complication of congestive 
heart failure and constrictive pericarditis, wherein elevated 
central venous pressure is directly transmitted from the right 
atrium to the hepatic veins because of their close anatomic 
relationship. The liver becomes tensely swollen as the hepatic 
sinusoids engorge and dilate with biood (Fig. 90-18). These 
changes may be transient, and full recovery follows once the 
patient’s congestive heart failure is corrected. In chronic right 
atrial failure, cardiac cirrhosis may ensue. 43 ' 49 



Figure 90-17 Budd-Chiari syndrome: nodular regenerative 
hyperplasia. Multiple hypervascular lesions ( arrows ) are identified on 
contrast-enhanced CT. (Case courtesy Michael P. Federle, MD, 
Stanford University.) 


CLINICAL FINDINGS 

With acute congestion, the liver is enlarged and tender, and the 
patient may have severe right upper quadrant pain that is due 
to stretching of Glissons capsule. Patients typically have hepa- 
tojugular reflux on physical examination. Liver function abnor- 
malities are often mild, but florid hepatic dysfunction simulating 
acute viral hepatitis may be seen. The diagnosis is usually not 
made clinically because the signs and symptoms of cardiac 
failure overshadow those of liver disease. In rare cases of car- 
diomyopathy, the patient may present with hepatic failure 
before cardiac disease is recognized as the cause of the hepatic 
dysfunction. 

RADIOLOGIC FINDINGS 

Ultrasound 

Ultrasound demonstrates hepatic enlargement and dilation of 
the inferior vena cava and hepatic veins in the early stages 
of this disorder (Fig. 90-19). Normally, the maximal diameter 
of the main trunk of the right hepatic vein is 5.6 to 6.2 mm. In 
patients with congestive heart failure, the mean diameter is 
8.8 mm, and it increases to 13.3 mm if there is associated peri- 
cardial effusion. Respiratory variations in the caliber of the 
inferior vena cava and hepatic veins are diminished. 

The spectral Doppler waveform of the hepatic vein is also 
altered. Normally, the inferior vena cava and hepatic veins show 
a triphasic flow pattern: the first two peaks are toward the heart 
and are reflections of right atrial and ventricular diastole; the 
third peak is a short period of reversed biood flow, which 
accompanies atrial systole (the p wave of the electrocardio- 
gram). In patients with elevated central venous pressure, the 
hepatic veins lose their triphasic pattern. The spectral signal 
may have an M shape, and ultimately, in cardiac cirrhosis, a 
unidirectional, low-velocity continuous flow pattern may be 

43-49 

seen. y 

In tricuspid regurgitation, the normally triphasic hepatic 
vein demonstrates a decrease in the size of the antegrade systolic 
wave and a systolic/diastolic flow velocity ratio less than 0.6 
(normal >4.0). The high systolic pressure of the right atrium is 
transmitted to the inferior vena cava and hepatic veins. 43 ' 49 

In patients with severe congestive heart failure, the portal 
venous Doppler signal may also be altered by the mechanical 
events in the right side of the heart. Normally, the portal vein 
shows almost continuous flow except for some increase during 
inspiration. In passive hepatic congestion, the energy of the 



Figure 90-18 Passive hepatic congestion: pathologic findings. A. Classic "nutmeg liver" in a patient with chronic passive hepatic congestion. 
B. Dilated sinusoids are seen surrounding a dilated central hepatic vein (arrow). 
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Figure 90-19 Passive hepatic congestion: 
sonographic findings. A. Color Doppler axial 
sonogram shows a dilated inferior vena cava and 
hepatic veins with turbulent flow. B. In passive 
hepatic congestion, the normal triphasic hepatic 
venous pattern is lost. C. Increased portal vein 
pulsatility is commonly seen in passive hepatic 
congestion as cardiac pulsations are transmitted 
through the dilated hepatic sinusoids to the portal 
vein. 


elevated pressure from the right atrium and hepatic vein is 
transmitted directly through the dilated hepatic sinusoids into 
the portal vein. This energy transmission causes increased pul¬ 
satility of the portal venous Doppler signal because the liver no 
longer prevents changes in central venous pressure from reach- 
ing the portal circulation. This pulsatility is manifested by 
monophasic forward flow with peak velocity at ventricular dias¬ 
tole and gradual diminution of velocity throughout ventricular 
systole, a reversal of flow during ventricular systole, or vena 
cava-like biphasic forward velocity peaks during each cardiac 
cycle. 43 ' 49 

As cardiac cirrhosis develops, the morphology of the liver 
becomes similar to that observed with cirrhosis resulting from 
other causes. Patients with other forms of cirrhosis may also 
show flattening of the Doppler waveform in the hepatic veins 
because of impaired mural compliance of these vessels. 

Computed Tomography 

The CT findings (Fig. 90-20) of passive hepatic congestion 
include dilation of the cava and the hepatic veins. When a bolus 
of contrast material injected intravenously through an arm vein 
reaches the failing right atrium, it may flow directly into the 
inferior vena cava and hepatic veins rather than flow normally 
into the right ventricle. The elevated central venous pressure 
permits retrograde opacification and enhancement of the 
inferior vena cava and hepatic veins. Contrast-enhanced CT 
scans may show an inhomogeneous, mottled, reticulated- 
mosaic pattern of parenchymal contrast enhancement. The 
abnormal hepatogram is presumably due to impaired venous 
outflow leading to altered hepatic hemodynamics and hepatic 
parenchymal distortion. Linear and curvilinear regions of poor 


enhancement may be due to delayed enhancement in regions 
of small and medium-sized hepatic veins. Larger patchy regions 
of poor or delayed enhancement in the periphery of the liver 
probably are a manifestation of the stagnant biood flow in these 
regions in patients with hepatic venous hypertension. This stag¬ 
nant biood most likely affects inflow from hepatic arterial and 
portal venous circulations. Ancillary findings include cardio- 
megaly, hepatomegaly, intrahepatic periportal lucency resulting 
from perivascular lymphedema, pleural effusions, ascites, and 
pericardial effusions. 43 ' 49 

Magnetic Resonance Imaging 

On early MRI contrast-enhanced images, the liver may enhance 
in a mosaic fashion with a reticulated pattern of low signal 
intensity linear markings. The signal intensity of the liver 
becomes more homogeneous by 1 minute. There is often dila¬ 
tion of the hepatic veins and suprahepatic inferior vena cava. 
As on CT, contrast material injected into an arm vein may reflux 
into the hepatic veins and suprahepatic inferior vena cava, 
enhancing these structures before the portal vein. On gradient- 
echo MR images, slow or even absent antegrade flow within the 
inferior vena cava may be identified. 43 ' 49 

Peliosis Hepatis 

Peliosis hepatis is a rare disorder characterized by cystic hepatic 
sinusoidal dilation and the presence of multiple biood-filled 
lacunar spaces of various sizes (1 mm to 3 cm) throughout the 
liver. These peliotic lesions can also occur in the spleen, bone 
marrow, lymph nodes, and lungs. The biood-filled spaces freely 
communicate with the sinusoids and are lined by a thin band 
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Figure 90-20 Passive hepatic congestion: CT features. Coronal (A) and sagittal (B) reformatted MDCT images demonstrate reflux of contrast 
material into a dilated inferior vena cava ( arrows ) and hepatic veins. C. Axial scan in a different patient with a dissecting thoracoabdominal aortic 
aneurysm shows a dilated inferior vena cava and hepatic veins (arrows). D. Delayed image of patient shown in C reveals a mottled enhancement 
pattern typical of passive hepatic congestion. 


of collagenous tissue and endothelial cells. Peliosis lesions can 
be differentiated from hemangiomas by the presence of portal 
tracts within the fibrous stroma of the biood spaces. 50 " 57 

PATHOPHYSIOLOGY 

Numerous theories have been proposed for the cause of peliosis 
hepatis, including outflow obstruction at the sinusoid wall and 
hepatocellular necrosis leading to cyst formation. There is dik¬ 
tion of a portion of the central vein of the hepatic lobule. Pelio¬ 
sis hepatis develops in the following settings: with use of 
anabolic steroids, corticosteroids, tamoxifen, oral contracep- 
tives, or diethylstilbestrol; after renal or cardiac transplantation; 
in association with a chronic wasting disease, such as tubercu- 
losis, leprosy, malignant disease, or acquired immunodeficiency 
syndrome (AIDS); in association with celiac diseases, diabetes, 
necrotizing vasculitis, or Hodgkin s lymphoma; and after expo- 
sure to polyvinyl chloride or arsenic. 50 5 

Peliosis hepatis is usually found incidentally at autopsy, but 
it can cause hepatic failure or liver rupture with hemoperito- 
neum and shock. Patients sometimes present with hepatomeg- 
aly, portal hypertension, esophageal varices, and ascites. 


RADIOLOGIC FINDINGS 

The diagnosis of peliosis hepatis requires a high degree of sus- 
picion because the radiographic and sonographic åndings are 
nonspecific. On sonographic evaluation, the hepatic echo 
pattern is inhomogeneous, with hyperechoic and hypoechoic 
regions, predominantly in the right lobe. 

Detecting lesions on CT scans is difficult unless there is 
associated fatty infiltration to contrast the higher density aggre¬ 
gation of blood-filled spaces (Fig. 90-21). After bolus adminis¬ 
tration of contrast material, these lesions may appear hypodense 
early and isodense with time. On angiography, the peliotic 
lesions are manifested as multiple small accumulations of con¬ 
trast material on the late arterial phase that become more prom¬ 
inent on the parenchymal and venous phases. 50-57 

Portal Vein Thrombosis 

Portal vein thrombosis is the leading cause of presinusoidal 
hypertension in the United States. The patency of this vessel is 
of major concern in the following groups of patients: newborn 
infants with umbilical catheters who present with ascites, 
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Figure 90-21 Peliosis hepatis. Multiple small lakes of contrast 
material are present on this CT scan. The patient also has ascites. 


cirrhosis patients who experience sudden decompensation of 
their disease and exacerbation of ascites, and liver transplant 
recipients. In some patients, portal vein obstruction is often a 
diagnosis of exclusion, whereas in others, it is first manifested 
as a major variceal hemorrhage or vascular emergency. In many 
cases, splanchnic vein thrombosis is found incidentally in 
patients with mild, nondescript abdominal pain. 58 ' 60 

CLINICAL FINDINGS 

The clinical presentation of portal vein thrombosis depends 
on how acutely the obstruction develops and its underlying 
cause. In most cases, the disease is manifested insidiously, 
with nonspecific abdominal pain and other manifestations of 
portal hypertension, including splenomegaly, varices, and 
massive, intractable ascites, which is a poor prognostic sign. 
If the thrombosis is due to septic pyelophlebitis, the patient 
may present with hepatomegaly, pyrexia, leukocytosis, and 
liver abscesses. In some cases, the disease is manifested cata- 
strophically, with intestinal infarction or massive variceal 
hemorrhage. 58 ' 60 

PATHOPHYSIOLOGY 

The portal vein may develop a thrombus in its intrahepatic or 
extrahepatic course, and in 50% of cases, no cause may be 
apparent (Box 90-2). The most common extrahepatic causes of 
portal vein occlusion in the West are cancer of the stomach or 
pancreas and cholangiocarcinoma; acute diverticulitis or 
appendicitis initiating pyelophlebitis in the portal vein or mes- 
enteric veins; pancreatitis or carcinoma of the pancreas that 
initiates thrombosis of the splenic vein followed by propagation 
into the main portal vein; postsurgical thrombosis after upper 
abdominal procedures, such as splenectomy, endoscopic injec- 
tion sclerotherapy, and liver transplantation; and trauma. 
Worldwide, schistosomiasis is the most common cause of portal 
vein obstruction and the leading cause of portal hypertension. 58 


BOX 90-2 CAUSES OF PORTAL VEIN THROMBOSIS 


HYPERCOAGULABLE STATES 

Antiphospholipid syndrome 

Factor V mutations 

Paroxysmal nocturnal hemoglobinuria 

Myeloproliferative diseases 

Oral contraceptives 

Polycythemia rubra vera 

Pregnancy 

Protein S deficiency 

Sickle cell disease 

INFLAMMATORY DISEASE 

Behget's disease 
Crohn's disease 
Pancreatitis 
Ulcerative colitis 

COMPLICATIONS OF MEDICAL INTERVENTION 

Alcohol injection 
Ambulatory dialysis 
Chemoembolization 
Islet cell injection 
Liver transplantation 
Partial hepatectomy 
Sclerotherapy 
Splenectomy 

Transjugular intrahepatic portosystemic shunt 
Umbilical catheterization 

INFECTIONS 

Actinomycosis 

Appendicitis 

Candida albicans infection 
Diverticulitis 

MISCELLANEOUS 

Cirrhosis 
Biadder cancer 

Nodular regenerative hyperplasia 


Cirrhosis is the most common intrahepatic cause of portal 
vein thrombosis. It is estimated that 10% of patients with cir¬ 
rhosis of the liver have portal vein thrombosis because stagnant 
intrahepatic flow predisposes to thrombus formation. These 
patients are more likely to bleed earlier in the course of their 
disease than are cirrhosis patients without portal vein throm¬ 
bosis. Cirrhosis patients with portal vein thrombosis also toler- 
ate portosystemic shunting better than most others do because 
the hepatic artery supplies virtually all of their hepatic biood 
flow so that their hepatic hemodynamics are unaffected by 
portal venous diversion surgery. Less common causes of portal 
vein thrombosis are Budd-Chiari syndrome, congestive heart 
failure, intravascular invasion by primary or secondary neo- 
plasms of the liver, cytomegalovirus infection, and Beh^ets 
disease. The incidence of portal vein thrombosis in hepatocel- 
lular carcinoma is 26% to 34%, but at autopsy, tumor invasion 
of portal vein branches is seen in 70% and hepatic vein involve- 
ment in 13% of cases. Portal vein thrombosis has been detected 
sonographically in 8% of patients with liver metastases. For 
detection of venous invasion in patients with hepatocellular 
carcinoma, sonography has a sensitivity of 64% and specificity 
of 98% compared with arterial portography. 58 ' 60 

Myeloproliferative disorders and biood dyscrasias account 
for approximately 12% to 48% of cases of portal vein 
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thrombosis. Portal hypertension, from whatever cause, is also a 
major risk factor in the development of portal vein 
thrombosis. 58 ' 60 

RADIOLOGIC FINDINGS 

P/a/n Radiography 

Calcification can occasionally be seen on plain abdominal 
radiographs in either the portal vein thrombus or the wall of 
the portal vein. The calcium is deposited diffusely in the clot, 
whereas mural calcifications are seen as parallel, discontinuous, 
radiodense lines directed along the course of the portal vein. 
Plain radiographs may reveal ileus, a localized sentinel loop, or, 
if the gut is ischemic or infarcted, thumbprinting caused by 
submucosal edema and hemorrhage. 

Ultrasound 

Failure to identify the portal vein is a significant Ånding and 
virtually diagnostic of portal vein occlusion. Ultrasound is the 
primary imaging modality for diagnosis and follow-up of portal 
vein thrombosis because of its ease of execution, sensitivity 
(particularly combined with color Doppler studies), lower cost, 
and availability and because it does not require use of intrave- 
nous contrast material. On sonographic evaluation (Fig. 90-22), 
portal vein thrombosis is manifested as an intraluminal echo- 
genic reflector that can partially or completely hil the vein, 
obscuring normal portal vein landmarks. The portal vein may 
be expanded in acute thrombosis or when a neoplasm is present. 
Small sonolucencies may be present within tumor thrombus, 
but in most cases, bland thrombus cannot be differentiated 
from tumor thrombus. Tumor thrombosis can be differentiated 
from bland thrombus by demonstrating color Doppler flow and 
arterial waveforms (often hepatofugal in direction) within the 
tumor thrombus on duplex Doppler examination. Lack of flow 
does not exclude tumor thrombus. Pulsatile flow is fairly spe- 
cific for malignant thrombus. In these patients, the hepatic 
artery is dilated with increased systolic central streamline flow. 



Figure 90-22 Portal vein thrombosis: sonographic findings. 

Tumor thrombus is present in the main portal vein in this patient with 
hepatocellular carcinoma. Arterial color flow signal is identified within 
the thrombus. 


In these cases, fine-needle aspiration under sonographic guid- 
ance identifies or excludes tumor. The superior mesenteric and 
splenic veins may dilate proximal to the thrombus as well. 
Although the sonographic appearance of tumor thrombus is 
nonspecific, neoplastic obstruction is often fairly obvious 
because the offending hepatic or pancreatic mass is usually 
quite large. 61 ' 66 

Duplex Doppler imaging has a sensitivity of 100% and speci- 
ficity of 93% in detecting thrombus of the main portal vein. 61 ' 66 
The diagnosis of intrahepatic portal vein thrombus is more 
difficult to establish confidently because of the high backgro und 
echogenicity of the liver. Color flow Doppler sonography offers 
several distinet advantages over conventional spectral Doppler: 
it passively and automatically depicts biood flow in real time; 
it permits quick diagnosis of abnormal hepatofugal flow; it can 
reveal flow and collaterals that are invisible on gray-scale 
images; and it can allow diagnosis of potentially confusing 
helical biood flow. 

In chronic thrombosis, the portal vein can be normal sized 
or small, and bridging collaterals may develop in the porta 
hepatis, particularly when thrombus occurs early in life. These 
vessels are often prominent in cavernous transformation of the 
portal vein, which occurs in 30% of patients with portal vein 
occlusion. 61 ' 66 Doppler examination shows a typical continuous, 
low-frequency portal venous flow pattern in these vessels. Sec- 
ondary sonographic signs of portal vein thrombosis include 
splenomegaly, ascites, venous collaterals, and mesenteric vein 
thrombosis causing intestinal congestion or infaretion. Serial 
scans are useful in these patients to determine the efficacy of 
therapy or to monitor the development of cavernous transfor¬ 
mation after acute portal vein thrombosis. 

Sonographic demonstration of normal portal and splenic 
vein diameter and normal vascular caliber variation during res¬ 
piration excludes the diagnosis of portal vein occlusion with a 
high level of certainty. Ultrasound can also distinguish between 
tumor extension into the portal vein and extrinsic portal com- 
pression in cases of malignant disease. 

Computed Tomography 

Portal vein thrombosis appears as a low-density central zone 
surrounded by an intensely enhanced periphery on contrast- 
enhanced scans (Figs. 90-23 and 90-24). It is not entirely clear 
whether this peripheral enhancement is due to flow around the 
clot or enhancement of the vasa vasorum of the portal vein wall. 
There is also transient inhomogeneous enhancement of the 
periportal hepatic parenchyma. Enlargement of the occluded 
vein inereases the likelihood of the presence of tumor throm¬ 
bus. There may also be streaky enhancement of the clot, which 
correlates with the angiographic Ånding of “threads” with septic 
thrombophlebitis and “streaks” seen in tumor thrombus (Fig. 
90-25; see also Fig. 90-22). On precontrast scans, the portal vein 
contents may be high in attenuation because of the high protein 
content of concentrated red biood cells. 61 ' 66 

A number of indirect signs of portal vein thrombosis are 
related to alterations in segmental hepatic biood supply. Por¬ 
tions of liver that experience segmental portal vein occlusion 
appear atrophic and have decreased attenuation on noncontrast 
scans. This appearance is caused by fatty infiltration secondary 
to nutritional ischemia. Decreased parenchymal enhancement 
is also identified in the lobe involved by portal vein thrombosis. 
Increased arterial flow may be identified when scans are obtained 
during the arterial phase. 61 ' 66 
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Figure 90-23 Portal and superior mesenteric vein thrombosis: CT findings. A. Coronal, reformatted MDCT image shows thrombus (arrow) in 
the main portal vein in this patient with a coagulopathy. B. Coronal reformatted image, anterior to A, demonstrates the thrombus extending into 
the superior mesenteric vein and its branches. 



Figure 90-24 Septic intrahepatic portal vein thrombosis: CT and IV 

thrombus (red arrow) within an intrahepatic right portal vein. Infection ii 
present. There is a small amount of ascites. 

Arterioportal shunting is another indirect sign of portal vein 
obstruction. In these cases, enhancement of the involved portal 
vein branch occurs early in the arterial phase. Calcification of 
the portal vein thrombus is also readily detected by CT. 

On CT scans, portal vein thrombosis may simulate other 
disorders: gas in a collateral periportal vein can mimic an 
abscess; expansion of a thrombus-filled inferior mesenteric vein 
may resemble a pancreatic neoplasm or pseudocyst; segmen- 
tally occluded portal veins may simulate dilated bile duets; and 
multiple intrahepatic stones may mimic calcified portal vein 
thrombus. 

Magnetic Resonance Imaging 

MRI is another excellent means of demonstrating portal vein 
thrombosis (Figs. 90-26 and 90-27). 61 ' 66 The appearance of the 



findings. Coronal CT (A) and MR (B) reformatted images show 
he liver (yellow arrows ) peripheral to this infeeted thrombus is also 

clot on MR images depends on its age, oxidation State of hemo- 
globin, thrombus composition, organization in the thrombus, 
and held strength. Acute thrombus (<5 weeks old) appears 
hyperintense relative to muscle and liver on both Tl-weighted 
and T2-weighted images. Older thrombi (between 2 and 18 
months) appear hyperintense relative to liver but only on 
T2-weighted images. Tumor and bland thrombus can be distin- 
guished by the faet that tumor thrombus has a higher signal 
intensity on T2-weighted images, is soft tissue signal intensity 
on time-of-flight gradient-echo images, and enhances with 
gadolinium. Bland thrombus, by contrast, has a low signal 
intensity on T2-weighted and time-of-flight gradient-echo 
images and does not enhance with gadolinium. In patients with 
infeeted bland thrombus, inereased enhancement of the vein 
wall may be identified. 
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Intrahepatic portal vein occlusion can produce triangular, 
wedge-shaped regions in the liver that show high signal inten- 
sity on T2-weighted images and on immediate postgadolinium 
spoiled gradient-echo images. The apex of this region is central, 
and the base abuts the liver capsule. These changes are presum- 
ably due to infarction or edema of the involved hepatic 
segment. 61 ' 66 



Figure 90-25 Portal vein tumor thrombus: CT features. There is 
direct visualization of arterial neovascularity in tumor thrombus, 
producing a "streaks and threads" ( arrows ) appearance. (Case 
courtesy Richard L. Baron, MD, Chicago, III.) 


As noted with CT, after the intravenous administration of 
gadolinium, transient increased enhancement of hepatic paren- 
chyma may become evident in areas of decreased portal per¬ 
fusion during the capillary phase of enhancement. Regions 
with absent or diminished portal biood supply have a com- 
mensurate increase in hepatic arterial biood supply. This 
autoregulatory mechanism provides that areas affected by 
portal vein thrombosis and increased arterial biood supply 
enhance intensely because the gadolinium delivered in the 
first phase is more concentrated in hepatic arteries than in 
portal veins and is delivered earlier by hepatic arteries than 
by portal veins. As the concentration of gadolinium in the 
hepatic arteries and portal veins equilibrates, this differential 
enhancement disappears. 



Figure 90-27 Portal vein thrombosis: MRI findings. Coronal image 
shows thrombus (arrow) in the main portal vein. 



Figure 90-26 Intrahepatic portal vein thrombosis: MRI findings. A. Contrast-enhanced multiplanar reconstruction of SD-LAVA sequence 
shows thrombosis of the intrahepatic portion of the right hepatic vein (arrow). B. Thin-slab maximum intensity projection three-dimensional 
gradient-echo image shows the portal vein thrombus and early venous recanalization (arrow). (Case courtesy Roberto Schuman, MD.) 






90 Vascular Disorders of the Liver and Splanchnic Circulation 1695 


TREATMENT 

Traditionally, the treatment of portal vein thrombosis has been 
based on early surgical and anticoagulant therapy. A number of 
percutaneous procedures in which the thrombosis is treated by 
angioplasty or is lysed by direct urokinase infusion have been 
reported. 

The surgical approach has two major difficulties: the col- 
lateral veins are often not sufficiently large to allow a bypass 
procedure to be performed, and there is an increased incidence 
of shunt thrombosis and obstruction when a bypass procedure 
is performed. Therefore, medical management is preferred 
unless hemorrhage cannot be controlled or there are repeated 
life-threatening bleeds. 61 ' 66 

Cavernous Transformation 
of the Portal Vein 

Cavernous transformation of the portal vein (CTPV) devel- 
ops when small collateral veins near the edge of the portal 
vein dilate, expand, and effectively replace the obliterated 
portal vein as the major hepatopetal venous conduit. These 
numerous wormlike vessels at the porta hepatis represent 
periportal collateral circulation. This transformation devel- 
ops in long-standing thrombosis, requiring 12 months to 
occur, and thus more commonly is found in benign disease. 
This remarkable collateral development reflects the body’s 
effort to maintain hepatopetal portal flow to the liver in the 
face of occlusion of the extrahepatic portal veins. Collaterals 
of this magnitude do not typically develop in cirrhotic 
patients because intrahepatic portal resistance is high in 
cirrhosis. 67 ' 69 

In patients with CTPV, sonograms show a mass of tubular 
anechoic collaterals (Fig. 90-28). Normal portal venous land¬ 
marks are obliterated. Doppler evaluation of these collaterals 
shows a slightly turbulent low-velocity venous signal with little 
or no respiratory or cardiac variation. It is hepatopetal in direc- 
tion and has portal venous waveform. Associated Åndings 
include splenomegaly, thickening and varices of the lesser 
omentum, spontaneous splenorenal shunts, and gallbladder 
varices. 


On CT (Fig. 90-29) and MRI (Fig. 90-30), CTPV appears 
as contrast medium-filled portal collaterals in the hepato- 
duodenal ligament. In addition, compensatory arterial biood 
flow in these patients may produce a peculiar enhancement 
pattern. 

CTPV induces morphologic changes in the liver, the most 
common being atrophy of the right hepatic lobe and left lateral 
segment and hypertrophy of liver segment IV and the caudate 
lobe. It is postulated that segment IV and the caudate lobe 
become hypertrophic with CTPV because of their proximity to 
the cavernous transformation, which results in maintained 
portal inflow. Similarly, the right liver lobe and the left lateral 
segment become atrophic with CTPV because of their greater 
distance from the cavernous transformation, which leads to 
compromised portal venous flow. 68 



Figure 90-28 Cavernous transformation of the portal vein: 
sonographic features. Color Doppler scan shows multiple collateral 
vessels in the portal vein. 



Figure 90-29 Cavernous transformation of the portal vein: CT features. Three-dimensional shaded surface coronal (A) and axial (B) MDCT 
images show multiple enhancing tubular structures (c/rc/e) in the hepatoduodenal ligament. 
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Figure 90-30 Cavernous transformation of the portal vein: MRI 
features. Coronal MR portogram shows multiple dilated collaterals 
( arrow) in the hepatoduodenal ligament and dilation of the superior 
mesenteric vein. 


Superior Mesenteric Vein Thrombosis 

Isolated superior mesenteric vein (SMV) thrombosis accounts 
for only 5% to 15% of all intestinal vascular thromboses, being 
less common than arterial occlusion. It is most common in 
patients in their 50s and 60s, and 81% of patients have associ- 
ated illnesses. 70 " 73 

CLINICAL FINDINGS 

SMV thrombosis can be classified into acute and chronic pre- 
sentations for the purposes of management. In acute thrombo¬ 
sis, the patients present with symptoms of less than 4 weeks’ 
duration. The patient has pain out of proportion to the physical 
Åndings, nausea, and vomiting, with or without bloody diar- 
rhea. Most cases are associated with metabolic acidosis and mild 
to moderate leukocytosis. Venous thrombosis occurs in patients 
younger than those with arterial thrombosis. 

Chronic mesenteric thrombosis is difficult to detect as the 
onset is insidious and patients are asymptomatic until late com- 
plications occur, such as variceal bleeding due to portal hyper¬ 
tension. The patients may present with weight loss, food 
avoidance, postprandial pain, or distention. 

PATHOPHYSIOLOGY 

The causes of isolated SMV thrombosis include myeloprolifera- 
tive disorders, peritonitis and inflammatory disorders of the 
abdomen, tumor compression, portal hypertension, the post¬ 
operative State, hypercoagulable States (antithrombin III and 


protein C and protein S deficiencies), Web er-Christian disease, 
biood dyscrasias, and pancreatic neoplasms. Extensive venous 
collaterals in the gut prevent infarction in most cases of SMV 
thrombosis, so that the mortality rate is only 20%, lower than 
the 40% to 60% rate for arterial occlusion. 7 73 

RADIOLOGIC FINDINGS 

Plain film Åndings are usually noncontributory and may show 
only ileus. Pneumatosis intestinalis can be seen if the bowel is 
infarcted, and ascites may develop in patients with chronic SMV 
thrombosis. Bowel wall thickening and mucosal irregularity 
indicate intestinal ischemia. On CT scans, the SMV thrombus 
(Fig. 90-31) appears as a low-density intraluminal mass with a 
hyperdense periphery, as is seen in portal vein thrombosis. If 
there is intestinal ischemia as well, mural thickening of the gut 
may also be seen. Selective angiography usually shows spasm of 
the superior mesenteric artery (SMA) and no opacification of 
the affected veins in the venous phase. 

Ultrasound is effective in allowing diagnosis of splanchnic 
vein thrombosis, but if there is no associated portal vein throm¬ 
bus, the diagnosis of SMV thrombosis is much more difficult, 
particularly in patients with a gassy abdomen. The gray-scale 
and Doppler characteristics of SMV thrombus are similar to 
those seen in the portal vein. Similarly, the CT and MRI Åndings 
are identical to those of portal vein thrombosis. 

TREATMENT 

Small bowel resection in patients with SMV thrombosis is asso¬ 
ciated with high rates of morbidity and mortality, so that con- 
servative management is indicated when there are no signs of 
intestinal ischemia or infarction. Direct infusion of Abrinolytic 
agents into the mesenteric-portal system has been suggested as 
an alternative treatment in mesenteric vein occlusion. In this 
procedure, access to the portal system is gained under sono- 
graphic guidance, as in percutaneous transhepatic portography, 
and a large dose of urokinase is infused. 70-73 

Splenic Vein and Inferior Mesenteric 
Vein Thrombosis 

Splenic vein occlusion is usually a result of pancreatitis, pancre¬ 
atic carcinoma, lymphoma, or propagation of clot from the 
portal vein. Chronic pancreatitis accounts for 65% of all cases 
of splenic vein thrombosis. This condition is often clinically 
silent, but it may cause localized venous hypertension that can 
result in splenomegaly and bleeding gastric varices. Splenic vein 
thrombosis should be suspected in patients with splenomegaly 
and a history of gastrointestinal hemorrhage with normal liver 
function test results. Other causes include sclerotherapy, sple- 
nectomy, and the causes of portal vein and SMA thrombosis. 

Splenic vein occlusion produces rerouting of venous Aow 
through the short gastric veins and gastroepiploic vein, causing 
“leA-sided” portal hypertension. Gastric varices in the cardia 
and fundus are seen in 74% to 83% of patients with splenic vein 
occlusion. They appear as broad, serpentine, redundant 
Alling defects or clusters of polypoid defects, simulating thick- 
ened rugal folds. These represent the short gastric, gastroepi¬ 
ploic, and left gastric veins that drain retrogradely into the 
portal vein. Diagnosis is difAcult because they are located 
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Figure 90-31 Superior mesenteric vein 
thrombosis. A. Sagittal reformatted MDCT image 
shows thrombus (arrow) in the superior mesenteric 
vein in this patient with a coagulopathy. B. Coronal 
reformatted image shows edema in the small bowel 
mesentery (yellow arrow) and mural thickening of the 
small bowel (blue arrow) due to mesenteric ischemia. 




Figure 90-32 Splanchnic venous thrombosis. A. Low-density thrombus (arrow) is present within the splenic vein propagating into the portal 
vein in this patient with a coagulopathy. B. Inferior mesenteric vein thrombus (arrow) is depicted on this coronal reformatted CT image in a 
patient with diverticulitis. 


primarily in the subserosa. The appearance of thrombus on CT 
(Fig. 90-32A), ultrasound, and MRI studies in splenic vein 
thrombosis is identical to that observed in portal vein or SMV 
thrombosis. Isolated gastric varices of the short gastric and 
coronary vessels without esophageal varices were thought to be 
highly suggestive of splenic vein obstruction; however, one 
study has demonstrated that portal hypertension is still the 
most common underlying cause. 7 " Dilation of the gastroepi- 
ploic veins is seen only in splenic vein thrombosis. 


Splenic vein thrombosis secondary to pancreatitis is now 
recognized as a fairly common cause of upper gastrointestinal 
hemorrhage in these patients. For this problem, splenectomy 
and gastrotomy with oversewing of bleeding varices is sufficient 
treatment. Isolated gastric varices caused by splenic vein 
occlusion can be cured in 90% of cases, and the incidence of 
recurrent bleeding is low. 

Thrombus in the inferior mesenteric vein (Fig. 90-32B) is 
usually seen in the setting of diverticulitis. 
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Hepatic Infarction 

CLINICAL FINDINGS 

Hepatic infarction is a relatively uncommon occurrence 
because of the livers dual biood supply and the tolerance of 
hepatocytes for low oxygen saturation. Hepatic infarction has 
been associated with shock (Fig. 90-33), sepsis, anesthesia, oral 
contraceptives, sickle cell disease or trait, polyarteritis nodosa, 
eclampsia, metastatic carcinoma, bacterial endocarditis, arterial 
emboli in rheumatic heart disease, trauma, and intra-arterial 
hepatic chemotherapy. The incidence of ischemic hepatitis in 
cirrhotic patients admitted to the intensive care unit with 
variceal bleeding is reported to be as high as 9% with a 60% 
mortality. 78-80 

The clinical diagnosis is problematic. Patients usually present 
with the nonspecific Åndings of abdominal or back pain (or 
both), fever, leukocytosis, and abnormal liver function test 
results, but they may be relatively asymptomatic. 

PATHOLOGIC FINDINGS 

Ischemic hepatitis is usually diagnosed on the basis of charac- 
teristic hepatic histopathologic appearance: minimal centri- 
lobular necrosis and seronegativity for viral hepatitis. 

RADIOLOGIC FINDINGS 

It is difficult to detect hepatic infarction during its early stages 
by cross-sectional imaging. The region becomes sonographi- 
cally hypoechoic when there is sufficient edema and round cell 
infiltration with indistinct margins. As the necrotic tissue is 
resorbed, small bile duet cysts or lakes may form. These lakes 
have the same microscopic appearance as the cysts seen in Car- 
oli’s disease, suggesting that the cause of Caroli’s disease may 
actually be neonatal hepatic infarction. On occasion, large bile 
duet lakes can be seen on CT and ultrasound studies. Infarcts 
are usually well-circumscribed, peripheral, wedge-shaped 
lesions, but they can be round or oval and centrally located. 
With time, areas of infarction develop a more distinet margin 
and may undergo considerable atrophy. Not all wedge-shaped 
areas of decreased attenuation on CT scans are due to infarc¬ 
tion; decreased portal flow from thrombus, tumor compression, 
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Figure 90-33 Hepatic infarction: pathologic findings. Autopsy 
specimen from a patient who died of septic shock shows multiple 
regions of hemorrhage within the liver. 


or segmental hepatic vein obstruction may produce a similar 
picture. Gas formation within a sterile infaret can also be seen 
on CT (Fig. 90-34) and ultrasound studies. On MR images, the 
edema of infarction lengthens TI and T2 relaxation times, 
causing lower signal intensity on Tl-weighted images and 
higher signal intensity on T2-weighted images of the involved 
liver. 78 " 80 


Hemolysis, Elevated Liver Enzymes, 

Low Platelets (HELLP) Syndrome 

Hepatic ischemia, hemorrhage, and infarction are well-known 
complications of pregnancy-related HELLP (he molysis, ele- 
vated /iver enzymes, low platelets) syndrome. It is a variant of 
toxemia that occurs either ante partum or post partum and 
develops in 4% to 12% of patients with severe preeclampsia. 81 
The pathophysiologic mechanism of HELLP syndrome is 
related to endothelial damage in the placental bed, resulting in 
activation of the platelets, which causes them to aggregate, and 
the coagulation cascade, which leads to disseminated intravas- 
cular coagulation. The hemolytic anemia is due to passage of 
red biood cells through small vessels with damaged endothe- 
lium covered by fibrin. Fibrin deposition in the liver leads to 
hepatocellular damage, necrosis, and hemorrhage. 

Epigastric or right upper quadrant pain is found in 90% of 
patients and may be associated with malaise, nausea, vomiting, 
headache, and nasal bleeding. 8183 Confirmatory laboratory data 
include hemolytic anemia (hemoglobin <11 g/dL), elevated 
liver enzymes (lactate dehydrogenase >400 IU/L), and throm- 
bocytopenia (<100,000/mL). 81-83 

The clinical course of HELLP syndrome is variable. Impor- 
tant complications include massive liver cell necrosis, severe 



Figure 90-34 Hepatic infarction: CT features. Gas secondary to 
infarction is present within the lateral segment of the left lobe of the 
liver in this patient who had undergone a Whipple procedure 5 days 
before this study. 
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disseminated intravascular coagulation, abruptio placentae, 
renal failure, pulmonary edema, maternal hypoglycemia, and 
rupture of subcapsular hematoma, with a maternal mortality 
rate of 3.3%. Standard treatment consists of expeditious deliv- 
ery of the fetus. 81 ' 83 

Imaging studies are usually performed in these patients to 
determine the cause of the abdominal complaints. On sono- 
graphic evaluation, the portions of the liver undergoing necro- 
sis have increased echogenicity. CT scan reveals well-defined 
hypodense, nonenhancing areas or multiple peripheral wedge- 
shaped areas of low attenuation (Fig. 90-35). The CT and ultra- 
sound appearance in these patients is nonspecific and can 
mimic focal areas of fatty infiltration. 84,85 

The MRI appearance in the HELLP syndrome depends on 
the degree of hemorrhage, necrosis, and steatosis. When edema 
or cellular necrosis predominates, the affected areas have a low 
signal intensity on Tl-weighted images and high signal inten- 
sity on T2-weighted images. 84,85 


VisceraD Artery Aneurysms 

CLINICAL FINDINGS 

Splenic artery aneurysms (Fig. 90-36A) account for 60% of 
visceral artery aneurysms, followed by the hepatic artery (20%), 
SMA (5.5%), celiac artery (4%) (Fig. 90-36B), gastric and gas- 
troepiploic arteries (4%), jejunal, ileal, and colic arteries (4%), 
pancreaticoduodenal and pancreatic arteries (2%), gastroduo- 
denal artery (1.5%), and inferior mesenteric artery (<1%). 86 ' 95 

The splenic artery is a tortuous structure because of the 
movement of the spleen and differing volumes of biood needed 
to supply it. The pulsatile nature of the biood flow causes excess 
stretching of the artery, thereby causing the loops and bends 
seen angiographically and on cross-sectional imaging; and 
various branches of the splenic artery that supply the pancreas 
anchor and prevent the elongating splenic artery from forming 
one large loop instead of multiple, small excursions from the 



Figure 90-35 HELLP syndrome. This pregnant patient presented with acute abdominal pain, hemolysis, elevated liver enzymes, and low 
platelets (HELLP). A. CT scan shows hepatic hemorrhage with active extravasation of contrast material from multiple sites. Hypodense areas are 
also present, suggesting thrombosis. B. CT scan obtained at a lower level shows the fetus. 



Figure 90-36 Visceral artery aneurysms. A. CT 

angiogram shows an aneurysm ( arrow ) of the 
superior mesenteric artery. B. Aneurysm (c/rc/e) of 
the splenic artery. 
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direct path. The dilated, tortuous splenic artery protects the 
delicate splenic pulp so that pressures are less forceful and more 
indirect. 87 

Splenic artery aneurysms are four times more common in 
women than in men, and most are small (2-4 cm), asymptom- 
atic, solitary, saccular, and located in the middle to distal splenic 
artery. There is also an association of splenic artery aneurysm 
and pregnancy, parity, and portal hypertension. This female 
predilection likely relates to the hormonal effect of estrogen and 
progesterone, both with receptor sites in the arterial wall. The 
hormone relaxin, which is responsible for elasticity of the sym- 
physis pubis in late pregnancy, may also alter the elasticity of 
the arterial wall. The high flow rate associated with pregnancy 
and portal hypertension contributes to the deleterious effects 
on the arterial wall. 86 ' 95 

Rupture is a catastrophic event that is manifested with pain 
and hypotension. Impending rupture of a splenic artery aneu¬ 
rysm can produce left upper quadrant pain that radiates to the 
left subcapsular region. In 20% to 30% of patients, there is 
double rupture: the initial rupture is contained within the lesser 
sac, followed by penetration of the lesser sac and free rupture 
into the peritoneal cavity. Rupture of a splenic artery aneurysm, 
most common during the third trimester, is a catastrophic 
event, with reported maternal and fetal mortality rates of 70% 
and 90%, respectively. 86 ' 95 

Ruptured and symptomatic splenic artery aneurysms require 
treatment, as do those found in pregnant women and women 
of childbearing age. Patients with portal hypertension or those 
who undergo liver transplantation are also candidates for treat¬ 
ment. Enlarging aneurysms and those larger than 2.5 to 3.0 cm 
typically require treatment. 86 ' 95 

Hepatic artery aneurysms show a male predilection of 2:1. 
Most are solitary and involve the extrahepatic artery, in which 
case they are most often degenerative or dysplastic. Intrahepatic 
hepatic artery aneurysms are most frequently the result of 
trauma, iatrogenic injury from biopsy or intervention, infection, 
or vasculitis. The use of MDCT has resulted in an increased 
detection of post-traumatic false aneurysms of the intrahepatic 
arterial branches. Approximately 60% of hepatic artery aneu¬ 
rysms are symptomatic, and patients most often present with 
epigastric or right upper quadrant pain, followed in frequency 
by gastrointestinal hemorrhage and jaundice. 86 ' 95 The classic 
triad of abdominal pain, hemobilia, and obstructive jaundice is 
observed in only 30% of cases. 86 ' 95 When these Åndings are 
accompanied by an abdominal bruit or pulsatile mass, the diag- 
nosis of hepatic artery aneurysm should be suspected. The aneu¬ 
rysm may rupture into the peritoneal cavity, extrahepatic bile 
duet, duodenum, gallbladder, portal vein, or stomach. Obstruc¬ 
tive jaundice may result from intrabiliary clots or from extrinsic 
compression. The mean age at diagnosis is 38 years, and a 
twofold to threefold male predominance is observed. Extrahe¬ 
patic aneurysms are four times more common than intrahepatic 
aneurysms. It is essential to diagnose and to treat hepatic artery 
aneurysms because of the high incidence of rupture and an 
associated mortality of up to 82% when this occurs. 86 ' 95 

Aneurysms and pseudoaneurysms of the gastroduodenal 
and pancreaticoduodenal arteries are often complications of 
acute and chronic panereatitis and pancreatic surgery. Most of 
these aneurysms are symptomatic and are manifested with gas¬ 
trointestinal, intraperitoneal, or retroperitoneal hemorrhage. 

Aneurysms of the SMA account for 5.5% of all visceral artery 
aneurysms and can be saccular or fusiform. Most occur within 


the proximal 5 cm of this vessel. Most occur in men and are 
most often diagnosed in the fifth decade of life. These aneu¬ 
rysms may be mycotic in origin or secondary to inflammation, 
vasculitis, trauma, arterial dissection, and dysplasia and degen¬ 
eration. These aneurysms are often symptomatic, presenting 
with acute and colicky upper abdominal pain, nausea, and 
vomiting. 86 ' 95 

Celiac artery aneurysms account for 4% of all visceral artery 
aneurysms and are associated with abdominal aortic aneurysms 
in 20% of cases and other visceral artery aneurysms in 40%. 
There is no gender predilection, and most present in the fifth 
decade of life. The risk of rupture is approximately 13% with 
high mortality. 

In early studies, rupture of visceral artery aneurysm was 
reported in 22% of cases. 86 ' 95 Now a large number are discov¬ 
ered incidentally when the patient is being scanned for other 
reasons. Indeed, the routine use of MDCT and MRI has led to 
the increased diagnosis of both symptomatic and asymptomatic 
aneurysms. Most are degenerative, demonstrating deficiency of 
the arterial media. Panereatitis with the escape of pancreatic 
enzymes may promote destruction of the arterial wall, resulting 
in pseudoaneurysms of the splenic, hepatic, gastroduodenal, 
and pancreaticoduodenal arteries. These aneurysms can be 
treated with surgical or endovascular approaches. 

RADIOLOGIC FINDINGS 

Hepatic artery aneurysms may produce curvilinear calcification 
of the right upper quadrant and, when large, produce a mass 
effect on adj acent viscera on barium studies or on the bile duets 
on cholangiograms. Duplex and color flow Doppler studies are 
the noninvasive screening methods of choice for hepatic artery 
aneurysm. A pulsatile, cystic mass with arterial flow or a sono- 
lucent or mixed echogenic mass with dilation of duets proxi- 
mally suggests the diagnosis. Noncontrast CT may show 
aneurysm wall calcification. After the bolus administration of 
contrast material, the residual lumen demonstrates intense 
enhancement. A low-density thrombus is often seen peripher- 
ally. MRI demonstrates a tubular structure that has flow void 
or strong signal intensity, depending on the imaging sequence 
used. These aneurysms must be differentiated from pancreatic 
pseudocysts and cystic pancreatic neoplasms. 

Treatment of these lesions is either surgical (ligation or vein 
grafting) or angiographic (absorbable gelatin fo am plugs for 
small aneurysms and Gianturco coils for larger ones). Invasive 
radiographic methods are becoming inereasingly popular 
because of the high morbidity and mortality associated with 
surgery. Reconstructive or ablative surgery is indicated for 
extrahepatic aneurysms, whereas interventional techniques are 
favored for those in intrahepatic sites. 

Aneurysms of the SMA are rare and may be congenital or 
associated with panereatitis, trauma, neoplasm, mycoses, or 
atherosclerotic disease. They are manifested clinically as a pul¬ 
satile mass with a systolic bruit. SMA aneurysms may be sac¬ 
cular or fusiform and are also always located within the first 
5 cm of the SMA. The SMA is the most common site for infec¬ 
tion of a peripheral muscle artery, which most often occurs 
secondary to subacute bacterial endocarditis caused by nonhe- 
molytic streptococcal infection. Almost all patients are younger 
than 50 years. During the previous four decades, infeeted aneu¬ 
rysms accounted for 58% to 63% of all SMA aneurysms. In the 
past decade, this has decreased to 33% of reported aneurysms. 86 ' 95 
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This decrease has been accompanied by an increase in the inci- 
dence of true aneurysms in the elderly as well as an increase in 
the incidence of false aneurysms associated with inflammatory 
processes of the pancreas and biliary tract seen in 12% of SMA 
aneurysms. Dissection, although uncommon, affects the SMA 
more than any other visceral artery. Atherosclerosis is present 
in 25% of reported SMA aneurysms. 86 ' 95 

In contrast to other visceral artery aneurysms, most SMA 
aneurysms are symptomatic, presenting with moderate to 
severe abdominal pain that is usually progressive in its course. 
A palpable mass is present in 50% of patients, who may also 
experience nausea, vomiting, gastrointestinal hemorrhage, 
hemobilia, or jaundice. 86 ' 95 

Splanchnic Vein Aneurysms 

Aneurysms of the portal venous system are uncommon. They 
represent only 3% of all aneurysms of the venous system but 
are the most common visceral aneurysms. 96 ' 104 Because there 
are variations in the diameters in normal and cirrhotic livers, 
an aneurysm of the portal venous system is present if the 
vessel diameter is larger at that point (usually 2 cm) than in 
the remainder of the vessel. They are usually secondary to 
pancreatitis and trauma but may be congenital in origin and 
are seen increasingly in patients with cirrhosis and portal 
hypertension. 

The clinical features of portal vein aneurysms vary. Large 
aneurysms can cause duodenal compression, common bile duet 
obstruction, or chronic portal hypertension. Complete obstruc¬ 
tion of the portal vein by thrombosis or aneurysm rupture can 
also occur. Patients who have no symptoms and no signs of 
portal hypertension should be observed by serial ultrasound 
scans. Complications of portal vein aneurysms include rupture, 
thrombosis, complete occlusion of the portal vein, portosys- 
temic shunts, and biliary tract compression. 

On ultrasound (Fig. 90-37) and CT studies, a dilated portal 
vein can usually be identified and distinguished from other 
lesions. The aneurysm is anechoic, but if thrombus is present, 
Doppler studies are necessary for confirmation. On Doppler 
ultrasound, constantly rotating biood is found in an aneurysm 
of the splenic vein and SMV. Contrast-enhanced CT and MRI 
will show robust enhancement of the aneurysm. 

Osler-Weber-Rendu Disease 

Osler-Weber-Rendu disease or hereditary hemorrhagic telangi- 
ectasia (HHT) is a rare (incidence of 1 to 2:100,000) autosomal 
dominant disorder characterized by multiple mucocutaneous 
telangiectasias that may involve most organ systems. 105 ' 111 
Hepatic involvement is frequent and is usually diagnosed 10 to 
20 years after the first appearance of mucocutaneous telangiec¬ 
tasias. The typical pathologic features are angiodysplastic vas¬ 
cular changes, including telangiectases, cavernous hemangiomas, 
aneurysms of the intraparenchymal branches of the hepatic 
artery, and both hepatoportal and hepatohepatic arteriovenous 
fistulas. Many patients develop high-output heart failure as a 
result of left-to-right intrahepatic shunts. 

On Doppler ultrasound examinations in patients with HHT, 
the spectral waveforms show high-velocity flow (153 cm/s) in 
the dilated and tortuous hepatic artery and its branches. Hepatic 
artery-to-portal vein shunts cause pulsatility of portal flow 
with phasic or continuous reversal. Hepatic artery-to-hepatic 



Figure 90-37 Umbilical vein aneurysm. Color Doppler ultrasound 
shows flow in this venous aneurysm. 


vein shunts cause significant changes in the Doppler waveform 
of the hepatic vein only in severe stages of the disease. Color 
Doppler sonography demonstrates a large arteriovenous mal- 
formation or tangled masses of enlarged tortuous arteries or 
multiple aneurysms of the hepatic arterial branches within the 
liver. 105 ' 111 

Contrast-enhanced CT (Fig. 90-38) shows a prominent 
extrahepatic or both extrahepatic and intrahepatic hepatic 
artery that is often associated with dilated hepatic or portal 
veins. Early filling of the portal venous or hepatic venous trunks 
on helical CT indicates the presence of an arteriovenous shunt. 
The intrahepatic arteriovenous fistulas are being visualized with 
inereased frequency with the use of MDCT. Other abnormali- 
ties include telangiectasias, large confluent vascular masses, and 
transient hepatic attenuation differences. 105 ' 111 

MR angiograms can provide a map of the anomalous vessels. 
Dynamic gradient-echo imaging obtained after the injection of 
Gd-DTPA allows analysis of filling kinetics. 

Angiograms in HHT show tortuous dilated hepatic arteries, 
diffuse telangiectases with a diffuse mottled capillary blush, 
hemangiomas, and early filling of hepatic or portal veins indi- 
cating a shunt. The angiographic appearance depends on the 
stage of development of the hepatic arteriovenous shunt. All 
findings are present if the shunting is severe, whereas isolated 
parenchymal modifications are found only in the case of a mild 
intrahepatic shunt. 
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Figure 90-38 Osler-Weber-Rendu disease: CT features. A. Arterial phase axial CT image shows irregular and tortuous arteries in the liver 
parenchyma and porta hepatis. B. Coronal maximum intensity projection reconstructed image in arterial phase demonstrates tortuous and 
irregular arteries in liver and porta hepatis. 


Hepatopulmonary Syndrome 

The hepatopulmonary syndrome (HPS) describes the clinical 
relationship between hepatic dysfunction and the presence 
of pulmonary vascular diktions, which can result in a range 
of arterial oxygenation abnormalities. HPS can be defined 
as a triad characterized by severe parenchymal liver disease, 
hypoxemia (an increased alveolar-arterial gradient on breath- 
ing of room air), and evidence of intrapulmonary vascular 
diktions. 112115 

PATHOPHYSIOLOGY 

A number of mechanisms underlying the impaired gas exchange 
in HPS have been proposed: intrapulmonary and porto- 
pulmonary shunts, pleural spiders, pulmonary hypertension, 
ventilation-perfusion mismatch, and changes in the affinity of 
hemoglobin for oxygen. 1 2115 It now appears that vascular 
abnormalities known as intrapulmonary vascular diktions are 
the major cause of severe hypoxemia and are the defining fea¬ 
tures of HPS (Fig. 90-39A). 

IMAGING OF INTRAPULMONARY 
VASCULAR DILATIONS 

Contrast-Enhanced Echocardiography 

Contrast-enhanced echocardiography, although generally used 
to assess intracardiac right-to-left shunts, is valuable for dem- 
onstrating the presence of intrapulmonary vascular diktions in 
patients with hypoxemia and liver disease. Indocyanine green 
dye and agitated saline are used to provide a stream of micro- 
bubbles 60 to 90 mm in diameter that usually opacify only the 
right chambers of the heart. The normal pulmonary capillary 
bed filters these microbubbles so that they do not appear in the 
left side of the heart. In the presence of an intracardiac or intra¬ 
pulmonary shunt, microbubbles and indocyanine dye opacify 
the left-sided heart chambers. 

Intracardiac intrapulmonary shunts can be differentiated by 
the timing of the appearance of left-sided bubbles after injec- 
tion of the contrast agent. With intracardiac right-to-left shunts, 
microbubbles and dye are visualized within three heartbeats 
after the appearance of bubbles in the right-sided heart cham¬ 
bers. In intrapulmonary shunts, the appearance of contrast 


material in the left-sided heart chambers is delayed, occurring 
four to six heartbeats after the initial appearance of contrast 
material in the right side of the heart. 112 ' 115 

Perfusion Lung Scanning 

The perfusion lung scan (Fig. 90-39B) with technetium Tc 
99m-labeled macroaggregated albumin is the second major 
method for detecting intrapulmonary vascular diktion. The 
normal pulmonary capillary bed (diameter, 8-15 mm) traps the 
albumin macroaggregates, which generally exceed 20 mm in 
diameter. The presence of isotope in the brain or kidneys indi- 
cates a right-to-left shunt through either an intracardiac or an 
intrapulmonary shunt. The shunt magnitude is calculated by 
taking the ratio of the systemic to total body activity of the 
isotope. Approximately 3% to 6% of the macroaggregated 
albumin passes through the normal pulmonary vasculature. 
Shunts ranging from 10% to 71% have been documented in 
patients with HPS. 12115 

Chest Radiography 

Patients with HPS usually display the same abnormalities on 
the chest radiograph that may be seen in all cirrhotic patients: 
decreased lung volumes, pleural effusions, increased interstitial 
markings, and increased pulmonary vascular markings. 
Increased bilateral basilar interstitial markings attributed to 
intrapulmonary vascular diktions and increased pulmonary 
vascular markings may be seen as well. These Åndings are 
nonspecific. 

CT and Angiography 

On CT and angiography, the vascular diktions are depicted as 
enlarged vessels that do not taper normally, extend to the pleural 
surface, and are most numerous at the lung bases. The ratio of 
the segmental arterial diameter to bronchial diameter in the 
right lower lobe is significantly higher in patients with HPS than 
in cirrhotic patients with normoxemic liver cirrhosis. 112-115 

TREATMENT 

Treatment of HPS is liver transplantation. 116,117 If the lungs are 
irreversibly damaged, a liver-lung transplant is in order. The 
TIPS procedure has been used as a temporizing measure in 
patients awaiting transplantation. 
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Figure 90-39 Hepatopulmonary syndrome: pathophysiology. A. Schematic diagram of the precapillary vascular abnormality seen in both 
acute and chronic liver disorders. The driving pressure of P A 0 2 is depicted by the arrows. B. Pulmonary perfusion images obtained with 
technetium Tc 99m-labeled macroaggregated albumin show extrapulmonary uptake in the kidneys and brain. This indicates right-to-left 
shunting. 
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Hepatic Trauma 

Hepatic trauma was first graphically described in the Iliad , 
when Achilles “stabbed with his sword at the liver, the liver was 
torn from its place, and from it the black biood drenched the 
fold of his tunic and he was shrouded in darkness as the light 
went out ” The liver is not faring much better 2600 years later, 
with the increasing violence of urban life, our society’s passion 
for high-speed travel, and the gastroenterologist and interven¬ 
tional radiologist constantly invading the liver. 12 The cross- 
sectional imaging modalities have dramatically improved the 
promptness and certainty of diagnosis in patients with hepatic 
trauma and have proved useful in the triage of patients to surgi¬ 
cal or conservative management. 5 The single most important 
factor allowing nonoperative management of blunt hepatic 
trauma has been the evolution of computed tomography (CT) 
scanning. 7 ' 11 
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EPIDEMIOLOGY 

The types of hepatic injury encountered in practice depend 
to a large degree on the location of the trauma center. In 
suburban and rural areas, hepatic injury is usually due to 
blunt trauma sustained in motor vehicle accidents and falis. 
In the setting of blunt abdominal trauma, the liver and 
spleen are the most commonly injured solid organs. The 
reported prevalence of liver injury in patients who have sus¬ 
tained blunt trauma ranges from 1% to 8%. 12 Other associ- 
ated injuries are present in 80% of people. In large city 
hospitals, penetrating injuries from firearms and stabbings 
predominate. In this setting, the liver is the most frequently 
injured viscus owing to its anterior and partially subcostal 
location. 13,14 Iatrogenic hepatic injuries are becoming increas- 
ingly common in all hospitals. Indeed, liver biopsy is the 
most common cause of subcapsular hematoma in the United 
States today. Because of their markedly different manage¬ 
ment paradigms and prognoses, blunt, iatrogenic, and pen¬ 
etrating traumatic injuries are discussed separately in this 
chapter. 

CLINICAL FINDINGS 

Clinical features associated with hepatic trauma include right 
upper quadrant pain and tenderness with guarding and 
rebound tenderness, falling hematocrit, and hypotension. 
Delayed manifestations of biliary trauma, such as bilomas, 
are usually accompanied by right upper quadrant pain and 
jaundice. 15,16 Trauma is the most frequent cause of hemobilia, 
which is manifested by hematemesis or melena associated 
with right upper quadrant pain. Because of the difficulty of 
identifying hepatic injury by physical examination, CT is 
often required to avoid missing a significant injury. The 
mortality rate reported secondary to blunt liver trauma 
ranges from 4.1% to 11.7%. 13,17,18 The American College of 
Surgeons State a mortality rate of 16.8%, taking all hepatic 
injuries into account on the basis of the National Trauma 
Data Bank. 19,20 

Diagnostic peritoneal lavage was one of the most 
common clinical modalities used in the diagnostic evalua- 
tion for blunt abdominal trauma in the mid-20th century. 21 
This procedure is sensitive for hemoperitoneum but led to 
a high rate (30%) of nontherapeutic, unnecessary laparoto- 
mies. Diagnostic peritoneal lavage has largely been replaced 
with CT or screening ultrasound for the evaluation of 
hemoperitoneum. 22 24 
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CLASSIFICATION OF HEPATIC TRAUMA 

The management of hepatic trauma patients has evolved 
significantly during the last three decades and is now based 
on well-defined treatment algorithms. This has highlighted 
the need for an accurate classification system as a basis for 
the clinical decision-making process. 25 Fundamental to the 
development of these classification schemes and the subse- 
quent treatment algorithms based on them is the wide- 
spread availability of rapid acquisition CT imaging in most 
major trauma centers. This has also led to a diminution in 
the role of diagnostic peritoneal lavage in the management 
of the trauma patient. Diagnostic peritoneal lavage has 
multiple limitations: lack of specificity regarding the source 
of bleeding; high sensitivity to detection of small quantities 
of biood, leading to nontherapeutic laparotomy; and inac- 
curacy for retroperitoneal injuries. Diagnostic peritoneal 
lavage fails most importantly in its ability to identify the 
location and extent of intra-abdominal organ injury. Diag¬ 
nostic peritoneal lavage is valuable mainly in patients in 
whom ultrasonography or CT scanning is inappropriate or 
unavailable. 8 

Previous attempts to categorize hepatic injury were mostly 
anatomic in design and did not incorporate the mechanism 
of injury or physiologic changes associated with more severe 
injuries. In 1987, the Organ Injury Scaling Committee of the 
American Association for the Surgery of Trauma was organized 
for the purpose of devising injury severity scales for individual 
organs. These injury severity scales incorporated etiology, 
anatomy, and extent of injury and correlated it with subse- 
quent clinical management and outcome. The most recently 
revised clinical classification is listed in Table 91-1. 26 It has 
been demonstrated that the CT grade of hepatic injury is 
not predictive of the need for surgery and that the majority 
of injuries can be safely managed nonoperatively. 2611 The 
hemodynamic status of the patient may be the most important 


Classification of Hepatic Trauma 


Grade 


Injury 


I Hematoma 
Laceration 

II Hematoma 

Laceration 

III Hematoma 


Laceration 

IV Laceration 

V Laceration 

Vascular 

VI Vascular 


Subcapsular, <10% surface area 
Capsular tear, <1 cm parenchymal depth 
Subcapsular, 10%-50% surface area 
Intraparenchymal, <10 cm diameter 
1-3 cm parenchymal depth, <10 cm in length 
Subcapsular, >50% surface area or expanding; 
ruptured subcapsular or parenchymal 
hematoma 

Intraparenchymal hematoma >10 cm or 
expanding 

Parenchymal fracture >3 cm deep 
Parenchymal disruption involving 25%-75% 
of hepatic lobe or 1-3 Couinaud segments 
within a single lobe 

Parenchymal disruption involving >75% of 
hepatic lobe or >3 Couinaud segments 
within a single lobe 

Juxtahepatic venous injuries (i.e., retrohepatic 
vena cava/central major hepatic veins) 
Hepatic avulsion 


From Moore EE, Cogbill TH, Jurkovich GS, et al: Organ injury scaling: 
Spleen and liver (1994 revision). J Trauma 38:323-324, 1995. 


predictor of injury severity; however, patients with higher 
grade injuries (IV or V) are more likely to be unstable and 
to require surgery, and increasing organ injury severity scale 
grade in patients with isolated hepatic injuries is associated 
with increasing mortality. 9 In contrast, patients who are stable 
may be managed conservatively with close observation in 
intensive care units. 8,9,32 Mechanism of injury, radiologic clas¬ 
sification, and clinical assessment of hemodynamic stability 
must all be correlated by the trauma surgeon to guide man¬ 
agement decisions. 

PATHOPHYSIOLOGY 

Blunt Trauma 

Approximately 1% to 8% of patients who sustain blunt 
abdominal trauma have a liver injury. 12 Severe compressive 
trauma to the liver from a steering wheel injury or direct 
blow can produce satellite fractures that often involve an entire 
lobe. 33 Rapid deceleration in motor vehicle accidents produces 
shearing forces that cause different degrees of parenchymal 
tears. The hepatic lobes may be torn from each other, or the 
tears may involve the supporting ligaments, hepatic veins, 
and inferior vena cava. The most frequent site of hepatic 
injury is the posterior segment of the right lobe of the liver 
because of its size and proximity to the ribs and spine. Although 
they are less common, left lobe injuries are more often asso¬ 
ciated with retroperitoneal injuries (duodenum and pancreas) 
and transverse colon injuries. 30 4 There is a high incidence 
of associated extrahepatic injury, including splenic rupture, 
head injuries, rib fractures, facial fractures, and pelvic 
fractures. 35 

Major hepatic venous injuries occur in 13% of patients 
with liver trauma. These are most often a result of blunt 
trauma. They include, in decreasing order of frequency, right 
hepatic vein avulsion from the inferior vena cava, upper 
branch right hepatic vein avulsion, avulsion of accessory veins, 
avulsion of the left hepatic vein, and avulsion of the middle 
hepatic vein. The right hepatic vein is at greater risk for 
sudden acceleration-deceleration injury because it has a rela- 
tively long extrahepatic segment before it enters the inferior 
vena cava. The course is shorter for the middle and left 
hepatic veins, which usually merge to form a common channel 
and thus are less frequently injured. 36,37 Venous injuries can 
be suggested by multiple lacerations around the inferior vena 
cava or porta hepatis. 10,11 It is important to identify these 
Åndings because they may help prepare the surgeons to expect 
significant bleeding when the liver is lifted off the inferior 
vena cava. 11 Multiplanar CT reconstruction and three- 
dimensional rendering can be helpful in the assessment of 
vascular involvement, especially the portal vein, hepatic veins, 
and retrohepatic vena cava. 38 Injuries of the bare area of the 
liver may not demonstrate peritoneal signs or fmdings on 
diagnostic peritoneal lavage or screening sonography for 
hemoperitoneum but may show retroperitoneal biood on CT 
examination. 39 

Penetrating Injuries 

Penetrating wounds are most commonly caused by stabbing, 
gunshot, or shotgun injury. 40,41 Knife stabbings usually cause 
superficial lacerations, whereas high-velocity projectiles gener¬ 
ally cause injury from capsule to capsule, with massive paren¬ 
chymal damage. 5 
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latrogenic Injuries 

The liver is subject to a number of iatrogenic misadventures 
that may be caused by any of the various needles, wires, can- 
nulas, and catheters placed by gastroenterologists and interven¬ 
tional radiologists. 15,42,43 The liver can also be damaged by 
external cardiac compression during the course of resuscitation 
and by inappropriately low insertion of a chest tube. 44 

Diagnostic and interventional procedures can produce a tear 
of the liver capsule, subcapsular hematoma, bile leak, arteriove- 
nous fistula, pseudoaneurysm, arteriobiliary or venobiliary 
fistula, hepatic hematoma, hemoperitoneum, and biloma. 45 The 
prevalence of this problem was well documented in one study 
in which intrahepatic (77%) and subcapsular (23%) hemato- 
mas were fo und sonographically in 23% of asymptomatic 
patients evaluated after liver biopsy. 46 

Spontaneous Rupture 

Hepatic rupture and hemorrhage can occur in eclamptic or 
preeclamptic women during the third trimester due to he mo- 
lysis, elevated /iver enzymes, and /ow platelets, the HELLP syn- 
drome. 47 The maternal mortality rate approaches 60% with 
hepatic rupture. Because surgery is difficult in these friable 
livers, hepatic artery transcatheter embolization offers a thera- 
peutic alternative. One report showed good results with absorb- 
able gelatin foam (Gelfoam) embolization in four eclamptic 
patients. 48,49 Bleeding from the liver may also immediately 
follow delivery in noneclamptic women. 

Spontaneous hemorrhage can occur in patients who have 
sickle cell anemia, peliosis, hepatomas, hepatic adenoma, coag- 
ulopathies, B-cell lymphoma, metastases, organophosphate tox- 
icity, or collagen-vascular disease and in patients who receive 
long-term hemodialysis. 50 

RADIOLOGIC FINDINGS 

Imaging can make a major contribution to the management of 
trauma patients who are hemodynamically stable and to the 
postoperative assessment of these patients.* 

Computed Tomography of Hepatic Injuries 

Multidetector computed tomography (MDCT) is the imaging 
technique of choice for hepatic trauma and has had an enor- 
mous impact on the detection and management of liver inju¬ 
ries^ It can reliably diagnose and stage significant hepatic and 
extrahepatic injuries, document interval healing of hepatic 
injuries, and diagnose early and delayed complications. It can 
also de teet associated and unsuspected injuries to other organs 
(Fig. 91-1). Patients who are hemodynamically unstable require 
immediate surgery; surgical delay secondary to imaging can be 
fatal. Hemodynamically stable patients can be scanned in a 
matter of seconds, with better resolution and with multiplanar 
imaging capabilities, given our current CT technology. 

With any type of abdominal trauma, the first finding that 
should be evaluated is the presence or absence of biood, either 
parenchymal or intraperitoneal (hemoperitoneum). Immedi¬ 
ately after injury, hematomas on noncontrast scans are hyper- 
dense relative to normal hepatic parenchyma (Fig. 91-2). After 


^References 5, 10, 11, 14, 15, 51-53. 
References 5, 10, 11, 14, 15, 54-56. 



Figure 91-1 Unsuspected hepatic laceration secondary to a 
gunshot to the left upper abdomen resulting in colonic 
perforation. CT demonstrates a low-density laceration in the left 
hepatic lobe (solid arrow). Free air and extravasated rectal contrast 
material are also seen, indicating bowel perforation (open arrows). 



Figure 91-2 Noncontrast appearance of hepatic laceration and 
hematoma. Noncontrast CT demonstrates a heterogeneous masslike 
region in the right hepatic lobe with central hyperdensity consistent 
with hematoma. 


intravenous administration of contrast medium, unclotted 
biood is usually hypodense compared with enhancing normal 
parenchyma but still usually has an attenuation (20-40 HU) 
greater than that of simple fluid (0-20 HU). 

Active hemorrhage is identified as extravasation of contrast 
material on contrast-enhanced CT. The attenuation values of 
extravasated contrast material (155 HU, mean value) and 
hematoma (54 HU, mean value) help distinguish active bleed¬ 
ing from clotted biood. 10 5 If the liver is involved by focal or 
diffuse fatty infiltration, a common finding in intoxicated 
drivers, parenchymal hematomas may appear isodense on 
contrast-enhanced examinations but can usually be dis tin - 
guished with narrow CT window settings. In addition, the 
attenuation and the distribution of fluid can serve as a clue to 
the site of injury. This phenomenon has been termed the sen- 
tinel clot sign. 61 The sentinel clot is the highest density biood 
collection seen and usually lies adj acent to the injured organ 
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(Fig. 91-3). The evaluation of hepatic trauma should also search 
for other fluid collections, such as bile, as seen in bile leaks and 
bilomas, which have low attenuation because of their high cho- 
lesterol content. 

In interpreting CT scans in patients with hepatic trauma, 
it is important to describe the anatomic site and extent of 
injury (superficial, deep, lobar, segmental, perihilar), the com- 
plexity of the lesion (simple or stellate laceration), and the 
type of hepatic injury (parenchymal laceration or subcapsular 
hematoma). 10,11,62,63 

The major CT findings in blunt hepatic injuries are lacera- 
tions, subcapsular and parenchymal hematomas, active hemor- 
rhage, and juxtahepatic venous injuries. 17 Lacerations are the 
most common injury and appear as branching or linear low- 
attenuation areas. Lacerations can be classified into superficial 
(<3 cm from the liver surface) and deep (>3 cm from the 
surface) (Fig. 91-4). Deep central parenchymal injuries seen on 


CT may be unrecognized at laparotomy, especially if the liver 
surface appears intact, and as a result, the true extent of involve- 
ment may be underestimated at surgery. 10 It is imperative to 
describe any potential laceration extension to the hepatic or 
portal veins or to the inferior vena cava (Fig. 91-5; see also Fig. 
91-3). Hematomas can also occur in hepatic trauma and may 
be subcapsular or parenchymal in nature. Subcapsular hemato¬ 
mas can be distinguished from free hemoperitoneum by mass 
effect on the liver surface, creating a contour deformity. Paren¬ 
chymal hematomas follow the same attenuation values of biood 
as described before. Again, on contrast-enhanced CT, they may 
appear relatively lower in attenuation than enhancing liver 
parenchyma, but their attenuation values are often higher than 
simple fluid (Fig. 91-6). Yet another type of hepatic injury, 
contusion, often appears as low-attenuation, sometimes ill- 
defined areas with intermixed areas of high attenuation repre- 
senting biood. 




Figure 91-3 Patient with blunt abdominal 
trauma from a motor vehicle accident 
demonstrates a sentinel clot and free 
intraperitoneal extravasation of contrast 
material. A. Noncontrast CT image shows a 
high-density sentinel clot ( arrow) adjacent to the 
spleen (asterisk). B. Postcontrast CT image 
demonstrates a splenic laceration (short arrow) 
and free extravasation of intravenous contrast 
material into the peritoneal cavity (long arrow). 

C. Two lacerations adjacent to the right and 
middle hepatic veins ( arrows ) are seen extending 
to the inferior vena cava. The patient was taken to 
the operating room for hypotensive repair. 



Figure 91-4 Patient with a penetrating injury from a stab wound with a 5-inch steak knife while in the shower. A. Within the abdominal 
wall, a hematoma from the stab wound is seen with a blush of contrast material, suggesting active extravasation (short arrow). A liver laceration is 
also identified (long arrow). B. CT image demonstrates the extent of the laceration through the left lobe of the liver (arrow). 
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Figure 91-5 Grade IV liver laceration and 
traumatic aortic injury secondary to motor 
vehicle collision. A. CT image demonstrates a 
central liver laceration involving the middle hepatic 
vein and extending to the inferior vena cava 
( arrow). B. This image further depicts the degree 
of injury extending to the portal vein (arrow). C. CT 
of the chest demonstrates mediastinal hematoma 
and descending thoracic aortic injury (arrow). The 
patient underwent aortic grafting. Despite this 
extensive hepatic injury, the patient recovered with 
nonsurgical management of the liver injuries. 



Figure 91-6 Liver laceration with intraparenchymal hematoma. 

Contrast-enhanced CT demonstrates a low-density hepatic 
laceration in the right lobe of the liver with a centrally located 
high-density collection consistent with an intraparenchymal hematoma 
(arrow). 


Active extravasation on contrast-enhanced CT represents 
one of the more severe CT features of hepatic injury and can 
herald life-threatening, active bleeding (Figs. 91-7 and 91-8). 
On CT, this appears as very high attenuation approximating 
that of aorta (91-274 HU; mean, 155 HU) compared with the 
density of clotted biood (28-82 HU; mean, 54 HU). 60 At times, 
active extravasation of contrast material may be difficult to 
distinguish from a pseudoaneurysm. Delayed contrast images 
are helpful in this instance, demonstrating “washout of contrast 
attenuation” with pseudoaneurysms (approximating the biood 


pool density at that time) and persistence of high density with 
active bleeding. 64 Active extravasation of contrast material has 
been shown to be a strong predictor of potential cardiovascular 
collapse and failure of nonsurgical management. 65,66 Treatment 
of active extravasation is best performed through angiographic 
embolization. 67 

Vascular injuries of the liver, although relatively rare, can be 
fatal as well. When these occur, they are usually due to lacera- 
tions extending to the inferior vena cava, hepatic veins, and 
portal veins; thus, it is imperative to identify and to relay this 
extension to the clinicians (see Fig. 91-3). Alternatively, avulsion 
of the vessels can occur as well. Inferior vena cava injuries carry 
a particularly high mortality rate and should be suspected when 
there is a laceration extending to the proximal hepatic veins and 
inferior vena cava and when there is a large amount of retrohe- 
patic biood. 68 If bleeding occurs at the bare area of the liver, 
there may be extension of biood into the retroperitoneum 
as well. 

Periportal zones of decreased density may be the only mani¬ 
festation of hepatic trauma. These may represent linear collec- 
tions of biood in the periportal regions or dilated periportal 
lymphatics. 69 ' Periportal low density was previously thought 
to be an important sign of liver injury but is actually most com- 
monly due to rapid fluid resuscitation, elevating central venous 
pressure, as suggested by a distended inferior vena cava (Fig. 
91-9). 69-72 Periportal low density may also be seen in nontrau- 
matic causes, including in patients with congestive heart failure, 
patients with hepatitis, liver transplant recipients, and those 
with AIDS. The lucency is due to a dilation of the intrahepatic 
lymphatics caused by obstruction of drainage. Intraparenchy¬ 
mal gas, in the absence of infection, has also been reported in 
patients with blunt abdominal trauma, but an abscess must 
always be excluded when extraluminal gas collections are 
present. 73,74 
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Figure 91-7 Hepatic laceration with active extravasation. A. CT shows a low-density laceration in the posterior segment of the right hepatic 
lobe. Focal hyperdensity consistent with active extravasation of contrast material and active hemorrhage is seen ( arrow). B. A coronal reformatted 
image further reveals the extent of active extravasation (arrow). High-density fluid in the peritoneal cavity is consistent with hemoperitoneum. 



Figure 91-8 Liver contusion and laceration 
with active bleeding. A. CT image shows an 
ill-defined hepatic contusion in the right lobe of 
the liver ( arrowhead) in contrast with the lower 
density, well-defined laceration in the left lobe 
of the liver (arrow). B. CT image reveals active 
extravasation of contrast material, connoting active 
bleeding in the laceration track (long arrow). 
Hepatic contusion is demonstrated again (short 
arrow). C. A more inferior CT image shows the 
laceration to completely transect the right lobe 
of the liver (arrow). The injury involves the right 
kidney as well with a renal laceration and 
perinephric hematoma (arrowhead). 



A CT-based classification has been formulated from these 
findings (Table 91-2). This CT classification system grades the 
injuries; however, this grading system and the CT features 
may not correlate with the need for surgery. 75,76 It is not the 
grade of the injury but rather the hemodynamic parameters of 
the patient that often dictate conservative versus operative 
management decisions. 22 Even major hepatic injuries up to 
and including grade IV can usually be managed conservatively 
if the patient is hemodynamically stable. 28 ' 31,63,75 CT findings 
associated with increased morbidity, mortality, and need for 
operation include deep perihilar lacerations, failure of the 
hemoperitoneum to be significantly resorbed within 1 week, 


rapid progression of hepatic injuries within hours or days of 
injury, and major vascular trauma (especially injury to the con- 
fluence of hepatic veins). 13,7 It has been noted that many hemo¬ 
dynamically stable patients can avoid operation despite 
significant injuries seen on CT examination. Although the 
CT-based injury grading system may not correlate with the 
need for surgery, it serves as a consistent means of describing 
and communicating injuries to surgeons. Radiologists should 
therefore be familiar with this grading system. 

The need for follow-up CT examination to detect delayed 
complications is favored by some 78 ' 80 and opposed by others. 28, 81,82 
Patients with persistent or worsening symptoms should have 
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Figure 91-9 Periportal edema secondary to aggressive hydration 
in a patient with a stab wound. Periportal lucency extending along 
both sides of the intrahepatic portal veins indicates periportal edema. 
This is a nonspecific finding that is most commonly seen with rapid 
intravenous hydration. 


TAB LE 

91-2 

CT-Based Classification of Blunt 

Hepatic Trauma 

Grade 

Criteria 

1 

Capsular avulsion, superficial laceration(s) <1 cm deep, 
subcapsular hematoma <1 cm maximal thickness, 
periportal biood tracking only 

2 

Laceration(s) 1-3 cm deep, central/subcapsular 
hematoma(s) 1-3 cm diameter 

3 

Laceration(s) >3 cm deep, central/subcapsular 
hematoma(s) >3 cm diameter 

4 

Massive central/subcapsular hematoma >10 cm, lobar 
tissue destruction (maceration) or devascularization 

5 

Bilobar tissue destruction (maceration) or 
devascularization 


From M irvi s SE, Whitley NO, Vainwright JR, et al: Blunt hepatic 
trauma in adults: CT-based classification and correlation with 
prognosis and treatment. Radiology 171:27-32, 1989. 


follow-up examinations. 81 Patients with more severe, complex 
hepatic injuries may also benefit from repeated CT to evaluate 
injury status and possible complications. 9218 4 Meredith and 
colleagues 28 found that hemodynamic stability and lack of peri- 
toneal fmdings were more predictive than the CT Åndings of 
which patients could undergo nonoperative management. 

Post-traumatic complications are not uncommon after 
hepatic injury and are best demonstrated by CT as well. 78,79 
Delayed hemorrhage can occur and can have a high mortality 
rate. This may be due to several causes, including an expanding 
injury, a biloma-induced pseudoaneurysm, a misinterpretation 
of contrast material extravasation on the initial CT scan, and 
mismanagement of the patient’s hemodynamic status (Fig. 
91-10). 83 This should be suspected if there is a delayed drop in 
the hematocrit level. Post-traumatic pseudoaneurysms of the 
hepatic artery and its branches may occur weeks to months after 
the initial injury. These patients present with delayed hemor¬ 
rhage and hemobilia (if the pseudoaneurysm decompresses into 
the biliary system) and should be evaluated with hepatic angi- 
ography, at which time the aneurysm can be embolized to 


minimize the risk of frank rupture. 85 ' 91 Bilomas (Fig. 91-11) and 
intrahepatic and perihepatic abscesses are other major post- 
traumatic complications. Bilomas are seen in 0.5% to 20% of 
patients managed nonoperatively. 8,29,53 These fluid collections 
usually resolve or can be managed successfully by percutaneous 
drainage. 92 Aspiration, biliary scintigraphy, or magnetic reso- 
nance imaging (MRI) may be necessary for differentiation of 
these fluid collections. 35,85 Endoscopic retrograde cholangio- 
pancreatography (ERCP) can identify the bile leak and guide 
the insertion of a biliary endoprosthesis. 

Ultrasound 

Ultrasound is being more frequently performed in the emer- 
gency department by surgeons, radiologists, and emergency 
department physicians. The advantages of sonography include 
portability, ability to rapidly detect intraperitoneal biood, and 
relative inexpense. Problems include the operator-dependent 
nature of ultrasound and limitations in demonstrating the 
extent of injury. 

The use of ultrasound was pioneered years ago in the Euro¬ 
pean literature. 93 Ultrasound can be used either to identify 
parenchymal injury directly or to detect intraperitoneal fluid 
that in the acute setting is presumed to represent hemoperito- 
neum. 94,95 Ultrasound is much more accurate in the detection 
of hemoperitoneum than in the diagnosis of specific parenchy¬ 
mal or hollow viscus injury. The recent interest in ultrasound 
is primarily in its Utility as a rapid screening test for significant 
injury, the so-called focused abdominal sonogram for trauma 
(FAST). 96,97 FAST simply entails sonographic interrogation of 
sites in which free intraperitoneal fluid most often accumulates: 
Morisons pouch, the lefl subphrenic and subsplenic areas, and 
the pouch of Douglas. It also involves evaluation for the pres- 
ence of hemopericardium. According to Ma and coworkers, 98 
the suprapubic view is the single view most sensitive for hemo¬ 
peritoneum (68%), but the sensitivity dramatically increases 
when multiple views are obtained. The best use of FAST is to 
triage patients. A hemodynamically stable patient with an 
abnormal finding on FAST should undergo CT scanning, 
whereas an unstable patient with an abnormal ultrasound 
finding should go to surgery emergently. Clinical management 
in cases with a normal finding on FAST is more nebulous, but 
at a minimum, those patients should at least be observed for 
a time. 

Multiple studies have been published looking at the accuracy 
of ultrasound and comparing it with other modalities. In 
general, ultrasound is relatively sensitive for the detection of 
free intraperitoneal fluid, but it is far from perfect. There are a 
wide range of values in the literature for sensitivity (81%-94%), 
specificity (88%-100%), and accuracy (86%-98%) for free 
intraperitoneal fluid. 99 109 This type of variability suggests 
inconsistent reproducibility of the method. In addition, for 
these values to be attained, some studies required repetitive 
sonographic scanning to detect developing fluid. Another con- 
founding factor is that not all blunt abdominal trauma causes 
free fluid, with false-negative results. In some studies, 26% to 
34% of patients with abdominal organ injuries did not have 
hemoperitoneum. 1 111 Therefore, although ultrasound is very 
good in detecting hemoperitoneum, there are false-negative and 
false-positive fmdings. Diagnostic peritoneal lavage is a method 
to detect hemoperitoneum that was used commonly before the 
advent of ultrasound and CT. Diagnostic peritoneal lavage is 
known to be more sensitive than ultrasound in the detection of 
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Figure 91-10 Delayed complication of 
arteriovenous fistula in a patient with a liver 
laceration. A. CT scan initially interpreted as a 
liver laceration and intraparenchymal hematoma 
with a potential site of active extravasation 
of contrast material not noticed ( arrow ). 

B. Subsequent CT pulmonary artery angiogram 
for evaluation of pulmonary embolism performed 
5 days after initial study clearly demonstrates 
density approximating that of the aorta consistent 
with active extravasation (arrow). C. Hepatic 
angiogram reveals a blush of contrast material 
(arrow) in the right lobe of the liver with 
immediate fistulization to a peripheral branch of 
the right portal vein consistent with a traumatic 
arteriovenous fistula. This fistula was embolized 
successfully. 



Figure 91-11 Bilomas. A. Biloma (B) after a gunshot wound to the liver. The large low-attenuation (5 HU) collection in the liver was aspirated 
and proved to be a biloma. B. Different patient who is status post gunshot wound with a large liver laceration (arrow) that extends posteriorly to 
involve the right adrenal giand. C. CT performed a few days later shows a collection in the right lobe of the liver (arrow). Contusion is also seen 
( arrowhead). D. A drain was placed by interventional radiology and contrast material administered through the tube, demonstrating 
communication with the biliary tract (arrow) consistent with a biliary injury and biloma. 
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fluid and injury; however, positive diagnostic peritoneal lavage 
results led to a 30% rate of nontherapeutic, unnecessary lapa- 
rotomies. 23,24 Diagnostic peritoneal lavage has been largely 
replaced with ultrasound and CT. In addition to the evaluation 
for hemoperitoneum, ultrasound can be used to detect other 
injuries. Ultrasound can demonstrate a number of traumatic 
lesions: subcapsular hematomas, parenchymal tears, contu- 
sions, and bilomas. A subcapsular hematoma appears as a len- 
tiform or curvilinear fluid collection with echogenic properties 
that vary with the age of the lesion (Fig. 91-12). Hematomas are 
initially anechoic, but as clotting proceeds, they become pro- 
gressively echogenic by 24 hours. As time passes, the hemato¬ 
mas echogenicity begins to decrease again. 112,113 Internal echoes 
and septations develop within these collections in 1 to 4 weeks. 
The frequency of the transducer also determines the sono- 
graphic characteristics of the hematoma. The complexity and 
echogenicity of the hematoma can appear greater at higher 
frequencies as a result of higher spatial resolution. 5112 ' 114 

Parenchymal contusions are normally hypoechoic at initial 
presentation, transiently become hyperechoic, and then become 
hypoechoic. Lesions that occur posteriorly in the right lobe or 
over the spine within the left lobe are usually not sonographi- 
cally demonstrable unless the patient has a siender body 
habitus. 89 Parenchymal tears, with or without hematoma, are 
manifested as irregular defects with abnormal echotexture rela¬ 
tive to the surrounding normal tissue. Intraparenchymal hema¬ 
tomas as small as 3.5 mL can be visualized as rounded, echogenic 
foci. 115 

Bilomas appear as rounded or ellipsoid, anechoic, loculated 
structures with sharply defined margins close to the liver and 
bile duets. 116 ' 118 Scintigraphy is an important adjunet in these 


cases to show communication of the lesions with the normal 
biliary tract. Fluid aspiration may be helpful to demonstrate 
bile. 119120 Ultrasound is particularly helpful diagnostically when 
the collections no longer communicate with the biliary tract. 
Percutaneous drainage with CT or sonographic guidance may 
be helpful when fluid collections are symptomatic or infeeted. 

Many studies have evaluated the accuracy of ultrasound for 
detection of parenchymal hepatic and other solid organ inju¬ 
ries. Sensitivity for detection of all injuries ranges from 43.6% 
to 93%. This wide range of numbers is due to many factors, 
including study design, technique, and experience. Papers with 
very low sensitivities often include small bowel and mesenteric 
injuries, which are extremely difflcult to detect by ultrasound. 
With respect to liver parenchymal injury specifically, an article 
by Sato and Yoshii" comparing ultrasound examination with 
both the clinical outeome and CT revealed a sensitivity for 
hepatic injury of 87.5% among experts and 46.2% among non- 
expert sonographers. This suggests that detection of injuries 
sonographically is more difflcult than simply scanning for 
hemoperitoneum and can be variable. Other pitfalls of ultra¬ 
sound, however, include limitations in the evaluation of retro- 
peritoneal injuries, diaphragmatic injuries, and hollow viscus 
perforations. 

Some authors have experimented with contrast-enhanced 
ultrasound in the evaluation of hepatic trauma. These contrast 
agents use stabilized, encapsulated microbubbles that are small 
enough to pass through the pulmonary circulation to reach the 
systemic circulation and ultimately parenchymal tissue. Con¬ 
trast agents have many potential uses in the heart and vascular 
system as well as in the detection of focal lesions. In the trauma 
setting, Catalano and associates 121 have demonstrated that 



Figure 91-12 Subcapsular hematoma on ultrasound in a pregnant patient with HELLP syndrome. A. Extensive subcapsular hematoma is 
subtly delineated adjacent to the left lobe of the liver on this longitudinal ultrasound scan ( arrowheads). B. Subcapsular hematoma is also seen 
adjacent to the right lobe of the liver ( arrowhead ). C. Noncontrast CT shows the corresponding CT appearance of sentinel clot in the subcapsular 
hematoma (asterisk). D. Contrast-enhanced CT also shows the subcapsular hematoma (asterisk). 
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contrast-enhanced sonography is a promising tool that better 
depicts hepatic lacerations and hematomas as echo-poor areas 
against a background of enhanced parenchyma. It also appears 
to demonstrate the extent of lesions better than conventional 
sonography. 122 In addition, it may also have a role in detecting 
active extravasation of contrast material and therefore active 
bleeding, which cannot be done with conventional ultrasound. 
In their study, contrast-enhanced sonography had a higher sen- 
sitivity for hepatic injury detection compared with routine 
ultrasound, 87% versus 65%. 121 This may potentially be a pow- 
erful tool in the emergency department setting in the future. 

Nuclear Scintigraphy 

Bile leaks are rare in blunt hepatic trauma. They more often 
follow cholecystectomy and partial hepatectomy. Hepatobiliary 
scans, the most sensitive means of detecting bile leakage, may 
identify the leak before the onset of clinical symptoms. 12 " With 
bile leakage, the tracer may appear as a subcapsular collection 
or may pool freely in the peritoneal cavity. Parenchymal injuries 
such as lacerations and hematomas are easily identified on early 
hepatic phase images. 120 

Magnetic Resonance Imaging 

Gadolinium-enhanced MRI can depict complex hepatic inju¬ 
ries in patients with contraindications to iodinated contrast 
material. 124 Contrast-enhanced MRI has been shown to dem¬ 
onstrate traumatic hepatic injuries equal to and, occasionally, 
better than contrast-enhanced CT. 124 MRI, however, requires a 
longer imaging time as well as the need to accommodate metal- 
lic life support and monitoring equipment, which is more dif- 
ficult than with CT. In addition, the MR screening process, 
which is necessary for the safety of the patient, is a timely 
process that is often not possible in a trauma setting where 
immediate decisions need to be made. Furthermore, images 
are compromised by motion to a greater extent than with CT 
as well as by limited evaluation of the bowel. MRI can help 
differentiate bilomas from subacute hematomas. 11 Despite these 
limitations, MRI may have a role in imaging of the trauma 
patient, although its use has not been thoroughly evaluated. 12 ^ 
With the advent of gadolinium-based hepatobiliary agents such 
as gadobenate dimeglumine (MulitHance; Bracco Diagnostics) 
and gadoxetate (Eovist; Bayer Healthcare), the biliary tree can 
be evaluated in a functional way. 126 These hepatobiliary agents 
have dual excretion through the kidneys and liver. The contrast 


agent is taken up by the hepatocytes and excreted through the 
biliary tree. Approximately 50% of gadoxetate is excreted 
through the liver, whereas 5% of gadobenate has hepatobiliary 
excretion. This biliary excretion allows visualization of the bile 
duets and any bile leaks or bilomas on Tl-weighted MR 
sequences, on which the gadolinium portion of these agents 
will cause Tl-weighted shortening and inereased signal on 
Tl-weighted images. Imaging for the hepatobiliary phase of 
biliary excretion is done in a delayed fashion after routine 
images. With Eovist, a delay of approximately 20 to 30 minutes 
is used; with MultiHance, a delay of 60 minutes is optimal. 
The few studies performed for the evaluation of bile duet injury 
have been in iatrogenic injuries after surgery. In this setting, 
MR has been shown to find and to characterize bilomas with 
a sensitivity of 80% to 96%. 127 128 Many other types of biliary 
abnormalities, including strictures, leaks, obstructions, and 
anatomic anomalies, can be depicted with these agents (Fig. 
91-13). Although it is still a Food and Drug Administration 
off-label application of these agents, functional biliary imaging 
with these contrast agents is extremely promising. Apart from 
identifying biliary injury, MRI may also have a role in follow-up 
of previously detected hepatic injuries. In severe hepatic injury 
in which follow-up imaging is warranted, the use of MRI over 
CT may save a significant radiation dose to often young 
patients, particularly if multiple follow-up examinations may 
be needed. 

Angiography 

Once the mainstay of hepatic trauma diagnosis, angiography is 
now usually performed to investigate and to treat severe and 
active hemorrhage, post-traumatic fistulas, and pseudoaneu- 
rysms. 86 Angiography, however, plays a pivotal role in the con- 
servative management of hepatic injury. One of angiography s 
main roles is to treat active bleeding, which appears as extrava¬ 
sation of contrast material on CT. In this capacity, angioem- 
bolization has a reported efficacy of 83% in controlling bleeding 
after blunt hepatic injury according to Carrillo and associates. 130 
Numerous other studies have shown even greater success of 
angioembolization in the control of bleeding, minimizing 
transfusions and need for surgery. 131134 Traumatic pseudoaneu- 
rysms, arteriobiliary fistulas, arteriovenous fistulas, and porto- 
biliary fistulas are the major sources of occult or delayed 
hemorrhage in the traumatized liver. These vascular abnormali¬ 
ties are amenable to transarterial embolization with either 



Figure 91-13 Use of MRI in demonstrating biliary leak with Eovist contrast agent. A. Axial Tl-weighted fat-saturated MR image in the 
delayed hepatobiliary phase of enhancement reveals excretion of contrast material in the bile duet ( arrowhead ). A second area of excretion is 
seen in the galIbladder fossa, which is nonanatomic ( arrow). B. Coronal Tl-weighted fat-saturated image from the same examination shows the 
biliary excretion into the common bile duet ( arrowhead) and the other area of excretion (arrow) that represents a biliary leak. 
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Gianturco coils or detachable balloons. Gelfoam and Ivalon 
usually produce only transient hemostasis in patients who have 
had multiple biood transfusions. 14 92 Transcatheter arterial 
embolization has been demonstrated to be an effective alterna¬ 
tive to surgery in patients with high-grade (Mirvis classification 
3 or 4) injuries to the liver and, in one series, was successful in 
all patients. 92 Interventional radiologists can manage some of 
the most lethal venous injuries, including lacerations of the 
inferior vena cava, with stenting. 135 

P/a/n Radiographs 

Plain radiographic Åndings are neither sensitive nor specific in 
patients with hepatic trauma. Nearly 50% of patients with 
hepatic trauma have fractures of the right lower ribs. When 
hemoperitoneum is present, there may be loss of the inferior 
liver-fat interface. Hepatomegaly, irregularity of the liver 
margin, and caudal displacement of the hepatic flexure all 
suggest liver injury. Pulmonary contusion, pneumothorax, ele¬ 
vation of the right hemidiaphragm, pleural effusion, hemotho- 
rax, and diaphragmatic irregularity frequently accompany 
hepatic trauma as well. 4,14,89,136,137 

TREATMENT 

Management of blunt abdominal trauma has undergone a 
complete paradigm shift in the past two decades. 138,139 Whereas 
80% to 90% of injuries were treated operatively in the 1990s, 
the majority of patients with blunt hepatic trauma and pen- 
etrating liver injuries are now managed nonoperatively if they 
are hemodynamically stable. 7 9,27,28 As previously stated, it is 
not the grade of the liver injury but rather the hemodynamic 
parameters of the patient that determine operative versus 
conservative management. 84 Validation of conservative man¬ 
agement has been substantiated by lower acute mortality rates 
and acceptable short-term morbidity and complications rela¬ 
tive to exploratory surgery and emergent hepatic resec- 
tions. 12,140-142 In patients with American Association for the 
Surgery of Trauma grade I to grade III liver injuries, the 
need for surgical exploration after initial resuscitation and 
observation is usually less than 10% to 20%. 12,140,141 If patients 
with grade IV to grade VI injuries can be nonoperatively 
stabilized, a period of resuscitation and CT imaging may 
improve the ultimate outcome of emergent surgery by pre- 
operatively defining the extent and location of specific hepatic 
injuries. Any nonoperative management, however, requires 
capabilities for close monitoring and operating room avail- 
ability for potential urgent intervention. Also, adjunctive 
therapies including embolization by interventional radiology, 
percutaneous drainage, endoscopy, ERCP, and laparoscopy 
need to be readily available. 134 

In patients with severe trauma in whom there is massive 
bleeding, large amounts of devitalized tissue, or massive bile 
leak and in the clinical scenario of rebleeding, persistent decline 
of hemoglobin, or failure of embolization, operative interven¬ 
tion is considered. 143 First, treatment of shock and of head and 
thoracic injuries has priority; next, abdominal injuries should 
be addressed. 144 For severe liver injury (grade IV or V), three 
main surgical principles are control of hemorrhage, drainage of 
infection, and repair of the biliary system. Bleeding is controlled 
by specific ligation or direct control of bleeding points; débride- 
ment and ligation; hepatic artery ligation; more extensive 
hepatic resection; tamponade with perihepatic packing; and in 


extreme cases of venous avulsion, vena cava occlusion, with or 
without shunting, or cava resection with graft replacement. 
Injuries to the hepatic veins are the major cause of immediate 
death from hepatic trauma and are difficult to repair. In patients 
who decompensate during surgery, damage control surgery can 
be done; this consists of perihepatic packing and partial closure 
of the abdominal incision to allow the patient to go to the 
intensive care unit for resuscitation and correction of any meta- 
bolic derangements and then to return to the operating room 
when the condition is more stable. 22 In patients with extreme 
uncontrolled bleeding, liver transplantation has been per- 
formed in rare cases. Patients with a cerebral intraparenchymal 
bleed demonstrated on head CT scans are difficult to manage 
because they may be harmed by the effects of general anesthesia 
and the fluid shifts that accompany laparotomy, evacuation of 
hemoperitoneum, and repair of the liver injury. Operative 
hemostasis and adequate débridement may be difficult, and 
hepatic surgery carries the risk of postoperative sepsis. 79 After 
operative control of hemorrhage, the liver is drained externally. 
Finally, biliary injury must be recognized and repaired as it will 
not heal spontaneously. 145 In patients with penetrating injury, 
nonoperative management is attempted for stab wounds and 
low-velocity gunshot wounds in stable patients in the absence 
of other injuries. If the patient is unstable or has associated 
bowel injury, surgery is then mandated. 22 

COMPLICATIONS 

Although the need for surgery is not dependent on the CT grade 
of injury, the grade of injury and CT findings can prognosticate 
the chance for the development of complications. Patients with 
higher grade injuries (grades III-V) are more likely to experi- 
ence complications. According to Kozar and coworkers, 21% of 
patients with a grade IV injury and 63% of patients with a grade 
V injury developed hepatic complications. 30,138,146 Therefore, 
with high-grade injuries that undergo nonoperative manage¬ 
ment, complications should be anticipated, and access to means 
of treating and monitoring these complications should be 
readily available. 

Bleeding 

Bleeding is the most common complication that occurs after 
trauma. 29,143 The majority of the time, this can be managed suc- 
cessfully with angioembolization, but rarely surgery is required. 
Most episodes of bleeding occur early, either on the day of the 
injury or shortly thereafter. There can be cases of delayed hem¬ 
orrhage that are due to either delayed rupture of a hematoma 
or pseudoaneurysm formation. Angioembolization is a vital 
tool in the management of bleeding at any time during 
treatment. 

Infection 

Sepsis and hepatic abscess are serious complications that are far 
more common with operative than with nonoperative manage¬ 
ment. Hematomas and bilomas are excellent media for the 
development of infection. In traumatized patients, bacteria may 
enter the body through intravenous sites, various indwelling 
catheters, surgical drains, and other injured areas and by trans¬ 
location from the gastrointestinal tract. 63,80 In patients with a 
suspected intra-abdominal source of sepsis, all intrahepatic or 
perihepatic fluid collections seen on imaging studies should be 
viewed with suspicion as a source of infection. 63 
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Biliary Tract Complications 

Intrahepatic or extrahepatic biliary tract complications, includ- 
ing biliary leaks, biloma, and bile peritonitis, are being detected 
with increasing frequency in patients with hepatic trauma 
because of the increased sensitivity of cross-sectional imaging 
and hepatobiliary scintigraphy. 35,63,1 12,116,118 These lesions may 
take days to weeks to become manifested clinically owing to the 
slow rate of leakage from the injured bile duet. Most bilomas 
are asymptomatic and detected by imaging. CT scans and 
sonography demonstrate nonspecific fluid collections. Most 
often, bilomas and bile duet injury can be adequately treated by 
percutaneous drainage or ERCP stenting, but in rare cases, 
surgery may be needed. 138 

Hepatic Surgery 

Hepatic surgery has been likened to an exercise in hemosta- 
sis. 147,148 No bloodless planes exist, as the livers complex inflow 




and outflow tracts course at right angles. The liver parenchyma 
is also friable and soft and has few landmarks. 149 These factors 
had hindered the evolution of hepatic surgery to such a degree 
that before the 1950s, segmental hepatectomy was reserved 
almost exelusively for trauma. 149 With advances in surgical tech- 
niques and anesthesia and a better understanding of internal 
vascular anatomy (Fig. 91-14) and hepatic physiology, partial 
hepatectomy has become a safe and accepted mode of therapy 
for selected patients with primary and metastatic liver tumors 
as well as certain benign disorders (Table 91-3). 150-154 

Two major principles are fundamental to planning of hepatic 
resection. 15 First, there must be a sufficient amount of 
hepatic parenchyma to sustain life after surgery. The liver pos- 
sesses a remarkable capacity to regenerate itself; up to 80% 
can be safely removed in many patients. Regeneration of liver 
volume is an efficient, progressive process that in animal studies 
requires approximately 4 months after an 80% to 85% resec¬ 
tion. 155157 Coexisting hepatocellular diseases such as cirrhosis 
decrease the amount of hepatic reserve so mueh that some 



Figure 91-14 Segmental hepatic anatomy: Couinaud # s 
nomenclature. This classification is vital to an understanding of the 
surgical vascular anatomy of the liver. A. Except for the falciform 
ligament, the liver has few topographic landmarks. Segment I, 
caudate lobe (not shown); II and III, lateral segment of the left lobe; 

IV, medial segment of the left lobe; V and VIII, anterior segment of 
the right lobe; VI and VII, posterior segment of the right lobe. 

B. Schematic representation of the segments. The three main hepatic 
veins lie within scissurae and divide the liver into four sections. The 
caudate lobe (I) is its own autonomous lobe in the French system. 

C. The segmental anatomy of A is depicted to show the scissurae and 
the caudate lobe. (A from Sabiston DC Jr [ed]: Textbook of Surgery, 
13th ed. Philadelphia, WB Saunders, 1986. B and C from Bismuth H: 
Surgical anatomy. In Blumgart LH [ed]: Surgery of the Liver and Biliary 
Tract. Edinburgh, Churchill Livingstone, 1988, pp 1-37.) 
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TAB LE 

91-3 


Indication Frequency (%) 

Metastatic tumor 60 

Primary malignant neoplasm 15 

Undiagnosed mass 8 

Benign tumor or cyst 7 

Trauma 5 

Localized biliary abnormality 3 

Infection 2 


Modified from Meyers WC, Jones RS: Textbook of Liver and Biliary 
Surgery. Philadelphia, JB Lippincott, 1990, pp 391-402. 


patients are unable to tolerate removal of any tissue. Indeed, 
total hepatectomy and liver transplantation may be the best 
way to treat patients with small hepatomas or severe 
cirrhosis. 159 ' 161 

The second major principle of hepatic resection is preserva- 
tion of biood supply to the liver tissue left in situ. Adherence to 
this principle is difficult because the vascular supply is not 
apparent to the surgeon on inspection of the hepatic surface. In 
addition, hepatic veins and arteries do not lie in parallel courses, 
as they generally do in other organs. 

RADIOLOGY IN SURGICAL PLANNING 

Imaging studies play an important role in identifying the 
extent of disease that is important for prognosis and therapy. 
For example, the number and size of hepatic metastases from 
colorectal neoplasms and extrahepatic involvement determine 
long-term survival in patients with hepatic resection. 162 ' 164 
The radiologist can help the surgeon adhere to these prin¬ 
ciples by providing the following information before hepatic 
resection 155 ’ 157 ’ 164 ' 167 : 

Anatomic location of the lesion in relationship to the portal 
and hepatic veins, fissures, coronary and falciform liga- 
ments, and fissure for the ligamentum venosum 
Presence of vascular invasion of the hepatic vessels by a 
neoplasm 

Bland or tumor thrombus in portal and hepatic veins distant 
from the lesion of interest 
Involvement and patency of the inferior vena cava 
Spread of tumor into adjacent structures (e.g., diaphragm, 
colon, duodenum, lymph nodes) 

Confirmation to the maximal extent possible that the lobe 
of liver to remain in situ is free of tumor 
Preoperative studies should include a chest radiograph and 
chest CT scan to exclude extrahepatic metastases. MDCT or 
MRI of the liver and the remainder of the abdomen should also 
be obtained. Removal of multiple liver metastases is possible in 
some patients. 

A common anomaly, the replaced right hepatic artery arising 
from the superior mesenteric artery, is important for the 
surgeon to appreciate preoperatively. Other vascular and biliary 
variations should be noted as well. The placement of a hepatic 
artery infusion catheter for chemotherapy may require CT arte- 
rial portography to better demonstrate the arterial anatomy and 
lesions; however, the quality of CT and MRI has improved to 
such a degree that CT arterial portography is less commonly 
performed. Because aberrant vessels may course laterally and 


more posteriorly in the porta hepatis, dissection of the porta 
hepatis may be modified if an anatomic anomaly is noted 
preoperatively. 168 

INTRAOPERATIVE ULTRASOUND 

Intraoperative ultrasound of the liver can function as both a 
diagnostic and a therapeutic tool. As a diagnostic aid, intra¬ 
operative ultrasound has proved successful for the following 
indications: to detect small (1-5 cm), nonpalpable, parenchy- 
mal liver lesions not detected by preoperative imaging studies; 
to precisely define the topography of liver tumors and their 
relationship to the vessels, allowing segmental resections to 
be performed; to guide intraoperative biopsy or ablative treat- 
ments of impalpable lesions; and to differentiate liver neo¬ 
plasms from certain benign lesions, such as cysts and 
hemangiomas lt9175 (Figs. 91-15 and 91-16). Several studies 
have documented the Utility of this technique, particularly 
with its initial use. In the study of Conlon and coworkers, 176 
the information provided by intraoperative ultrasound changed 
the preoperative surgical plan in 18% of patients and provided 
additional useful information not available preoperatively in 
47%, including detection of subcentimeter lesions, lesion char- 
acterization, and anatomy of hepatic vasculature. In another 
study, the sensitivity of intraoperative ultrasound for lesion 
depiction was 94.3% compared with 86.7% for MRI. However, 
in this study, in only 4% of the patients did intraoperative 
ultrasound alter surgical management secondary to additional 
lesion detection. 1 Another study demonstrated intraoperative 
ultrasound to change surgical management in only 7% of 
patients. 178 Wagnetz and colleagues 179 compared intraoperative 
ultrasound with 1.5T MRI and 64-MDCT and found that the 
sensitivity of ultrasound for lesion detection was 95.1% com¬ 
pared with 96.8% for MDCT and 94.4% for MRI. Furthermore, 
MDCT and MRI had a slightly higher negative predictive 
value than intraoperative ultrasound for identifying disease- 
free segments in the liver. In only 2.7% of cases was manage¬ 
ment changed after intraoperative ultrasound. An article by 
Mui and associates evaluating intraoperative sonography in 
detection of liver metastases in pancreatic adenocarcinoma 
found that ultrasound changed management in only 1% of 
cases. In comparison to initial studies, these more recent studies 
demonstrate a decreased percentage of cases in which intra¬ 
operative ultrasound alters surgical management. This is 
thought to be partly attributed to technologic advances in 
preoperative studies such as MRI, resulting in improved selec- 
tion of patients. 178 

Recent interest has arisen in the use of intraoperative 
contrast-enhanced ultrasound for liver lesion detection, citing 
increased lesion detection rates relative to noncontrast ultra¬ 
sound and CT. 1 Despite somewhat conflicting data, intra¬ 
operative ultrasound continues to be an important component 
of hepatic resection for purposes of lesion localization and rela¬ 
tionship to hepatic vasculature and biliary structures, segmental 
localization, and further evaluation for incompletely character- 
ized subcentimeter lesions identified on preoperative imaging 
studies. Intraoperative ultrasound also helps detect occult 
extension of hepatic tumors into vascular structures and assists 
in intraoperative biopsy of liver lesions. Intraoperative ultra¬ 
sound has also proved useful in guiding intraoperative cryo- 
therapy and radiofrequency ablation in the treatment of liver 
tumors. 182 ' 184 


Indications for Hepatic Resection 
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Figure 91-15 Utility of intraoperative 
ultrasound in a patient with rectal cancer and 
concern for a liver metastasis. A. Axial 
postcontrast CT image reveals a small low- 
attenuation lesion (arrow) that was new from the 
prior CT examination and interpreted as suspicious 
for metastasis, given its interval development. 

B and C. Intraoperative ultrasound reveals the 
questioned lesion on CT to represent a cyst 
( arrows). 






Figure 91-16 Use of intraoperative ultrasound 
in detecting more lesions in a 36-year-old 
woman with a hepatic lesion thought to 
represent an adenoma but with symptoms of 
pain. A. Intraoperative ultrasound reveals the 
large hypoechoic mass (arrow). B. An echogenic 
lesion characteristic of a hemangioma was also 
seen (arrow). C. An additional unsuspected small 
hypoechoic mass was also identified (arrow). The 
dominant lesion is again seen (arrowhead). The 
hypoechoic lesions were resected and found to 
represent hepatic adenomas removed because of 
the patient's symptoms. 
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INDICATIONS 

As surgical techniques become safer, the indications for hepatic 
surgery are broadening (see Table 91-3). 

Benign Lesions 

The indications for resection of a benign tumor or cyst include 
risk of rupture or hemorrhage, symptoms, risk of malignant 
transformation, and enlargement of the mass so that it is 
causing pressure on bile duets, the liver capsule, or adjacent 
organs. Fenestration-resection is rarely required for cosmetic or 
symptomatic improvement in patients with adult polycystic 
liver disease . 185,186 

Localized biliary abnormalities, such as hepatolithiasis and 
segmental Caroli s disease, are other indications for resection. 
Hepatic abscesses that do not respond to medication or percu- 
taneous drainage may also require surgical resection. 

Malignant Lesions 

Resection of liver metastases is the most common indication for 
partial hepatectomy in the United States. Liver metastases are 
an enormous clinical problem in view of the faet that approxi- 
mately 25% of all malignant neoplasms eventually spread to the 
liver (Table 91-4). It is the most common site of blood-borne 
metastasis and more often than not is a major contributor to 
the patient’s demise . 187 Neoplasms grow five to seven times 
faster in the liver than in most other organs . 166 This is precisely 
why untreated liver metastases augur such poor survival. 
Colorectal metastasis is the most commonly resected hepatic 
tumor in the United States. Five-year survival rates of 25% to 
40% for solitary metastases confined to one lobe have been 
reported . 178,182 ' 184 In a recent meta-analysis, the overall median 
survival for all colorectal metastases resected was 3.6 years . 188 
Hepatoma is the most commonly resected tumor worldwide 
owing to its prevalence in portions of the Far East and Africa. 
Technical improvements in hepatic resection and earlier diag- 
nosis have inereased the resectability rates. Patient selection is 
paramount in the success of hepatic resection for hepatocellular 
carcinoma. In faet, according to the Barcelona Clinic Liver 
Cancer group staging system, which has been integrated into 
the American Association for the Study of the Liver guidelines, 
hepatic resection has a marginal role in the treatment of hepa¬ 
tocellular carcinoma and is indicated in patients with early- 
stage hepatocellular carcinoma . 189 Early-stage hepatoma is 
defined by the Milan criteria , 190 normal clinical performance 
status, and preserved liver funetion. Liver resection in such 


Primary Tumor 

Percentage with Li 

Pancreas 

56 

Colon 

53 

Breast 

50 

Melanoma 

44 

Stomach 

42 

Lung 

30 

Esophagus 

24 

Kidney 

13 

Prostate 

70 


From Foster JFI: Surgical treatment of metastatic liver tumors. 
Hepatogastroenterology 37:182-187, 1990. 


patients (as well as higher stage) yields favorable 3- and 5-year 
survival rates of 78% and 39 %. 191,192 

Hepatic Resection for Liver Metastases 

With the knowledge that patients with limited metastatic disease 
may benefit from liver resection, there has been a marked 
inerease in the number of hepatic resections performed during 
the 1980s and 1990s. 

Advances in the techniques of liver resection and extensive 
preoperative evaluation with careful patient selection have 
reduced operative mortality rates to less than 5%. 193-202 This 
improvement in operative morbidity and mortality is attributed 
to several different factors. Our improved understanding of the 
segmental anatomy of the liver and specifically of its intrahe- 
patic biood supply has made for safer hepatic resections with 
minimized biood loss. In addition, improved preoperative diag- 
nostic imaging has exeluded patients from operation in whom 
the operative risks due to major vascular involvement would 
have resulted in major complications. Resection techniques 
including vascular inflow occlusion, minimized parenchymal 
destruction, decreased intraoperative biood loss, and successful 
management of postoperative complications have improved the 
safety of this operation. As a result, the operative morbidity and 
mortality associated with hepatic surgery have significantly 
decreased, with most current studies reporting operative mor¬ 
tality rates between 2% and 7 %. 193 ' 202 

Improved long-term results after hepatic resection are due 
not only to decreased perioperative mortality and morbidity 
but also to an improved understanding of the biology of liver 
metastases and thus the selection criteria for surgery. 

Selection of Patients for Resection 

If we accept that certain patients with limited hepatic disease 
will benefit from surgical resection, then careful analysis of 
the survivors will allow us to identify specific prognostic 
factors useful in selecting appropriate patients for resection. 
Much of our knowledge regarding prognostic variables affeet- 
ing patient outeome after hepatic resection is derived from 
the collected data of the registry of hepatic metastases by 
Hughes and associates. This retrospective series analyzed 
862 patients from multiple institutions who had undergone 
hepatic resection for metastatic colorectal cancer. In addition 
to data from the registry of hepatic metastases, other single¬ 
institution reviews have helped identify prognostic features 
related to the patient, primary tumor characteristics, and 
features of the liver metastases. 

Patient characteristics not thought to influence survival 
include gender and age of the patient. Currently, a patient’s 
physiologic performance status rather than chronologic age or 
gender is the major determinant exeluding the patient from 
consideration for resection. Patients with poor hepatic funetion 
due to advanced cirrhosis are also considered poor candidates 
for liver resection . 202 

A number of prognostic factors related to the tumor can 
affeet survival of the patient. 5 The stage and histologic grade of 
the primary tumor are thought to be important prognostic 
factors. In the Hughes registry, patients presenting with regional 
lymph node metastases (stage III) had a 5-year survival rate of 
23% compared with 47% for patients without regional lymph 
node involvement (stage II). 98 In addition, other retrospective 
studies have suggested that patients with poorly differentiated, 
high-grade primary tumors have a shorter survival benefit after 
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resection of liver metastases. 203 Finally, patients with primary 
tumors originating in the rectum may derive less benefit from 
resection of hepatic metastases. None of these primary tumor 
characteristics should exclude a patient from consideration for 
surgical resection; however, they do identify patients who will 
be at increased risk for hepatic or extrahepatic recurrence. 

The most important prognostic factors determining survival 
after hepatic resection appear to be those related to the features 
and characteristics of the liver metastases. These were examined 
in detail in the Hughes registry and by other institutional 
series. 188 Fong and colleagues 204 have analyzed and summarized 
these characteristics thoroughly in their review of the literature. 
Although controversy exists as to the influence of tumor size, 
disease-free interval, and number of metastases on survival, 
most authorities agree that the ability to achieve a pathologic- 
negative margin of resection and the absence of extrahepatic 
metastases are clearly the most important survival determi¬ 
nants. 205 Some studies have shown that patients with large 
(>5 cm) metastases appear to have a worse prognosis than 
patients with smaller tumors. Survival benefit has been seen in 
resection of these large lesions predicated on the ability to 
achieve tumor-free margins of resection. Thus, size in and of 
itself does not preclude resection but may make the ability to 
achieve free vascular or parenchymal margins problematic. 
Similarly, it was previously thought that patients with multiple 
metastases should not undergo liver resection. In their review, 
Fong and colleagues 204 suggested that patients with three or 
fewer liver metastases may have a survival advantage compared 
with patients undergoing resection of four or more metastatic 
deposits. Survival differences between patients undergoing 
resection of a solitary metastasis and those with two or three 
lesions is not as clear-cut. Similar to the argument regarding 
tumor size, the actual number of liver metastases does not 
appear to be the major factor limiting resection; however, as the 
number of metastatic deposits within the liver increases, the 
ability to achieve a margin-negative resection becomes impaired, 
as does the ability to preserve enough normally functioning 
liver. 198 ’ 202 

Because of these concerns, the location and distribution of 
multiple lesions and the extent of liver resection have been 
examined as prognostic variables. In the Hughes registry, the 
distribution of metastases comparing unilobar versus bilobar 
disease was not thought to be a significant predictor of survival. 
This has become an important factor with the advances in 
nonanatomic liver resections. With a greater understanding of 
hepatic segmental anatomy, more limited liver resections are 
now being performed. This allows a reduction in the amount 
of normal liver resected as well as resection of disease from both 
lobes. In treatment of lesions less than 4 cm in diameter, no 
differences in survival are seen between more limited segmental 
resections and formal hepatic lobectomies. Formal lobectomy 
may be required to obtain tumor-free margins in patients with 
large tumors. In patients with smaller tumors undergoing seg¬ 
mental resection, no difference in survival has been seen as long 
as clear pathologic margins are obtained. 193 202 

The time interval between resection of the primary cancer 
and appearance of liver metastases seems to be a significant 
variable for survival. The 5-year survival rate for patients pre- 
senting with synchronous liver metastases was 27% in the 
Hughes registry. 198 Similarly, patients developing liver metasta¬ 
ses within 12 months after resection of the primary colorectal 
cancer had a 5-year survival rate of 31%. This difference was 


not significant. However, in patients developing hepatic metas¬ 
tases at an interval longer than 12 months, the 5-year survival 
rate after resection was 42%. This difference was significant and 
may reflect a biologically less aggressive tumor. Despite the 
adverse impact on survival, patients with otherwise resectable 
synchronous lesions should be considered for surgery. 203 

Another important variable affecting prognosis is the pres- 
ence or absence of extrahepatic metastatic disease. Patients with 
celiac or hepatic lymph node metastases should not be consid¬ 
ered for hepatic resection. The presence of such nodal disease 
is an indicator of systemic dissemination. Hughes and associates 
reported no 5-year survivors in 24 patients undergoing liver 
resection who were found to have positive intra-abdominal 
lymph node metastases. 198 More controversial is the role of 
resection of non-nodal extrahepatic metastases. Usually, this is 
thought to mean isolated pulmonary disease in the face of 
limited hepatic metastases. Although the number of patients 
who present with such limited pulmonary and hepatic metas¬ 
tases is small, there may be a role for resection in highly selected 
patients who demonstrate slow disease progression. In general, 
the presence of extrahepatic visceral metastases is a contraindi- 
cation to liver resection. Despite our improved understanding 
of the prognostic variables related to long-term survival after 
liver resection, still the majority of patients will ultimately 
succumb to metastatic cancer. Most retrospective series demon¬ 
strate 5-year survival rates between 20% and 40% after resec¬ 
tion for hepatic colorectal metastases. 193 204 Kanas’s meta-analysis 
of numerous studies found 3-, 5-, and 10-year survival rates to 
be 57.5%, 38%, and 20%, respectively. 188 

TYPES OF HEPATIC RESECTION 

Wedge Excision 

Wedge excision, the simplest hepatic resection, consists of non¬ 
anatomic removal of a small amount of superficial tissue. It is 
considered nonanatomic because the tissue does not corre- 
spond to any hepatic segment or subsegment. 168 The benefit of 
wedge resection is that it provides hepatic sparing, which is 
particularly important in patients who have decreased hepatic 
reserve. 206 

Subsegmentectomy 

Subsegmentectomy is often difficult to perform because of the 
difficulty of exposure and vascular variability. For example, a 
solitary lesion in the caudate lobe is usually resected by removal 
of the medial and lateral segments of the left lobe to gain access 
to the lesion. 168 ’ 203 

Right Hepatic Lobectomy 

In this procedure (Figs. 91-17 and 91-18), the liver is mobilized, 
a cholecystectomy is performed, and the right branches of the 
bile duet, hepatic artery, and portal vein are dissected, ligated, 
and divided while avoiding injury to branches of the left lobe. 
The surgical plane is lateral to the middle hepatic vein, which 
must be left intact to provide drainage for the medial segment 
of the left lobe. 168 ’ 207 

Right Trisegmentectomy 

The entire right lobe and medial segment of the left lobe are 
removed by hilar dissection with ligation and division of the 
right lobe vessels plus the vessels to the medial segment. The 
right and middle hepatic veins are removed in this resection. 
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Figure 91-17 Traumatic hepatic injuries: types and treatment. A. Blunt injury in which a large defect involves the full thickness of the dorne 
of the liver. B. This is treated by resectional débridement and individual vessel ligation. A less severe injury (C) requires only control of individual 
bleeders (D). (A-D from Madding GF, Kennedy PA: Trauma to the Liver, 2nd ed. Philadelphia, WB Saunders, 1971.) 


The line of resection is just to the right of the falciform liga¬ 
ment, ensuring that the ascending portion of the portal vein is 
preserved. This extensive resection, although relatively safe for 
younger patients, should be used with caution in patients older 
than 65 years as the associated operative mortality rate is 
30.7%. 160 

Left Hepatic Lobectomy 

During left hepatic lobectomy, the left lobar branches of the 
hepatic artery are ligated and divided in the hilum. The left 
hepatic veins are usually resected as well. The caudate lobe may 
be removed along with the left lobe or left in place. The surgical 
plane is just to the left of the middle hepatic vein, which must 
remain intact to drain the anterior segment of the right 
lobe. 168 ’ 208 

Left Lateral Segmentectomy 

This procedure is technically easier than the other forms of 
hepatic resection because hilar dissection is usually not needed. 
The surgical plane is just to the left of the umbilical fissure, 
so that the ascending portion of the portal vein is left intact. 
Much of the left hepatic vein can be resected because the 
medial segment of the left lobe is drained by the middle 
hepatic vein. 

Left Trisegmentectomy 

Left trisegmentectomy is a technically difficult procedure in 
which both segments of the left lobe and the anterior segment 
of the right lobe are resected. The right hepatic vein needs to 
be preserved to drain the remaining posterior segment. 


Right Posterior Segmentectomy 

This procedure is also technically difficult. The posterior 
segment of the right lobe is resected, leaving the right hepatic 
vein intact to drain the anterior segment. 209 

Minimally Invasive Hepatic Resection 

The first laparoscopic procedure was performed 25 years ago. 
For years, laparoscopy in the abdomen was confined to chole- 
cystectomy, but its role has greatly expanded thanks to techno- 
logic advances, and it can nowbe used for numerous indications. 
The use of minimally invasive surgery in the liver has also 
soared. Minimally invasive surgery in the liver includes pure 
laparoscopic resection, hand-assisted laparoscopic resection, 
laparoscopy-assisted open resection (hybrid), and most recently 
robotic surgery. There are now numerous studies that have 
validated the use of laparoscopy in benign and malignant liver 
resections. 2 Laparoscopically assisted resections generally 
result in lower operative times, less biood loss and less transfu¬ 
sion requirement, decreased length of stay in the hospital, and 
decrease in overall operative complications and recurrence of 
local malignant disease. Robotic surgery is the newest of the 
minimally invasive techniques and may be the most promising, 
allowing surgeons to compensate for inherent limitation of con- 
ventional laparoscopy by providing better ergonomics, visibil- 
ity, and more articulating arms. Initial results demonstrate its 
feasibility in resection of benign and malignant hepatic lesions; 
however, further study is needed to validate outcomes relative 
to conventional laparoscopy as well as long-term oncologic 
follow-up outcomes. 215,216 
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Figure 91-18 Types of hepatic resection. A. Traditional 
hepatic resections: right hepatic lobectomy (a), left hepatic 
lobectomy (b), left lateral segmentectomy (c), right 
trisegmentectomy (d). Anterior (B) and inferior (C) exploded views 
of the liver show the hepatic segments removed with each major 
form of hepatectomy. IVC, Inferior vena cava; a, b, c, and d refer 
to surgeries in A. (A from Meyers WC, Jones RS: Textbook of 
Liver and Biliary Surgery. Philadelphia, JB Lippincott, 1991, p 393. 
B and C from Blumgart LH: Liver resection: Liver and biliary 
tumors. In Blumgart LH [ed]: Surgery of the Liver and Biliary Tract. 
Edinburgh, Churchill Livingstone, 1988, pp 1251-1280.) 
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Liver-Directed Therapy 

Although hepatic resection and liver transplantation have good 
5-year survival rates, more than 80% of patients are not surgi- 
cal candidates and are deemed unresectable. 217 Liver-directed 
therapies offer viable treatment options for these patients. The 
most commonly used techniques currently are cryoablation, 
radiofrequency ablation, and intra-arterial therapies, including 
transarterial chemoembolization and radioembolization. 

CRYOSURGERY 

Cryosurgery refers to the in situ destruction of liver tumors by 
precise and rapid cooling of the tumor and a zone of normal 
hepatic parenchyma to extreme subzero temperatures. By cir- 
culation of a coolant such as liquid nitrogen through the core 


of the tumor, temperatures as low as 100°C can be achieved. 
The effect of such profound hypothermia on tissue results in 
both indirect and direct mechanisms of cell destruction. Details 
of the lethal effects of cryosurgery have been well described by 
Ravikumar and colleagues 218 but essentially involve the forma¬ 
tion of intracellular ice crystals leading to protein denaturation 
and r up ture of cell membranes. Indirectly, subzero tempera¬ 
tures result in microvascular thrombosis and tissue anoxia. 
Further damage occurs if the cells are allowed to slowly thaw 
and are then rapidly refrozen. Clinical studies have suggested 
that two such freeze-thaw cycles may be necessary for optimal 
tissue destruction. Fundamental to the implementation of cryo¬ 
surgery as a viable treatment option for patients with unresect¬ 
able liver metastases has been the development of intraoperative 
ultrasound and refmement of equipment used to deliver the 
coolant to the tumor. 
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Early reports demonstrated the feasibility and safety of treat- 
ing liver metastases by cryosurgery, whereas follow-up series 
have now helped define the indications for this modality. 218 The 
most significant clinical limitation of surgical resection is 
usually the number of lesions that can be safely removed while 
sparing sufficient hepatic parenchyma to avoid postoperative 
liver failure. Thus, the major indications for cryosurgery are 
either primary or metastatic lesions that are not amenable to 
resection because of cirrhosis or bilobar involvement in which 
either the number of lesions or the location of the tumors 
would risk sufficient postoperative hepatic function after resec¬ 
tion. 218 For colorectal metastases, most centers with sufficient 
cryosurgical experience will limit this technique to patients with 
six or fewer metastases (generally <40% of the liver volume) 
and tumors smaller than 6 to 8 cm in greatest diameter and 
avoid large central tumors near the hilum of the liver. Similar 
to other forms of liver-directed ther apy, cryosurgery probably 
offers little advantage to patients with extrahepatic metastatic 
disease. Operative technique currently involves intraoperative 
ultrasound localization and monitoring of the cryoprobe place- 
ment into the tumor. 219 In addition, intr aoperative ultrasound 
allows detection of tumors not recognized on preoperative 
scans and is essential for monitoring of the freeze margins of 
the ice ball. The cryoprobes are vacuum-insulated devices that 
circulate supercooled liquid nitrogen through the probe’s tip. A 
3-mm blunt-tipped probe creates a freeze zone up to 4 cm, and 
the 8-mm trocar point probe creates a freeze zone of up to 6 cm. 
A single probe or combination of probes can be used to achieve 
complete freezing of the tumor and an additional 1 cm beyond 
the margin to ensure complete cryoablation. The entire process 
of probe introduction, freeze-thaw cycles, and probe extraction 
is monitored with real-time intraoperative ultrasound. Major 
complication rates are reportedly between 10% and 20%, and 
mortality rates are less than 2%. 218 " 220 Complications may 


include hemorrhage, biliary fistula, hepatic or subphrenic 
abscess, and, more rarely, hepatic failure, coagulopathy, and 
cardiac arrest. Disease-free survival rates and patterns of 
failure have now been reported from several centers. With 
median follow-up times between 18 and 36 months, most series 
report 5-year actuarial disease-free survival rates between 15% 
and 28%. 219,220 

RADIOFREQUENCY ABLATION 

Radiofrequency ablation (RFA) refers to the direct thermal 
(heat) application (>80°C) to tumors with the intent of achiev- 
ing cellular kill. The mechanisms of action of RFA include tissue 
heating, protein denaturation, release of water vapor, mechani- 
cal tissue destruction, breakdown of cellular membranes, and 
vascular thrombosis. 

Several studies have been performed demonstrating the 
effectiveness of RFA in achieving local tissue destruction, and 
it is now an accepted means of liver-directed ther apy in those 
patients who have been excluded from surgical resection. 222,224 
The limitation continues to be disease progression at the 
margin of the ablated zone as well as outside the treatment 
held. 225,226 

RFA can be accomplished by percutaneous, laparoscopic, 
or intraoperative means. Intraoperative ultrasound is an essen¬ 
tial tool in the live identifkation of lesions intraoperatively 
that might not have been seen by standard cross-sectional 
imaging techniques. Indications for RFA include primary and 
metastatic liver tumors, renal tumors, osteoid osteoma, painful 
bone metastases, and lung tumors as well as adjunct to surgery 
in cases of surgical debulking for neuroendocrine tumors. 
Complications include bleeding, pneumothorax, biliary and 
vascular injury, and track seeding 223, 227,228 (Figs. 91-19 and 
91-20). 




Figure 91-19 Use of RFA for colorectal 
metastasis in a patient who has had prior 
radioembolization. A. Tl-weighted MR image 
shows an enhancing lesion in the right lobe of the 
liver (arrow). Other nonenhancing lesions are 
compatible with prior treatment. B. Post-RFA 
image shows necrosis consistent with good 
response (arrow). C. Post RFA Tl-weighted MR 
image reveals a thin ring of enhancement (arrow) 
that is often seen after therapy and is benign, 
thought to represent fibrosis. 
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Figure 91-20 Use of percutaneous RFA for 
metastasis. A. Post-contrast CT shows a small, 
peripherally enhancing lesion consistent with 
metastatic disease (arrow). B. Intraprocedural 
noncontrast CT shows the RFA prongs within the 
lesion (arrow). C. Post-RFA CT image shows the 
lesion to be larger than the original but without 
any enhancement, consistent with necrosis and 
good response (arrow). Size criteria for tumor 
response may be misleading in liver-directed 
therapy, and lack of enhancement of the lesion 
should be the main interpretative criterion. 


CHEMOEMBOLIZATION 

Chemoembolization exploits the preferential biood supply pro- 
vided by the hepatic artery to neoplastic lesions/ Initial 
attempts at ligation of the hepatic artery resulted in temporary 
regression of hepatic tumors. The effect was transient because 
of the rapid development of collateral vessels distal to the ligated 
vessels. 232 Chemoembolization is performed by placing a cath- 
eter into the hepatic artery, followed by concomitant local deliv- 
ery of chemotherapy and a vascular occlusion agent. The dual 
injection results in theoretical benefits above those obtained 
with either procedure alone. In addition to the ischemic damage 
created by the embolization agent, the vascular occlusion results 
in more confmed and prolonged exposure of the chemothera- 
peutic agent. 233 4 Anoxic damage also causes increased vascular 
permeability with increased infiltration of the tumor with che¬ 
motherapy. 233 Finally, cytotoxic irritation of the vessel may 
result in an irritant vasculitis, leading to further occlusion and 
ischemia. 233 Although there is increased local toxicity with the 
combination of treatments, systemic toxicity is minimized by 
drug metabolism during first passage through the liver. 235 Clini- 
cal trials have demonstrated signifkant and sustained responses 
to chemoembolization in the treatment of unresectable primary 
hepatomas, metastatic colorectal cancers, and neuroendocrine 
tumors. In 2002, two landmark publications demonstrated the 
survival advantage incurred by chemoembolization in patients 
with intermediate-stage hepatoma. These papers helped estab- 
lish chemoembolization as the worldwide “gold standard” for 
treatment of hepatoma. 236,237 In 2006, Takayasu and colleagues 238 
published data from 8510 hepatoma patients treated with che¬ 
moembolization and fo und 1-, 3-, 5-, and 7-year survival rates 
of 82%, 47%, 26%, and 16%. In summary, the mechanisms of 
action of chemoembolization include application of chemo¬ 
therapy directly into the tumor bed and reduction of the biood 


supply to the tumor. These have the additive effect of increasing 
chemotherapeutic concentration within the applied area, 
increasing dwell time, and reducing systemic toxicity. 

Embolization is accomplished by use of a viscous liquid, 
such as Lipiodol, 239-246 or particulate matter, such as Ivalon 
polyvinyl particles, 247,248 collagen particles, 249,250 starch micro- 
spheres, 251 255 or Steel coils. 256 Although some of these agents 
have special properties, they have not been directly compared. 
Lipiodol, for example, has been shown to be taken up preferen- 
tially by hepatocellular carcinoma tumor cells. Chemothera¬ 
peutic agents that have been used for this procedure include 
5-fluorouracil, floxuridine, mitomycin C, cisplatin, and doxo- 
rubicin. The independent relative effectiveness of these agents 
has not been determined. 

Complications of chemoembolization include postemboli- 
zation syndrome (pain, nausea, fever), elevated liver function 
test results, liver infarction, abscess formation, cholecystitis, 
renal and cardiac failure, and death. The likelihood of hepatic 
infarction is particularly elevated in patients undergoing che¬ 
moembolization in the presence of portal vein thrombosis. 
Hepatic abscess formation is of particular concern in patients 
with an incompetent ampulla of Vater (e.g., biliary stents) or in 
patients with a hepaticoenterostomy. 257 258 

Conventional radiologic techniques may actually not be 
adequate to assess response to therapy. Although changes that 
are consistent with liquefaction necrosis may be seen up to 1 
month after chemoembolization, maximal decrease in tumor 
volume is obtained with scans performed 2 to 3 months after 
the procedure. 250 Carcinoembryonic antigen and a-fetoprotein 
measurements for colorectal cancers and hepatoma may be 
used for clinical follow-up. 

The goals of chemoembolization are to improve symptom 
control and to increase disease-free and overall survival. Che¬ 
moembolization in conjunction with systemic chemotherapy 
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Figure 91-21 Use of chemoembolization in hepatic metastases. A. Tl-weighted fat-saturated postcontrast MR image reveals an enhancing 
lesion in the right lobe of the liver ( arrow). B and C. Intraprocedural angiogram reveals tumor blush in two lesions that is then obliterated after 
embolization ( arrows). D. CT scan shows high-density material that is typically seen after chemoembolization, representing Lipiodol (arrow, 
arrowhead) in the dominant and smaller satellite lesions. This should not be confused with enhancement. E. Postcontrast Tl-weighted 
fat-saturated MR image shows lack of enhancement consistent with tumor necrosis (arrow). 


may yield better results than either modality alone. Clinical 
parameters that predict response to treatment and survival, 
such as tumor vascularity and extent of liver involvement, can 
be used to select patients most likely to benefit from regional 
chemotherapy. Earlier detection and referral of patients with 
low-volume hepatic disease may improve outcome (Fig. 91-21). 

COMBINATION CHEMOEMBOLIZATION 
AND RADIOFREQUENCY ABLATION 

Given the effectiveness of chemoembolization and RFA as 
single therapeutic modalities, there has been recent interest in 
combining the two in an attempt to further improve efficacy. 
The theory of applying both in combination is analogous to the 
surgical Pringle maneuver: impairing biood flow to tumor (che¬ 
moembolization) with the simultaneous application of ablative 
heat (RFA). Results combining these therapies have been prom- 
ising, with recurrence-free time of 12.5 months, more than 70% 
improvement in tumor markers, and complete necrosis in more 
than 90% of tumors. 259 

RADIOEMBOLIZATION 

Radioembolization represents a newer transarterial therapy for 
liver malignant neoplasms. It is defined as the intra-arterial 
administration of radiation by an embolization vehicle. This 
technology capitalizes on the faet that hepatic tumors derive 
their biood supply from the hepatic artery rather than from 
the portal vein. Hence, radioembolization allows the adminis¬ 
tration of microscopic radiation particles to be delivered 


preferentially to the tumor with concomitant embolization of 
the feeding artery. 260 

Although there have been some preliminary case reports 
on the use of rhenium and holmium microspheres, the most 
common radioembolic microsphere clinically in use is yttrium 
90. Yttrium 90 is a beta emitter with a half-life of 64.2 hours. 
The microspheres are carried by glass or resin as the embolic 
carrier and range between 20 and 60 pm. They are preferen¬ 
tially carried by hypervascularity to tumor, where they exert 
their local radiation effeet. This technique of radioembolization 
allows the administration of high absorbed doses to hepatic 
tissue (>200-300 Gy). This dose would not be tolerated well 
systemically, but the transarterial administration allows this 
level of radiation. The microspheres are selectively administered 
by percutaneous access to the hepatic artery on a whole liver, 
lobar, segmental, or subsegmental level. 261 ' 263 The use of yttrium 
90 microspheres has been studied in primary and secondary 
metastatic tumors to the liver. With hepatoma, radioemboliza¬ 
tion has been shown to be safe and effeetive and, as well, to 
permit downstaging to resection and liver transplantation. 
Survival in patients with hepatoma is reported to be approxi- 
mately 700 days for Okuda stage I patients. In patients with 
metastatic disease to the liver, survival rates range between 7 
and 10 months in patients who have failed to respond to 
standard of care polychemotherapies. 263 271 Sato and col- 
leagues 272 studied radioembolization in patients with unresect- 
able chemorefractory liver metastases who had few treatment 
options left and found that 87% of lesions demonstrated a 
halting or reversal of progression. Salem and coworkers 273 pub- 
lished their experience with 463 patients with hepatocellular 








91 Hepatic Trauma, Surgery, and Liver-Directed Therapy 1727 


carcinoma and found that compared with chemoembolization, 
radioembolization resulted in longer time to progression and 
less toxicity. These promising data are quickly making radio¬ 
embolization the liver-directed therapy of choice in some 
institutions (Fig. 91-22). 

POSTOPERATIVE RADIOLOGIC APPEARANCE 
OF THE LIVER 

CT and MRI are the preferred means of postoperative evalu- 
ation of the liver. 74 The appearance of the postoperative 
liver depends on what segment is resected, what operation 
is performed, the degree of hepatic regeneration, and the 


presence and nature of postoperative complications. Baseline 
postoperative scans are essential for future evaluation of 
recurrent hepatic malignant disease. 274 

After resection of the right lobe, hypertrophy of the left lobe 
occurs with displacement of the ligamentum teres and falciform 
ligament to the right (Fig. 91-23). The caudate lobe also mod- 
estly enlarges, with the portal vein displaced posteriorly, so that 
the porta hepatis is exposed dorsally to the anterior aspect of 
the right renal fascia. Other common Åndings include migra¬ 
tion of the colon and the small bowel into the hepatic fossa, 
elevation of the right kidney, posterior displacement of the 
inferior vena cava, and elliptical enlargement of the remaining 
liver. 275 




Figure 91-22 Use of radioembolization in the 
treatment of a small hepatoma. A. Chemical 
shift MR image shows a drop in signal intensity on 
the out-of-phase image ( arrow) consistent with fat. 

B. Postcontrast Tl-weighted fat-saturated MR 
image shows the lesion to arterially enhance 
(arrow). This lesion also had washout of contrast 
material and was consistent with a hepatoma. 

C. After radioembolization, the image reveals 
necrosis consistent with favorable treatment 
response and a thin rim of enhancement that is 
postprocedural fibrosis and benign (arrow). 



Figure 91-23 Postoperative liver: CT findings. A. Typical CT appearance after right hepatic lobectomy. There is hypertrophy of the medial 
segment (MS) and lateral segment (LS) of the left lobe and caudate lobe (CL). Elevation of the right kidney (RK), posterior displacement of the 
inferior vena cava (arrow), and migration of colon (C) into the hepatic fossa are seen. B. This patient had a trisegmentectomy with construction of 
a greater omental pack (OP) along the lateral aspect of the remaining lateral segment of the lobe. The patient developed a recurrent tumor, 
accounting for the intrahepatic biliary dilation. 
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After left lobectomy, the right lobe enlarges in a rounded 
shape, with displacement of the porta hepatis and portal 
vein to the left and inferior displacement of the right 
kidney. The stomach or colon occupies the left hepatic 
fossa. 275 

Partial hepatectomy is often accompanied by a small region 
of low attenuation near the plane of dissection, which is due to 
fatty infiltration, fibrous tissue, and hepatocytes laden with 
bile pigment, presumably representing the sequelae of local 
trauma. 4-276 These changes are transient and must be differen- 
tiated from abscess and hematoma. Hypertrophy of the hepatic 
parenchyma can be seen on CT scans as a progressive change 
in contour of the hepatic parenchyma during a period of 6 
months to 1 year. 275 

The greater omentum is often swung up to the operative 
site to provide natural “packing” material that helps diminish 
the frequency of postoperative complications (see Fig. 91-23). 
The fat in the omentum can simulate a low-density mass lesion, 
so knowledge of the operative technique is useful in its iden- 
tification. 27 In the early postoperative period, there can be 
transient fluid that accumulates between the omental pack 
and the resection margin. This fluid contours with the liver 
margin and can be differentiated from a focal collection such 
as a biloma or abscess. 274 MR can be particularly useful when 
CT is limited by streak artifacts caused by surgical clips or is 
contraindicated because of inability to intravenously admin- 
ister iodinated contrast material. Regenerated liver has the same 
signal intensity as normal liver. Diffuse inhomogeneity of the 
hepatic parenchymal signal can be seen after chemotherapy 
and may be related to fatty infiltration or vascular damage. 
These irregular, ill-defmed areas are in contrast to recurrent 
tumor, which generally has more sharply marginated regions 
of high signal intensity on T2-weighted images. 27 MR may 
be helpful in differentiating postoperative hematoma from 
other focal fluid collections on the basis of the signal intensity 
of methemoglobin. 279 

Most hepatic regeneration occurs within 6 months, but the 
process may take more than 1 year. 

Complications 

Complications resulting from hepatic surgery are similar to 
those of other major abdominal operations: abscess, hemor- 
rhage and hematoma, and pleural effusions. 28 Biloma and 
hematoma are fairly common owing to the nature of the surgery 
and the biliary and vascular structures transected. Surgical 
complications occur in 25% to 30% of hepatic operations and 
are best diagnosed and nonoperatively treated with CT. 274,281,282 
Hepatobiliary scintigraphy (Fig. 91-24) and Doppler ultra- 
sound may be needed to help clarify biliary and vascular 
complications. 

POSTPROCEDURAL RADIOLOGIC APPEARANCE 
OF THE LIVER 

Imaging of the liver after liver-directed therapy is critical in 
assessing response to treatment. This imaging is best performed 
with either CT or MRI. The normal post-therapy appearance 
of the liver can be confusing. An understanding of the appear¬ 
ance of hepatic tumors treated with liver-directed ther apies is 
crucial in differentiating normal postprocedural changes from 
residual and recurrent tumor. 



Figure 91-24 Postsurgical bile leak. Bile leakfollowed focal excision 
of a hepatic mass in the left lobe. This diisopropyliminodiacetic 
acid-enhanced hepatobiliary scan shows leakage of bile-containing 
isotope (curved arrow) that extends into the left subphrenic space 
(straight ar row). 


The conventional means of assessing tumor response by a 
size decrease according to the World Health Organization or 
RECIST (Response Evaluation Criteria in Solid Tumors) assess- 
ment often does not accurately predict response. Although, 
with time, the lesions treated with liver-directed therapies 
decrease in size on early post-therapy scans, there is often an 
increase in size that should not be construed as progressive 
disease. It is the intermediately timed post-therapy scans 
performed at 2 to 3 months that often begin to show the 
greatest reduction in tumor volume. The hallmark of 
positive response to chemoembolization, radiofrequency abla- 
tion, and any of the liver-directed therapies is loss of enhance- 
ment on postcontrast imaging. This absence of enhancement 
correlates with tumor necrosis and can be seen on imaging 
shortly after therapy (less than 1 month). At times, a thin, 
peripheral rim of enhancement may be visualized normally, 
which does not represent residual tumor but is likely to relate 
to inflammatory or fibrotic response. Areas of nodular periph¬ 
eral enhancement or a thick rim of enhancement in a treated 
lesion should be viewed as suspicious for residual or recurrent 
malignant disease. In faet, the modified RECIST criteria 
incorporate assessment of residual viable tumor by measure- 
ment of the longest diameter of only the enhancing part of 
the tumor, not the necrotic portion. 287 In addition, global 
enhancement assessment of the entire lesion should be per¬ 
formed to determine if there is significant enhancement. As 
enhancement is one of the main determinants of tumor 
response, it is important to perform contrast-enhanced CT or 
MR examinations with precontrast imaging in patients who 
have undergone chemoembolization. On the precontrast 
images, the lesion often has high density. This should not be 
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confused with calcification but actually represents the density 
of the chemoembolization agents (see Fig. 91-2ID). Without 
precontrast images, this finding could potentially be confused 
with contrast enhancement. In addition, chemoembolization 
can cause changes in the adjacent normal liver parenchyma, 
resulting in low-attenuation regions corresponding to areas of 
ischemia or infaretion. 288 

The appearance of the liver after cryosurgery can vary slightly 
from the appearance with other therapies. Here, because the 
freeze zone is often larger than the original lesion, the resultant 
post-therapy low-attenuation lesion is often significantly larger. 
These lesions can appear rounded, oval, or wedge shaped. They 
can contain foci of air and hemorrhage as well. As in the other 
liver-directed therapies, a thin peripheral rim of enhancement 
may be seen. 289 

The newest liver-directed therapy, radio ther apy with yttrium 
90 microspheres, can cause some unique post-procedural 
imaging changes. 290 As with the other therapies, the lack of 
enhancement reflects the positive response consistent with 
tumor necrosis (Fig. 91-25). The lesion may initially be 
unchanged in size or perhaps even slightly inereased, but lesion 
volume usually decreases on subsequent imaging. Again, lack of 
enhancement suggesting necrosis is the hallmark of positive 
response, but this can occur more slowly with radioemboliza- 
tion than with other techniques. In this scenario, diffusion- 
weighted MRI can sometimes predict a favorable response 
before the visualization of necrosis on imaging 291 (Fig. 91-26). 
Whereas solid tumors demonstrate inereased cellularity and 
restricted diffusion, treated lesions contain necrotic tissue with 


compromised cell membrane integrity and decreased cellular¬ 
ity. This will result is less diffusion restriction and can predate 
the loss of enhancement and necrosis seen on MR. Thus, 
diffusion-weighted MR can sometimes predict a favorable 
response before the hallmark of necrosis on MR, which can be 
an invaluable tool in the MR armamentarium of the radiologist. 
As with other liver-directed therapies, a thin ring of enhance¬ 
ment surrounding the lesion often occurs and should not be 
interpreted as viable tumor but instead likely represents inflam- 
matory or fibrous tissue. 

Within the adj acent tumor-free liver parenchyma, attenu- 
ation changes can occur. 292 These areas often appear hypoin- 
tense or hypodense and prominent and heterogeneous. These 
attenuation alterations can be confused with tumor, but they 
do not typically enhance. They are thought to represent peri- 
vascular edema, congestion, and microinfarction from the 
radiation exposure. These hypoattenuation areas have been 
found to be more heterogeneous with lower radiation doses 
and more diffuse with higher doses. These changes tend to 
dissipate on later scans (4 months), suggesting that they are 
reversible. 293 More chronic Åndings of capsular retraction, 
parenchymal enhancement, and hepatic fibrosis can occur and 
are thought to arise from radiation effeet on the hepatic paren¬ 
chyma (Fig. 91-27). There can also be extrahepatic effeets of 
the yttrium radioembolization on the biliary tree, hepatic 
vessels, gallbladder, duodenum, and stomach, causing radiation 
ischemia and necrosis (Fig. 91-28). Biliary sequelae can include 
biliary necrosis, resulting in strictures and bilomas, as well as 
cholecystitis. 294 ’ 295 



Figure 91-25 Effeet of yttrium treatment on hepatocellular carcinoma. A. Tl-weighted posteontrast MR image reveals a small enhancing 
hepatocellular carcinoma (arrow). B. Radioembolization shows a tumor blush (arrow). C. Image after radioembolization reveals the lesion to be 
larger with minimal enhancement (arrow). Full effeet of radioembolization may take longer than in other liver-directed therapies. D. Follow-up 
MRI demonstrates complete nonenhancement compatible with tumor necrosis (arrow). 
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Figure 91-26 Use of diffusion-weighted MRI to predict treatment response. A. T2-weighted image shows an exophytic mass from the right 
lobe of the liver ( arrow). B. Tl-weighted postcontrast image reveals that this mass enhances; it was found to be a hepatoma (arrow). C. Diffusion- 
weighted MRI reveals low signal, suggesting restricted diffusion (arrow). D. MR image early after radioembolization shows some persistent 
enhancement (arrow). E. Diffusion-weighted MR, however, reveals increased signal and less restricted diffusion (arrow), which suggests a 
favorable response to radioembolization despite the persistent enhancement. The diffusion images were able to predict a positive response 
before the contrast images. 
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Figure 91-27 Effect of radioembolization on the adjacent hepatic parenchyma. A. MR image shows a small enhancing hepatoma (arrow). 
B. Close follow-up post-therapy image shows i I l-defined enhancement of adjacent parenchyma in a vascular distribution (arrow), suggesting 
perivascular edema and inflammation. An incidental hemangioma is seen ( arrowhead ). C and D. Follow-up MR images reveal the lesion as a 
much smaller nonenhancing focus, suggesting excellent treatment response ( arrowheads ). The adjacent parenchyma enhances in a delayed 
fashion with capsular retraction ( arrows), suggesting hepatic fibrosis from radiation effect. 



Figure 91-28 Complication of radioembolization. A. A postcontrast chest CT of a patient who was status post radioembolization reveals 
pooling of contrast material, suggesting a pseudoaneurysm (arrow). B. Angiogram confirms several small pseudoaneurysms (arrow), which were 
thought to be radiation induced. They were successfully embolized. 
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Summary 


Orthotopic liver transplantation (OLT) is the only definitive 
treatment of end-stage liver disease. About 6000 liver trans- 
plants are performed annually in the United States. Lack of 
donors remains a huge challenge for liver transplantation pro¬ 
grams. Of the 15,641 patients on the waiting list for liver trans¬ 
plantation in 2009, 2396 patients died waiting for a transplant. 
The first human liver transplant was performed in 1963 by 


Thomas Starzl. The surgical technique and management of 
patients with liver transplant significantly improved during the 
next few decades. Increasing experience has resulted in current 
1-, 3-, and 5-year survival rates of 87%, 78%, and 73%, respec- 
tively. Early graft failure within 6 weeks of transplantation in 
deceased donors has decreased from 6.9% in 1998 to 3.0% 
in 2009. 1 

In 1987, Congress passed the National Organ Transplant 
Act, which established the Organ Procurement and Trans¬ 
plantation NetWork (OPTN) and the Scientific Registry of 
Transplant Recipients. OPTN links all professionals involved 
in the organ donation and transplantation system. The 
United Network for Organ Sharing (UNOS) is the OPTN 
contractor that coordinates the nations transplant system. 
UNOS maintains the national organ transplant waiting list, 
increases awareness of organ donation, develops policies and 
standards for transplantation, and monitors members for 
compliance. 

Indications for Liver Transplantation 

The indications for OLT are presented in Table 92-1. 

HEPATITIS C 

Chronic liver disease caused by hepatitis C virus infection is the 
leading cause of liver transplantation. Unfortunately, reinfec- 
tion of the allograft by the hepatitis C virus is universal. Reinfec- 
tion results in faster progression to fibrosis and cirrhosis 
compared with the nontransplant population. Cirrhosis devel¬ 
ops in 25% of recipients within 5 to 10 years of transplantation. 2 
Graft failure rate at 10 years is higher in patients with hepatitis 
C (45%) compared with the rate for all deceased donors 
(51.3%). 

ALCOHOLIC LIVER DISEASE 

Patients who undergo liver transplantation for alcoholic liver 
disease have outcome similar to that of patients receiving 
transplants for nonalcoholic disease. However, studies have 
shown that 10% to 15% of patients receiving transplants for 
alcoholic liver disease resume heavy drinking, which can harm 
the transplant. UNOS suggests at least 6 months of abstinence 
before transplantation (6-month rule). This effectively elimi- 
nates patients with acute alcoholic hepatitis from receiving 
transplants. 3 

MALIGNANT DISEASE 

Hepatocellular carcinoma (HCC) occurring in the setting of 
cirrhosis is a common indication for transplantation. Cholan- 
giocarcinoma, hemangioendothelioma, and hepatoblastoma 
are much rarer indications for transplantation. 
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table Indications for Orthotopic Liver 

92-1 Transplantation in the United States (2009) 


Primary Cause of Disease 

Percentage 

Hepatitis C 

25.6 

Malignant disease 

18.7 

Alcoholic liver disease 

17.4 

Cholestatic disease 

7.9 

Acute hepatic necrosis 

4.3 

Metabolic liver disease 

2.5 

Others (nonalcoholic steatohepatitis most common) 

23.6 


NONALCOHOLIC STEATOHEPATITIS 

Nonalcoholic fatty liver disease represents a Spectrum of liver 
disease due to triglyceride accumulation in the hepatocytes 
ranging from benign steatosis to nonalcoholic steatohepatitis 
(NASH), fibrosis, and cirrhosis. As a consequence of the growing 
epidemic of obesity, nonalcoholic fatty liver disease and NASH 
have a prevalence of 30% and 12%, respectively, in the U.S. 
population. NASH represents a rapidly growing indication for 
liver transplantation in the last decade. 4 It is currently the third 
most common cause of transplantation. In 2009, NASH was 
listed as the primary indication for 8.5% of liver transplants 
compared with 1% in 2001. 5 These numbers are likely to under- 
estimate the true incidence of NASH as underlying steatosis 
often dissip ates after the development of cirrhosis. A substantial 
portion of patients with cryptogenic cirrhosis listed as the indi¬ 
cation for transplantation probably had NASH. 5 

CHOLESTATIC LIVER DISEASE 

Primary biliary cirrhosis and primary sclerosing cholangitis are 
the most frequent cholestatic conditions in adults, and liver 
transplantation is an excellent option for patients who progress 
to end-stage disease. Transplantation for cholestatic disease has 
better survival rates than many other indications. Biliary atresia, 
cystic fibrosis, and Alagille’s syndrome are cholestatic condi¬ 
tions in children that can be treated with transplantation. 6 

ACUTE HEPATIC NECROSIS 

Acute hepatic necrosis or acute liver failure is characterized by 
sudden massive necrosis of hepatocytes and has very high mor- 
tality. Liver transplantation provides the most definitive treat - 
ment of acute liver failure. Viral hepatitis and drug toxicity 
(including acetaminophen) are common causes. 7 

METABOLIC DISEASE 

Wilsons disease, hereditary hemochromatosis, and oq- 
antitrypsin deficiency are metabolic diseases that can cause 
irreversible hepatic damage. 

Patient Evaluation for Liver 
Transplantation 

LISTING AND TIMING OF LIVER 
TRANSPLANTATION 

The demand-supply situation for liver transplantation is such 
that a large number of patients are waitlisted for a small number 


of available organs. Before 2002, patients received transplants 
on a first-come, first-served basis. However, the sickest patients 
in the most urgent need of transplantation were not always the 
first on the list, and death on the wait list increased. The optimal 
timing of liver transplantation should be such that a patient 
must be sick enough to require a transplant but not be so sick 
as to be unable to withstand the transplantation. Comorbid 
conditions (like HCC) should not be allowed to advance so 
much that survival of the graft or of the patient is affected. The 
MELD score and Milan criteria are used to evaluate the need of 
transplantation. 

MODEL FOR END-STAGE LIVER 
DISEASE (MELD) SCORE 

The MELD score is a predictor of short-term mortality in 
patients with chronic liver disease. It is calculated from serum 
creatinine concentration, international normalized ratio, and 
bilirubin concentration. Since 2002, UNOS has used the MELD 
score to assess the acuity of need for liver transplantation. 
Patients with high MELD scores have more urgent need of 
transplantation and are placed higher in the list irrespective of 
their time of listing. 

HEPATOCELLULAR CARCINOMA AND 
LIVER TRANSPLANTATION 

HCC commonly arises in cirrhotic livers, particularly in patients 
with hepatitis B and C. Liver transplantation can potentially 
treat the underlying liver disease as well as the HCC. The selec- 
tion of patients with HCC for liver transplantation is compli- 
cated. Patients with advanced HCC who undergo transplantation 
have shown disease recurrence and poor survival. 8 In view of 
donor liver shortage, transplantation for patients with advanced 
HCC is not advisable as scarce organs could be directed to 
patients more likely to benefit from the transplant. 

Patients with HCC may not have such poor synthetic func- 
tion (or high MELD score) to qualify for a liver transplant. As 
these patients wait for their liver function to deteriorate enough 
to qualify for transplantation, the underlying HCC may advance 
such that the patient is no longer a good candidate for trans¬ 
plantation because of the risk of HCC recurrence. 

To deal with this problem, UNOS/OPTN does not allow 
transplantation in patients with advanced HCC by the Milan 
criteria and gives exception points (based on certain criteria) to 
patients with limited HCC for additional priority for liver 
transplantation. 

MILAN CRITERIA 

The Milan criteria (Table 92-2) are used to identify patients 
with HCC in whom the tumor burden is small enough to 
allow good outcome after liver transplantation. The Milan 
criteria State that transplantation should be performed in those 
with a single tumor of 5 cm or less or three tumors that 
are each 3 cm or less, no macrovascular invasion, and no 
metastasis. Patients who do not meet the Milan criteria are 
not considered eligible candidates for liver transplantation. 
Some authors have suggested that the Milan criteria are too 
restrictive and that acceptable outcomes can be obtained with 
more liberal tumor criteria (e.g., University of California, San 
Francisco, criteria). 9 
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MELD EXCEPTION POINTS FOR 
HEPATOCELLULAR CARCINOMA 

For patients within the Milan criteria, UNOS/OPTN grants 
exception points to stage T2 HCC (one tumor >2 cm and <5 cm 
or two or three tumors >1 cm and <3 cm). This allows these 
patients to undergo transplantation earlier in the course of their 
disease in an attempt to achieve better long-term survival after 
transplantation. The goal is to prevent the patient from reach- 
ing an HCC tumor burden that exceeds the Milan criteria, 
which would necessitate the patient’s being removed from the 
transplantation waiting list. 

Preoperative Imaging 

The main objective of preoperative imaging is to pro vide the 
surgeon with the necessary information needed to plan and 
perform liver transplantation and to exclude patients for whom 
surgery either is not feasible or would be of no benefit. Preop¬ 
erative radiologic evaluation is used to detect HCC or other 
malignant disease, to determine the size and patency of the 


TABLE 

92-2 

Description of OPTN Class 5 Nodules That 

Qualify as Hepatocellular Carcinoma for 

Exception Points 

Class 

Size 


5A 

>1 cm but <2 cm 

Increased arterial enhancement 
and washout and pseudocapsule 

5A-g 

Same as 5A 

Increased arterial enhancement 
and growth by 50% in 6 months 

5B 

>2 cm but <5 cm 

Increased arterial enhancement 
and either washout or 
pseudocapsule or growth by 

50% in 6 months 

5T 

Prior locoregional 

Describes any residual lesion or 


therapy for HCC 

perfusion defect at prior UNOS 
class 5 lesion 

5X 

>5 cm 

Meets criteria for HCC but outside 
stage T2 and not eligible for 
exception points 


HCC, Hepatocellular carcinoma; OPTN, Organ Procurement and 
Transplantation Network; UNOS, United Network for Organ 
Sharing. 


portal vein and superior mesenteric vein, to assess hepatic arte- 
rial inflow, and to evaluate surgical portosystemic shunts and 
location of varices. 

EXCLUSION OF HEPATOCELLULAR 
CARCINOMA 

Patients awaiting liver transplantation undergo contrast- 
enhanced computed tomography (CT) or magnetic resonance 
imaging (MRI) to screen for HCC. Ultrasound is used for 
routine screening of cirrhotics for HCC, but patients being 
considered for a transplant usually undergo CT or MRI. A mul- 
tiphasic technique with late arterial, portal venous, and delayed 
phases is used. HCCs derive their biood supply from the hepatic 
arteries and show hyperenhancement in the arterial phase. They 
“washout” or become hypoattenuating to the hepatic paren- 
chyma in the portal venous and delayed phases. A peripheral 
rim of enhancement or “pseudocapsule” may be present on the 
portal venous or delayed phase (Fig. 92-1). Any hepatic lesion 
identified is classified by the OPTN classifkation system. The 
number and size of each HCC and the presence of any vascular 
invasion or metastatic disease are noted (Fig. 92-2). 

OPTN CLASSIFICATION SYSTEM FOR NODULES 
SEEN ON IMAGING OF CIRRHOTIC LIVERS 

OPTN/UNOS has strict radiologic criteria for classification of 
nodules in cirrhotic livers as HCC. Only class 5 nodules are 
considered to meet radiologic criteria for HCC and may qualify 
for automatic exception, depending on stage (see Table 92-2). 

PORTAL VEIN EVALUATION 

The portal venous system can be assessed by Doppler ultra¬ 
sound, CT, or MRI. Liver transplantation in patients with extra- 
hepatic portal venous thrombosis or a small-caliber vein is 
difficult or sometimes impossible. The normal diameter of the 
extrahepatic portal vein is 8 to 12 mm. The extrahepatic portal 
vein usually needs to be at least 4 to 5 mm in diameter for a 
successful portal vein anastomosis. On Doppler examination, 
portal vein thrombosis is usually depicted as echogenic material 
within the portal vein. The extent of thrombus should be deter¬ 
mined, and the entire extrahepatic portal vein and superior 



Figure 92-1 HCC identified during pretransplantation evaluation. A. Arterial phase of contrast-enhanced MRI shows a hyperenhancing right 
hepatic lesion ( arrow ). B. A delayed image shows washout of contrast material from the tumor. A peripheral pseudocapsule is noted 
(. arrowheads ). 







1740 SECTION X Liver 



Figure 92-2 Infiltrating HCC with portal venous invasion. Venous 
phase MR image shows a large infiltrating HCC [arrow) with invasion 
of the portal vein ( arrowhead). The large size and portal venous 
invasion exclude this patient from liver transplantation (Milan criteria). 


mesenteric vein should be evaluated. Although extensive portal 
vein thrombus was considered a contraindication to OLT in the 
past, many patients can successfully undergo liver transplanta¬ 
tion with modified surgical techniques. In these patients, evalu- 
ation of the superior mesenteric vein is critical. If the superior 
mesenteric vein is patent, placement of an interposition graft 
or venous jump graft from the superior mesenteric vein to the 
portal vein is a feasible option. 10 The hepatic veins and inferior 
vena cava (IVC) also should be evaluated for patency. 


than to ligate certain varices, thereby reducing the potential for 
hemorrhagic complications. 

Locoregional Bridging Therapy 
for Hepatocellular Carcinoma 

Locoregional therapies are used to treat HCC in patients on 
the transplant waitlist. These are used as bridge strategies 
with the primary goal of reducing tumor progression to allow 
patients to be longer on the waitlist. Although bridge strate¬ 
gies are widely used, it is not clear whether they are effective 
in maintaining patients on the list or improving disease-free 
survival. 11,12 

Image-guided transcatheter delivery of therapeutic agents 
through vessels feeding the HCC is a commonly used bridge 
therapy that allows more focused delivery of therapeutic mate- 
rial within the tumor. Conventional transcatheter arterial 
chemoembolization consists of intra-arterial infusion of a 
drug, such as doxorubicin or cisplatin with or without a 
viscous emulsion, followed by embolization of the biood vessel 
with gelatin sponge particles or other embolic agents. Recent 
advances include use of drug-eluting beads for more controlled 
and sustained drug release. Radioembolization by transcatheter 
infusion of microspheres coated with yttrium 90, a beta 
particle-emitting isotope, into feeding vessels allows delivery 
of high-energy, low-penetration radiation to the tumor. 

Local ablation is a commonly used bridge therapy for small 
HCCs (single or few) that are accessible either percutaneously 
or laparoscopically. Multiple ablative techniques, including 
radiofrequency ablation, microwave ablation, cryoablation, and 
ethanol injection, are available. In patients with good hepatic 
function, surgical resection of a solitary HCC is also used as 
bridge therapy. 1 


HEPATIC ARTERY EVALUATION 

Preoperative assessment of recipient hepatic arterial supply 
is important to ensure adequate hepatic arterial inflow to the 
transplanted liver. The arterial patency can be assessed on 
preoperative ultrasound, CT, or MRI. Inadequate hepatic arte¬ 
rial inflow usually results from compression of the celiac trunk 
by the arcuate ligament or from atherosclerosis. In patients 
with arcuate ligament compression, simple division of the 
ligament improves biood flow. Compromised arterial inflow 
resulting from atherosclerosis usually requires creation of either 
a supraceliac or an infrarenal aorto-hepatic artery bypass 
graft. 

PORTOSYSTEMIC SHUNT AND VARICEAL 
EVALUATION 

CT and MRI can precisely locate surgical and spontaneous por- 
tosystemic shunts and varices that may be encountered. In 
patients with cirrhosis, surgical portosystemic shunts are often 
created to decompress portal hypertension and varices to 
diminish the chance of gastrointestinal hemorrhage. When 
transplantation is performed, these surgical portosystemic 
shunts are often ligated so that portal flow to the allograft is not 
compromised. Likewise, the presence and location of varices are 
helpful to the surgeon. Varices that are encountered may be 
ligated. Alternatively, the surgeon may choose to avoid rather 


Surgical Technique 

The main steps of an OLT procedure consist of donor hepatec- 
tomy, recipient hepatectomy, hemostasis, and vascular anasto- 
moses followed by biliary anastomosis. The caval anastomosis 
is the first vascular anastomosis performed. The standard and 
piggyback techniques are different methods to perform the 
caval anastomosis (Figs. 92-3 and 92-4). In the standard tech¬ 
nique, the recipient’s retrohepatic IVC is removed with the 
recipient’s liver. End-to-end anastomosis is then performed 
twice between the donor and recipient IVC above and below 
the liver. In the newer piggyback technique, the recipient’s IVC 
is not removed with the recipient’s liver. The donor’s suprahe- 
patic IVC is anastomosed to the common orifice of the recipi¬ 
ent’s hepatic veins. The main advantage of the piggyback 
technique is that it preserves caval flow and reduces hemody- 
namic instability during the procedure. 14 

The portal venous and hepatic arterial anastomoses are done 
after the caval anastomosis. The portal venous anastomosis is 
an end-to-end anastomosis. The arterial anastomosis is often 
performed with a Carrel patch. In this, the donor hepatic artery 
is harvested at the level of the celiac axis with a patch of the 
aorta. The aortic patch is then anastomosed to the recipient 
hepatic artery near the gastroduodenal artery takeoff. 

The biliary anastomosis is usually an end-to-end choled- 
ochocholedochostomy. A biliary-enteric anastomosis (choledo- 
chojejunostomy) is performed in recipients with bile duet 
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Figure 92-3 Diagram shows surgical anatomy of OLT by piggyback IVC anastomotic technique. The donor s suprahepatic inferior vena 
cava (IVC) is anastomosed to the common orifice of the recipient's hepatic vein (H.V.). There is an end-to-end hepatic arterial (H.A.) anastomosis 
of the recipient's hepatic artery near the gastroduodenal artery takeoff with the donor hepatic artery, which is harvested at the level of the celiac 
axis with a patch of the aorta. An end-to-end portal venous (P.V.) anastomosis and an end-to-end choledochobiliary anastomosis over a T tube 
are shown. 


disease. Traditionally, biliary anastomosis has been performed 
with T-tube drainage, but some institutions have now moved 
away from routine use of T-tube drainage for deceased donors. 15 
Presence of a T tube allows monitoring of biliary output, sup¬ 
ports the anastomosis, and allows access for cholangiography. 
Other than patient discomfort from prolonged presence of a 
percutaneous tube, the main limitation of T-tube placement is 
biliary leakage after its removal. 

Shortage of donor organs, primarily in children awaiting a 
suitable liver for transplantation, has driven the development 
of reduced size, split liver, and living related donor transplanta¬ 
tion techniques. These techniques increase the available supply 
of donor organs to younger recipients. Reduced size liver trans¬ 
plantation uses a portion of the liver as a graft but is an inef- 
ficient use of donor organs. Split liver transplantation, whereby 
the whole liver is used for transplantation for two recipients, is 
an attractive means of increasing the use of a limited supply 
of donor organs to both children and adults. 16 Living related 
donor transplantation uses a portion of the donor liver. The 
lateral segment may be used successfully for small or pediatric 
patients with end-stage liver disease. A larger graft is needed for 
adult living donor transplantation, and whole right hepatic lobe 
grafts have been used successfully in many transplantation 
centers. 17 


Living Donor Liver Transplantation 

The number of cadaveric donors available for liver transplanta¬ 
tion has remained constant for several years. As thousands of 
patients are on the waiting list, living donor liver transplanta¬ 
tion (LDLT) can be a solution for these patients. However, LDLT 
requires balancing donor risk relative to the recipient outcome 
and has not become popular in the United States. Only 219 
LDLTs were performed in the United States in 2009, probably 
because of the risk of donor morbidity and mortality. LDLT is 
more popular in countries with scarcity of deceased donors. 

LDLT was initially performed in the 1990s for small or pedi¬ 
atric patients with end-stage liver disease. Procedures using the 
leff lobe or lateral segment were performed at the University of 
Chicago. 18 Although these techniques were attempted in adult 
recipients, the smaller leff hepatic lobe provided insufficient 
hepatic mass for most adult patients. The first adult-to-adult 
right hepatic lobe transplantation was reported in 1993 by 
Yamaoka and colleagues. 19 The first successful donor right 
hepatic lobe transplantation was performed in the United States 
in 1997. 20 

Other than increasing the pool of potential donors, LDLT 
has some other advantages. Patients can undergo timely trans¬ 
plantation without waiting for a deceased donor organ. This 
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Figure 92-4 Diagram shows surgical anatomy of OLT by standard end-to-end IVC anastomotic technique. End-to-end anastomosis 
between the donor and recipient inferior vena cava (IVC) is performed cranial and caudal to the liver. A choledochojejunal anastomosis is also 
demonstrated. CBD, common bile duet; H.A., hepatic arterial; P.V., portal venous. 


may confer survival benefit to LDLT, which has been shown to 
be higher compared with deceased donor transplantation. 21 A 
detailed preoperative assessment and clinical management of 
often critically ill potential recipients are possible. Finally, living 
donor grafts are obtained from healthy donors who have been 
extensively screened for disease. Despite these advantages, there 
are unique risks of LDLT. The risk of donor death is 1.7 per 
1000 in the United States. 22 Clavien grade 3 or 4 complications 
are seen in 2.8% of the donors. 2 

IMAGING EVALUATION OF THE POTENTIAL 
LIVING RELATED LIVER DONOR 

The ideal screening modality for potential living liver donors 
would accurately evaluate hepatic parenchyma, provide data for 
split liver volume assessment, and depict intrahepatic and extra- 
hepatic vascular anatomy before potential partial hepatec- 
tomy. 2 MRI is used to depict the vascular variants, hepatic 
volume issues, and fatty infiltration that may preclude right 
hepatic lobe donation. Conventional or hepatocyte-specific 
contrast agent-enhanced MRI can be performed to demon- 
strate problems with biliary anatomy. 24 27 Hepatocyte- and 
biliary-specific contrast agents (e.g., gadobenate dimeglumine, 
gadoxetate disodium [Gd-EOB-DTPA], mangafodipir triso- 
dium ) not only allow dynamic contrast-enhanced scanning but 
also are differentially taken up by funetioning hepatocytes and 
exereted into the biliary tree. This allows excellent delineation 
of the biliary anatomy. 28 

The exquisite spatial resolution of multidetector CT has 
made it the most widely used modality for the preoperative 
evaluation of living donors. 24,29 Rapid scanning makes bolus 


timing even more critical; either test boluses or automated trig- 
gering is crucial for obtaining images during peak hepatic arte¬ 
rial enhancement. The 2.5-mm collimated images are then 
obtained during a portal venous (“hepatic”) phase so that 
portal and hepatic venous anatomy may be displayed. Both the 
source and reconstructed images should be meticulously 
reviewed. Volume rendered images are helpful for displaying 
global anatomy, but many radiologists rely heavily on sliding 
thick-slab maximum intensity images. 

PARENCHYMAL ASSESSMENT 

The size of the potential right lobe graft is a crucial deter¬ 
minant of graft viability. A sufficiently large right lobe is 
needed to prevent the “small for size” syndrome; transplanta¬ 
tion of insufficient hepatic mass may result in poor allograft 
funetion, graft failure, or the death of the recipient. 30 Small 
grafts are also more prone to sinusoidal injury from inereased 
portal pressures. 31 Several approaches to assessment of suf¬ 
ficient liver volume for transplantation have been applied; 
graft weight/recipient standard liver volumes of less than 40% 
or graft-to-recipient weight ratios of less than 85% are associ- 
ated with poor outeomes. 30,32 Both MRI and CT can be used 
to accurately calculate split liver volumetric measurements of 
potential donors. 

Unenhanced CT or in-phase/out-of-phase MRI is also used 
to detect fatty infiltration in the potential donor graft. 21 It has 
been well shown that steatosis inereases the likelihood of graft 
dysfunetion and reduces hepatic regenerative funetion. 33 35 
Several centers still routinely perform liver donor biopsies to 
better quantify steatosis. 
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VASCULAR ASSESSMENT 

Anatomic variations of extrahepatic vascular anatomy (e.g., 
replaced left or right hepatic arteries) are common, well known, 
and easily demonstrated by CT angiography. The unique con- 
tribution of multidetector CT to the evaluation of the prospec- 
tive right liver donor is its ability to detect variations in arterial 
and venous anatomy that may traverse the hepatectomy 
plane. 36,37 Although adequate hepatic mass may be procured 
with several techniques (left donor hepatectomy, extended right 
donor hepatectomy), a traditional right hepatectomy along 
Cantlie’s line, a relatively avascular plane immediately lateral to 
the middle hepatic vein, is preferred in most institutions. Paren- 
chymal dissection to the hilar plate is performed by ultrasonic 
dissection. Accurate definition of vascular structures traversing 
this plane is needed to prevent inadvertent vessel injury and 
ischemic injury to either the graft or remaining donor liver. 

Traditional hepatic arterial anatomy, in which the proper 
hepatic artery branches into right and left hepatic branches, is 
seen in only 55% of patients. Although many variants are easily 
shown at CT, a crucial consideration for donor graft retrieval is 
the biood supply to segment IV. A middle hepatic artery branch 
that arises from the right hepatic artery will be disrupted during 
donor hepatectomy. Inadvertent ligation of this branch during 
graft retrieval may cause biliary ischemic damage to the remain¬ 
ing donor medial segment. Other significant vascular variants 
that may affect donor selection include a short right hepatic 
artery, trifurcation of the common hepatic artery into the 
gastroduodenal artery and right and left hepatic arteries, and 
origination of the right or left hepatic arteries before the gas¬ 
troduodenal artery. Replaced hepatic arteries in the recipient 
are not absolute contraindications to transplantation, although 
arterial reconstructions can be more technically demanding. 
Finally, recipient celiac artery stenosis from atherosclerotic 
disease or a median arcuate ligament may predispose to 
graft infarction and biliary complications. 23 Sliding thick-slab 
maximum intensity projection images obtained from a second 
portal venous (hepatic) phase are used to display potentially 
significant hepatic venous variants. Variations in branching of 
the middle hepatic vein are particularly important because they 
may necessitate an altered hepatectomy plane. For example, 
inadvertent ligation of a prominent early branch (>3 mm) of 
the middle hepatic vein draining segment VIII may result in 


segmental hepatic venous congestion in the transplanted liver 
(Fig. 92-5). The early branch may be spared with a more lateral 
hepatectomy plane (although this may decrease the volume of 
the graft), or the surgeon may maintain outflow drainage to 
segment VIII by directly anastomosing the branch to the recipi¬ 
ent IVC. Inferior accessory right hepatic veins are also common 
variants that may have an impact on graft retrieval; most trans¬ 
plant surgeons will try to preserve inferior accessory veins larger 
than 3 to 5 mm. If the distance between the vein and the hepatic 
venous confluence is less than 4 cm, it may be possible to 
implant both the main and accessory right veins with a single 
partially occluding clamp on the IVC. 23 

Variations in portal venous anatomy also need to be consid- 
ered before right hepatic lobe donation. Early right portal vein 
bifurcation or main portal vein trifurcation may make trans¬ 
plantation difficult. The portal vein may be reconstructed on 
the back table, and vein or interposition grafts may be employed, 
but this increases the risk of portal vein thrombosis (Fig. 92-6). 
Portal venous flow to segment IV should also be carefully delin- 
eated; flow to the medial segment can arise from either the right 
or left portal vein; inadvertent disruption of portal venous 
inflow during donor hepatectomy may result in remaining 
donor liver ischemic injury. Flow to the entire left lobe through 
a branch from the right portal vein is an absolute contraindica- 
tion to organ donation. 23 

BILIARY ASSESSMENT 

Postoperative biliary leaks and strictures are the most common 
complication after LDLT. MRI is used to identify aberrant 
biliary anatomy as inadvertent transection of biliary radicals 
increases the risk of biliary leak. 38 Drainage of the right poste - 
rior bile duet into the left hepatic duet and biliary trifurcation 
are common variants that can lead to bile duet injury in the 
donor. 24 

Postoperative Complications 

HEPATIC ARTERIAL COMPLICATIONS 

Hepatic artery complications include stenosis, thrombosis, 
pseudoaneurysm, and arteriovenous fistula formation. Arterial 
complications place the patient at risk for biliary ischemia as 



Figure 92-5 Preoperative evaluation of the potential living liver donor. A. Thick-slab axial maximum intensity projection CT image shows 
drainage of segment VIII by a prominent early branch of the middle hepatic vein ( arrows ). B. Enhanced CT shows segmental hepatic venous 
congestion of the transplanted liver ( arrowheads ). 
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Figure 92-6 CT evaluation of the potential living liver donor. i n cc n o\ 

* i i . i i. . . r,-?. . normal ranqe, 0.55-0.8). 

Coronal thick-slab maximum intensity projection CT image shows 

portal venous trifurcation ( arrow ). 


the bile duets in the transplanted liver receive biood supply only 
from the hepatic arteries. 39 Biliary ischemia results in strictures, 
abscesses, sepsis, allograft failure, and death. 40 

Normal Postoperative Hepatic Arterial 
Doppler Findings 

After transplantation, hepatic arterial assessment is routinely 
performed with color and spectral Doppler ultrasound. A base¬ 
line study is usually obtained within the first 24 hours after 
transplantation; additional follow-up imaging is dictated by the 
patient’s clinical course. 41 Careful inspection should assess for 
any arterial narrowing or focal dilation. Color and spectral 
Doppler evaluation doeuments appropriate flow direction and 
waveform appearance. 42 The normal main hepatic artery has 
continuous antegrade flow with a rapid upstroke and resistive 
index (RI) of 0.55 to 0.8 39,42 ' 45 (Fig. 92-7). The right and left 
hepatic arteries should have a similar appearance. 42 

In the first 72 hours after transplantation, arterial peak sys¬ 
tolic velocity and RI may be variable. Median peak systolic 
velocity is 103 cm/s; however, values range from 13 to 367 cm/s 
in the first 48 hours. 46 Early elevated peak systolic velocity with 
normal RI and waveforms may be due to postoperative edema, 
variations in the arterial internal diameter, or vessel redun- 
dancy. 46 Gray-scale ultrasound can be used to identify kinks due 
to vascular redundancy causing spuriously elevated velocities 
and help differentiate them from stenosis. Adjustment of the 
Doppler interrogation angle is necessary to accurately measure 
the velocity at such sites. 

High-resistance flow (RI > 0.8, absent or reversed diastolic 
flow) can be seen in the first 72 hours in almost half the patients 
and usually returns to normal within 7 to 15 days. 47 This 
transient elevation has not been associated with any clinical 
deterioration or shortened survival time and may be due 
to postoperative allograft edema or vessel spasm. 48,49 Low- 
resistance flow is a good indicator of hepatic arterial complica- 
tions but can be a normal transient finding in the immediate 
postoperative period, probably due to anastomotic edema. 


Transient postoperative findings will resolve on follow-up 
studies, whereas findings due to arterial complications will 
persist or deteriorate. 

Hepatic Artery Thrombosis 

Hepatic artery thrombosis (HAT) is the most common vascular 
complication after liver transplantation with mortality rates of 
20% to 60%. 39,404,1 Occurrence varies in the literature from 3% 
to 6% in adults, 52-55 with reported occurrence in the pediatric 
population as high as 12%. 51,52 Risk of HAT is associated with 
surgical technique, including arterial conduits, prolonged oper¬ 
ation time, variant hepatic arterial anatomy, and retransplanta- 
tion. 53,56 The high mortality rate and resultant complications of 
HAT have led to routine surveillance with ultrasound in the 
early postoperative period to assess for thombus. 41 

HAT can be divided into early and late categories; early HAT 
occurs within the first 15 to 30 days after transplantation. 39,56 
Complications of early HAT include fulminant necrosis, liver 
abscess, sepsis, and graft failure. 53 Patients present with massive 
hepatic necrosis and rapid clinical deterioration, delayed biliary 
leak and bilomas, or relapsing bacteremia 51,52 (Fig. 92-8). Devel- 
opment of HAT more than 1 month after transplantation may 
have a less fulminant course and more variable presenting 
symptoms. 57,58 

Ultrasound is diagnostic in up to 92% of cases 59 by showing 
absent flow in the main hepatic artery. In some cases of late 
HAT, development of collaterals can cause tardus-parvus wave¬ 
forms in the intrahepatic right and left branches. 58 In general, 
demonstration of tardus-parvus waveform in the hepatic arter¬ 
ies should raise concern for upstream HAT or hepatic artery 
stenosis (Fig. 92-9). Causes of false-positive Doppler ultrasound 
diagnosis of HAT include severe hepatic edema, hypotension, 
and hepatic artery stenosis. 60 Evaluation of the main hepatic 
artery with ultrasound may be limited by body habitus, overly- 
ing bowel gas, or bandages, limiting sonographic Windows. 
Confirmation with CT angiography or digital subtraction angi- 
ography (DSA) should be considered in any suspicious case 
(Fig. 92-10). 




92 Liver Transplantation Imaging 1745 



Figure 92-8 Hepatic necrosis after hepatic artery thrombosis. 

Ischemia has caused biliary and hepatic necrosis in the left hepatic 
lobe with formation of a large biloma ( arrows ). 



Figure 92-10 Hepatic artery thrombosis. CT angiogram of a 
patient after OLT shows occlusion of the main hepatic artery ( arrow). 



Figure 92-9 Hepatic artery thrombosis. Tardus-parvus waveform 
(delayed upstroke and decreased RI) in an intrahepatic collateral 
vessel after hepatic arterial thrombosis. 


Treatment of HAT requires retransplantation in up to 75% 
of cases, often emergent because of massive necrosis. 51,61,62 Per- 
cutaneous or surgical thrombectomy can be considered, par- 
ticularly in cases with early diagnosis. Early endovascular or 
surgical revascularization can lead to graft salvage or serve as a 
bridge to retransplantation. 63,64 

Hepatic Artery Stenosis 

Hepatic artery stenosis (HAS) occurs less often than HAT. 51,65,66 
It is more common at the anastomosis 43 but may occur within 
the graft artery. HAS can lead to complications similar to those 
of HAT but often has a more insidious course, with symptoms 
developing during days to weeks. Patients may present with 
abnormal serum liver enzymes or biliary complications such as 
nonanastomotic strictures, which occur in up to 22%. 65 HAS 
may also be detected without symptoms during routine Doppler 
ultrasound screening. 65 


As with HAT, color and spectral Doppler ultrasound is the 
most common screening test for HAS. Direct Åndings of HAS 
include turbulent flow and elevated peak systolic velocity of 
more than 2 m/s in the main hepatic artery at the site of the 
stenosis 43 (Fig. 92-11A). However, the site of stenosis may not 
be directly visualized, and secondary Doppler Åndings down- 
stream from the stenosis are useful in diagnosis of HAS. Sec¬ 
ondary Åndings are due to decreased arterial resistance distal to 
the stenosis and include increased diastolic flow (RI < 0.55) and 
delayed systolic upstroke (systolic acceleration time >0.08), with 
sensitivity and specificity ranges of 73% to 83% and 60% to 
73% 43,45 (Fig. 92-1 IB). A tardus-parvus waveform may be seen 
distal to the anastomosis. False positives can occur as RI may 
be low in the first 72 hours after transplantation. 43 The transient 
postoperative Doppler Åndings should resolve in a few days, 
whereas changes due to arterial stenosis or thrombosis will 
persist or deteriorate. Deterioration of a previously documented 
normal hepatic arterial waveform in the postoperative period is 
concerning for arterial complication (HAT or HAS). CT angi- 
ography or DSA can confirm Åndings (Fig. 92-1 IC, D). DSA 
allows therapeutic interventions to be performed at the time of 
diagnosis. 

Treatment of HAS includes percutaneous transarterial 
angioplasty or stent placement, surgical revision with various 
arterial or venous graft reconstructions, and retransplantation. 
Patients with biliary complications require retransplantation 
more oflen than those without do. 6 Surgical revision was more 
common in the earlier literature, 65 but management with per¬ 
cutaneous angioplasty without or with stent placement is fre- 
quently performed with high success rates 63 and survival rates 
similar to those of surgical reconstruction 68 (Fig. 92-11E). 
Untreated or recurrent HAS after intervention can progress to 
HAT, and patients with HAS are more likely to develop biliary 
complications even with HAS treatment. 

Hepatic Arterial Pseudoaneurysm 

Hepatic artery contained rupture or pseudoaneurysm is a rare 
arterial complication (Fig. 92-12). Pseudoaneurysm can occur 
at the arterial anastomotic site as a result of infection or be 
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Figure 92-11 Hepatic artery stenosis. 

A. Doppler ultrasound image of the main hepatic 
artery shows turbulence and increased peak 
systolic velocity (365 cm/s) consistent with focal 
stenosis. B. Distal to the stenosis, the main hepatic 
artery shows increased diastolic flow (RI, 0.44) with 
normal velocity. C. CT angiogram shows focal 
narrowing of the main hepatic artery ( arrow ). 

D. DSA confirms the main hepatic artery stenosis 
(arrow). E. DSA image obtained after placement of 
a stent across the stenotic segment. The previously 
stenotic segment now appears patent (arrow). 


related to hepatic artery angioplasty procedures. Pseudoaneu- 
rysm may be found within the hepatic parenchymal arterial 
branches as a complication of intervention, such as biopsy or 
biliary drainage. 69,70 Pseudoaneurysm rupture can be mani¬ 
fested with gastrointestinal bleeding from hemobilia or hemo- 
peritoneum and shock. 

Ultrasound examination shows a cystic structure along the 
course of the hepatic artery or within the hepatic parenchyma. 
With color Doppler assessment, there is disorganized color 
flow filling the structure. 39 Contrast-enhanced CT or MRI can 
also aid in diagnosis. The pseudoaneurysm will follow biood 
pool on multiphasic examination, with avid arterial phase 
enhancement that washes out similar to aortic intensity on later 
phases. Treatment of hepatic artery pseudoaneurysm 
depends on location and severity of clinical symptoms. Surgical 
management with resection is the routine treatment, particu- 
larly in mycotic pseudoaneurysm because endovascular mate- 
rial may serve as an infectious nidus. Intravascular hepatic 


artery occlusion may serve as a temporizing measure to stabilize 
patients with active bleeding before surgery. Extrahepatic pseu¬ 
doaneurysm may be excluded with stent placement across the 
location, although long-term patency of these stents in small 
arteries is unknown. Intrahepatic pseudoaneurysm can be 
treated with coil embolization. 

PORTAL VENOUS COMPLICATIONS 

Normal Postoperative Portal Venous 
Doppler Findings 

The normal post-transplantation portal vein has smooth walls 
and an anechoic lumen with mild anastomotic narrowing up 
to 0.5 cm, probably of no significance in the absence of clinical 
abnormalities. The anastomosis may be visible as an echogenic 
shelfhke ring in the portal vein wall (Fig. 92-13). Doppler analy- 
sis shows continuous forward flow toward the liver with mild 
respiratory variation. Flow velocity in the main portal vein is 














92 Liver Transplantation Imaging 1747 



Figure 92-12 Hepatic artery 
pseudoaneurysm. A. Celiac 
arteriogram demonstrates a 
hepatic arterial pseudoaneurysm 
( arrow) that was surgically 
repaired. B. Another patient with 
a ruptured hepatic arterial 
pseudoaneurysm. Note the large 
left subhepatic space hematoma. 
The pseudoaneurysm (arrow) is 
depicted as a focally enhanced 
enlargement of the artery. 



Figure 92-13 Normal ultrasound appearance of the main portal 
vein after OLT. An indentation is noted at the anastomotic site 
(arrow). 


variable, with velocities decreasing over time after transplanta¬ 
tion on serial examinations. 39 

Portal Venous Stenosis and Thrombosis 

Portal vein complications include stenosis and thrombosis. 
They occur in 1% to 2% of transplant patients, particularly in 
the pediatric and living related donor population because of 
small or short graft vein size. 1 55,64 Causes include misalignment 
or size discrepancy between the donor and recipient, hyperco- 
agulable State of the recipient, thrombus from portal venous 
bypass catheter, or prior portal vein surgery. 51 Patients present 
with signs of portal hypertension or hepatic failure. Portal vein 
stenosis is seen at ultrasound examination with narrowing at 
the anastomosis and color aliasing. Velocity in the stenotic area 
is three to four times greater than velocity upstream from the 
stenosis 573 (Fig. 92-14). 

Treatment options for portal vein stenosis include percuta- 
neous thrombolysis, angioplasty or stent placement, and surgi- 
cal thrombectomy or stenosis with anastomotic revision or 


venous jump graft. 39,51 Percutaneous balloon angioplasty is per- 
formed through a peripheral portal vein branch. The right 
portal vein is preferred because of its straight course. The ste¬ 
nosis is treated with balloon angioplasty until the pressure gra¬ 
dient is less than 5 mm Hg. Patients with persistent pressure 
gradient after angioplasty or recurrent stenosis after treatment 
are usually treated with stent placement. Balloon angioplasty 
has 50% patency at 6 months, with stent patency of 100% in 47 
months. 74 

Portal vein thrombus is seen at ultrasound examination as 
hypoechoic or heterogeneous thrombus within the vessel and 
little or no color or power Doppler flow 39 (Fig. 92-15). Treat¬ 
ment of acute portal vein thrombus includes thrombolysis, 
thrombectomy, anastomotic revision, and retransplantation. 75 

HEPATIC VEIN AND INFERIOR VENA CAVA 
COMPLICATIONS 

IVC and hepatic vein complications of OLT are rare, occurring 
in less than 1% to 2% of transplants, and generally are due to 
stenosis or thrombosis. 51,76 Knowledge of the type of venous 
reconstruction is often critical for imaging interpretation as 
IVC and hepatic vein stenosis and thrombosis typically occur 
near the anastomosis. 7 End-to-end caval reconstruction pro- 
duces suprahepatic and infrahepatic anastomoses, each of 
which should be evaluated for stenosis. The piggyback tech- 
nique joins the donor IVC with the recipient’s hepatic vein 
confluence while maintaining a blind-ended stump of the 
donor’s retrohepatic IVC (Fig. 92-16). 

Normal hepatic veins and IVC have triphasic spectral wave- 
form due to transmitted cardiac pulsation (Fig. 92-17). In 
patients with IVC stenosis, the cardiac pulsations are not trans¬ 
mitted to the hepatic veins, which results in monophasic wave- 
forms within the hepatic veins, IVC, or both 76,77 (Fig. 92-18). Of 
note, in the postoperative period, it is not uncommon to see 
abnormal monophasic waveforms or turbulence within the 
hepatic veins or IVC. This is often secondary to anastomotic 
edema or compression from hematoma or fluid and should 
resolve over time. 50 The IVC anastomosis may be focally nar- 
rowed, and color aliasing from increased turbulent flow may be 
visualized (Fig. 92-19). A threefold or fourfold velocity gradient 
with the prestenotic segment can be seen in IVC stenosis. 40 
Hepatic vein stenosis is more common in living donor trans¬ 
plants, and sixfold increases in velocity have been reported. 76 
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Figure 92-14 Portal vein stenosis. 

A. Doppler ultrasound shows an area of 
focal color aliasing at portal venous 
anastomosis after right lobe transplantation. 
Pulsed-wave Doppler confirms markedly 
elevated velocities. B. Coronal thick-slab 
maximum intensity projection image 
confirms a critical portal vein stenosis 
(arrow). C. Transhepatic portogram shows 
the anastomotic stenosis (arrow). 
Angioplasty of the stenosis was successfully 
performed. 
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Figure 92-15 Portal vein thrombosis. 

A. Gray-scale ultrasound image shows echogenic 
thrombus filling the main portal vein ( arrows ). 

B. Color Doppler image demonstrates lack 

of color filling in the portal vein. C. Portal vein 
recanalization by percutaneous transhepatic 
thrombolysis followed by stenting ( arrowheads ) was 
attempted. 
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Figure 92-16 Piggyback IVC anastomosis. Sagittal ultrasound 
image shows ligated donor infrahepatic IVC ( arrowhead) and recipient 
IVC ( arrow ). 



Figure 92-17 Normal hepatic venous waveform. Normal triphasic 
hepatic venous waveform with a peak above the baseline 
representing flow away from the heart and two peaks below the 
baseline indicating flow toward the heart. 


Remembering that IVC and hepatic vein complications are 
rare, abnormal ultrasound findings should always be correlated 
with the patient’s clinical presentation. Clinical presentation 
varies on the basis of the location and severity of obstruction, 
but symptoms include hepatomegaly, ascites, pleural effusions, 
and edema. 8 In clinically suspected cases, multiplanar CT or 
MRI may demonstrate focal IVC or anastomotic narrowing, 
hepatic vein enlargement, and abnormal liver perfusion typical 
of Budd-Chiari syndrome or hepatic congestion. 40 Venography 
is the “gold standard” but is invasive and usually reserved for 
cases in which there is a high index of suspicion. Angioplasty 
and expandable stents have proved useful to treat IVC and 
hepatic vein stenosis. 

IVC or hepatic vein thrombosis may have imaging findings 
similar to those of stenosis. Echogenic intraluminal filling 
defects and decreased color Doppler flow are demonstrated on 



Figure 92-18 Monophasic hepatic venous waveform. Monophasic 
hepatic venous waveform is seen in patients with hepatic venous 
outflow obstruction but is nonspecific and can be present without 
obstruction. 


ultrasound 40 (Fig. 92-20). Multiplanar contrast-enhanced CT or 
MRI can usually better illustrate the extent of thrombus. An 
important thing to know is that thrombus normally develops 
in the piggyback retrohepatic IVC stump, and this Ånding 
should not be misdiagnosed as IVC thrombosis. 80 

BILIARY COMPLICATIONS 

Biliary complications are a significant cause of morbidity and 
mortality in OLT. 81 However, with better patient and organ 
selection and improvement in immunosuppression and surgi- 
cal techniques, the incidence of these complications has signifl- 
cantly decreased. Nevertheless, biliary complications are still 
seen in 5% to 25% of patients. ’ Most occur early, typically 
within the first 3 months. However, exceptions include 
stones and strictures, which may develop months to years after 
transplantation. 80 In general, biliary complications can be clas- 
sified as due to obstruction or leak. 

Normal Postoperative Cholangiography Findings 

In patients with end-to-end choledochocholedochostomy, the 
donor and recipient duets should be smooth and uniform in 
caliber. Mild smooth anastomotic narrowing is common and 
usually insignifkant in asymptomatic patients. On occasion, 
size discrepancies can exist between the respective duets, mim- 
icking anastomotic obstruction or stenosis. 83 Residual cystic 
duets may be present in the donor or recipient system, or both, 
and should not be confused with leaks. If a T tube is used, it is 
typically inserted in the recipient duet, more than 5 mm distal 
to the anastomosis to minimize the risk of ischemia, with the 
proximal limb bridging the anastomosis. Direct cholangiogra¬ 
phy should show no extravasation with drainage of contrast 
material distally into duodenum (Fig. 92-21). 

Biliary Obstruction 

Biliary obstruction is most often secondary to stricture forma¬ 
tion and may be classified as anastomotic or nonanastomotic. 
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Figure 92-19 Suprahepatic caval stenosis. A. Color Doppler image shows focal aliasing at piggyback anastomosis. Hepatic venous flow (not 
shown) was monophasic. B. Venacavography in another patient shows significant narrowing at the suprahepatic caval anastomosis (arrow). This 
was successfully treated with balloon angioplasty. 



Figure 92-20 IVC thrombosis. Gray-scale ultrasound image shows 
nonocclusive echogenic caval thrombus (arrow) adjacent to the caudal 
IVC anastomosis ( arrowheads ) in a patient who had end-to-end IVC 
anastomosis. 

The incidence of biliary stricture is 12% for deceased donors 
and 19% for living donors. 15 OLT patients with biliary obstruc¬ 
tion present clinically with signs of graft dysfunction and 
abnormal biliary enzymes (total bilirubin, alkaline phospha- 
tase). However, clinical Åndings are often ambiguous and can 
be confused with rejection, and imaging is often necessary for 
diagnosis. 85 In postoperative patients with a T tube, direct chol- 
angiography through the existing T tube is the preferred method 
of evaluating the biliary system. Magnetic resonance cholangio- 
pancreatography and ultrasound can be used in patients without 
a T tube or who have a biliary-enteric anastomosis. 

Anastomotic Biliary Stricture 

Anastomotic strictures are due to the surgical technique or 
fibrosis at the anastomotic site. Although most anastomotic 
strictures are manifested within the first 3 months, they can 
become evident years after transplantation. 85,86 

Clinically significant anastomotic stenosis is usually char- 
acterized by smooth proximal biliary ductal dilation to the 



Figure 92-21 Normal postoperative T-tube cholangiogram. 

T-tube insertion is a few millimeters distal to the anastomosis in the 
recipient duet ( arrowhead ). Injected contrast material outlines the 
biliary tree without any narrowing or filling defeet and flows into the 
duodenum without obstruction. Both donor and recipient cystic duet 
stumps are present in this patient ( arrows ). This should not be 
confused with a leak. 


level of the anastomosis (Fig. 92-22). With contrast cholan- 
giography, filling defeets corresponding to biliary debris, sludge, 
or stones may be seen proximal to the stenosis. Ultrasound 
shows proximal biliary ductal dilation and echogenic debris 
or stones. Ultrasound is not as reliable as MR cholangiography, 
which appears more sensitive at detecting biliary complica- 
tions, including stenosis. 8 9 Nevertheless, ultrasound or MR 
cholangiography may be inconclusive, demonstrating no sig¬ 
nificant biliary dilation or abnormality, even in patients with 
clinically significant obstruction. Therefore, when no T tube 
is present, direct cholangiography with endoscopic retrograde 
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Figure 92-22 Biliary anastomotic stricture. Endoscopic retrograde 
cholangiopancreatography image shows a tight biliary anastomotic 
stricture ( arrow). Endoscopic stenting was performed. 


cholangiopancreatography or percutaneous transhepatic chol- 
angiography may be required for diagnosis and can facilitate 
treatment with balloon angioplasty or stenting. On occasion, 
surgical revision, usually to a choledochojejunostomy, must 
be performed. 86 

Nonanastomotic Strictures 

Compared with anastomotic strictures, nonanastomotic stric¬ 
tures are more menacing because of their high association with 
biliary ischemia. Acceptance of older donors, donors with 
cardiac death, and donors with extended criteria has resulted in 
an increase in incidence of nonanastomotic strictures. 90,91 
Patients with bilioenteric reconstruction or history of primary 
sclerosing cholangitis are also prone to development of non¬ 
anastomotic strictures. 71 

Nonanastomotic biliary strictures are manifested clinically 
as cholestasis or episodes of cholangitis. About half the cases 
present within the first year; the rest gradually present during 
several years after transplantation. The strictures are typically 
hilar but can be intrahepatic and involve multiple sites. Intra- 
hepatic peripheral biliary involvement is more common with 
late presentation of nonanastomotic stricture. 92 Nonanasto¬ 
motic strictures are often due to biliary ischemia or necrosis 
caused by hepatic arterial thrombosis or stenosis (macroangio- 
pathic form). A microangiopathic form is due to injury to 
peribiliary vascular plexus by ischemia-reperfusion or immu- 
nologic injury. 91 Recurrent primary sclerosing cholangitis can 
also cause nonanastomotic strictures. 

In patients with nonanastomotic strictures, direct cholan- 
giography demonstrates irregular narrowing or obstruction 
with focal areas of biliary dilation (Fig. 92-23). There may 
be focal collections of contrast material pooling within the 
liver parenchyma, consistent with bilomas. Filling defects due 
to stone or debris may be present. MRI can show biliary 



Figure 92-23 Biliary nonanastomotic stricture. Endoscopic 
retrograde cholangiopancreatography image shows an irregular hilar 
stricture (arrow). Multiple filling defects are present in the proximal 
dilated biliary radicals ( arrowheads ), representing debris. 



Figure 92-24 Biliary nonanastomotic stricture. Delayed 
hepatocyte phase MRI with use of hepatobiliary contrast agent 
(Gd-EOB-DTPA). Excreted contrast material in the biliary duet shows 
an ischemic biliary hilar stricture (arrow). 


diktion and sloughed mucosal casts within the biliary tree, 
but normal-appearing duets are not uncommon in the acute 
setting (Fig. 92-24). 

Color Doppler ultrasound should be used to exelude isch¬ 
emia in all patients with nonanastomotic strictures. Biliary isch¬ 
emia can be manifested as a Spectrum of Åndings reflecting the 
location and severity of vascular compromise. Arterial stenosis 
can result in fibrotic strictures or obstructing casts of sloughed 
mueosa or sludge. Alternatively, severe ischemia or infaretion 
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Figure 92-25 Biliary anastomotic leak. Cholangiography through an existing T tube shows biliary leak at the anastomosis (arrow). 


can result in biliary necrosis, obstruction, or leak. Careful sono- 
graphic interrogation of the hepatic artery and its branches 
should be performed, although contrast-enhanced CT or MRI 
is occasionally required. Typically, hepatic arterial abnormali- 
ties precede biliary abnormalities by 1 to 3 weeks. Because 
biliary dilation is minimal in the early stages of stricture forma¬ 
tion, sonography is inadequate to examine the intrahepatic bile 
duets. 93 

Ischemic strictures may temporarily respond to balloon 
angioplasty or stenting, but repeated intervention is usually 
necessary. 94 Ultimately, surgical revision or retransplantation is 
required in many cases. 

Biliary Leak 

The incidence of biliary leak is about 7.8% for deceased donors 
and 9.5% for living donors. 15 Biliary leaks are manifested either 
in the first month after OLT or later immediately after removal 
of the T tube. 91 The common locations of biliary leak after OLT 
are the biliary anastomosis (Fig. 92-25), the cystic duet stump 
(Fig. 92-26), and the T-tube insertion site. Leaks can also occur 
along the resection margin in partial living donor transplants. 
Because biliary ischemia may lead to necrosis and leak, non- 
anastomotic leaks should raise concern for hepatic arterial 
injury and indicate emergent sonographic evaluation. Most bile 
leaks are managed by biliary stenting. 95 96 Small leaks may close 
spontaneously. Repeated surgery may be required for large 
leaks. Large leaks can be a significant cause of morbidity or 
death owing to inereased risk of infeetion in immunocompro- 
mised patients, and large bilomas associated with biliary leaks 
have to be drained. 

REJECTION 

Hepatic allograft rejection is the most common cause of 
late allograft failure. Acute cellular rejection usually occurs 
in the first 2 weeks after transplantation and affeets 50% to 
100% of the allografts. It is usually treated by added immu- 
nosuppression. Chronic ductopenic rejection occurs in about 
8% of the patients and is manifested 6 weeks to 6 months after 
transplantation. Ductopenic rejection causes a Spectrum of 
abnormalities ranging from mild loss of bile duets and mild 



Figure 92-26 Cystic duet stump leak. Cholangiography through an 
existing T tube shows biliary leak (arrow) at the cystic duet stump 
( arrowheads ). 


cholestasis, which is potentially reversible, to a severe form in 
which most interlobular and septal bile duets are lost, resulting 
in severe cholestasis that is unresponsive to therapy. Severe duc¬ 
topenic rejection is often associated with an arteriopathy of 
medium-sized hepatic artery branches. 

The role of imaging in patients with rejection is largely to 
exelude other vascular or biliary causes of graft dysfunetion. 
Imaging is neither sensitive nor speciflc for detection of rejec¬ 
tion. The diagnosis of rejection is established by histopathologic 
evaluation after liver biopsy. Cholangiography may show vari¬ 
able degrees of poor filling, narrowing, or stretching of the bile 
duets. Arteriography may show varying degrees of narrowing, 
stretching, or slow flow in intrahepatic arteries. 98 Loss of hepatic 
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artery diastolic flow on Doppler examination is neither a spe- 
cific nor sensitive finding of allograft rejection. 

FLUID COLLECTIONS 

Hematomas, seromas, and bilomas are common postoperative 
fluid collections. Hematomas are identified by their high atten- 
uation on CT. Hematomas change in character over time and 
become low attenuation. Most collections do not cause any 
symptoms and resolve spontaneously. Development of wall 
enhancement or gas in a fluid collection suggests infection. 
Infected collections and bilomas need to be drained. This can 
be done percutaneously with imaging guidance. 

POST-TRANSPLANTATION 
MALIGNANT DISEASE 

Solid organ transplant recipients are at a higher risk for devel¬ 
opment of malignant disease. Long-term exposure to immuno- 
suppressive agents and increased risk of oncogenic viral 
infection are probable causes. Nonmelanoma skin cancer, post¬ 
transplantation lymphoproliferative disorder (PTLD), Kaposi’s 
sarcoma, and anogenital tumors are the most common post¬ 
transplantation tumors. 

PTLD is a cause of morbidity and mortality in post¬ 
transplantation patients. It represents a Spectrum of diseases 
ranging from indolent polyclonal proliferation to aggressive 
lymphoma. Infection by Epstein-Barr virus (EBV) in an immu- 
nosuppressed host induces diffuse polyclonal B-lymphocyte 
proliferation, which results in PTLD. The risk factors include 
recipient EBV seronegativity, younger recipient age, older 
donors, high levels of immunosuppression, and antilymphocyte 
therapies." EBV infection-associated PTLD occurs in the first 
1 to 2 years after liver transplantation, whereas non-EBV- 
related PTLD occurs later. 

PTLD occurs more frequently in the pediatric transplant 
population because of the higher likelihood of pretransplanta- 
tion EBV seronegativity. The changes in immunosuppression 
regimens with lower levels of tacrolimus and cyclosporine and 
less steroid use has decreased the incidence of PTLD." Recent 
data indicate that the incidence of PTLD is now 1.7% for pedi¬ 
atric liver transplants, which is lower than in earlier reports." 

Virtually any body tissue can be involved, but the abdominal 
cavity is the most common site of PTLD. Extranodal disease 


(80%) is more common than nodal disease (20%) in the 
abdominal cavity. The gastrointestinal tract and liver are most 
often involved in the abdomen. The distal small bowel and 
proximal colon are the most common sites in the gastrointesti¬ 
nal tract. 100,101 On imaging, bowel involvement can be mani¬ 
fested with wall thickening, eccentric mass, or luminal ulceration. 
Liver involvement can be in the form of low-attenuation 
hypovascular nodules, diffuse infiltration, or porta hepatis 
mass. 100 102 Splenomegaly or diffuse low-attenuation nodules 
(less common) can be manifested with splenic involvement. 
Opportunistic infections can have a similar appearance in solid 
organs and need to be considered in the differential diagnosis. 
CT/PET is a useful imaging examination for the detection of 
multifocal PTLD and for assessment of responses to therapy 
(Fig. 92-27). 

PTLD is initially treated with reduction in immunosuppres¬ 
sion. Chemotherapy and rituximab (a monoclonal antibody) 
are used in unresponsive cases. 103 The mortality of PTLD is high 
despite treatment. 

Patients undergoing liver transplantation for HCC are at risk 
for recurrence related to initial tumor stage. Poor prognostic 
indicators for recurrent HCC include vascular invasion, spread 
to extrahepatic lymph nodes, bilobar tumor, and size larger 
than 3 cm. Patients undergoing liver transplantation with an 
incidentally detected HCC found at sectioning of the explant 
have a low incidence of recurrence. In patients undergoing liver 
transplantation for HCC, recurrent tumor most commonly 
involves the lungs, allograft, local and distant lymph nodes, 
adrenal giand, and bone. 104 Patients with cholangiocarcinoma 
also have a high recurrence rate after transplantation, and 
cholangiocarcinoma is considered a contraindication to liver 
transplantation. 105 

Summary 

Liver transplantation has become the standard treatment of 
many patients with end-stage liver disease. Long-term patient 
and graft survival has continued to improve as a result of 
improved surgical techniques and improved immunosuppres- 
sive therapy. Radiologic imaging has an important role in 
proper patient selection and providing information that may 
alter the surgical technique. Most important, early radiologic 
recognition and treatment of postoperative complications are 
necessary to lower postoperative morbidity and mortality. 
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Figure 92-27 Post-transplantation lymphoproliferative disease. A. CT shows focal thickening of proximal jejunum 3 years after 
transplantation (arrow). The patient presented with melena. B. CT/PET shows that the segment is markedly FDG avid (arrow). 
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General Imaging Abnormalities 


Diffuse Hepatomegaly 


STORAGE DISEASES 


NEOPLASTIC DISEASES 

Metastases 

Hepatoma 

Lymphoma 

INFECTIOUS DISEASES 

Vi ral 

Hepatitis 

Mononucleosis 

AIDS 

Bacterial 

Pyogenic abscess 
Tuberculosis, miliary 
Histoplasmosis, miliary 
Syphilis 

Pneumocystis infection 

Protozoan 

Amebic abscess 

Malaria 

Leptospirosis 

Trypanosomiasis 

Kala-azar 

Parasitic 

Echinococcosis 

Schistosomiasis 

Fungal 

Candidiasis 

DEGENERATIVE DISEASES 

Cirrhosis 
Fatty infiltration 

ELEVATED VENOUS PRESSURE 

Congestive heart failure 
Constrictive pericarditis 
Tricuspid stenosis 
Budd-Chiari syndrome 


Steatosis 
Amyloidosis 
Hemochromatosis 
Gaucher's disease 
Glycogen storage disease 
Niemann-Pick disease 
Histiocytosis 
Weber-Christian disease 
Wilson's disease 
GM-i gangliosidosis 

MYELOPROLIFERATIVE DISORDERS 

Myelofibrosis 
Polycythemia rubra vera 
Extramedullary hematopoiesis 
Myeloid metaplasia 
Thalassemia 
Sickle cell anemia 

CONGENITAL DISORDERS 

Riedel's lobe 
Polycystic disease 
Wolman's disease 
Reye's syndrome 
Rubella syndrome 
Pyruvate kinase deficiency 
Osteopetrosis 
Lipoatrophic diabetes 
Hyperlipoproteinemia 
Homocystinuria 

Hepatic fibrosis-renal cystic disease 
Farber's syndrome 
Chédiak-Higashi syndrome 
Zellweger's syndrome 
Beckwith-Wiedemann syndrome 
Granulomatous disease of childhood 

MISCELLANEOUS DISORDERS 

Sarcoid 
Hematoma 
Felty's syndrome 


TAB LE 

93-2 

Hepatomegaly in the Neonate 

1 

TABLE 

93-3 

Focal Hepatic Enlargement 


Nutritional disorder 
Heart failure 
Infection 
Biliary atresia 
Metabolic defect 
Primary neoplasm 
Metastases 


COMMON 

Anomalous lobes (Riedel) 

Metastasis 

Cirrhosis 

Regenerative nodules or lobes 

Hemangioma 

Cysts 

Adenoma 

Focal nodular hyperplasia 
Hepatoma 
Lymphoma 
Cholangiocarcinoma 


UNCOMMON 

Hemangioendothelioma 

Actinomycosis 

Abscess (fungal or pyogenic) 
Biliary cystadenoma 
Hamartoma 
Hepatoblastoma 
Sarcoma 

Spindle cell neoplasm 

Teratoma 

Cholangioma 
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table Liver Atrophy with Compensatory 
93-4 Hypertrophy 


Cirrhosis 

Hepatic vein obstruction (segmental) 

Portal vein obstruction (segmental) 
Intrahepatic biliary obstruction (segmental) 
Budd-Chiari syndrome 
Radiation therapy 

After chemotherapy for hepatic tumor 
Surgical resection 
Liver metastases 
Lobar agenesis 


Neonatal Liver Calcification 


Calcified venous thrombi (e.g., after umbilical vein catheterization) 
Hematoma 

Cytomegalovirus infection 
Herpesvirus infection 
Toxoplasmosis 
Abscess 

Biliary calcification 
Hemangioma 
Hamartoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Metastatic neuroblastoma 
Ischemic infarct 
Rubella 


93-5 


Hepatic Capsular Retraction 


TABLE 

93-8 


Portal Venous Gas 


ADJACENT TO A HEPATIC TUMOR 

Primary malignant tumors 
Hepatocellular carcinoma 
Fibrolamellar hepatocellular carcinoma 
Intrahepatic cholangiocarcinoma 
Epithelioid hemangioendothelioma 
Metastatic tumors 

Adenocarcinoma of the colon, stomach, breast, lung, pancreas, 
and gallbladder 

Postembolization of hepatocellular carcinoma 
Postchemotherapy of malignant tumors 
Benign tumor 
Hemangioma 

WITHOUT AN ADJACENT HEPATIC TUMOR 

Confluent hepatic fibrosis 
Oriental cholangiohepatitis 
Bile duet necrosis 
Pseudoretraction 
Accessory fissure 

Normal liver parenchyma between the protruded masses 


Mesenteric infaretion 

Air intravasation during double-contrast barium enema 

Acute gastric dilation 

Percutaneous abscess drainage 

Necrotizing enterocolitis 

Umbilical vein catheterization 

Erythroblastosis fetalis 

Diverticulitis 

Inflammatory bowel disease 

Corrosive ingestion 

Diabetic coma 

Hemorrhagic panereatitis 

Hydrogen peroxide enema 

Emphysematous cholecystitis 

Mechanical bowel obstruction with ischemia 

Necrotic colon cancer 

Perforation of gastric uleer into mesenteric vein 
Abscess 

Closed-loop obstruction 
Pseudomembranous colitis 
Gastric emphysema 
Toxic megacolon 
Sepsis 

Corrosive gastritis 

Catheterization of umbilical artery or mesenteric vein 
After hepatic artery embolization 


Hepatic Calcification 


INFECTIONS 

Histoplasmosis 

Tuberculosis 

Coccidioidomycosis 

Brucellosis 

Gumma 

Echinococcal cyst, Armillifer infestation 
Chronic amebic or pyogenic abscess 
Cytomegalovirus or Toxoplasma infection 
Chronic granulomatous disease of childhood 

Clonorchis sinensis infection, cysticercosis, filariasis, paragonimiasis 

VASCULAR LESIONS 

Hepatic artery aneurysm 
Portal vein thrombosis 
Hematoma 

BENIGN TUMORS 

Cyst 

Cavernous hemangioma 
Capsule of regenerative nodules 
Infantile hemangioendothelioma 


PRIMARY MALIGNANT TUMORS 

Hepatoma, especially fibrolamellar 

Hepatoblastoma 

Cholangiocarcinoma 

METASTATIC TUMORS 

Mucinous carcinoma of the colon, breast, or stomach 

Ovarian carcinoma 

Melanoma 

Mesothelioma 

Osteosarcoma 

Carcinoid 

Leiomyosarcoma 

Teratoma 

Thyroid carcinoma 

Chondrosarcoma 

Neuroblastoma 

BILIARY TREE 

Calculus 

Cholangiocarcinoma 

Ascariasis 
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TAB LE 

93-9 

Gas in the Biliary Tract 

■ 

TAB LE 

93-12 

Focally Increased Hepatic Echogenicity 


Sphincterotomy COMMON 

Gallstone erosion Hemangioma 

Patulous sphincter in elderly patient Metastases 

Cholecystoenterostomy Foca | steat osis 

Choledochoenterostomy Adenoma 

Spontaneous biliary fistula to the colon or duodenum by gallstones Focal nodular hyperplasia 

Perforating duodenal ulcer Abscess 


Trauma 

Carcinoma of the gallbladder, colon, stomach, pancreas, 
duodenum, ampulla, bile duet 
Diverticulitis 
Crohn's disease fistula 
Emphysematous cholecystitis 
Cholecystojejunostomy 
Pancreatitis 

Strongyloides infeetion 
Incompetent sphincter of Oddi 
Ascariasis lumbricoides infeetion 
Clonorchis sinensis infeetion 
Ruptured amebic abscess 

Common duet entry into duodenal diverticulum 

Metastases 

Lymphoma 


Hematoma or laceration 
Hepatocellular carcinoma 
Fissures 

UNCOMMON 

Cytomegalovirus or Candida infeetion 

o^-Antitrypsin deficiency 

Lipoma 

Angiomyolipoma 
Infaret 

Regenerative nodules of cirrhosis 
Radiation therapy 

Omentum inserted into bed of hepatic resection 
Echinococcus multilocularis infeetion 
Hemangioendothelioma 


TAB LE 

93-10 

Hepatic Vein Dilation 

1 

TAB LE 

93-13 

Diffusely Decreased Hepatic Echogenicity 


COMMON 


COMMON 


Right-sided heartfailure 

Constrictive pericarditis 

Hepatic venous thrombus 

Inferiorvena cava obstruction or thrombus 

Tricuspid atresia or stenosis 

With Valsalva maneuver in normal young patient 


Acute viral hepatitis 
Schistosomiasis (early) 
Malignant infiltration 

UNCOMMON 

Leukemia 

Lymphoma 


UNCOMMON 

Right atrial tumor 


Ultrasound 


APPARENT 

End-stage renal disease 
Amyloid 

Nephrocalcinosis 
Myoglobinuric renal failure 


table Diffusely Increased Hepatic Echogenicity 
93-11 ("Bright Liver") 


COMMON 

Fatty infiltration 
Cirrhosis 

Acute alcoholic hepatitis 
Severe viral or drug-induced hepatitis 
Diffuse malignant infiltration 
Chronic right-sided heart failure 
AIDS 

Technical artifact 

UNCOMMON 

Glycogen storage disease 
Gaucher's disease 
Miliary tuberculosis 
Mononucleosis 
Portal tract fibrosis 
Wilson's disease 
Lymphoma 
Sarcoidosis 


93-14 Hepatic Pseudolesions on Ultrasound Studies 


Diaphragmatic leaflets: peripheral echogenic pseudolesion may 
simulate mass 

Falciform ligament: echogenic "mass" (pseudolesion) in left lobe 
Focal fatty infiltration: echogenic pseudolesion may simulate 
metastases 

Focal hepatic sparing in steatosis: hypoechoic pseudolesion often 
seen in porta 

Perihepatic fat may invaginate liver, causing hyperechoic masses 
Ligamentum venosum: fibrous tissue attenuates sound, causing 
hypoechoic pseudolesion in caudate lobe 
Gallbladder inflammation: hypoechoic hepatic pseudolesion in 
adjacent parenchyma 
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93-15 Intrahepatic Acoustic Shadowing 


LINEAR OR BRANCHING SHADOWING 

Intrabiliary air 
Portal venous air 
Intraductal stones 

FOCAL SHADOWING 

Gas: abscess, necrotic tumor, sequela of tumor embolization or of 
biopsy 

Calcification: metastases, granulomas, abscess, aneurysm, 
parasites 

Refractile artifacts: junction of vessels, gallbladder neck 
Foreign material: surgical clips, drains, catheters, stents, sponges 


93-16 Hypoechoic or Anechoic Focal Masses 


COMMON 

Cysts 

Polycystic liver disease 
Bilomas 

Focal sparing in steatosis 
Abscesses 
Hematomas (early) 

Metastases, especially colon, ovary, melanoma, sarcoma 
Primary hepatic tumors 
Post-traumatic cysts 
Hydatid cysts 

UNCOMMON 

Caroli's disease 
Extramedullary hematopoiesis 
Focal hepatitis 
Focal hepatic necrosis 
Radiation therapy (early) 

Cavernous hemangiomas 
Hepatomas 

Intrahepatic gallbladder 


93-17 Multiseptate Cystic Masses 


COMMON 

Metastases 

Simple cysts complicated by infection or hemorrhage 

UNCOMMON 

Teratoma 

Cystic hepatoblastoma 
Infantile peliosis hepatis 
Hepatic hamartoma 
Biliary cystadenoma 


table Anechoic, Smooth-Walled Masses 
93-19 with Acoustic Enhancement 


Cyst 

Polycystic disease 
Caroli's disease 
Choledochal cyst 
Hydatid cyst 


93-20 Complex Masses 


SEPTATE 

Hydatid cyst 

Biliary cystadenoma 

Ovarian carcinoma metastases 

NO SEPTA 

Abscess 

Tumor 

BULL # S-EYE LESIONS 

Metastases 

Abscess 

Primary neoplasm 


93-21 Prominent Periportal Echoes 


COMMON 

Acute cholecystitis 
Chronic cholecystitis 
Cholangitis 

Oriental cholangiohepatitis 
Cholangiocarcinoma 
Sclerosing cholangitis 
Hepatocellular carcinoma 
Air in biliary tree 

UNCOMMON 

Cystic fibrosis 

Schistosomiasis 

Lymphoma 

Infectious mononucleosis 

IN NEONATES 

Biliary atresia 
Acute hepatitis 
Cytomegalovirus infection 
Nesidioblastosis 
a-i-Antitrypsin deficiency 
Idiopathic neonatal jaundice 


table Hyperechoic Masses with Acoustic 
93-18 Enhancement 


Hemangioma 

Hepatoma 

Carcinoid metastases 

Adenoma or hepatoma in glycogen storage disease 
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93-22 Echo Patterns of Hepatic Metastases 


ECHOGENIC LESIONS 

Any carcinoma but especially from the gastrointestinal tract, 
pancreas, hepatoma, breast, and vascular primaries (islet cell, 
carcinoid, choriocarcinoma, renal cell carcinoma) 

HYPOECHOIC LESIONS 

Homogeneous tumor-like lymphomas, some breast and lung 
cancers 

CYSTIC METASTASES 

Mucin-secreting metastases from neoplasms of the ovary, colon, 
pancreas, or stomach 

Central necrosis of any lesion, especially sarcomas 

DENSELY ECHOGENIC LESIONS, WITH SHADOWING 

Mucinous carcinoma of the colon 
Adenocarcinoma of the stomach 
Pseudomucinous cystadenocarcinoma of the ovary 
Cystadenocarcinoma of the pancreas 
Adenocarcinoma of the breast 
Melanoma 

BULL # S-EYE OR TARGET PATTERN 

Lung cancer 

INFILTRATIVE PATTERN 

Breast cancer 
Lung cancer 
Melanoma 


table Dampening of Hepatic Vein 
93-23 Doppler Waveform 


Cirrhosis 

Passive hepatic congestion 
Budd-Chiari syndrome 
Various parenchymal abnormalities of liver 
Extrinsic compression of hepatic veins 


table Transjugular Intrahepatic Portosystem i c 
93-24 Shunt Malfunction 


DIRECT SIGNS 

No flow—consistent with shunt occlusion or thrombosis 
Low-velocity flow—especially at portal venous end of shunt 
Change in peak shunt velocity—increase or decrease from baseline 
of 50 cm/s 

Reversal of flow in hepatic vein 
Hepatopetal intrahepatic portal venous flow 

SECONDARY SIGNS 

Reappearance of varices 

Reaccumulation of ascites 

Reappearance of recanalized paraumbilical vein 


Computed Tomography 


TAB LE 

93-25 

Focal Hypodense Lesion: Precontrast 
and Postcontrast Scan Appearance 



Appearance after Contrast 

Lesion 

Medium Administration 

Metastases 

Irregular enhancement or none 

Malignant primary tumors 


Hepatoma 


Hemangioendothelioma 


Hemangiosarcoma 


Intrahepatic 


cholangiocarcinoma 


Lymphoma 


Cholangiocarcinoma 

Irregular enhancement 

Benign tumors 


Hemangioma 

75% Peripheral enhancement 

10% Central enhancement 

74% Progressively isodense on 
delayed scans 

24% Partially isodense on delayed 
scans 

2% Hypodense on delayed scans 

Adenoma 

85% Hyperdense during arterial 
phase but rapidly becomes 
isodense or hypodense (1 minute) 

Focal nodular hyperplasia 

Most hyperdense during arterial 
phase but rapidly becomes 
isodense or hyperdense (1 
minute); a low-density central scar 
may be present, but it is also seen 
in fibrolamellar hepatomas and 
hemangiomas 

Cysts 


Margins of cyst are more clearly 

Benign simple cysts 

defined 

Polycystic liver disease 


von 

Hippel-Lindau 


disease 


Abscesses 

Often show peripheral enhancement 

Pyogenic 

May show a "spoke-wheel" 

Fungal 

enhancement pattern 

Amebic 

May show peripheral enhancement 

Radiation injury 

No change 

Focal fatty infiltration 

No change 

Infarction 

No change 

Laceration 

No change 

Old hematoma 

No change 

Biloma 

No change 

Caroli' 

s disease 

No change 

Choledochal cyst 

No change 

Focal biliary dilation 

No change 

Intrahepatic extension of 

No change 

pseudocyst 


TAB LE 

93-26 

Diffusely Dense Liver 


Hemochromatosis 
Hemosiderosis 
Glycogen storage disease 
Amiodarone treatment 
Gold therapy 
Chronic arsenic poisoning 

























1762 SECTION X Liver 


93-27 Focal Hypodense Lesion: Noncontrast Scans 


Mucinous metastases: colon, ovary, stomach, pancreas (primary) 
Primary hepatic tumors: hepatoma (especially fibrolamellar), 
hepatoblastoma, hemangioendothelioma 
Benign hepatic tumors: hemangiomas 
Infections 

ACUTE HEMORRHAGE 

Hematoma 

VASCULAR 

Budd-Chiari syndrome with spared parenchyma 

Portal vein thrombosis with spared parenchyma 

Fatty infiltration 

Malignant infiltration 

Portal vein thrombosis 

Amyloidosis 


93-31 Low-Density Mass in Porta Hepatis 


Choledochal cyst 
Hepatic cyst 
Pancreatic pseudocyst 
Biloma 

Hepatic artery aneurysm 
Enteric duplication 


93-32 Fat-Containing Liver Mass 


Hepatoma 

Angiomyolipoma 

Lipoma 

Metastatic liposarcoma or myxoid liposarcoma 
Hepatic adenoma 


93-28 F° ca l Hyperdense Lesion: Postcontrast Scans 


HYPERVASCULAR METASTASES 

Carcinoid tumor 
Renal cell carcinoma 
Islet cell tumor 
Pheochromocytoma 
Melanoma 

HYPERVASCULAR BENIGN MASSES 

Adenoma 

Focal nodular hyperplasia (dense only during arterial phase, then 
hypodense) 

ARTERIOPORTAL SHUNTS 


93-29 Patchy Hepatogram 


Cirrhosis 

Hepatitis 

Congestive heartfailure 
Tricuspid atresia 
Portal vein thrombosis 
Budd-Chiari syndrome 
Lymphomatous infiltration 
Sarcoidosis 
Thyrotoxicosis 


table Hyperperfusion Abnormalities 
93-30 0 f Liver (THADs) 


LOBAR-SEGMENTAL 

Portal vein obstruction or thrombosis 

Mass effect due to tumor, cyst, abscess within liver 

Cirrhosis with arterial portal shunt 

Ligation of portal vein 

Hypervascular gallbladder disease 

SUBSEGMENTAL 

Obstruction of peripheral portal branches 
Percutaneous needle biopsy, ethanol ablation 
Acute cholecystitis 

GENERALIZED HETEROGENEOUS 

Cirrhosis 

Budd-Chiari syndrome 

THADs, transient hepatic attenuation differences. 


93-33 Vascular "Scar" Tumor 


Focal nodular hyperplasia 
Hepatic adenoma 
Giant cavernous hemangioma 
Fibrolamellar hepatocellular carcinoma 
Hypervascular metastases 
Intrahepatic cholangiocarcinoma 


93-34 Periportal Lucency 


Bile duet dilation 

Periportal tracking of edema fluid or biood 

Cardiac failure 

Hepatitis 

Traumatic disruption or neoplasm invasion of hepatic lymphatics 

Bone marrow transplantation 

Liver transplantation 

Non-Hodgkin's lymphoma 

Peribiliary cysts in cirrhosis 

von Meyenburg complexes of the liver 


93-35 Fluid-Fluid Levels Within Focal Hepatic Lesions 


Simple hepatic cyst 

Biliary cystadenoma 

Cavernous hemangioma 

Cystic hepatocellular carcinoma 

Hepatic metastasis (carcinoid, ovarian, lung primaries) 
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COMMON 

Regenerative nodules 
Multiple calcified granulomas 


Hydatid cyst (thick, homogeneous rim, no perilesional edema) 
Amebic liver abscess (concentric rims; rim of collagen) 

HYPOINTENSE RIM ON T2-WEIGHTED IMAGE 


UNCOMMON 

Gamna-Gandy bodies 
Periportal vascular collaterals 
Multifocal acute intrahepatic hemorrhages 
Biliary duet gas 

Rare 

Portal vein gas 
Osler-Weber-Rendu disease 
Multiple calcified parasitic cysts 


Metastases (peritumoral edema with double ring pattern) 

Liver abscess (one or two concentric rings of mixed signal intensity) 
Subacute to chronic parenchymal hematoma (white rim also seen 
on Tl-weighted images) 

NO RIM 

Simple cyst 

Cavernous hemangioma 
Adenoma 

Focal nodular hyperplasia 


TAB LE 

93-37 

Diffusely Decreased Liver Intensity 

1 

TAB LE 

93-42 

Central Sears in Primary Liver Tumors 


Hemosiderosis Cavernous hemangioma: hypointense or hyperintense T2-weighted 

Hemochromatosis image (can be either inflammatory or fibrous scar) 

Superparamagnetic contrast medium Hepatic adenoma: variable signal 

Wilson's disease Focal nodular hyperplasia: hypointense Tl-weighted image, 

hyperintense T2-weighted image (inflammatory scar) 
Fibrolamellar hepatocellular carcinoma: hypointense Tl-weighted 
image, hyperintense T2-weighted image (fibrotic repair of scar) 


93-38 Increased Periportal Signal Intensity 


Cholangitis 

Obstructive jaundice 

Cholangiocarcinoma 

Acute hepatitis 

Cirrhosis 

AIDS 

Vigorous hydration 


Nudear Sdntigraphy 


table Early or Increased Flow to the Liver: 
93-43 Hepatic Scintiangiography 


COMMON 


table Hepatic Lesions with Fat Signal: 
93-39 Tl-Weighted Images 


COMMON 

Focal fatty infiltration 
Hepatoma 
Hepatic adenoma 

UNCOMMON 

Cavernous hemangioma 

RARE 


Metastatic disease 
Chronic liver disease 
Hepatoma 
Lymphoma 

UNCOMMON 

Hemangioma or hemangioendothelioma 

Abscess 

Adenoma 

Focal nodular hyperplasia 
Sequela of radiation therapy 

Rare 

Dilated portal vein 
Massive breast shielding 


Metastatic liposarcoma or myxoid liposarcoma 


93-40 Wedge-Shaped Signal Alterations 


TI HYPERINTENSITY 

Irregular fatty infiltration 

T2 HYPERINTENSITY 

Hepatocellular carcinoma with peripheral ischemia or infaretion 
Metastases with wedge pattern of edema 
Primary or secondary portal infaretion 
THID (transient hepatic intensity difference) 
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table Focally Decreased Flow (Solitary or Multiple): 
93-44 Hepatic Scintiangiography 


COMMON 

Abscess, amebic or pyogenic 

Cyst, of any cause 

Extrinsic mass 

Hemangioma 

Hematoma 

Hepatoma 

Some metastases 

UNCOMMON AND RARE 

Fatty infiltration 
Lymphoma 
Regenerative nodule 


93-48 Liver Rim Sign: Gallium Scan 


Acute cholecystitis 
Pyogenic abscess 
Amebic abscess 
Necrotic liver metastases 
Primary liver cell carcinoma 


table Halo Sign in Gallbladder Fossa: 
93-49 Indium-Labeled Leukocyte Scan 


Cholecystitis 

Acute acalculous cholecystitis 


table Nonvisualization of Liver: Indium-Labeled 
93-45 Leukocyte Scan 


Alcoholic liver disease 
Neutropenia 


93-46 Foca l Liver Uptake: PET Scan 


COMMON 

Metastases 

Abscess, pyogenic or amebic 
Hepatoma 

UNCOMMON 

Cirrhosis (pseudotumor) 
Budd-Chiari syndrome 
Acute cholecystitis 
Cholangiocarcinoma 
Sarcoidosis 


93 _ 47 Decreased Hepatic Uptake: PET Scan 


Chemotherapy 
Liver fail ure 
Bile peritonitis 


Arteriography 


93-50 Single or Multiple Vascular Hepatic Lesions 


COMMON 

Cavernous hemangioma 
Hepatocellular carcinoma 
Hemangioendothelioma 

Metastases (especially islet cell, carcinoid, renal, breast) 

Focal nodular hyperplasia 

Adenoma 

UNCOMMON 

Hamartoma 

Hemangiosarcoma 

Arteriovenous fistula, congenital, iatrogenic, or traumatic 
True or false aneurysm of hepatic artery 


93-51 Single or Multiple Avascular Hepatic Lesions 


COMMON 

Abscess 

Hydatid cyst 

Cholangiocarcinoma 

Metastasis 

Cyst 

UNCOMMON 

Lymphoma 

Hematoma 

Hamartoma 

Biloma 

Polycystic disease 
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Imaging Findings in Specific 
Hepatic Diseases 


93-52 Cirrhosis and Portal Hypertension 


MORPHOLOGIC CHANGES SEEN ON ULTRASOUND, CT, 

AND MRI STUDIES 

Large liver early 

Shrunken liver late, prominent fissures 
Enlarged caudate lobe and lateral segment of left lobe 
Caudate-to-right lobe ratio >0.65 on transverse images 
Surface nodularity and indentations (regenerative nodules) 

Altered gallbladder angle 
Colonic and omental interposition 

Signs of portal hypertension: varices, splenomegaly, ascites 

ULTRASOUND 

Increased echogenicity 
Increased sound attenuation 
Heterogeneous echo architecture 
Decreased definition of portal and hepatic veins 
Dilated hepatic arteries, portal vein, coronary veins, superior 
mesenteric vein 

Thick lesser omentum in children 
Increased incidence of gallstones 

Regenerative nodules: hypoechoic areas with echogenic borders 
(rare) 

Siderotic nodules in spleen: hyperechoic masses (rare) 

Doppler Findings in Portal Hypertension 

Dilated portal vein with decreased respiratory variation 

Hepatofugal flow in portal system 

Varices 

Recanalized umbilical vein 

Decreased variability of hepatic venous flow 

Increased flow in superior mesenteric, splenic, and portal veins 

Increased splenic and superior mesenteric artery flow 

Resistive index of hepatic arterial flow >0.78 

Computed Tomography 
Fatty infiltration in early cirrhosis 
Dense liver in hemochromatosis 
Inhomogeneous enhancement 

Portal and hepatic veins possibly compressed and difficult to 
visualize 

Intrahepatic arterial-portal fistulas 
Regenerative nodules 
Portal hypertension 
Varices 

Increased density mesenteric fat 

MR Imaging 

Regenerative nodules: low-intensity areas on T2-weighted images 
(hemosiderin) 

No appreciable change in hepatic signal in fibrosis 
Siderotic nodules in spleen 

ANGIOGRAPHY 

Stretched hepatic artery branches 

Corkscrewing: enlarged, tortuous hepatic arteries 

Mottled parenchymal phase 

Shunting between hepatic artery and portal vein 

Delayed emptying into venous phase 

Pruned hepatic vein branches 


93-53 Fatt Y Infiltration 


COMPUTED TOMOGRAPHY 

Liver less dense than spleen; spleen normally 6-12 HU less dense 
than liver 

Rapid appearance and disappearance of fat 

"Hyperdense" intrahepatic vascular structures 

Possible fat deposition in a focal, lobar, segmental, or bizarre 
geographic distribution 

Spared areas: caudate lobe, quadrate lobe, subcapsular, 
gallbladder fossa 

ULTRASOUND 

Increased hepatic echogenicity and increased number of 
echogenic foci in liver 

Increased attenuation of sound with poor penetration of the 
posterior liver 

Poor visualization of hepatic and portal veins and diaphragm 

Focal fat presentations: multiple confluent hypoechoic lesions; 
hypoechoic ("skip") nodules; irregular hyperechoic and 
hypoechoic skip areas may show rapid change in time; do not 
produce contour abnormalities; do not alter course or caliber of 
regional vessels 

MR IMAGING 

No significant change in Tl-weighted or T2-weighted images 

On opposed-phase images, spin-echo (Dixon's technique), fat 
suppression techniques, and short TI inversion recovery images, 
low signal intensity of fat 


93 _ 54 Viral Hepatitis 


ULTRASOUND 

Acute Hepatitis 

Hepatosplenomegaly 
Decreased hepatic echogenicity 

Increased brightness of portal vein walls ("starry sky" pattern) 

Mural thickening of gallbladder; hypotonic and dilated gallbladder 

Chronic Hepatitis 

Increased hepatic echogenicity 
Coarsened parenchymal texture 
Loss of definition of portal vein walls 

Adenopathy in hepatoduodenal ligament in chronic active hepatitis 

COMPUTED TOMOGRAPHY 

Hepatosplenomegaly 

Periportal lucency 

Mural thickening of gallbladder 

Adenopathy in hepatoduodenal ligament in chronic active hepatitis 

MR IMAGING 

Hepatosplenomegaly 

Periportal hyperintensity on T2-weighted images 
Increased TI and T2 relaxation times of parenchyma 

NUCLEAR SCINTIGRAPHY 

Hepatosplenomegaly 
Colloid shift 
Heterogeneous uptake 

Delayed parenchymal clearance and biood pool tracer retention on 
iminodiacetic acid scans 
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93-55 Budd-Chiari Syndrome 


MR IMAGING 

Constriction or loss of a signal void in the intrahepatic or 
suprahepatic inferiorvena cava 
Loss in caliber or absence of the hepatic vein signal void 
Comma-shaped, intrahepatic, hypointense collateral vessels 
Nodular liver, with or without hypointense regenerative nodules 
Intrahepatic portal vein thrombosis 
Enlarged caudate lobe, ascites, inhomogeneous hepatic 
parenchyma 

ULTRASOUND 

Stenosis, thrombosis, or nonvisualization of hepatic veins 
Thick, echogenic hepatic vein walls 
Narrowed inferiorvena cava 

Intrahepatic collateral vessels or extrahepatic anastomoses 
Ascites, enlarged caudate lobe 

COMPUTED TOMOGRAPHY 

Noncontrast Scans 

Diffuse hypodensity associated with global liver enlargement and 
ascites 

Caudate lobe may appear hyperdense 
Hyperdense thrombus in inferiorvena cava 

Contrast Scans 

Patchy contrast enhancement because of hepatic congestion 
Central liver (caudate, portions of left lobe) hyperdense; periphery 
hypodense 

Later ("flip-flop" pattern), center washes out, becomes hypodense 
relative to liver periphery, which slowly accumulates contrast 
medium 

Portal vein thrombus 

Nodular regenerative hyperplasia 

ANGIOGRAPHY 

Absence of main hepatic veins 

"Spider web" appearance of collateral intrahepatic veins or 
lymphatics 

Inhomogeneous, dense, prolonged, intense hepatogram with fine 
mottling 

Stretching and draping of intrahepatic arteries with hepatomegaly 
Large lakes of sinusoidal contrast medium accumulation 
Bidirectional or hepatofugal portal vein flow 
Thrombus in hepatic veins or inferior vena cava 
Impairment of caval flow because of diffuse hepatomegaly 
Membranous obstruction of the cava at the ostia of the hepatic 
veins 

Diminished or hepatofugal flow to involved segments during 
arterial portography 

NUCLEAR SCINTIGRAPHY 

Enlarged caudate lobe with increased uptake 
Diffusely decreased uptake in remainder of liver 
Hepatosplenomegaly 
Wedge-shaped focal peripheral defects 
Colloid shift to spleen and bone marrow 


93-56 Hemochromatosis 


COMPUTED TOMOGRAPHY 

Diffuse increase in density up to 80-140 HU 

Hepatic veins and portal veins stand out on noncontrast scans 

MR IMAGING 

Shortened TI and T2 relaxation times, T2 shortening effect 
predominating, with significant signal loss in liver 

ULTRASOUND 

Nonspecific findings that relate to secondary fibrosis and cirrhosis 

NUCLEAR SCINTIGRAPHY 

Discordant sulfur colloid and iminodiacetic acid scans early: 
iminodiacetic acid scan normal; sulfur colloid scan with diffuse 
parenchymal damage 


93-57 Hepatocellular Adenoma 


COMPUTED TOMOGRAPHY 

Round masses of decreased density, necrotic areas (30%-40%) 

Hyperdense areas of fresh intratumor hemorrhage (22%-55%) 

Variable patterns of enhancement; not enhanced to the same 
degree as normal liver 

ULTRASOUND 

When small, well-demarcated and solid echogenic structure 

Well-defined perilesional and intralesional biood vessels with 2- to 
4-kHz shifts 

When large, complex hyperechogenic and hypoechogenic 
heterogeneous mass with anechoic areas 

MR IMAGING 

Inhomogeneous on all pulse sequences 

Fat within mass, producing hyperintense areas on Tl-weighted 
images 

Sheets of hepatocytes isointense on T2-weighted images 

Areas of necrosis and hemorrhage hyperintense on T2-weighted 
images 

NUCLEAR SCINTIGRAPHY 

No gallium uptake 

Photopenic area on sulfur colloid and hepatobiliary scans 
surrounded by rim of increased uptake 

ANGIOGRAPHY 

Hypervascular mass that is homogeneous but does not stain 
intensely in capillary phase 

Hypovascular or avascular regions because of hemorrhage or 
necrosis 

Enlarged hepatic artery with feeders at tumor periphery (50%) 

Neovascularity 
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93-58 Cavernous Hemangioma 


ULTRASOUND 

Hyperechoic, homogeneous mass with discrete margins, usually 
<3 cm 

When larger, possible hypoechoic center, which may appear 
lacelike or granular 
Possible acoustic enhancement 
Stable size and appearance 

COMPUTED TOMOGRAPHY 

Well-circumscribed, spherical to ovoid, low-density mass on 
noncontrast scans 

Peripheral enhancement with vascular nodules, progressive 
centripetal flow, complete fill-in on delayed images 3-30 minutes 
after bolus (55%-89%) 

Complete (75%), partial (24%), or no (2%) fill-in isodensity in 
delayed phase 

MR IMAGING 

Well marginated 

Isointense or minimally hypointense signal on Tl-weighted images 
T2 relaxation time longer than 80 ms 
No fibrous pseudocapsule 

Peak enhancement >2 minutes after injection of gadolinium 
diethylenetriaminepentaacetic acid 
Marked hyperintensity at 5-minute delay on Tl-weighted image 
after contrast medium administration 
Variable central scar signal intensity on Tl-weighted and T2- 
weighted images because of clot or fibrous tissue 
Progressive signal hyperintensity with increased T2 weighting 
No daughter nodules 
Intratumoral septa uncommon 
No hepatic venous, portal, or caval tumor thrombi 

NUCLEAR SCINTIGRAPHY 

Cold region during scintigraphic angiography on technetium Tc 
99m-labeled erythrocyte scans 
Increased activity on delayed images at 1-2 hours 
Cold defect on sulfur colloid scans 

ANGIOGRAPHY 

Dense opacification of dilated, well-circumscribed, irregular, 
punctate vascular lakes and puddles in late arterial and 
parenchymal phase, beginning at the periphery 
Normal-sized feeders without arteriovenous shunting 
Contrast medium persistence late into venous phase 


93-59 Hepatocellular Carcinoma 


ULTRASOUND 

Large tumor hyperechoic (59%) 

Small tumor hypoechoic (26%); often see thin, peripheral 
hypoechoic halo corresponding to fibrous capsule 
Mixed echogenicity in diffuse form (15%) 

Portal vein invasion (25%-40%) 

Hepatic vein invasion (16%) 

Invasion of inferior vena cava 
Hepatomegaly and ascites 

Characteristic high-flow Doppler signals, with shifts >4.5 kHz 
Fine biood flow network (branching pattern) 

COMPUTED TOMOGRAPHY 

Hypodense mass 

Circular zone of radiolucency surrounding mass 
Enhancement during arterial phase (80%) 

If sufficient arteriovenous shunting, early visualization of hepatic 
veins and cava 

Isodense on delayed scans (10%) 

MR IMAGING 

Poorly marginated 

Isointense to minimally hyperintense (50%) on Tl-weighted images 
because of fat content 
T2 relaxation time <80 ms 

Pseudocapsule hypointense on Tl-weighted and T2-weighted 
images 

Moderate peak enhancement 

Faint enhancement at 5-minute delay after contrast agent 
administration 

Hypointense central scar on Tl-weighted and T2-weighted images 
Less pronounced hyperintensity with progressive T2 weighting 
Daughter nodules present 
Intratumoral septa common 

Intermediate signal intensity tumor thrombi in cava, portal vein, or 
hepatic vein on Tl-weighted images 

ANGIOGRAPHY 

Enlarged arterial feeders, coarse neovascularity, vascular lakes, 
arterioportal shunts, and dense tumor stain in differentiated 
hepatocellular carcinoma 

Vascular encasement, fine neovascularity, displacement, and 
corkscrewing of vessels in cirrhosis and anaplastic hepatomas 
With tumor invasion of portal vein, "thread and streaks" 
appearance, linear parallel vascular channels 

NUCLEAR SCINTIGRAPHY 

On sulfur colloid scan, single cold spot (70%), multiple defects 
(15%-20%), or heterogeneous distribution (10%) 

Cold nodule on iminodiacetic acid scan 
On gallium scan, avid accumulation in 70%-90% 
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TABLE 

93-60 


Focal Nodular Hyperplasia 


COMPUTED TOMOGRAPHY 

Homogeneous mass of slightly decreased attenuation on noncontrast 
scans 

Isodense or hypodense on bolus injection of contrast material 
Markedly hyperdense on arterial phase; may be isodense on portal 
venous phase because of rapid washout 
Central scar may be hyperdense or hypodense on arterial phase, 
hyperdense on delayed images because of delayed washout within 
myxomatous stroma 


MR IMAGING 

Isointense on Tl-weighted and T2-weighted images (80%) 

Isointense on Tl-weighted images and slightly hyperintense on 
T2-weighted images (20%) 

Margins poorly defined or invisible 

Central scar is hypointense on Tl-weighted images and hyperintense 
on T2-weighted images (95%) (compare fibrolamellar hepatoma, in 
which central scar is hypointense on Tl-weighted and T2-weighted 
images, and hepatoma, in which central scar is rare) 


ULTRASOUND 

Hypoechoic or hyperechoic homogeneous mass, often isoechoic, 
subtle, difficult to differentiate in echogenicity from 
adjacent liver 

Central scar appears as a hypoechoic linear or stel late area within the 
central portion of the mass 

Well-developed peripheral and central biood vessels creating a 
spoke-wheel appearance 

Predominant arterial signals centrally with a midrange 
(2-4 kHz) shift 


ANGIOGRAPHY 

Hypervascular mass (90%) with intense capillary blush 
Enlarged main feeding artery with central biood supply (spoke-wheel 
pattern, 33%) 

Decreased vascularity in central stel late fibrous scar 

NUCLEAR SCINTIGRAPHY 

Normal sulfur colloid scan (30%-55%), cold spot (40%), or hot spot 

( 10 %) 

Iminodiacetic acid scan: normal or increased uptake (40%-70%) or 
cold spot (60%) 
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Historical Perspective 

The pancreas was one of the last organs in the abdomen to 
receive the attention of anatomists, physiologists, physicians, 
and surgeons. Located in the “straggling mesenchyme” of the 
retroperitoneum, the pancreas has in the past been called the 
hermit or hidden organ of the abdomen. 1 The pancreas was first 
described in the Talmud and depicted as the “finger of the liver” 
between 200 bc and ad 200. Ruphos named this organ the 
pancreas (Greek: pan , meaning “all”; kreas , meaning “flesh”) 
shortly thereafter. 2 More than a millennium passed before ana- 
tomic descriptions were completed. 

Wirsung of Padua demonstrated the pancreatic duet in 1642, 
and Santorini of Venice described the accessory duet in 1724. 
The papilla of Vater was described by A. Vater in 1720. In 1887, 
Oddi described the complex musculature of the sphineter 
bearing his name. The histologic structure of the pancreas was 
described by Langerhans in 1869. The role of the pancreas in 
digestion was first suggested by Bernard in 1850, and the con- 
nection between diabetes and the pancreas was established in 
the 1890s. Surgery for pancreatic disease was not popular until 
the pioneering work of Whipple in the 1930s. 3 

The pancreas also remained a hidden organ for the 
radiologist for decades. Indirect signs of pancreatic disease on 
plain films and barium studies were usually present only in 
advanced disease. The 1970s brought endoscopic retrograde 
cholangiopancreatography (ERCP) and angiography to the 


fore. Computed tomography (CT), ultrasound, and magnetic 
resonance imaging (MRI) now routinely provide superb visu- 
alization of the giand noninvasively. 4 Endoscopic ultrasound is 
a useful adjunet to cross-sectional imaging in evaluating for 
pancreatic disease and allows pancreatic biopsy when it is 
indicated. 

Normal Anatomy 

The pancreas is an unpaired accessory digestive giand that has 
both exocrine and endocrine funetions. It is a siender, soft, 
lobulated organ that in the adult measures approximately 15 to 
25 cm in length, 3 to 5 cm in height, and 1.5 to 3.5 cm in thick- 
ness and weighs 70 to 110 g. It has a pale, yellow-tan surface 
that is finely nodular and firm to palpation. 

TOPOGRAPHY 

The pancreas lies within the anterior pararenal space (Fig. 
94-1). The pancreatic head has a constant relationship with the 
duodenum, with its right lateral border nestled in the duodenal 
sweep. 7 The head is the thickest portion of the giand; it gives 
rise to the uncinate process, which projects like a hook, dorsal 
to the superior mesenteric vein. The pancreatic neck lies imme- 
diately anterior to the confluence of the splenic and superior 
mesenteric veins. The neck narrows behind the pylorus, then 
widens as it becomes the body. The body arches anteriorly and 
laterally to cross the spine and may be thinner than the pancre¬ 
atic head and tail as it does. 8,9 The body bulges up in the pan¬ 
creatic tubercle almost to the level of the celiac axis. The tail is 
not well demarcated from the body as it extends to the splenic 
hilum. 10 

The shape, position, and axis of the pancreas are variable 
and are influenced by age, body habitus, previous surgery, and 
organomegaly. 9 The head usually lies at the level of L1-L2, and 
the body crosses the spine at LI; the tail is located more supe- 
riorly in the region of the splenic hilum. The longitudinal axis 
of the pancreas is about 20 degrees in relationship to the trans¬ 
verse plane 10 (Fig. 94-2). The axis of the pancreas is occasionally 
transverse, and even less commonly the tail may lie caudal to 
the head. If the left kidney is congenitally or surgically absent, 
the tail often lies in a posteromedial position, adjacent to the 
spine. The pancreas can be shaped like an L, S, or inverted V. 10 

The gastric body and antrum lie anterior to the body and 
tail of the pancreas, and the pylorus is located ventral to the 
pancreatic neck. The duodenum lies along the right lateral 
border of the pancreatic head; it also passes inferior to the head, 
body, and tail. The spleen lies along the lateral and superior 
aspect of the pancreatic tail. The right kidney and adrenal giand 
are located posterior to the pancreatic head, and the left kidney 

1771 




1772 SECTION XI Pancreas 


Right 


Inferior Aorta 


Diaphragm 


Parietal 
peritoneum 
Foramen of 
Winslow 


kidney vena cava 


Celiac 


Left 



Portal vein 

Common 
bile duet 


Transverse 

colon 


Spleen 

Splenic artery 

Splenorenal 
igament 
Pancreas 

^ Gastroepiploic 
ligament 
Lesser sac 

Transverse 
colon 

Stomach 

Greater 
omentum 


Lesser 
omentum 

Figure 94-1 Anatomic relationships of the pancreas. (From Meyers MA: Dynamic Radiology ofthe Abdomen. New York, Springer-Verlag, 1988, 
P 57.) 





Figure 94-2 Normal pancreatic orientation and appearances of the pancreatic head. A. Normal pancreatic dimensions. B. Normal 
pancreatic head configurations. (A from Zylak CJ, Pallie W: Correlative anatomy and computed tomography: A module on the pancreas and 
posterior abdominal wall. RadioGraphics 1:61-84, 1981. B from Mortele KR, Rochar TC, Stretter JL, et al: Multimodality imaging of pancreatic and 
biliary congenital anomalies. RadioGraphics 26:715-731, 2006.) 


and adrenal giand are dorsal and occasionally caudal to the tail. 
Depending on its size, the left lobe of the liver may lie anterior 
to the pancreatic body. The gallbladder is positioned ventral to 
the pancreatic head. The transverse colon lies anterior and gen¬ 
erally inferior to the pancreas. The small bowel usually lies 
inferior to the level of the pancreas but occasionally can lie 
ventral to the tail. 11 ’ 12 

Nearly all of the pancreas is retroperitoneal; a nonperitoneal- 
ized bare area results from the reflection of the posterior pari¬ 
etal peritoneum to form the two leaves of the transverse 
mesocolon and the posterior inferior margin of the lesser sac 
(Fig. 94-3). The transverse mesocolon originates where the 
hepatic flexure of the colon crosses ventral to the second portion 
of the duodenum. The bare area begins as a broad strip across 
the infra-ampullary portion of the descending duodenum and 
continues across the head, body, and tail of the pancreas. The 
pancreatic tail, after extending across the left kidney, is actually 
an intraperitoneal structure incorporated within the leaves of 


the splenorenal ligament. The root of the small bowel mesen- 
tery originates inferior to the pancreatic body and is contiguous 
with the transverse mesocolon. " Therefore, pancreatic pro¬ 
cesses may affeet the stomach and duodenum by direct spread 
and the small bowel loops and colon through the small bowel 
mesentery and transverse mesocolon (see Fig. 94-3). 

COMMON BILE DUCT 

The common bile duet enters the head of the pancreas after it 
passes posterior to the first part of the duodenum in the hepa- 
toduodenal ligament. It passes inferiorly and dorsally, embed- 
ded in the posterior surface of the pancreatic head, to join the 
pancreatic duet of Wirsung. This segment runs a short intra- 
mural course before it enters the posteromedial aspect of the 
duodenum through the major papilla of Vater (Fig. 94-4). The 
common bile duet is 7 cm long and has an average diameter of 
7.4 mm. 8 ’ 14 ’ 15 
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Figure 94-3 The mesenteric, omental, retroperitoneal, and 
subperitoneal relationships of the pancreas: sagittal perspective. 

Pancreatic disease may spread into the lesser sac (1), transverse 
mesocolon (2), root of the small bowel mesentery (3), duodenum (4), 
and anterior pararenal space (5). 
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Figure 94-4 Extrahepatic biliary and pancreatic duet system. (From 
Tersingni R, Toledo-Pereyra LH: Surgical anatomy of the pancreas. In 
Toledo-Pereyra LH [ed]: The Pancreas: Principles of Medical and 
Surgical Practice. New York, Churchill Livingstone, 1985, pp 31-50.) 


at the minor papilla or into the main pancreatic duet (see 
Fig. 94-4). The minor papilla is often not patent, and the 
accessory duet may be partially or completely obliterated or 
have an anomalous connection with the duet of Wirsung. 16,17 
These anatomic variants in ductal anatomy are discussed more 
fully in Chapter 96. 

ARTERIAL SUPPLY 

Although the pancreatic parenchyma is well visualized on cross- 
sectional imaging, it is important to recognize and to define the 
major pancreatic vascular landmarks 18 (Fig. 94-5). The arterial 
biood supply of the pancreas arises from the celiac trunk and 
the superior mesenteric artery. After originating from the celiac 
artery, the common hepatic artery courses to the right in prox- 
imity to the neck and subsequently the head of the pancreas. At 
this point, it divides into the proper hepatic artery, which enters 
the free edge of the hepatoduodenal ligament, and the gastro- 
duodenal artery, which courses caudally to lie ventral and lateral 
to the pancreatic head. The gastroduodenal artery gives rise to 
the anterior and posterior superior pancreaticoduodenal arter¬ 
ies, which supply the head of the pancreas. These vessels help 
form the pancreatic arcade when they join the anterior and 
posterior inferior mesenteric arteries that arise separately or as 
a common trunk from the proximal portion of the superior 
mesenteric artery/" 11,14,19 

The splenic artery arises from the celiac artery and loops 
like a snake above and below the superior margin of the 
pancreas. It becomes more tortuous with age and occasionally 
becomes embedded within the pancreatic parenchyma. The 
pancreatic body and tail are supplied by the dorsal pancreatic 
artery, which arises from the splenic artery or as a fourth 
branch of the celiac trunk, as well as by the splenic, hepatic, 
or superior mesenteric arteries. The pancreatica magna is the 
largest of the series of superior pancreatic branches of the 
splenic artery. 19,20 

The superior mesenteric artery arises from the anterior 
surface of the aorta, 1 to 2 cm below the celiac trunk. It courses 
caudal and dorsal to the neck of the pancreas, passing anterior 
to the uncinate process, where it serves as a major landmark for 
cross-sectional imaging. Displacement of the artery to the right 
of the aorta is a normal variant. 21 

The most frequent arterial anomaly of the upper abdomen 
is partial or complete replacement of either the right hepatic or 
the proper hepatic artery to the superior mesenteric artery. In 
these patients, the replaced hepatic artery passes cephalad and 
ventral to the pancreas, then anterior or posterior to the portal 
vein to reach the liver. 22 


PANCREATIC DUCT 

The pancreatic duet arises from the pancreatic tail and receives 
20 to 35 short tributaries entering at right angles to its long 
axis as it courses toward the head. The duet lies midway 
between the superior and inferior margins of the pancreas 
and slightly more dorsally than ventrally. At the level of the 
major papilla, the main pancreatic duet (duet of Wirsung) 
courses horizontally to join the caudal surface of the common 
bile duet, forming the ampulla of Vater. The accessory pan¬ 
creatic duet of Santorini drains the anterior and superior 
portion of the head of the pancreas either into the duodenum 


VENOUS DRAINAGE 

The venous drainage of the pancreas is constant; the portal 
system serves as an essential landmark for localizing the pan¬ 
creas on cross-sectional imaging. 11,19 In general, the veins of the 
pancreas parallel the arteries and lie inferior to them (Fig. 94-6). 
Four pancreaticoduodenal veins form venous arcades that drain 
the pancreatic head and the duodenum. The inferior pancreati¬ 
coduodenal veins drain into the first jejunal branch of the supe¬ 
rior mesenteric vein. The inferior pancreaticoduodenal veins 
are smaller than their superior counterparts; they are not com- 
monly visualized on cross-sectional imaging. The posterior 
superior pancreaticoduodenal vein extends cephalad to join the 
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Figure 94-5 Schematic views of the 
arterial biood supply of the pancreas. 

(A and B from Tersingni R, Toledo- 
Pereyra LH: Surgical anatomy of the 
pancreas. In Toledo-Pereyra LH [ed]: 

The Pancreas: Principles of Medical and 
Surgical Practice. New York, Churchill 
Livingstone, 1985, pp 31-50.) 
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caudal aspect of the portal vein direetly. 2122 The anterior supe¬ 
rior pancreaticoduodenal vein runs horizontally to drain into 
either the gastrocolic trunk or the right gastroepiploic vein, 
both of which extend to the superior mesenteric vein/ Three 
to 13 small veins from the body and tail empty direetly into the 
splenic vein, which follows a smooth arching course from 
the spleen to its junetion with the superior mesenteric vein. The 
splenic vein parallels the splenic artery and lies in a groove along 
the dorsal and superior margin of the pancreas. It is a superb 
landmark for the posterior aspect of the pancreas, and long 
segments of this vessel can be seen on CT and ultrasound 
studies on a single image. 24 Rarely, the distal tip of the pancre¬ 
atic tail can lie posterior to the vein, adj acent to the adrenal 
giand. In these cases, it may be difficult to differentiate a mass 
arising in the pancreatic tail from those originating in the left 
adrenal giand. 25 

The splenic vein joins the superior mesenteric vein posterior 
to the neck of the pancreas and is seen as a round or oval 


dilation to the right of the midline, posterior to the neck of the 
pancreas. The superior mesenteric vein courses anterior to the 
uncinate process just to the right of the superior mesenteric 
artery 11,22 (see Fig. 94-6). 

The portal vein is formed behind the pancreatic neck by the 
union of the splenic and superior mesenteric veins and contin- 
ues superiorly and laterally toward the porta hepatis as the main 
extrahepatic portal vein, dorsal to the common bile duet and 
hepatic artery. In one third of the population, the inferior mes¬ 
enteric vein enters at the confluence; in another third, it joins 
the splenic vein close to the junetion; and in the remainder, it 
joins the superior mesenteric vein. 8 

LYM PH ATICS 

The lymph nodes of the pancreas are distributed along the 
major vascular pathways (Fig. 94-7). The lymphatic channels 
of the pancreas form a richly branched plexus that empties 
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Figure 94-6 Schematic views of the 
venous drainage of the pancreas. 

(A and B from Tersingni R, Toledo- 
Pereyra LH: Surgical anatomy of the 
pancreas. In Toledo-Pereyra LH [ed]: 
The Pancreas: Principles of Medical and 
Surgical Practice. New York, Churchill 
Livingstone, 1985, pp 31-50.) 



mesocolic 

Figure 94-7 Major regional nodal groups of the pancreas. 

(From Tersingni R, Toledo-Pereyra LH: Surgical anatomy of the 
pancreas. In Toledo-Pereyra LH [ed]: The Pancreas: Principles of 
Medical and Surgical Practice. New York, Churchill Livingstone, 1985, 
pp 31-50.) 


in multiple directions. The extensive network of lymphatic 
vessels and lymph nodes draining the pancreas provides egress 
to tumor cells arising from the pancreas and contributes to 
the faet that pancreatic cancer often presents with positive 
lymph nodes and a high incidence of local recurrence after 
resection. The anatomy of the lymphatics suggests that partial 
removal of the pancreas for cancer may not be sufficient 
because of the direct connections between different lymphatic 
chains. 5 ’ 8 ’ 15 ’ 19 ’ 20 

The suprapancreatic and infrapancreatic lymphatic chains 
receive branches from the neck, body, and portions of the pan¬ 
creatic tail. Branches from the posterior surface of the head and 
neck drain in to the pancreaticoduodenal and juxta-aortic 
nodes. The posterior surface of the pancreatic body drains into 
the suprapancreatic and infrapancreatic nodes. The pancreatic 
tail drains into the nodes of the splenic hilum and gastropan- 
creatic fold. Some drainage from the pancreatic head and proxi- 
mal body enters the nodes in the porta hepatis and may extend 
inferiorly toward the superior mesenteric, mesocolic, and para- 
aortic nodal chains. The suprapancreatic nodes are closely 
related to the splenic artery and vein; the infrapancreatic chain 
is adjacent to the leaves of the transverse mesocolon. 
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NERVE SUPPLY 

It is important to appreciate the nerve supply of the pancreas 
(Fig. 94-8) in planning celiac nerve blocks for control of pain 
resulting from pancreatic carcinoma or chronic pancreatitis. 26 
The pancreas receives sympathetic innervation by way of the 
splanchnic nerves and parasympathetic innervation from the 
vagus nerve. The sympathetic nerves carry the pain (visceral 
afferent) fibers. They pierce the diaphragmatic crura to enter 
the celiac plexus and celiac ganglion that surround the celiac 
artery. The superior mesenteric ganglia and plexus surround 
the superior mesenteric artery. Chemical extirpation of the 
celiac ganglion interrupts afferent pain fibers from both the 
sympathetic and the parasympathetic systems and can be 
accomplished by injection of the Chemical agent between the 
celiac artery and the superior mesenteric artery either antecru- 
rally or retrocrurally. 26 ' 28 

Radiologic Techniques 

PLAIN RADIOGRAPHS 

In patients with suspected pancreatic disease, plain radiographs 
are obtained chiefly to exclude other conditions, such as 
obstruction or a perforated duodenal ulcer that may simulate 
pancreatitis. 29 32 Oblique views are often helpful in patients with 
chronic pancreatitis to detect calcifications that may be obscured 
by the spine on the anteroposterior view. 30,32,33 

CONTRAST STUDIES 

Before the advent of cross-sectional imaging, angiography, 
ERCP, and barium studies were the major means of evaluating 
the pancreas. Although barium studies are less important now 
in evaluation of the pancreas, the following areas should still be 
carefully evaluated in patients with suspected pancreatic disease. 
The posterior gastric wall, the distal duodenum, and the duo- 
denojejunal junction can be abnormal with lesions of the 


Greater and lesser 
splanchnic nerves 



Figure 94-8 Nerve supply of the pancreas. (From Tersingni R, 
Toledo-Pereyra LH: Surgical anatomy of the pancreas. In Toledo- 
Pereyra LH: The Pancreas: Principles of Medical and Surgical Practice. 
Churchill Livingstone, New York, 1985, pp 31-50.) 


pancreatic tail and body; the greater curvature of the gastric 
antrum and medial aspect of the descending duodenum can 
provide clues for lesions arising in the pancreatic head and neck. 
Barium enema examination may reveal abnormalities of the 
colon caused by disease spread through the transverse mesoco- 
lon or at the splenic flexure caused by disease carried by the 
phrenicocolic ligament. 13,30,31 

ULTRASOUND 

Sonography is a means of noninvasively evaluating the pan¬ 
creas, particularly in thin patients. It is fast, safe, and inexpen- 
sive; it can be done portably; and it requires little preparation 
or cooperation of the patient and no administration of contrast 
medium. 34 However, ultrasound can be limited by patient body 
habitus and is dependent on the level of experience of the 
operator. Ultrasound examination of the pancreas is best per- 
formed on the fasting patient to reduce the amount of gas and 
food in overlying bowel. Real-time equipment with the highest 
frequency transducer (5-8 MHz) possible should be used. 

Examination Techniques 

Scans of the pancreas should first be performed with the patient 
supine and the transducer turned into a modified transverse 
plane angled cephalad toward the spleen (Fig. 94-9). The long 
axis of the pancreas is seen anterior to the splenic vein and con- 
fluence of the superior mesenteric and splenic veins. The pan¬ 
creatic head and neck sweep around the superior mesenteric 
vein, forming the retrovenous, hooklike uncinate process. The 
common bile duet is often imaged axially within the pancreatic 
head, and the gastroduodenal artery may be seen along the 
anterolateral aspect of the pancreatic head. The gas-fllled or 
fLuid-filled duodenum, stomach, colon, aorta, inferior vena 
cava, superior mesenteric artery, and leff renal vein are interro- 
gated in this projection as well. The lesser sac, which lies between 
the posterior gastric wall and pancreas, is best seen in this plane 
and should be scanned for fluid, masses, or calcifications. 35 ' 38 

Parasagittal scans of the pancreas should begin where the 
portal vein merges with the longitudinally oriented superior 
mesenteric vein. The neck of the pancreas in transverse section 
is seen anterior to this confluence. The uncinate process lies 
posterior to the superior mesenteric vein. The pancreatic head 
can be seen to the right of the superior mesenteric vein, with 
the common bile duet located posteriorly and the gastroduode¬ 
nal artery sometimes visualized anteriorly. To the left of the 
superior mesenteric vein, the pancreatic body and proximal 
portion of the tail are found anterior to the splenic vein and 
slightly inferior to the splenic artery. 39 ' 43 

With meticulous technique and attention to detail, diagnos- 
tic scans of the pancreas can be obtained in 90% of cases. 
Several maneuvers can improve sonographic visualization of 
the pancreas. 44 ' 49 Deep inspiration causes the liver to move infe- 
riorly over the pancreas, caudally displacing gas-filled bowel. 
Having the patient drink four 6-oz cups of degassed water can 
provide a sonographic window for improved visualization of 
the body and tail. 

Normal Findings on Ultrasound 

Three morphologic shapes of the pancreas have been described: 
tadpole shaped (44%), dumbbell shaped (33%), and sausage 
shaped (23%). Absolute measurements of pancreatic size 
are controversial, but the maximal normal anteroposterior 
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Figure 94-9 Normal pancreatic 
anatomy on ultrasound. 

A. Transverse sonogram 
demonstrating the majority of 
the pancreas. The echogenicity 
of the pancreas (P) is greater than 
that of the liver (L). A, Aorta; 

/, inferior vena cava; arrow, 
superior mesenteric artery; 
asterisk, confluence of superior 
mesenteric vein and splenic vein. 

B. Transverse sonogram of a very 
echogenic pancreas due to fatty 
infiltration. 





Figure 94-10 Uneven fatty replacement of the 
pancreas. Drawings illustrate the four different patterns 
of fatty replacement of the pancreas ( green areas). The 
percentage of cases of uneven pancreatic lipomatosis 
represented by each type is also indicated. (From 
Mortele KR, Rochar TC, Stretter JL, et al: Multimodality 
imaging of pancreatic and biliary congenital anomalies. 
RadioGraphics 26:715-731, 2006.) 


diameters of the pancreatic head and body are 2.6 cm and 
2.2 cm. The tail is much more variable in shape and size 
and is not measured for diagnostic purposes. In a dumbbell- 
shaped pancreas, the tail may be 3.5 cm; when the pancreas 
is sausage shaped, the pancreatic head can be normal up to 
3.5 cm. 51 The pancreatic body is usually the narrowest part 
of the pancreas. In general, the pancreas is proportionately 
larger in young people; it decreases in relative size with age. 52,53 
The horders of the pancreas are usually smooth in youth and 
become somewhat irregular with age. Analysis of the shape 
of the uncinate process is particularly important because any 
rounding or enlargement implies disease. 50 54 

The echogenicity of the pancreas is high throughout its sub- 
stance. The pancreatic tissue texture or echo size is usually 
coarser, more inhomogeneous, and more echogenic than that 
of the liver (see Fig. 94-9). It is important to compare the echo 
patterns and amplitudes of the liver and pancreas at the same 
depth because dot size and echo amplitude are closely related 
to the transducer beam profile. 55,56 The tissue texture of the 
pancreas is related to the extent of fatty infiltration. 5 8 As the 
pancreas ages, it undergoes progressive fatty infiltration, and 
consequently it becomes more echogenic. Pancreatic paren- 
chyma should be less echogenic than surrounding retroperito- 
neal fat. When the pancreas is completely replaced by fat in 
older individuals, it may be difficult to differentiate from the 
retroperitoneal fat. 59 

Certain caveats apply in scanning the pancreas. Gas within 
the stomach and duodenum can cause subtle shadowing, 
artifactually decreasing the echogenicity of the adj acent pan¬ 
creas. 50,52 Different amounts of fat may be deposited in the 


ventral (head and uncinate process) and dorsal (body and tail) 
pancreas, making the head appear hypoechoic. In some cases, 
demarcation of the different echogenicities can be seen to cor- 
respond to the expected fusion line of the dorsal and ventral 
embryologic moieties 53 (Fig. 94-10). 

On occasion, prepancreatic fat between the stomach and 
pancreas can be prominent in some patients. It is usually some¬ 
what less echogenic than pancreas and must be differentiated 
from fluid in the lesser sac, lymphadenopathy, and mural thick- 
ening of the stomach. 60,61 The main pancreatic duet (duet of 
Wirsung) is identified sonographically in approximately two 
thirds of patients as an anechoic space surrounded by two paral¬ 
lel hypoechoic lines resembling trolley tracks. 62 The maximal 
inner diameter is less than 2 mm; when it is larger, an obstruct- 
ing mass, stricture, or stone must be suspected. The diameter 
of the pancreatic duet normally inereases with age. 63 ' 67 

A number of normal structures may simulate the pancreatic 
duet, so it is important to image the duet within the substance 
of the giand. The posterior wall of the stomach can mimic 
a dilated pancreatic duet, with normal pancreas dorsal and 
echogenic gastric lumen ventral, sandwiching the relatively 
hypoechoic gastric wall. The ingestion of water resolves this 
problem. A tortuous splenic artery can also simulate a dilated 
pancreatic duet or cystic pancreatic mass when it lies close to 
the pancreatic parenchyma. Doppler examination can easily 
resolve the confusion. 68,69 

In patients with suspected choledocholithiasis or biliary 
obstruction, every effort should be made to visualize the distal 
common bile duet. It often is not visualized because it lies pos¬ 
terior to the second portion of the duodenum, which may be 
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gas filled. This is especially true if the duet is scanned in the 
supine or left posterior oblique position. A superior method for 
visualizing the distal common bile duet sonographically is to 
scan the patient in an erect right posterior oblique position and 
to rely primarily on transverse rather than parasagittal images. 
The erect right posterior oblique position minimizes gas within 
the antrum and duodenum; the transverse scanning plane opti- 
mizes Identification of the course of the intrapancreatic distal 
duet. 70,71 The posterior superior pancreaticoduodenal vein can 
mimic the distal common bile duet; color Doppler examination 
can easily differentiate the two structures. 72 ' 77 

Intraoperative Ultrasound 

Intraoperative sonography is a time-consuming but accurate 
means of localizing small islet cell tumors of the pancreas. It 
can also be used to guide open biopsy and aspiration. With 
the inereased use of laparoscopic techniques, probes for use 
during this procedure have also been introduced. 83 

Endoscopic Ultrasound 

Ultrasound transducers have been modified so that they can 
be incorporated into the tip of flexible endoscopes. These trans¬ 
ducers have the advantage of higher frequency and spatial reso¬ 
lution, which may be of use in diagnosing small pancreatic 
tumors, in demonstrating subtle panereatitis, and in evaluating 
islet cell tumors preoperatively. 84 ' 86 The proximity of the 
stomach and duodenum to the pancreas allows high-resolution 
imaging of the pancreas and eliminates the limits of overlying 


bowel gas seen in transabdominal ultrasound. When indicated, 
pancreatic biopsies can also be performed by endoscopic 
ultrasound. 

COMPUTED TOMOGRAPHY 

CT is the best single technique for the noninvasive imaging 
of the pancreas. It is unaffeeted by bowel gas or large body 
habitus, is widely available, and is relatively easily performed. 
CT has greatly diminished the need for diagnostic ERCP and 
angiography. 89 Multidetector CT techniques have improved 
CT examination of the pancreas, allowing thinner contiguous 
images, overlapping images without inereased radiation expo- 
sure, and freedom from respiratory misregistration. The rapid- 
ity of scanning allows several acquisitions to be made through 
the pancreas during different phases of a single bolus of con- 
trast material. 90 ' 108 

Size , Shape , and Density on 
Computed Tomography 

The morphologic appearance of the pancreas on CT depends 
on the amount of fat within the intralobular septa that separates 
the acinar lobules of the giand. In younger patients, the contour 
of the giand is smooth; the parenchyma is homogeneous, with 
an attenuation similar to that of spleen and muscle but less than 
that of liver on noncontrast scans (Fig. 94-11). With age and 
progressive fatty deposition, the pancreas becomes lobulated, 
irregular, and inhomogeneous. 90,109 



Figure 94-11 Normal pancreas on CT. Because of the oblique line of the pancreas, the entire organ is seldom seen on a single image. 

A. Image through the body (B) and tail (T) of the pancreas. The splenic vein (arrow), which lies immediately dorsal to the body of the pancreas, 
is an excellent landmark. A, Aorta; D, duodenum; S, stomach; V, inferior vena cava. B. Image from the same patient obtained 1 cm caudal to 
A demonstrates the uncinate process of the pancreas. The superior mesenteric vein (arrow) is difficult to visualize on this image that was obtained 
early in the administration of the contrast material bolus. However, the arterial anatomy is well demonstrated. Curved arrow, Dorsal pancreatic 
artery. C. Coronal curved multiplanar reconstruction image of the pancreas demonstrates a small, side branch, intraductal papillary mueinous 
neoplasm (curved arrow). This technique is useful in imaging of the pancreatic duet in one image (straight arrows); asterisk, common bile duet. 
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Although the size of the pancreatic head, neck, body, and tail 
generally correspond to normal measurements found sono- 
graphically, absolute numbers should not be used alone in diag- 
nosing pancreatic enlargement. It is important to observe 
symmetry within the giand, with the head (maximal normal 
diameter of 3 cm) being slightly larger in anterior-posterior 
dimension than the body (2.2 cm) and tail (2.8 cm). The pan¬ 
creatic tail can be bulbous in some normal patients and measure 
larger than the head. The thickness of the head of the pancreas 
should be less than the transverse diameter of the adjacent 
vertebral body; the body and tail should be less than two thirds 
of the size. The pancreatic body may be thinner where it crosses 
the spine. The lateral contour of the pancreatic head may have 
discrete lobulations lateral to the gastroduodenal or anterior 
superior pancreaticoduodenal artery in approximately one 
third of normal examinations. 110 The uncinate process has a 
triangular appearance on cross section as it projects behind the 
mesenteric vessels. 111 ' 113 The pancreas moves an average of 
3.2 cm craniocaudally between phases of respiration on CT 

114 

scans. 

In patients with a surgically or congenitally absent left 
kidney, the pancreatic tail lies dorsomedial, adj acent to the 
spine, and occupies the empty renal fossa along with bowel 
and spleen. The entire pancreas may rarely lie to the left of 
the aorta. 

The pancreatic vascular anatomy is well demonstrated by 
multidetector CT. The thinner slices and overlapping recon- 
structions allowed by helical technique visualize many of the 
small named vessels. The splenic vein makes an excellent land¬ 
mark for the body and tail of the pancreas. The anterior and 
posterior superior pancreaticoduodenal veins are seen on 98% 
and 88% of scans, and the gastrocolic trunk may be visualized 
on 89% of scans. 115 Frequently visualized are the gastroduode¬ 
nal, anterior and posterior superior pancreaticoduodenal, and 
right gastroepiploic arteries. Occasionally visualized are the 
dorsal pancreatic, pancreatica magna, and anterior and poste¬ 
rior inferior pancreaticoduodenal arteries. 116 

Pancreatic Duet on Computed Tomography 

The normal pancreatic duet appears as a thin, tubular region of 
low attenuation coursing in the center of the pancreas on CT 
scans. The duet can be seen at least partially in 70% of normal 


patients; usually, short segments are visualized on a limited 
number of scans. The duet is most frequently seen in the region 
of the pancreatic body as it arches over the spine and mesenteric 
vessels or in the region of the head. 11 

The normal pancreatic duet should be no wider than 2 to 
3 mm, but it can occasionally be larger in older individuals. The 
normal fat plane between the splenic vein and pancreatic paren- 
chyma should not be mistaken for the pancreatic duet. 118 

Common Bile Duet on Computed Tomography 

The internal diameter of the distal common bile duet is less 
than 6 to 7 mm. In older patients or those with a history of 
previous biliary tract disease or surgery, the duet may be as large 
as 10 mm in the absence of obstruction. Thus, the diagnostic 
significance of duets 7 to 10 mm in size is often difficult to 
assess. 119 On contrast scans, the vasa vasorum of the duet may 
enhance. 

MAGNETIC RESONANCE IMAGING 

The pancreas had been one of the most difficult organs to image 
reliably on MRI until the development of techniques such as 
breath-hold imaging, chemically selective fat saturation, and 
dynamic gadolinium enhancement. Now the routine use of 
fast sequences including three-dimensional gradient-echo 
Tl-weighted and MR cholangiopancreatography (MRCP) 
sequences has resulted in excellent diagnostic quality when MRI 
is used as a problem-solving tool in patients with elevated liver 
funetion test results, acute panereatitis, and pancreatic cancer. It 
is used as the primary imaging modality for suspected panere - 
aticobiliary pain, staging of chronic panereatitis, and diagnosis 
and follow-up of cystic pancreatic tumors The inability to dem- 
onstrate small calcifications remains a relative drawback. 121 

Normal Pancreas on Magnetic Resonance Imaging 

On MRI studies (Figs. 94-12 and 94-13), the pancreas can 
appear smooth or lobulated and may blend in with the sur- 
rounding retroperitoneal fat if there is fatty infiltration. 1 
The pancreas may be isointense to slightly hyperintense com- 
pared with the liver on Tl-weighted spin-echo sequences, 
isointense or slightly hyperintense on Tl-weighted spoiled 
gradient-echo sequences, and slightly brighter on T2-weighted 



Figure 94-12 Normal pancreatic anatomy on MRI Tl-weighted images. A. Tl-weighted out-of-phase gradient-echo image (239/2.4/70) 
shows the normal appearance of the pancreatic body [arrow) and tail (curved arrow). B. Tl-weighted in-phase gradient-echo image (239/4.76/70) 
similarly shows the pancreas (arrow) without the Chemical shift artifact. B, bowel; K, kidney; L, liver; S, spleen. 
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Figure 94-13 Normal MR images of the pancreas before and after gadolinium administration. A. Tl-weighted fat-saturated breath-hold 
spoiled gradient-echo image (3.99/1.93/10) before the administration of contrast material demonstrates the normal high signal of the pancreas 
relative to the rest of the parenchymal organs ( arrow ) due to proteinaceous material within the glandular elements of the pancreas. This 
sequence is often the single best noncontrast sequence with which to evaluate the pancreas. B. Tl-weighted postcontrast imaging with the same 
parameters shows an early phase of enhancement of the pancreas. Postcontrast images are routinely obtained at 60, 90, and 120 seconds after 
the administration of gadolinium. 



Figure 94-14 Normal MRCP. A. Coronal thin-section 3-mm T2-weighted half-Fourier acquisition single-shot turbo spin-echo (HASTE) image 
(1200/92/154) shows the common duet (arrow) and the pancreatic duet ( arrowhead ). Nondilated duodenum is also seen ( curved arrow). B. Axial 
thin-section 3-mm T2-weighted HASTE image (1300/900120) shows the normal appearance of the pancreatic body and tail (arrow). A nondilated 
pancreatic duet is partially visualized (arrowhead). C. Coronal thick-slab rapid acquisition and relaxation enhancement (RARE) image (3000/735/180) 
shows the common bile duet (arrow) and pancreatic duet (arrowhead). There is the suggestion of pancreatic divisum on this image. Filling defeets in 
the galIbladder are compatible with gallstones. Gallbladder wall thickening is also present. D. Maximum intensity projection T2-weighted navigator 
sequence (3517/696/120) is able to locate the position of the diaphragm and thus correct for diaphragmatic motion to minimize respiratory motion 
and artifact. This maximum intensity projection image nicely displays the common bile duet (arrow) and pancreatic duet (arrowhead). Gallstones are 
again noted in the gallbladder lumen, and the presence of pancreatic divisum is confirmed on this image. 


images. It is relatively high in signal on Tl-weighted fat- 
saturated sequences and enhances rapidly with gadolinium 
administration. The normal pancreatic duet is occasionally 
visualized, particularly when torso coils are used. On axial 
T2-weighted images, the common bile duet can be seen as a 
bright dot in the pancreatic head, and the gastroduodenal artery 
appears as a rounded, black structure as a result of flow void 
phenomena. 90,130 


MAGNETIC RESONANCE 
CHOLANGIOPANCREATOGRAPHY 

An important technique to examine the pancreatic and biliary 
tree is MRCP. " 2 The normal and abnormal pancreatic duet 
can be visualized without the invasiveness of ERCP 133 (Fig. 
94-14). Several variations of the technique have emerged. 134 ' 136 
All have in common a heavily T2-weighted pulse sequence in 
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Figure 94-15 Normal diffusion- 
weighted MR image of the 
pancreas. A. Axial diffusion 
weighting (b = 500 s/mm 2 ) shows 
normal homogeneous bright 
signal of the pancreas ( arrow). 

B. Axial apparent diffusion 
coefficient map shows the normal 
appearance of the pancreas 
(arrow). The pancreas is 
homogeneous, and there are no 
areas of restricted diffusion. 


which the fluid-filled duets stand out from the surrounding low 
signal intensity tissues. 13 Many of these are breath-hold 
sequences that can easily be added to routine pancreatic imaging 
with little inerease in overall examination time. Postprocessing 
with a maximum intensity profile technique allows visualiza- 
tion from multiple perspectives, giving an appearance similar 
to that of ERCP. Secretin administered before the dynamic 
acquisition of images has been used to improve visualization of 
the pancreatic duet, to diagnose papillary stenosis or dysfunc- 
tion, and to evaluate reduced pancreatic exocrine reserve. 138 
MRCP may be particularly valuable in postoperative patients in 
whom ERCP is technically impossible. This technique is dis- 
cussed more fully in Chapter 75. 

Diffusion-Weighted Magnetic Resonance Imaging 
of the Pancreas 

Diffusion-weighted MRI of the pancreas is an emerging tech¬ 
nique that is complementary to conventional MRI (Fig. 94-15). 
Diffusion-weighted MRI uses the differences in the motion of 
water molecules in extracellular and intracellular fluid and vas- 
cular fluids to produce image contrast. Restricted diffusion is 
observed in tissues with high cellularity, such as tumors, 
abscesses, and fibrosis. Unimpeded diffusion is found in tissues 
with low cellularity or disrupted cell membranes, such as cysts 
and necrotic tissues. Tissues with restricted diffusion will dem- 
onstrate hyperintensity on higher b values and hypointensity 
on the corresponding calculated apparent diffusion coefficient 
map. Diffusion-weighted MRI has been shown to be highly 
sensitive and specific for the detection of pancreatic adenocar- 
cinoma and may be useful in detecting small or non-contour- 
deforming adenocarcinomas. Diffusion-weighted MRI is also 
useful to improve detection of liver and peritoneal metastatic 
lesions, which may provide more accurate staging in pancreatic 
cancer. The inability to differentiate mass-forming panereatitis 
from poorly differentiated adenocarcinomas and to distinguish 
non-neoplastic cysts from cystic neoplasms remains a challenge. 
Diffusion-weighted MRI of the abdomen is further discussed 
in Chapter 69. 

ENDOSCOPIC RETROGRADE 
CHOLANGIOPANCREATOGRAPHY 

ERCP affords opacification of both the pancreatic and the 
bile duets. In addition, the endoscopist can inspect and perform 
a biopsy of suspicious periampullary lesions, perform a sphinc- 
terotomy with or without stone extraction, and place internal 
biliary stents. 139-142 A more complete discussion of ERCP can 


be found in Chapter 74. The indications for ERCP include 
the following: to determine the cause of idiopathic panereatitis 
(i.e., pancreas divisum); to provide a road map for the surgeon 
in patients with dilated duets and chronic panereatitis before 
the Puestow procedure; to identify communication of the 
pancreatic duet with pseudocysts and fistulas; to detect small 
intraductal pancreatic neoplasms that distort ductal anatomy 
but do not yet cause a mass effeet that can be detected by 
CT and ultrasound; and to identify the cause of extrahepatic 
biliary obstruction (e.g., stone, tumor, benign stricture, or 
inflammation). 143145 

The upper limits of normal pancreatic duet diameter on 
ERCP are 6.5, 5.0, and 3.0 mm for the head, body, and tail, 
respectively. The normal duet gently tapers from the major 
papilla to its origin in the pancreatic tail. Slight narrowing 
of the pancreatic duet can be seen at the junetion of the 
duets of Wirsung and Santorini and at the point at which 
the superior mesenteric artery crosses ventral to the pancreas. 
Normally, 20 to 30 side branches of the pancreatic duet, which 
measure 0.2 mm in diameter, are filled. The duet of Santorini 
is opacified in about 50% of panereatograms. A patent acces- 
sory duet orifice is present in one third to two thirds of 
patients but is difficult to cannulate. With aging, the diameter 
of the pancreatic duet inereases, the number of side branches 
filled decreases, and cystic dilation of the side branches may 
occur. The pancreatic duet moves significantly with various 
phases of respiration, particularly within the tail. Contrast 
material empties from the normal pancreatic duet in 2 to 7 
minutes, but this figure inereases in elderly patients to 10 
minutes. 

Injection of contrast material should be performed under 
fluoroscopic guidance at a pressure insufficient to cause paren- 
chymal filling (acinarization). Injection should be terminated 
when acinarization occurs, if a pseudocyst is filled, if the patient 
complains of severe pain, or if contrast material is seen entering 
the duodenal lumen or wall. When a stricture or abrupt termi- 
nation of the duet is encountered, heroic attempts to fill the 
duet upstream should be avoided. Spot films are obtained in the 
prone and oblique positions. On occasion, lateral and supine 
views may be needed to complete the examination and to fill 
the duet in the tail. Pancreatic emptying should be evaluated in 
this position as well. 146 

Positron emission tomography/computed tomography 
(PET/CT) shows great promise in the staging of pancreatic 
carcinoma. 147-154 The applications of PET/CT in pancreatic 
and other abdominal malignant neoplasms are discussed in 
Chapter 68. 
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Historically, percutaneous biopsy has played only a limited 
role in the evaluation and management of pancreatic masses. 1 
In the past, percutaneous biopsy was reserved mostly for 
tissue confirmation in tumors that appeared unresectable at 
the time of diagnosis, for diagnosis of lymphoma or meta- 
static disease (in which surgery typically would be unneces- 
sary), and for differentiation of inflammatory pseudotumors 
from true pancreatic neoplasms. 2 In recent years, however, 
advanced multidetector computed tomography (MDCT) and 
magnetic resonance imaging (MRI) techniques have improved 
the detection of cystic pancreatic neoplasms, and as a result, 
the role of percutaneous pancreatic mass biopsy has steadily 
increased. 3,4 

Similarly, although the mainstay for treatment of patients 
with acute necrotizing pancreatitis has traditionally been surgi- 
cal débridement, percutaneous image-guided catheter drainage 
has been proposed as a safe and alternative treatment option. 5 
Many patients with pancreatic necrosis undergo fine-needle 
aspiration to differentiate between infected and sterile pancre¬ 
atic necrosis and, if deemed necessary to control systemic toxic- 
ity, percutaneous image-guided catheter drainage of pancreatic 
necrosis. 6 

In this chapter, we review the specific clinical indications for 
pancreatic mass biopsy, summarize the reported diagnostic 


efficacy of percutaneous pancreatic mass biopsy, discuss the 
technical factors that contribute to results and failures, and 
highlight the possible limitations and complications of this pro¬ 
cedure. Finally, we emphasize the current status of therapeutic 
radiology in patients with complicated pancreatitis so that the 
practicing radiologist can understand the current role of per¬ 
cutaneous image-guided aspiration and catheter drainage in the 
diagnosis and management of patients with necrotizing pancre¬ 
atitis and pancreatic pseudocysts. 

Role of Interventional Radiology 
in the Management of Pancreatic 
Neoplasms 

BACKGROUND 

Pancreatic ductal adenocarcinoma, accounting for approxi- 
mately 85% of all pancreatic neoplasms, is the fourth leading 
cause of cancer-related deaths in the United States; approxi- 
mately 28,000 new cases of pancreatic cancer are diagnosed 
each year. 7,8 Percutaneous biopsy is performed typically to diag¬ 
nose the cause of a pancreatic mass identified by CT scan, MRI, 
or sonography. 9 Biopsy is useful both to diagnose malignant 
disease and to determine the type of malignant neoplasm. 10 For 
example, among malignant pancreatic tumors, including ductal 
adenocarcinomas, islet cell carcinomas, and lymphomas, each 
carries a different prognosis and is treated differently. 

Percutaneous image-guided biopsy is an established means 
of diagnosing the cause of pancreatic masses. 8,1112 The proce¬ 
dure may be performed on an outpatient basis, and complica- 
tion rates are low, ranging from 3% to 6.7%. 13,14 A diagnostic 
rate of 97.7% was recently reported for CT-guided fme- 
needle aspiration biopsy of pancreatic masses. 15 Endoscopic 
sonography-guided fme-needle aspiration biopsy is an increas- 
ingly used alternative technique for pancreatic mass biopsy. 16 

INDICATIONS FOR PANCREATIC MASS BIOPSY 

Patients with Imaging Findings That Suggest 
Unresectable Pancreatic Cancer 

Percutaneous pancreatic mass biopsy is mainly indicated in 
patients with no known malignant neoplasm but whose imaging 
findings suggest an unresectable pancreatic tumor. 1: In these 
patients, biopsy provides a tissue diagnosis that allows appro- 
priate nonsurgical treatment to ensue (Fig. 95-1). Important to 
realize is that in patients with unresectable pancreatic cancer 
and other extrapancreatic lesions, such as hepatic or peritoneal/ 
omental masses, biopsy of the extrapancreatic mass could 
potentially result in less morbidity than biopsy of the pancreatic 
tumor. For example, in a patient presenting with both a 
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Figure 95-1 Percutaneous biopsy of unresectable pancreatic ductal adenocarcinoma. A. Axial contrast-enhanced CT image shows 
hypovascular mass (arrow) in the head of the pancreas with invasion of the portal venous confluence (indicating unresectability). B. Axial 
noncontrast CT image shows needle sampling (25 gauge) of pancreatic mass; cytology revealed ductal adenocarcinoma. 



Figure 95-2 Percutaneous biopsy of pancreatic lymphoma. A. Axial T2-weighted MR image shows hyperintense mass (arrow) in the head of 
the pancreas with associated ductal dilation. Also note extensive portocaval and retrocrural lymphadenopathy. B. Axial noncontrast CT image 
(patient in prone position) shows needle sampling (25 gauge through 20 gauge) of pancreatic mass by coaxial technique and a posterior 
approach; cytology revealed pancreatic lymphoma. 


pancreatic mass and a hepatic mass, if biopsy of the hepatic 
mass revealed a metastasis of pancreatic cancer, it would obviate 
subsequent biopsy of the pancreatic mass. 

Patients with a Known Extrapancreatic 
Primary Cancer 

Another indication for percutaneous biopsy of a pancreatic 
mass is in a patient with a pancreatic mass and a known extra¬ 
pancreatic primary malignant neoplasm. Percutaneous pan¬ 
creatic mass biopsy is indicated in these patients to differentiate 
a surgically resectable pancreatic ductal adenocarcinoma from 
a metastasis. A pretreatment diagnosis is needed because virtu- 
ally all metastases are treated medically, whereas resectable pan¬ 
creatic carcinomas are treated surgically. 18 The importance of a 
pretreatment tissue diagnosis in these patients is especially 
emphasized in patients with lymphoma, renal cell carcinoma, 
and lung cancer, three tumors that spread not uncommonly to 
the pancreas. 19 Therefore, when a pancreatic mass is detected in 
a patient with an extrapancreatic primary malignant neoplasm, 
the mass should not be presumed to represent a metastasis; 
biopsy should be performed (Fig. 95-2). 

Patients with a Pancreatic Mass That May Be 
Caused by Inflammation 

Chronic pancreatitis (including autoimmune and groove pan- 
creatitis subtypes) can appear masslike and mimic a pancreatic 


neoplasm. 21 Therefore, an inflammatory etiology should be 
considered to prevent a patient with a benign mass from going 
to surgery unnecessarily. Prior history and signs and symptoms 
of chronic pancreatitis are usually present. However, not infre- 
quently, a pancreatic neoplasm with postobstructive pancreati¬ 
tis induces overlapping symptoms. Therefore, if there is still the 
possibility of an inflammatory cause after a careful history and 
laboratory evaluation, percutaneous biopsy can be used to 
confirm the diagnosis of cancer or to identify an inflammatory 
cause. 21 

Patients with a Cystic Pancreatic Mass 

The precise role of percutaneous biopsy in the evaluation of 
cystic pancreatic masses is still controversial. 22 In the past, the 
majority of these masses have been considered “surgical lesions” 
because, with the exception of the benign serous microcystic 
pancreatic adenoma, cystic neoplasms typically are malignant 
or have malignant potential (mucinous cystic tumors, intra- 
ductal papillary mucinous neoplasm, solid pseudopapillary 
tumor of the pancreas); they cannot be characterized confi- 
dently as benign on the basis of imaging alone, and they can be 
diagnosed as benign with certainty only if they are removed 
completely and examined fully at pathology. 26 As a result, biopsy 
specimens obtained from the cyst’s wall or fluid typically 
contain only scant epithelial cells, inflammatory cells, and 
fibrous tissue, material that cannot be used to render a specific 
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Figure 95-3 Percutaneous 
biopsy of cystic pancreatic 
neoplasm. A. Axial T2-weighted 
MR image shows hyperintense 
cystic mass (arrow) in the body of 
the pancreas with surrounding 
rim of calcifications. B. Axial 
noncontrast CT image shows 
needle sampling (22 gauge) of 
pancreatic mass through a 
transhepatic approach; cytology 
and subsequent fluid analysis 
plus molecular marking revealed 
benign mucinous cystic tumor 
with indolent cytogenetics. 


benign diagnosis. Retrieval of no malignant cells still leaves the 
interventional radiologist, referring physician, and patient with 
the possibility that the lesion was improperly sampled or 
missed. 27,28 

Recently, helped by important advances in cyst fluid tumor 
marker analysis, immunohistochemistry, and molecular tech- 
niques, some authors have argued that percutaneous biopsy 
can be helpful in identifying patients with benign subtypes 
of cystic pancreatic masses, obviating surgery in these 
patients. 27,29,3 ' Indeed, new advanced MDCT and MRI tech- 
niques have dramatically increased the detection of cystic 
pancreatic neoplasms, and although resection of all pancreatic 
cystic tumors would ensure that cancers are not missed, most 
small cystic pancreatic neoplasms grow slowly or not at all, 3,4 
and up to 87% of patients would undergo surgery unneces- 
sarily. 4 As a result, percutaneous biopsy may be advocated in 
selected circumstances, such as in symptomatic patients who 
have cystic pancreatic neoplasms smaller than 3 cm, patients 
who have comorbidities that increase the risk of surgical 
exploration, and patients with a cystic pancreatic mass diag- 
nosed in the setting of acute or chronic pancreatitis (Fig. 
95-3). In these patients, biopsy results can simply serve as 
additional data that can be combined with imaging data to 
render a probable clinical diagnosis. 

Multiple Solid Pancreatic Masses 

As pancreatic ductal adenocarcinoma is solitary in more than 
95% of cases, patients without a known primary malignant 
neoplasm who present with multiple, solid pancreatic masses 
are also good candidates for pancreatic biopsy. 26 The differential 
diagnosis includes metastatic disease, but this is not likely if a 
primary tumor is not known. Primary lymphoma is another 
possibility, although lymphoma more commonly involves the 
pancreas secondarily, and associated lymphadenopathy is 
usually present at time of presentation. Other differential diag- 
nostic possibilities include multifocal nonhyperfunctioning 
endocrine tumors and multifocal solid-appearing microcystic 
pancreatic adenomas. A diagnosis of lymphoma or multifocal 
solid-appearing microcystic pancreatic adenomas would lead 
to medical treatment (Fig. 95-4). A diagnosis of multifocal 
nonhyperfunctioning endocrine tumors would allow the surgi¬ 
cal treatment of each tumor to be planned such that the 
maximum amount of functioning pancreatic tissue can be left 
remaining. 


TECHNICAL CONSIDERATIONS 

Percutaneous biopsy of pancreatic masses is now most often 
guided by ultrasound, CT, and, rarely, MRI. To our knowledge, 
there are no data to support use of one modality for all 
masses. 31,32 Ultrasound is widely available, multiplanar, porta¬ 
ble, and free of ionizing radiation; it provides real-time imaging 
and is less expensive than CT or MRI. However, not all pancre¬ 
atic masses are visible with ultrasound. Because of its posterior 
location in the anterior pararenal Space, the pancreas cannot 
always be seen in patients with intervening bowel gas or exces¬ 
sive abdominal fat, and it may be difficult to visualize the loca¬ 
tion of the needle tip. 31 CT can be used to visualize almost all 
pancreatic masses (although intravenous contrast material may 
be needed rarely) and is excellent in depicting surrounding 
normal pancreas, the hypodense/hypovascular tumor, and the 
needle tip. MRI is typically reserved for the unusual mass that 
is not visualized well with CT or ultrasound. In general, we 
recommend using the imaging modality that depicts the mass 
best and that modality with which the radiologist is most 
familiar. 

Percutaneous biopsy of pancreatic masses can be performed 
with a wide range of needle sizes. 33 Percutaneous pancreatic 
mass biopsy refers to a procedure during which imaging is used 
to guide any needle into a pancreatic mass percutaneously for 
the purpose of obtaining a tissue diagnosis. 33 This includes 
biopsies that use fine needles (20 gauge or thinner) or large 
needles (19 gauge or larger). Some authors distinguish between 
fme-needle aspirations, during which only fine needles are used 
and the tissue is examined cytologically, and biopsies, during 
which large needles are used to procure fragments of tissue, 
sometimes referred to as cores, which are examined histologi- 
cally. 33 In general, fme-needle aspiration biopsy specimens are 
analyzed cytologically, and large-needle biopsy specimens are 
analyzed histologically. Needles may also differ by type; some 
are end cutting, others are side cutting. 

There are no data to suggest that pancreatic masses are better 
biopsied with fine needles (20 gauge or thinner) or large needles 
(19 gauge or larger). Diagnostic sensitivities for percutaneous 
biopsy procedures using only fine needles vary from 71% to 
94.7%. 3406 The reason for this range of diagnostic sensitivity 
might be that some studies included cystic and solid pancreatic 
masses, whereas others focused on solid pancreatic masses only. 
As mentioned before, the diagnostic work-up of most cystic 
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Figure 95-4 Percutaneous 
biopsy of multiple pancreatic 
masses. A. Coronal contrast- 
enhanced CT image shows two 
heterogeneous masses ( arrows ) 
in the head and tail of the 
pancreas. B. Axial noncontrast 
CT image shows large-needle 
sampling (18-gauge side-cutting 
device) of pancreatic mass in the 
tail. C. Axial noncontrast CT 
image shows fine-needle 
sampling (22 gauge) of 
pancreatic mass in the head; 
cytology and surgical pathology 
assessment of both masses 
revealed serous microcystic 
pancreatic adenoma. D. Axial 
noncontrast CT image shows 
small retroperitoneal hemorrhage 
( arrow ) around the pancreatic tail 
that was self-limited. 



pancreatic masses involves analysis of cystic fluid for biochemi- 
cal and tumor markers rather than tissue sampling; thus, the 
accuracy of fine-needle aspiration biopsy is related to both the 
ability to position a needle in a mass and the accuracy of 
the biochemical analysis of the cystic fluid. 28 

Biopsies performed with large (typically 18 gauge) needles 
have yielded similar sensitivities. 37,38 These series showed that 
sensitivities for detection of malignant neoplasms range from 
69% to 93%. Therefore, although there has been no statistically 
valid comparison study for any definitive conclusions to be 
drawn, on the basis of current available data, it is reasonable to 
conclude that fine needles are adequate by themselves to biopsy 
the majority of pancreatic masses. Although use of large needles 
may increase accuracy in selected circumstances, we believe that 
they increase the risk of complications, particularly bleeding 
and pancreatitis. Therefore, in our practice, we begin with fine 
needles and ask our cytologists to examine one or two speci- 
mens intraprocedurally. If the preliminary cytology impression 
is that the specimen is adequate, the procedure is completed 
with fine needles alone. If there is any question as to the speci- 
men’s adequacy, we obtain large-needle specimens for histo- 
logic analysis. 33 

The pancreas is located in the anterior pararenal Space, and 
access routes that avoid traversal of liver, stomach, colon, small 
bowel, spleen, or kidney are preferentially selected to minimize 
the risk of bacterial contamination and hemorrhage. If possible, 
an approach avoiding traversal of normal pancreatic tissue is 
also preferred to minimize the risk of pancreatitis. Anterior 
routes through the liver or stomach can be used if no other 
routes are available. Transgressing the stomach theoretically 
increases the risk of infection in patients who are receiving Hl 
receptor blockers or any other medications that raise gastric pH 


because the gastric fluid is not sterile. Moreover, percutaneous 
biopsy of cystic pancreatic lesions by a transgastric route may 
impair the diagnostic accuracy of the biopsy because gastric 
mucin-producing cells may contaminate the smear. 

DIAGNOSTIC EFFECTIVENESS 

Several studies have evaluated the sensitivity, specificity, and 
overall accuracy of biopsy of pancreatic masses. These studies 
vary considerably with respect to patient population, tumor 
type, guidance modalities, and needle size. 15 Overall, the sensi¬ 
tivity of biopsy for diagnosis of malignant disease is 71% to 
97% regardless of needle size used or whether the specimens 
were examined by cytology, histology, or both. 15 False-negative 
results are most often due to failure to place the needle tip 
accurately in a small mass or to sampling of coexistent desmo- 
plastic reaction or pancreatitis adjacent to the mass. Even in 
experienced hånds, false negatives do occur, suggesting that 
negative results should be viewed with caution in patients with 
a radiologically suspicious mass. 

Tillou and associates 13 reported a diagnostic rate of 96.5% 
for diagnosis of pancreatic masses by CT- and transabdominal 
ultrasound-guided fine-needle aspiration biopsy. In a retro- 
spective study, Qian and Hecht 36 showed that CT-guided biop¬ 
sies had sensitivity of 71%. In the study by Mallery and 
coworkers, 9 CT- and transabdominal ultrasound-guided pan¬ 
creatic biopsies (80%) had a higher sensitivity than endoscopic 
sonography-guided biopsies (74%). In one study, we also fo und 
higher sensitivity for CT guidance (94.9%) compared with 
endoscopic sonographic guidance (85%). 15 However, the differ¬ 
ence did not reach statistical significance. In the study of Qian 
and Hecht, 36 the negative predictive values of CT- and 
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endoscopic sonography-guided fine-needle aspiration biopsies 
were similar, 41% and 45%, respectively. Mallery and cowork- 
ers 9 reported negative predictive values of 23% and 27% for 
fine-needle aspiration biopsies performed under CT and endo¬ 
scopic sonographic guidance, respectively. We found negative 
predictive values of 60% and 57.1% for CT- and endoscopic 
sonography-guided fine-needle aspiration biopsy, respectively. 
Also in our study, the frequency of small masses biopsied under 
endoscopic sonographic guidance (81.5%) was significantly 
higher than the frequency of those biopsied under CT guidance 
(32.6%). 1; ’ In faet, since the first report of the use of endoscopic 
sonography-guided fine-needle aspiration biopsy for the diag- 
nosis of pancreatic cancer in 1994, 39 it has been reported that 
endoscopic sonography-guided fine-needle aspiration biopsy is 
more accurate than CT-guided fine-needle aspiration biopsy, 
especially for small pancreatic masses. 34 To evaluate the effeet 
of mass size on biopsy performance, we stratified results by 
mass size. There were no significant differences in test charac- 
teristics between the guidance groups after the data were strati¬ 
fied by mass size; small masses were not more effeetively 
biopsied under endoscopic sonography guidance. 15 

Because cytology is a relatively insensitive test in the diagno- 
sis of cystic pancreatic neoplasms, advances in cyst fluid tumor 
markers analysis, immunohistochemistry, and molecular tech- 
niques have been used to improve the sensitivity for detection 
of malignant changes in these lesions. Cyst fluid carcinoembry- 
onic antigen (CEA) values are uniformly low in serous pancre¬ 
atic adenomas, higher in mueinous lesions, and markedly 
elevated in mueinous cystadenocarcinomas. v A pooled analysis 
of 12 studies in 450 patients on the role of cyst fluid analysis in 
the differential diagnosis of pancreatic cystic lesions showed 
that a CEA level greater than 800 ng/mL is strongly suggestive 
of a mueinous tumor. 40 Other studies confirmed that of all 
tested markers (e.g., amylase, mucicarmine staining, carbohy- 
drate antigen 19-9), cyst fluid CEA is the most accurate test 
available for the diagnosis of mueinous cystic lesions of the 
pancreas. 41 ' 43 Finally, studies have revealed specific roles of 
molecular analysis of clusterin-p and MUC4 to help distinguish 
reactive ductal epithelial cells from the cells of pancreatic ade- 
nocarcinoma in fine-needle aspiration samples, 44 of mutational 
analysis for K-ras point mutations and loss of heterozygosity in 
differentiating benign from malignant cystic neoplasms, 30 and 
of immunohistochemical staining for MUC1 overexpression as 
a specific marker of invasive carcinoma in intraductal papillary 
mueinous neoplasm. 29 

COMPLICATIONS 

Percutaneous pancreatic mass biopsy is a safe procedure, and 
reported complication rates are low for both CT-guided and 
sonography-guided fine-needle aspiration biopsy of the pan¬ 
creas. 15 In a meta-analysis, Chen and associates 18 reported a 
complication rate of 4% for CT-guided procedures. Bleeding is 
the most frequent complication, but it is usually subclinical, 
detected only with a postprocedural CT scan, and self-limited 
because of the retroperitoneal location of the pancreas. Although 
there are no direct comparison data, we believe that peripan- 
creatic hemorrhage is more likely with large needles. 

The second most common complication is acute panereatitis 
due to inadvertent transgression or biopsy of normal pancreatic 
parenchyma. It is almost always self-limited but may be pro- 
longed because of pancreatic ductal disruption. 45 


Seeding of the needle track with tumor is a theoretical con- 
sequence of percutaneous biopsy of a malignant pancreatic 
mass, but it is extremely rare and therefore should not be a 
deterrent to biopsy when there is an appropriate indication. To 
our knowledge, only one case of needle track seeding associated 
with pancreatic mass biopsies has been reported. 46 

Role of Interventional Radiology 
in the Management of Acute 
Necrotizing Panereatitis 

BACKGROUND 

The International Symposium on Acute Panereatitis held in 
1992 in Atlanta defined acute panereatitis as inflammation of 
the pancreas with variable secondary involvement of remote 
organs. 47 Acute necrotizing panereatitis is a severe form of the 
disease associated with significant morbidity and mortality. Per¬ 
cutaneous image-guided catheter drainage is an important 
treatment option that can be lifesaving when it is used alone or 
as an adjunet to surgery. 5 Successful treatment outeomes depend 
on close cooperation and teamwork among gastroenterologists, 
surgeons, and interventional radiologists. 5 

Pancreatic necrosis is defined as a diffuse or focal area of 
nonviable pancreatic tissue. 48 Infection of the necrotic portion 
of the pancreas results in infeeted necrosis. Infected pancreatic 
necrosis is an “intermediate” complication of acute panereatitis, 
usually occurring between the third and eighth weeks after 
onset of symptoms. 49 Infected necrosis and sterile necrosis both 
carry a high mortality rate. Mortality rates of 30% to 35% have 
been reported in patients with infected necrosis and 10% to 
15% in patients with sterile necrosis. Although the presence of 
infection inereases the mortality rate in patients with pancreatic 
necrosis, a review of 1110 cases of acute panereatitis demon- 
strated that mortality is more strongly linked to the presence of 
organ failure than to the presence of infection itself. 50 

Although no universally accepted treatment algorithm exists, 
a general consensus of indications for the interventional ap¬ 
proach to patients with acute panereatitis has been de- 
scribed. 5,7,51 ' 61 Some percutaneous drainage procedures are 
performed to stabilize the seriously ill patient before surgical 
débridement, whereas others are done with the intent to cure. 
In some cases, percutaneous drainage follows surgical therapy 
that has been only partially successful. 62 Treatment algorithms 
vary among medical centers and are sometimes based on exper- 
tise of both the interventional radiologist and the surgeon. The 
clinical status of the patient, for instance, the presence of sepsis, 
also influences which approach is best in any given clinical 
situation. 5,7 

IMAGE-GUIDED CATHETER DRAINAGE: 

TECHNIQUE 

Access Ro u te 

Most pancreatic fluid collections are located in the lesser sac, 
the anterior pararenal Space, or other parts of the retroperito- 
neum. 48 Access routes that avoid traversal of colon, small bowel, 
stomach, spleen, and kidney are preferred to minimize the risk 
of bacterial contamination and hemorrhage. If possible, a ret¬ 
roperitoneal approach through the lateral flank is chosen over 
an anterior approach through the peritoneum. 7 Some authors 
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Figure 95-5 Percutaneous 
fine-needle aspiration of sterile 
necrotizing pancreatitis. 

A. Axial contrast-enhanced CT 
image shows hypovascular area 
in the body of the pancreas 
consistent with pancreatic 
necrosis. B. Axial noncontrast CT 
image shows needle sampling 
(20 gauge) of pancreatic necrotic 
collection through a right 
anterior approach. The fluid was 
analyzed and found to be sterile. 



suggest that anterior routes involve the theoretical disadvantage 
of antigravity flow of fluid through the catheter. Anterior 
routes through the liver or stomach can be used if no other 
routes are available. 5, Transgressing the liver theoretically 
increases the risk of bleeding but in practice is generally safe. 
Transgressing the stomach is also safe, but peristalsis in the 
stomach may result in catheter dislodgment several days after 
its placement. Moreover, caution should be taken in patients 
who are receiving Hl receptor blockers or any other medica- 
tions that raise gastric pH because the gastric fluid may not be 
sterile. Fluid collections involving the pancreatic tail can be 
drained through the left anterior pararenal Space, avoiding the 
descending colon posteriorly. 5 Similarly, pancreatic head col¬ 
lections can be drained through the right anterior pararenal 
space. 6 Typically, the patient’s position on the interventional CT 
table should be adjusted to a slight posterior oblique position 
to optimize access to the region of interest. 

Catheter Selection and Placement 

The fluid contained in collections caused by pancreatic necrosis 
is often viscous. Therefore, adequate drainage of pancreatic and 
peripancreatic collections typically requires catheters with mul¬ 
tiple side holes and a minimum diameter of 12F to 14F. 52 ' 61 
Multiple catheters may be required to drain large or multilocu- 
lated necrotic collections. If the fluid is not viscous, 12F to 14F 
drainage catheters may be satisfactory. 5,7 Either the tandem 
trocar technique or Seldinger technique can be used, depending 
on the operators experience. If the Seldinger technique is used, 
the catheter track should be sequentially dilated over a guide- 
wire. If the necrotic material is viscous and the collection is not 
drained completely, catheters larger than 14F may be exchanged 
several days after a 14F catheter is placed initially. An attempt 
should be made to place as much length of the catheter contain- 
ing side holes as possible transversely into the necrotic pancre¬ 
atic collection from the lateral flank approach to maximize 
drainage. 5,7 

MANAGEMENT OF STERILE 
PANCREATIC NECROSIS 

In general, in patients with sterile pancreatic necrosis, CT scans 
of the abdomen are repeated every 7 to 10 days to follow the 
evolution of pancreatic necrosis and to look for complications. 3 
Patients who persistently show clinical instability with tachycar- 
dia, fever, leukocytosis, or organ failure may require image - 
guided percutaneous needle sampling to evaluate for infected 
pancreatic necrosis. 51 It is important that the access route avoid 


small and large bowel so as not to contaminate the collection 
or the aspiration sample 5,7 (Fig. 95-5). 

If sampled pancreatic fluid is sterile, the patient is considered 
to have sterile pancreatic necrosis. Some of these patients 
recover rapidly without additional intervention, whereas others 
remain persistently toxic because of pancreatic duet disruption 
with extravasation and accumulation of noxious pancreatic 
juice into peripancreatic spaces; they usually require continuous 
support in an intensive care unit. 63 Several years ago, patients 
with persistent toxicity underwent urgent surgical débridement; 
however, now these patients are managed nonsurgically because 
early surgical débridement contributes to morbidity and 
mortality. 8 A combination of percutaneous catheter drainage 
and supportive care offers an alternative to surgery. 52 

Some suggest that persistently toxic patients should undergo 
percutaneous image-guided needle sampling every 7 to 10 days 
to assess for infected necrosis. 5 Instead of performing regular 
needle sampling, the necrotic fluid may be drained percutane- 
ously. 66 One or more catheters may be placed and irrigated per 
standard radiologic protoeol to provide a “radiologic necrosec- 
tomy” and to reduce systemic toxicity. 66 Percutaneous catheter 
drainage of sterile necrosis is, however, still controversial. Only 
one clinical study is currently available that has compared the 
results of therapy using weekly percutaneous needle sampling 
to assess for infeetion versus indwelling catheter drainage of 
sterile necrosis. 66 

The main rationale for not using percutaneous catheter 
drainage is the potential of infeeting a sterile pancreatic collec¬ 
tion. 67 Although indwelling catheter colonization is common, 
serious clinical infeetion is unlikely to occur if all the fluid and 
material are drained within 2 or 3 days of the intervention. 5,7,66 
This requires vigilant attention to follow-up CT scans and 
placement of additional or larger catheters to drain the residual 
fluid. Adequate drainage is achieved when no residual necrotic 
fluid is present on follow-up CT scans. 

MANAGEMENT OF INFECTED 
PANCREATIC NECROSIS 

Although contrast-enhanced CT scan is excellent in assessing 
for pancreatic necrosis, it cannot distinguish between infected 
and sterile necrosis with certainty. 48 Intrapancreatic, retroperi- 
toneal, or lesser sac gas is a rare Ånding on CT; however, if it is 
present, it typically indicates infeetion. 48 Bacterial infeetion of 
necrotic pancreatic tissue is common and associated with high 
morbidity and mortality. The risk of infeetion may or may not 
inerease with the amount of pancreatic necrosis. 50 
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Infected pancreatic necrosis has traditionally been managed 
with surgical necrosectomy and antibiotics. 65 Percutaneous 
catheter drainage is often ineffective because of blockage of the 
catheter by necrotic tissue fragments and viscous fluid. 65 
However, when patients are too unstable to undergo surgery, 
percutaneous catheter drainage may be successful in draining 
liquefied pus and minimizing the systemic manifestations of 
sepsis, thereby preparing patients for surgery. 68 ' 71 

Percutaneous catheter drainage may also be successful 
alone. 69 In a study of 23 patients with 38 infected pancreatic 
fluid collections who were drained percutaneously, 65% were 
cured without surgery and 35% required some type of surgical 
intervention after drainage. 69 Catheter drainage time averaged 
29 days for patients with isolated collections and 96 days for 
patients with pancreatic duet fistulas. 69 Success largely depends 
on the following factors: all the collections must be drained; if 
they are persistent after 2 or 3 days of drainage, additional 
catheters should be placed and large-bore catheters are often 
required; vigorous bedside catheter irrigation should be done 
at least three times a day with 20 mL of sterile saline injected; 
and follow-up CT scans must be obtained frequently to assess 
for treatment response 69,72 (Fig. 95-6). 

COMPLICATIONS 

Reported major complications of CT-guided catheter drainage 
are hemorrhage and injury to adjacent organs, such as bowel. 
Hemorrhage is uncommon and may be due to panereatitis 
itself rather than to the drainage procedure 7 (Fig. 95-7). 
After all percutaneous drainage procedures, CT scan of the 
abdomen should be done to assess for retroperitoneal hem¬ 
orrhage. Venous bleeding is usually self-limited. Arterial 


pseudoaneurysm or active arterial hemorrhage due to injury 
of adjacent vessels, such as the splenic artery, requires angio- 
graphic embolization. Fistulization to adjacent bowel is almost 
always due to the panereatitis itself rather than to catheter 
drainage. Inadvertent insertion of the catheter through the 
bowel may occur when bowel loops are collapsed or unopaci- 
fied. In most cases, the bowel heals without the need for 
surgical repair. 

CATHETER CARE 

Daily rounds should be performed by the interventional radi¬ 
ologist with assessment of the patient’s vital signs, white biood 
cell count, and clinical status. 72 Catheters should be irrigated 
with sterile saline at least three times a day with a technique that 
involves aspirating and discarding all the fluid that can be with- 
drawn from the catheter, followed by forward flushing into the 
abscess cavity with 20 mL of sterile saline. 5 The process is 
repeated until the fluid is clear, typically two or three times. 
Finally, 10 mL of sterile saline is instilied into the catheter 
toward the patient and an additional 10 mL toward the bag to 
prevent catheter plugging. The stopcock between the catheter 
and the drainage bag connecting tube should be left in the open 
position. It is important to doeument accurate drainage output 
amounts by subtracting the instilled volume of saline from the 
total drainage volume. The nurses should be familiar with 
drainage catheters placed by interventional radiology so that 
flushes are done promptly. 

Abdominal CT scans should be obtained periodically on the 
basis of the clinical status and amount of drainage to check for 
residual or undrained fluid collections. 5 This helps determine 
whether drainage is adequate or additional catheters should be 




Figure 95-6 Percutaneous catheter drainage 
of infected necrotizing panereatitis. A. Axial 
contrast-enhanced CT image shows necrotic 
collection replacing the pancreatic gland. B. Axial 
CT fluoroscopic image obtained on the same day 
shows needle sampling (20 gauge) of pancreatic 
necrotic collection; purulent material was 
aspirated, and two drainage catheters were 
placed. C. Axial contrast-enhanced CT image 
obtained 14 days after the drainage procedure 
shows two percutaneous drainage catheters (14F 
and 18F) placed through the anterior approach 
and small residual collection. 
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Figure 95-7 Procedure-related 
perisplenic hematoma after 
percutaneous catheter 
drainage of infected 
necrotizing pancreatitis. 

A. Axial contrast-enhanced CT 
image (patient prone) shows 
well-defined fluid collection 
around the tail of the pancreas 
consistent with organized 
pancreatic necrosis. Note 
proximity of the collection to the 
spleen ( arrow) and needle 
sampling (20 gauge) of 
pancreatic necrotic collection. 

B. Axial nonenhanced CT 
image (patient prone) shows 
percutaneous drainage catheter 
(14F) placed through the 
intercostal approach. C. Axial 
noncontrast CT image obtained 
5 days later shows large 
subcapsular splenic hematoma 

( arrows ). D. Coronal contrast- 
enhanced CT image obtained 3 
weeks later shows near- 
resolution and liquefaction of 
splenic hematoma (white arrows) 
and presence of percutaneous 
drainage catheter (black arrow). 



placed. If a catheter is not draining and abdominal CT shows 
residual collection, the catheter may be blocked or the side holes 
may not be contiguous with the collection. In such cases, the 
catheter should be exchanged over a guidewire and repositioned 
appropriately within the collection or removed and a new cath¬ 
eter placed (Fig. 95-8). 

Our criteria for catheter removal include no residual collec¬ 
tion on a follow-up CT scan and catheter output of no more 
than 10 mL/day of nonpurulent fluid for 2 consecutive days. It 
is important not to remove the catheter solely on the basis of 
imaging results without assessing the amount of drainage. 
Likewise, it is important not to remove catheters solely because 
they stopped draining; catheters may become plugged or be 
pulled out from the collection. As a result, a CT scan will show 
residual fluid. In some cases, CT scan may show complete reso¬ 
lution of the collection; however, if there is communication 
with the pancreatic duet or its branches, the catheter may still 
be draining significant amounts of fluid daily. Similarly, cath¬ 
eter output may be scant, but a fistula may still be present. 
Pancreatic duet fistulas usually close over time if the collection 
is completely drained. 73 

Patient communication and catheter education must be 
established as the catheters may have to remain in place for 
weeks to months. 5,7 Once stabilized, patients can be discharged 
home with the catheter in situ and observed as outpatients. 


Periodic visits with the interventional radiologist are scheduled 
for inspection of the catheter insertion site. 

ANCILLARY PROCEDURES 

Patients with acute pancreatitis may need additional supportive 
procedures performed by the interventional radiologist. 5 These 
include image-guided thoracentesis and paracentesis, fluoro- 
scopically guided nasojejunal or percutaneous jejunal feeding 
tube placement, and angiographic embolization of pseudoan- 
eurysms or hemorrhaging vessels. 5 Several studies support the 
use of enteral nutrition rather than parenteral nutrition in 
patients with acute pancreatitis. 74 ' 76 Therefore, nasojejunal 
or percutaneous jejunal feeding tube placement should be 
attempted whenever possible. 

Some patients with sterile necrotizing pancreatitis remain 
toxic after 3 to 6 weeks. This is often due to one or more pan¬ 
creatic duet disruptions with extravasation of noxious pancre¬ 
atic juice. 66 Some reports advocate endoscopic placement of a 
stent across a disruption. 7 However, there are several reasons 
not to recommend endoscopic pancreatic stent placement in 
the setting of sterile necrosis. 52 First, the duet may be obstructed 
and disruption may not be visualized. Second, if there is no 
obstruction, the injected contrast material may extravasate and 
infeet the necrotic area. Third, with extensive necrosis of the 
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Figure 95-8 Percutaneous 
drainage catheter dislodgment. 

A. Axial noncontrast CT image 
shows needle sampling (22 
gauge) of pancreatic necrotic 
collection through an anterior 
approach. B. Axial noncontrast 
CT image shows percutaneous 
drainage catheter (14F) insertion 
by a tandem technique. C. Axial 
noncontrast CT image shows 
percutaneous drainage catheter 
in place and complete resolution 
of pancreatic fluid collection. 

D. Axial contrast-enhanced CT 
image obtained 14 days after 
the drainage procedure shows 
dislodgment of the catheter 
( arrow) and spillage of pancreatic 
fluid in the omentum and 
peripancreatic tissues. 


body of the pancreas, the distal portion of the duet cannot be 
visualized or accessed by a stent. Fourth, even if a stent can be 
placed across a disruption, it may act as a foreign body and 
result in superinfeetion. 

If a follow-up CT scan demonstrates complete resolution of 
the pancreatic collection but the catheter continues to drain 
signifkant amounts of fluid daily, there is communication with 
the pancreatic duet. Fluoroscopic abscessography is then used 
to visualize the communication and the appearance of the pan¬ 
creatic duet. 3 This communication usually heals over time if 
the collection is drained completely. 

Role of Interventional Radiology 
in the Management of Pancreatic 
Pseudocysts 

INDICATIONS 

Pseudocysts are collections of pancreatic juice enclosed by a 
wall of granulation tissue. Typically, they require 4 weeks or 
more to evolve and result from acute pancreatic fluid collec¬ 
tions. Less than 10% of patients with acute panereatitis will 
develop pancreatic pseudocysts. 80 They vary in size and location 
and are usually asymptomatic. By imaging, pseudocysts are 
homogeneous fluid collections with attenuation of the fluid 
content less than 15 HU. The surrounding fibrous pseudocap- 
sule is usually thin (<2 mm). Calcification of the wall, typically 
curvilinear in shape, is not uncommon. Chronic pseudocysts 
(i.e., those that do not resolve over time) may point to a persis- 
tent communication with the pancreatic duet or its side 


branches. 79,80 When symptomatic, pseudocysts are typically 
larger than 5 cm and older than 6 weeks. These symptomatic 
pseudocysts are usually amenable to percutaneous drainage; 
large nonsymptomatic pseudocysts usually do not need treat- 
ment. 81,82 Secondary complications of pseudocyst formation 
include infeetion (resulting in a pancreatic abscess) and erosion 
into a vessel (resulting in a pseudoaneurysm). 

A pancreatic abscess or infeeted pseudocyst is a circum- 
scribed collection of pus containing little or no necrosis. 83 Its 
incidence is far less (3%) than that of infeeted pancreatic necro¬ 
sis; it usually occurs later in the course of the disease, and it is 
typically multibacterial. Importantly, the mortality of pancre¬ 
atic abscess is minimal. Among many reasons for this, one is 
that pancreatic abscesses are typically amenable to percutane¬ 
ous catheter drainage 83 (Fig. 95-9). In most cases, imaging 
cannot be used to rule in or to rule out the presence of infeetion 
in patients with localized fluid collections. Therefore, image - 
guided percutaneous aspiration is frequently required for 
diagnosis. 

OUTCOME 

Percutaneous drainage is an effeetive frontline treatment for 
most pancreatic pseudocysts 84,85 ; cure is likely if fluid collections 
are drained adequately and if sufficient time is allowed for 
closure of fistulas from the pancreatic duet. In the largest series 
reported to date, 84 percutaneous drainage of 101 pancreatic 
pseudocysts (51 infeeted, 50 noninfeeted) in 77 patients is 
described. In this group of patients, 91 of 101 pseudocysts 
(90.1%) were cured by means of catheter drainage (nonin¬ 
feeted, 43 of 50 [86%]; infeeted, 48 of 51 [94.1%]). Six patients 






1794 SECTION XI Pancreas 



Figure 95-9 Percutaneous catheter drainage of infected pseudocyst (pancreatic abscess). A. Axial nonenhanced CT image shows well- 
defined fluid collection adjacent to the tail of the pancreas with peripheral calcifications consistent with pancreatic pseudocyst. The collection 
was needle sampled through a left anterior approach; the fluid was analyzed and found to be infected. B. Axial contrast-enhanced CT image 
obtained 3 weeks later shows complete resolution of the infected pseudocyst. 


underwent operation after percutaneous treatment because of 
persistent drainage. In patients with infected pseudocysts, the 
infection was eradicated by percutaneous drainage before oper¬ 
ation. Four pseudocysts recurred and were redrained percuta- 
neously. The mean duration of drainage was 19.6 days (infected 
pseudocysts, 16.7 days; noninfected, 21.2 days). Four major 
complications (superinfection of sterile pseudocysts) and six 
minor complications occurred. Therefore, it can be concluded 
that percutaneous catheter drainage is a safe and valuable pro¬ 
cedure in the management of patients with pancreatic 
pseudocysts. 

Conclusions 

Percutaneous biopsy of pancreatic masses is a safe and accurate 
procedure and can be used to diagnose malignant disease and 
to guide treatments. In the future, biopsy performance will 
undoubtedly improve as the held of cytology expands to include 


a more sensitive and specific array of immunocytochemical 
reagents and cytogenetic markers that can be used to improve 
the analysis of percutaneous needle biopsy specimens. 

Image-guided catheter drainage of fluid collections in and 
around the pancreas in patients with complicated pancreatitis 
is an important therapeutic option either alone or as an adjunct 
to surgery. 86 Successful percutaneous treatment of necrotic col¬ 
lections of the pancreas depends on several important factors. 
Typically, multiple large-bore catheters are required to drain 
large or multiloculated collections. Catheters often need to 
remain in place for several weeks and sometimes months, hence 
the need for close follow-up. Daily interventional radiology 
rounds, frequent vigorous bedside catheter irrigations, and 
willingness to place additional catheters for undrained collec¬ 
tions are the norm in the care of these patients. Successful 
outcomes are best achieved when there is close cooperation 
among the interventional radiologist, gastroenterologist, and 
surgeon. 
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To recognize the anatomic variants of the pancreas and to 
understand how various pancreatic anomalies develop, it is 
important to be familiar with pancreatic embryology and devel- 
opment. Errors or variations at several critical periods in the 
development of the pancreas are responsible for the majority of 
anomalies. These anomalies can vary in their presentation from 
being totally asymptomatic to being inconsistent with life. 15 In 
this chapter, a brief discussion of the important events of pan¬ 
creatic embryology is followed by presentation of normal vari¬ 
ants and various types of pancreatic anomalies. 

Embryology 

The pancreatic duet develops from two buds originating from 
the endodermal lining of the duodenum. 6 One is the dorsal 
pancreatic bud, which is in the dorsal mesentery and is seen as 
a diverticulum of the foregut before 28 days. It grows into the 
dorsal mesentery (Fig. 96-1A). The other is the ventral pancre¬ 
atic bud located close to the bile duet and appears as an invagi- 
nation at the biliary-duodenal angle between 30 and 35 days. 1 

The dorsal and ventral pancreatic buds soon grow into a pair 
of branching, arborized ductal systems, each with its own 
central duet (Fig. 96-IB). At day 37, the ventral pancreas rotates 
posterior to the duodenum and comes into contact with the 
dorsal pancreas (Fig. 96-IC). These two anlagen fuse and 
together with the duodenum fuse with the abdominal wall. In 
the mature organ, the ventral primordium becomes the inferior 
portion of the head and the uncinate process, and the dorsal 
pancreas becomes the body and tail. After the fusion, a new duet 
connects the distal portion of the dorsal pancreatic duet with 
the shorter duet of the ventral pancreas to form the main duet 
or the duet of Wirsung (Fig. 96-2). This main pancreatic duet, 
which is present in approximately 91% of adults, enters the 
duodenum together with the bile duet at the major papilla. The 
proximal portion of the dorsal pancreatic duet is pinched off 
during fusion and usually atrophies and disappears but may 


persist as the small accessory duet of Santorini, which has a 
variety of appearances (Fig. 96-3). This accessory duet empties 
into the duodenum at the minor papilla 2 to 3 cm proximal to 
the ampulla of Vater. In about 10% of all cases, the duet 
system fails to fuse and the original double system persists. 19 

As the duodenum grows and differentiates, the duodenal 
wall resorbs the distal bile duet up to its junetion with the pan¬ 
creatic duet. Different degrees of resorption account for varia¬ 
tions in the appearance and relationships of the common bile 
duet and pancreatic duet. If ductal resorption is minimal, a long 
intramural ampulla is created, and the junetion is extramural. 
The junetion becomes intramural with inereasing degrees of 
resorption, which produces a shortened ampulla. 1015 Maximal 
resorption produces separate orifices for the pancreatic duet 
and common bile duet (see Fig. 96-2), which no longer share a 
common ampulla. 7,16 

Beginning in the third month of fetal life, the islets of Fang¬ 
erhans develop as clusters of cells from the terminal ductules. 
They become intimately associated with the capillary plexus 
and finally separate from the ductules to become the endocrine 
portion of the pancreas. Insulin secretion begins at approxi¬ 
mately the fifth month. The acini develop from terminal ductal 
cells. The ductal system and the acini collectively become the 
exocrine portion of the pancreas. 6 Secretory activity probably 
becomes established in the pancreas during the second trimes- 
ter, although this has been disputed. 1 The weight of the pan¬ 
creas, which is 5 to 5.5 g at birth, will inerease to 15 g at the end 
of the first year. 11 

The process of pancreatic fusion is complicated, and a wide 
Spectrum of anomalies or anatomic variants related to this 
process may appear—for example, agenesis, aplasia of the pan¬ 
creatic anlage, hypoplasia, annular pancreas, and pancreas 
divisum. 12 

Variants of Normal Anatomy 

The lateral aspect of the head and neck of the pancreas can have 
varieties of shapes and occasionally look prominent (Fig. 96-4). 
However, many of the contour variations may represent a Spec¬ 
trum of fusion patterns that cannot be attributed to pancreas 
divisum alone. 13,14 A deep cleft separating two distinet pancre¬ 
atic moieties may be identified on computed tomography (CT) 
scans in the head and neck of the pancreas in patients with 
pancreas divisum. 

The pancreas is surrounded by fat that clearly defines its 
margin. However, because of the lack of any pancreatic capsule, 
the pancreatic lobules can be outlined by fat. Such fatty infiltra¬ 
tion can be diffuse or focal (Fig. 96-5). Focal fatty infiltration 
can mimic a mass on CT, particularly if there is associated lobu- 
lation (see Fig. 96-4). Therefore, magnetic resonance imaging 
(MRI) may become necessary to differentiate this benign 
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Figure 96-1 Pancreatic duet development. A. The dorsal pancreatic segment grows posteriorly into the dorsal mesentery, and the ventral 
anlage develops as an outpouching from the base of the hepatic diverticulum and grows in the ventral mesentery. B. The ventral component 
transiently develops into a bifid structure. The ventral pancreas and the bile duet system will be carried posteriorly as the duodenum matures. 
C. The final stage of pancreatic duet maturation entails fusion of the two systems. (A-C from Taylor AJ, Bohorfoush AG: Interpretation o f ERCP: 
With Associated Digital Imaging Correlation. Philadelphia, Lippincott-Raven, 1996, pp 209-210.) 



Figure 96-2 Duet of Wirsung. Notice the junetion of the ventral 
duet and common bile duet at the ampulla with total regression of 
the dorsal duet. 



Figure 96-3 Variation of accessory duet appearance. After the 
dorsal-ventral system fusion, the original dorsal duet segment 
draining into the duodenum may remain as the duet of Santorini 

(A) , serving as a siender, narrowed connection of the main pancreatic 
duet (MPD) with the duodenum through the minor papilla; maintain 
connection with the MPD but not drain into the duodenum 

(B) , thereby becoming another MPD side branch; maintain 
communication with the duodenum at the minor papilla but lose 
connection with the MPD (C); or maintain connection with both the 
duodenum and the MPD but develop a circuitous course forming 
the ansa pancreatica (D). (A-D from Taylor AJ, Bohorfoush AG: 
Interpretation of ERCP: With Associated Digital Imaging Correlation. 
Philadelphia, Lippincott-Raven, 1996, pp 209-210.) 


Figure 96-4 Pancreatic head 
lobulation and fatty infiltration. 

A. Contrast-enhanced CT scan 
shows lateral lobulation of the 
pancreatic head ( arrow) with 
heterogeneous density due to 
fatty infiltration. B. Upper portion 
of the head, body, and tail are 
spared fatty infiltration. 
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process from a neoplasm (Fig. 96-6). Fatty infiltration may be 
associated with focal sparing of pancreatic parenchyma, and 
that should not be mistaken for tumor. 

The position and configuration of the pancreas are variable, 
and these variations may simulate pathologic conditions. For 
example, the pancreatic head is not fixed in position, although 
it almost invariably maintains a fixed relationship medial to 
the second portion of the duodenum and lateral to the root 


of the superior mesenteric vessels, even if these structures are 
shifted to the left of the midline. Although the splenic vein 
usually marks the dorsal margin of the body and tail of the 
pancreas, the tip of the giand may rarely curve dorsal to the 
splenic vein to simulate adrenal abnormalities (Fig. 96-7). On 
occasion, even in normal persons, the pancreatic tail may be 
anterior-lateral to the left kidney, where it may appear as a 
pseudomass on excretory urography. In patients with prior 



Figure 96-5 Fatty infiltration of the pancreas. A. CT of the pancreatic head reveals a large area of fatty infiltration in the head of the pancreas 
( arrows ). A portion of the uncinate process is spared from fat. Notice lack of any mass effect on the adjacent superior mesenteric vein. B. Fatty 
infiltration is also present in the pancreatic body. The tail is spared. 




Figure 96-6 Focal fatty infiltration in the pancreatic 
head in a 42-year-old woman. A. Contrast-enhanced 
CT study reveals an area of hypodensity in the head of 
the pancreas ( arrows ) that appears to spare a portion 
of the uncinate process (U). Posterior to the head, one 
can see the unopacified duodenum. B. Out-of-phase 
sequence MR image without contrast (TR 163, TE 2.38) 
reveals low signal intensity fat corresponding to 
the hypodense area on the CT scan. Again, note 
duodenum (D) in the posterior lateral aspect of the 
head and fatty spared area in the region of the 
uncinate process (U). C. Axial CT image of the head 
and body at the higher level reveals that the remainder 
of the pancreas appears to be spared from significant 
fatty infiltration. 
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Figure 96-7 Extension of the pancreatic tail into the adrenal 
fossa. Notice as a normal variant, the splenic vein ( arrows ) no longer 
serves as the ventral pancreatic landmark. The top and bottom 
images are continuous 5-mm slices. 


left nephrectomy or in those with congenital absence of the 
left kidney, the pancreatic tail is often displaced into the renal 
fossa, which may simulate recurrent tumor or a primary ret- 
roperitoneal lesion. 15 

Kreel and colleagues 16 published a set of in vivo and in vitro 
measurements of pancreatic dimensions and concluded that the 
normal diameter of the head is up to 3 cm, that of the neck and 
body up to 2.5 cm, and that of the tail up to 2 cm. However, the 
size, shape, and position of the normal pancreas are highly vari¬ 
able (Fig. 96-8), and there is usually a gradual tapering from the 
head to the tail without abrupt alterations in size or contour. 
There is gradual decrease in the size of the pancreas with 
advancing age, sometimes becoming very small beyond the 
seventh decade. Fatty lobulations are more commonly observed 
in obese and elderly individuals. Rarely, an accessory spleen can 
be embedded in the tail of the pancreas, and MRI or a nuclear 
medicine study may be needed to differentiate this variant from 
a mass (Fig. 96-9). 

Bifid pancreatic duet (Fig. 96-10) is a rare anatomic anomaly 
in which the main pancreatic duet is bifurcated along its length. 
It is associated with a high incidence of panereatitis. 1 



Figure 96-8 Normal variant pancreas in which the tail ( arrows ) 
is more prominent than the head and proximal body. Notice 
homogeneous enhancement of pancreas and normal lobulations of its 
borders. 

Congenital Anomalies 
of the Pancreas 

PANCREAS DIVISUM 

In this anomaly, the pancreas is divided in two separate parts as 
a result of an absent or incomplete fusion of the ventral and 
dorsal anlagen. As a consequence, the pancreatic head and unci- 
nate process are drained by the duet of Wirsung through the 
major pap illa; the body and tail are drained by the duet of 
Santorini through the minor papilla 18,19 (Fig. 96-11). This 
anomaly is seen in 4% to 11% of autopsy series and 3% to 4% 
of endoscopic retrograde cholangiopancreatography (ERCP) 
series. 20 2 In an analysis of 650 ERCP studies done by Uomo 
and coworkers, 24 485 patients had satisfactory imaging of the 
pancreatic duets, whereas in 48 cases (9.9%), anatomic variants 
of the duet were found. These included fusion variants in 26 
cases (22 pancreas divisum and 4 funetional divisum) and 
duplication variants in 22 patients (1 bifurcation of the main 
pancreatic duet, 4 loop, 2 N shaped, and 3 ring). 

Clinical Findings 

Although the anatomic variant of pancreas divisum has been 
well known for some time, its clinical significance has become 
evident with the advent of ERCP. Most cases of pancreas divisum 
are asymptomatic. This anomaly may contribute to recurrent 
episodes of idiopathic panereatitis in younger patients with no 
risk factors. 25 Between 12% and 26% of patients with idio¬ 
pathic recurrent panereatitis have this anomaly, as opposed to 
3% to 6% in the general population. 2,26 The age at presentation 
varies widely but is most commonly between 30 and 50 years. 27 
Several reports of panereatitis associated with pancreas divisum 
in children have appeared, and there is a report of this anomaly 
occurring in multiple family members. 28 

It is postulated that in pancreas divisum, the duet of San¬ 
torini and its accessory ampulla are too small to adequately 
drain the volume of secretions produced by the pancreatic body 
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Figure 96-9 Accessory spleen within the tail of the pancreas mimicking a mass. A. The contrast-enhanced fat suppression Tl-weighted MR 
image that was obtained because of the patient's left upper quadrant pain reveals areas of infarction of the spleen. There is a well-defined 
homogeneous mass in the tail of the pancreas displaying signal intensity similar to that of the upper part of the spleen (not shown). B. On review 
of the contrast-enhanced CT scan that was obtained 2 years earlier, the mass has not changed. On a prior study, it was presumed to represent 
spleen, and a nuclear medicine examination proved the nature of the mass to be accessory spleen in the tail of the pancreas. 



Figure 96-10 Bifid pancreatic duet. A. A half-Fourier half-acquisition single-shot turbo spin-echo (HASTE) sequence was used for magnetic 
resonance cholangiography, which showed a dilated common bile duet due to a distal stone. However, a bifid pancreatic duet ( arrows ) was 
incidental ly demonstrated. B. ERCP clearly demonstrated bifurcation of the pancreatic duet (bifid) throughout the body of the pancreas 
( arrowheads ). (Courtesy Dr. Ann S. Fulcher, Medical College of Virginia, Richmond, VA.) 


and tail. 29 In a manometer study, patients with pancreas divisum 
had significantly higher pressure readings of the dorsal duet 
cannulated through Santorini than of the ventral duet cannu- 
lated through Wirsung. The study concluded that in pancreas 
divisum, there is chronic stasis of pancreatic fluid that, com- 
pounded by additional factors such as aleoholism, causes greater 
viscosity, which inereases the risk of panereatitis. 26 Surgical 
sphincteroplasty of the accessory sphineter has been advocated 
as an important means of preventing recurrent bouts of pan¬ 
ereatitis in these patients. 30 ' 33 

Association of pancreatic divisum with pancreatic tumors 
has been reported. 34 In a limited study, pancreatic tumors 
were detected in 12.5% of patients with divisum. 34 The authors 
believed that relative stenosis of the minor pancreatic duet and 
long-standing pancreatic obstruction might be risk factors for 
development of pancreatic cancer. 

There are some other problems associated with divisum, like 
santorinicele or cystic dilation of the dorsal pancreas at the 


minor papillae, that may indicate obstruction at the minor 
papilla. 39 Also, cases of multiple neuroendocrine tumors of the 
pancreas 40 and intestinal malrotation 41 have been reported in 
association with pancreas divisum. 

Radiologic Findings 

Endoscopic Retrograde Cholangiopancreatography. ERCP is 
often considered the effeetive modality for confirming a diag- 
nosis of pancreas divisum. 22 24 Often, injection of contrast mate- 
rial into the duet of Wirsung is met with resistance and even 
pain. However, after opacification, the duet is short and tapered, 
and acinarization commonly occurs as the endoscopist attempts 
to hil the “remainder” of the duet. This duet tapers gradually 
from the orifice, sending branches in the pancreatic head. 21,42 It 
must be differentiated from a duet that appears foreshortened 
secondary to previous trauma, partial pancreatectomy, pseudo- 
cyst, or stricture caused by carcinoma or panereatitis. In these 
cases, the pancreatic duet typically has an abrupt or irregular 
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Figure 96-11 Pancreas divisum. A. Diagram. Note that the pancreatic head and uncinate process (ventral duet) along with the common bile 
duet drain into the major papilla, whereas the body and tail (dorsal duet; arrow) drain into the minor papilla. B. Axial contrast-enhanced CT study 
through the head of the pancreas reveals two separate pancreatic duets draining into the duodenum. Other images prove the separate nature of 
these duets, the upper one (arrow) draining the head and body of the pancreas into the minor papilla and the lower one ( arrowhead ), only from 
the inferior head and the uncinate process, draining into the major papilla. C. Coronal oblique thick-slab MRCP image reveals that the pancreatic 
duet drains through the minor papilla ( single arrow). The duet of Wirsung is also depicted ( double arrows) without connection between the two 
systems. The findings are consistent with complete pancreas divisum. This image was obtained after secretin injection. (Courtesy Dr. Carmen 
DeJuan, Department of Radiology Hospital Clinic, University of Barcelona , Spain.) 


terminus. 21 The duet of Santorini is often not visualized by 
injection of the major papilla, and if cannulation is successful, 
the full-length duet of Santorini is seen without communica- 
tion to the smaller duet. Otherwise, the diagnosis can be made 
by secretin stimulation and identification of secretions emanat- 
ing from the minor papilla only. See Chapter 74 for more details. 

Linear Array Endoscopic Ultrasonography. Endoscopic ultra- 
sonography (EUS) frequently allows detailed imaging of the 
pancreatic parenchyma and ductal system. It has been reported 
that with the use of radial instruments, if the portal vein, 
common bile duet, and main pancreatic duet could be demon- 
strated in one image, the diagnosis of pancreatic divisum would 
be exeluded. This is considered an indirect assessment for the 
evaluation of pancreatic divisum. 43 Therefore, with a linear 
array instrument, if the main pancreatic duet passes from the 
major papilla to the pancreatic body and tail, or if the duet 
crosses the border separating the ventral and dorsal anlagen, the 
diagnosis of pancreatic divisum is exeluded. Lai and associates 44 
reported the sensitivity, specificity, and accuracy of this method 
for diagnosis of pancreas divisum to be 95%, 97%, and 97%, 
respectively. There are some merits for EUS over magnetic reso- 
nance cholangiopancreatography (MRCP), and perhaps ERCP, 
as it allows direct visualization and fme-needle aspiration 
biopsy of pancreatic masses that otherwise may lead to the 


ductographic phenomenon of pseudodivisum. This could con- 
ceivably result from the presence of apparently separate ventral 
and dorsal ductal systems due to mechanical obstruction near 
the expected point of connection between these two systems. 44 
Also, EUS seems to be less invasive than ERCP because EUS 
does not involve pancreatic duet cannulation or injection of 
contrast material, which is a risk factor for development of 
iatrogenic panereatitis. 43 Therefore, linear array EUS appears 
to be a promising, minimally invasive diagnostic imaging 
modality for the detection of pancreas divisum. 4 " 

Sonographic Secretin Test. In an attempt to identify patients 
who will benefit from surgical sphineterotomy, several tests 
have been proposed to assess the adequacy of the accessory 
papilla in transmitting pancreatic secretions. In the sono¬ 
graphic secretin test, the main pancreatic duet is sonographi- 
cally monitored before and after the intravenous administration 
of secretin (1 unit/kg body weight). 48 Secretin-induced dilation 
occurs in 72% of symptomatic patients found to have a ste- 
notic accessory papilla associated with pancreas divisum. The 
sonographic secretin test is also highly controversial; several 
authors have demonstrated that dilation of the pancreatic duet 
can be a normal finding. 49 ' 5 In addition to surgery, pancreas 
divisum can be treated by percutaneous dilation and stent 
placement. 52,53 
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Computed Tomography. Contour abnormalities of the panere - 
atic head and neck have been identified on CT in some patients 
with pancreatic divisum. 54 CT can occasionally suggest this 
diagnosis when two distinet pancreatic moieties or an unfused 
ductal system is identified on thin-collimation scans (see Fig. 
96-11). The two moieties may cause pancreatic head enlarge- 
ment or may be separated by a fat cleft. Sometimes, fatty 
replacement of the dorsal pancreas may delineate it from the 
ventral moiety. 30,54 Also, the pancreatic head may be spared from 
atrophy and panereatitis affeeting the body and tail, which pro- 
duces a pseudotumor on CT and ultrasound studies. 55 In alco- 
holics, isolated ventral panereatitis may occasionally be 
observed, which suggests a synergism between the effeets of 
aleohol and bile reflux into the ventral pancreas. The dorsal 
pancreas is spared this reflux because of the pancreas divisum. 56 
Other ductal anomalies may also produce masses on cross- 
sectional imaging. 57,58 

Multidetector CT with high-resolution oblique coronal 
image reconstruction assists in the depiction of the continuity 
of pancreatic duets. The sensitivity and specificity of this 
method for diagnosis of pancreatic divisum are reported to be 
100% and 89%, respectively. 59 

Magnetic Resonance Cholangiopancreatography. Heavily 
T2-weighted, two-dimensional, fast spin-echo sequences using 
a body coil can often accurately depict pancreatic ductal 
anomaly and establish the diagnosis of pancreas divisum. 60 
Gradient sequences using breath hold have been found useful 
for evaluation of the pancreatic and biliary system. MRCP 
is superior to ERCP for visualizing the pancreatic duets, 
especially with the use of half-Fourier acquisition single-shot 
turbo spin-echo (HASTE) sequence. 61 However, MRCP with 
single-shot rapid acquisition with relaxation enhancement 
may be superior to HASTE for inereasing pancreatic duet 
conspicuity. 62 

When Tl-weighted sequences with fat suppression are per- 
formed, 63,64 MRCP allows visualization of not only the pancre¬ 
atic duets but also the pancreatic parenchyma around the 
duodenum. Indeed, MRCP may be able to replace ERCP in the 
diagnosis of pancreas divisum. 

Secretin-stimulated MRCP has been used in the diagnosis of 
santorinicele or cystic dilation of dorsal pancreas at the minor 
papillae and also for pancreas divisum 39,65,66 (see Fig. 96-11). See 
Chapter 75 for more detail concerning MRCP. 

ANNULAR AND SEMIANNULAR PANCREAS 

Annular pancreas is a rare congenital anomaly occurring in 
1 of every 12,000 to 15,000 live births. In this anomaly, the 


annulus is often a flat band of pancreatic tissue completely 
encircling the second portion of the duodenum 21,23 (Figs. 
96-12 and 96-13). Unusual locations of annular pancreas 
have also been reported to be around the third portion of 
the duodenum. 67 

In normal pancreatic development, the ventral anlage devel- 
ops as two separate buds from the hepatic diverticulum. 
The left ventral bud atrophies, and the right ventral bud persists 
to form the head and uncinate process. The ventral anlage 
undergoes 180-degree counterclockwise rotation while the duo¬ 
denum undergoes 90-degree clockwise rotation, so that the 
ventral anlage occupies a position contiguous with the dorsal 
anlage, medial to the duodenum. There are three theories con¬ 
cerning the formation of the annular pancreas: hypertrophy of 
both the dorsal and the ventral duets, resulting in a complete 
ring; adherence of the ventral duet to the duodenum before 
rotation; and hypertrophy or adherence of the left bud of a 
paired ventral primordium. 68 

Clinical Findings 

Annular pancreas is an uncommon congenital anomaly that 
may be manifested clinically in the neonate (52%) or may be 
asymptomatic until adulthood (48%). This disorder is not 
usually manifested clinically until the third to fifth decade of 
life 69 71 or even occasionally later. 72 

Symptoms are usually related to duodenal obstruction. Neo- 
nates present with vomiting on the first day of life, and there 
often is an antecedent history of polyhydramnios and other 
manifestation of fetal gastrointestinal tract obstruction. 214_ 

A number of other anomalies, such as intestinal malrotation, 
duodenal atresias of various forms, and cardiac anomalies, are 
often present as well. 

Annular pancreas may be quiescent and not cause symptoms 
until adulthood. Kiernan and associates 5 reviewed 266 patients 
with symptoms and found that 48% were adults. In older chil- 
dren and adults, nausea, vomiting, and epigastric pain are the 
chief presenting complaints. The incidence of associated gastric 
and duodenal uleers ranges from 26% to 48%, and panereatitis 
develops in 15% to 30% of patients. The obstruction of the 
duodenum in these patients is apparently not sufficient to cause 
symptoms until there is supervening peptic uleer disease or 
panereatitis. 76 ' 78 There are reports of extrahepatic biliary 
obstruction due to annular pancreas. 3,5 

In a 10-year review of annular pancreas in children, Jimenez 
and colleagues 79 found that among 16 patients, 12 (75%) pre¬ 
sented within the first week of life, 5 (31%) had chromosomal 
anomalies, and 6 had other major congenital problems. In 
another review of seven cases with annular pancreas, four 
patients (42.8%) had associated anomalies, including intestinal 


Duodenum 



Figure 96-12 Annular pancreas. A and 

B. Drawings illustrate the probable 
embryologic basis of annular pancreas. 

C. An annular pancreas encircles the 
duodenum. (A and B from Moore KL: The 
Developing Human, 4th ed. Philadelphia, 
WB Saunders, 1988.) 



1804 SECTION XI Pancreas 




Figure 96-13 Annular pancreas. A. Annular pancreas 
presenting in neonatal period with narrowing ( arrows ) of 
descending duodenum. Duodenal bulb (D) and stomach (S) 
are dilated, producing the classic double-bubble sign. 

B. Annular pancreas is manifested as concentric duodenal 
narrowing ( arrows ) in this adult patient who had nondescript 
epigastric pain. C. Diagram illustrates the pathologic process 
shown on the barium study. (C from Gray SW, Skandalakis 
JE, Skandalakis LJ: Embryology and congenital anomalies of 
the pancreas. In Howard JM, Jordan GL, Reber HA [eds]: 
Surgical Disease of the Pancreas. Philadelphia, Lea & 

Febi ger, 1987, pp 37-45.) 


malrotation (42.8%), intrinsic duodenal obstruction (28.5%), 
trisomy 21 karyotype (14.2%), cardiac malformation (14.2%), 
and MeckeFs diverticulum (14.2%). 8 The authors concluded 
that annular pancreas is most commonly associated with intes- 
tinal malrotation. 

In the pediatric population, symptomatic annular pancreas 
is best treated by a bypass procedure such as gastrojejunostomy 
or duodenojejunostomy. 17,48 However, in adults, a variety of 
surgical as well as interventional endoscopic procedures are 
used therapeutically. 

Pancreatic malignant disease in the setting of annular pan¬ 
creas has been reported, most often arising from the ventral 
bud. 8182 However, involvement of the dorsal bud has also been 
reported. 83,84 Evaluation of the pancreas for malignant disease 
is recommended in cases of annular pancreas presenting with 
obstructive jaundice. 85,86 


Radiologic Findings 

Plain Radiography and Barium Studies. Pediatric patients 
with annular pancreas often have diagnostic findings on plain 
radiographs with the double-bubble sign (see Fig. 96-13A); the 
proximal bubble is caused by gastric distention and the distal 
bubble by a dilated duodenal bulb. 23 2 

The radiographic findings on upper gastrointestinal barium 
studies are often characteristic and are best demonstrated 
when the duodenum is maximally distended. Stenosis is 
demonstrated in the periampullary region associated with 
an extrinsic eccentric defect on the medial margin of the 
second portion of the duodenum (Fig. 96-13B). The mucosa 
is intact unless there is associated peptic ulcer. 8 Peptic ulcer 
disease is common, so when an ulcer is seen in the peri¬ 
ampullary duodenum in an adult, the diagnosis of annular 








96 Anomalies and Anatomic Variants of the Pancreas 1805 


pancreas as well as Zollinger-Ellison syndrome should be 
considered. 23,25 

Endoscopic Retrograde Cholangiopancreatography. Diag- 
nosis of annular pancreas is most commonly suggested by 
ERCP, which shows typical features in about 85% of cases. In 
these patients, a normally located main pancreatic duet is seen 
in the body and tail that communicates with the small duet of 
the pancreatic head, which encircles the duodenum. This latter 
duet is seen originating on the right anterior surface of the 
duodenum, passing posteriorly around the duodenum and 
entering the main pancreatic or common bile duet near the 
ampulla. In some patients, biliary obstruction may be seen 
as well. 

Computed Tomography. Findings on CT are often nonspecific, 
showing enlargement of the pancreatic head that has a central 
region of high attenuation representing contrast material within 
the narrowed duodenal segment. If the duodenum is not suf¬ 
ficiently opacified, only pancreatic head enlargement may be 
noted. 88 Other CT findings include apparent circumferential 
thickening of the duodenal wall in association with an enlarged 
pancreatic head. A peninsular protrusion of pancreatic tissue 
may also be seen in the duodenal lumen. 89,90 Review of continu- 
ous images on a monitor provides the opportunity to follow the 
duodenum from above as it enters the encircling pancreatic 
head and then exits inferiorly. On occasion, the duodenum may 
not be completely encircled with pancreatic tissue. This anomaly 
is called semiannular pancreas. Ueki and colleagues 91 reported 
that three-dimensional CT panereatography may be useful in 
clarifying embryogenesis of annular pancreas. 

Ultrasound. Nonspecific enlargement of the pancreatic head is 
the major sonographic abnormality seen in annular pancreas. 90 
EUS is more accurate in making the diagnosis. 9 

Magnetic Resonance Imaging. Fat-suppressed Tl-weighted 
sequence may show a normal-appearing pancreatic tissue encir¬ 
cling the duodenum. 93 MRI as well as CT (Fig. 96-14) may be 
used as a problem-solving technique to supplement the conven- 
tional studies. 94,95 Because CT may show only an enlarged pan¬ 
creatic head, MRI is able to clearly discriminate the pancreas 
from the duodenum. 96 


Angiography. Celiac angiography may demonstrate an anoma- 
lous branch from the posterior pancreaticoduodenal artery that 
courses in a right and inferior direction to supply the annular 
moiety. 23,42 

ECTOPIC PANCREATIC TISSUE 

Heterotopic pancreas in which glandular acini duets and well- 
differentiated islets can be recognized microscopically is rare. It 
is seen in organs derived, like the normal pancreas, from ento- 
derm. Heterotopic pancreas is the result of heteroplastic dif¬ 
ferentiation of parts of embryonic entoderm that do not 
normally produce pancreatic tissue. 11 Although the embryonic 
origins of the pancreas and liver are close anatomically, ectopic 
pancreas is mueh more common than heterotopic liver. 1,10,97,98 

These ectopic rests of pancreatic tissue most commonly 
occur in the gastric antrum (25.5%) or proximal portion of the 
duodenum (27.7%). Less frequent sites include jejunum 
(15.9%), ileum, MeckeEs diverticulum, colon, appendix, mes- 
entery, omentum, liver, gallbladder, spleen, bile duets, esopha- 
gus, mediastinal cyst, 99 fallopian tube, and bronchoesophageal 
fistula. 19,22,42,100 ' 103 When it is present in the walls of the duode¬ 
num and stomach, heterotopic pancreas is usually composed of 
normal pancreatic tissue, including islet cells, and a small pan¬ 
creatic duet. Islet cells are usually absent at other sites. The 
ectopic pancreatic tissue usually lies submucosally (73%), 
although it can be located in the muscularis mueosae or on the 
serosal surface of the gut. 105 Formation of cyst in association 
with duodenal heterotopic pancreas in pancreas divisum has 
also been reported. 104,105 

Ectopic pancreatic tissue is functional and subject to the 
same inflammatory and neoplastic disorders that affLict the 
normal pancreas. The majority of cases, however, are asymp- 
tomatic and found incidentally. 103109 Indeed, many reported 
cases of pancreatic heterotopia in the duodenum are found 
incidentally during peptic uleer surgery. Also, pancreatic tissue 
was found in the duodenum by careful sectioning in nearly 14% 
of autopsies, and panereas-like tissue is also found in 14.1% of 
postmortem studies of the biliary system. When it is symptom- 
atic, ectopic pancreas may simulate duodenal uleer, gallbladder 
disease, or even appendicitis. 105,108 In the stomach, it may be a 
component of tumor-like lesions that cause symptoms such as 
pyloric obstruction. 107 Perivaterian pancreatic tissue may cause 



Figure 96-14 Annular pancreas: MR features. A. Axial fat saturation Tl-weighted image shows the duodenum surrounded by pancreatic 
tissue ( arrows ). B. Coronal oblique thick-slab MRCP image demonstrates the duet of the annular pancreas ( arrows ) that forms a complete loop 
around the duodenum. This examination was performed after secretin administration. (Courtesy Dr. Carmen DeJuan, Department of Radiology 
Hospital Clinic, University of Barcelona, Spain.) 
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Figure 96-15 Ectopic pancreas: barium contrast 
studies. Ectopic rests of pancreatic tissue are present in 
the gastric antrum (A) and duodenal bulb (B). The 
mound of pancreatic tissue is signified by the open 
arrows. The solid arrow show the draining duet. 


biliary obstruction, and if the ectopic tissue is located more 
distally, it may serve as a lead point for intussusception. 110 
Symptomatic lesions tend to be larger than 1.5 cm, and malig- 
nant tumor has been reported to arise from these tissue 

rests. 107 ’ 109 

No specific treatment is necessary in this disorder unless the 
ectopic pancreatic tissue is causing symptoms, such as obstruc¬ 
tion or hemorrhage. 

Radiologic Findings 

Ectopic pancreas characteristically appears as a broad-based, 
smooth, extramucosal or intramural lesion either along the 
greater curvature of the gastric antrum or in the proximal duo- 
denum (Fig. 96-15). A small collection of barium appearing as 
a central niche or umbilication is diagnostic and present in 45% 
of cases. This represents the orifice of the rudimentary duet into 
which the ectopic pancreas empties. 95 This pit may be as large 
as 5 mm in diameter and 10 mm in length. If this feature is 
absent, the lesion cannot be differentiated from other submu- 
cosal tumors. 22,23,42 The differential diagnosis includes peptic 
uleer disease, gastric polyp, Brunner giand adenoma, gastroin- 
testinal stromal tumor, lymphoma, and metastasis to the 
stomach such as malignant melanoma or Kaposi’s sarcoma. 111 
Rarely, large intramural cystic collections can be seen in the 
stomach and duodenum on CT scans. 112 

AGENESIS, HYPOPLASIA, AND HYPERPLASIA 
OF THE PANCREAS 

Agenesis of the pancreas is rare and typically incompatible with 
life. A causal relationship with intrauterine growth retardation 
has been noted and is presumed to be due to the lack of fetal 
insulin necessary for development. 5 Partial pancreatic agenesis 
and hypoplasia are also rare; however, cases of agenesis of the 


dorsal pancreas have been reported 114 along with malrotation. 
Abnormal rotation of the intestine may interrupt the normal 
rotation of the pancreatic primordium, with malpositioning of 
the pancreatic buds resulting in abnormal morphology of the 
uncinate process. 115 

DUCTAL ABNORMALITIES 

The single main pancreatic duet normally connects with the 
accessory duet of Santorini, and then they open in conjunction 
with the common bile duet at the ampulla of Vater. This 
arrangement is seen in 60% to 70% of normal individuals. 116,117 
The common variations of pancreatic ductal anatomy include 
junetion of the ventral duet and common bile duet at the 
ampulla with complete regression of the dorsal duet (see Fig. 
96-2) (40%-50%); junetion of the ventral and common bile 
duets at the ampulla but with persistence of the dorsal duet 
(35%); persistence of both the dorsal and the ventral duets 
without communication, or pancreas divisum (5%-10%); 
common channel with a retroduct entering the common duet 
5 to 15 mm from the ampulla (5%-10%); and separate entrance 
of the ventral duet into the duodenum with variable persistence 
of the dorsal duet (5%). 116-119 Variations in ductal configura- 
tions include a sigmoid configuration of the duet and descend- 
ing course of the duet. One may rarely encounter a loop at the 
point of the embryologic fusion of the duets. 

CONGENITAL CYSTS 

The cystic lesions that are congenital and not related to cystic 
fibrosis of the pancreas are rare. Such cysts do not cause any 
symptoms, have a thin fibrosed wall, and are lined by a colum¬ 
nar or cubicle type of epithelium. They are not associated with 
cysts in any other organs. 118 ' 122 
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Pancreatitis is one of the most complex and clinically challeng- 
ing of all abdominal disorders. It remains a major diagnostic 
challenge because its clinical manifestations are as protean as its 
causes. Indeed, only one in five severe cases of acute pancreatitis 
is recognized to be severe at initial presentation, 1 " and 42% of 
fatal cases of acute pancreatitis do not have a correct diagnosis 
before autopsy. 4 ' 7 

Since the late 1970s, cross-sectional imaging and, in par- 
ticular, high-resolution, bolus contrast-enhanced multidetector 
helical computed tomography (CT) have dramatically improved 
the diagnosis and treatment of acute pancreatitis. More recently, 
magnetic resonance imaging (MRI) has shown that it can have 
a role in imaging of patients with pancreatitis. The focus of 
this chapter is on the contribution of radiology to the assess- 
ment and management of patients with acute or chronic 
pancreatitis. 

Classification of Pancreatitis 

Pancreatitis is classified according to clinical, morphologic, and 
histologic criteria on the basis of the Marseille and Cambridge 
symposia and the 1992 International Symposium in Atlanta, 
Georgia, 8 9 and more recently the Acute Pancreatitis Classifica¬ 
tion Working Group in 2008. 10 ' 12 

Acute Pancreatitis 

ETIOLOGY 

Although the causes of pancreatitis are diverse, alcoholism 
and biliary tract disease (gallstones) account for approximately 
90% of cases in the United States. The relative frequency of 
these causes varies with the country and population of patients 
examined. Alcoholic pancreatitis is more common in urban 


and Veterans Administration hospitals, whereas gallstone pan¬ 
creatitis predominates in suburban and rural hospitals. The 
incidence of acute pancreatitis is 0.005% to 0.01% in the 
general population. 13 ' 18 Approximately 10% to 30% of patients 
with acute pancreatitis will never have the cause of the dis- 
order established and are given the diagnosis of “idiopathic” 
pancreatitis. Biliary sludge and microlithiasis are probably 
responsible for the development of pancreatitis in the majority 
of these cases. 16,19,20 

Identification of the cause of pancreatitis is important 
because it helps determine therapy. It may limit further unnec- 
essary examinations and may improve the patient’s long-term 
outcome. 16 

PATHOPHYSIOLOGY 

The precise mechanisms of pathogenesis of acute pancreatitis 
are not completely understood. Alcohol increases the risk for 
pancreatitis through multiple mechanisms. More than 95% of 
heavy alcohol users, however, never develop significant pancre¬ 
atitis, which suggests that this is a complex syndrome, with 
other risk factors involved. 21 Hypotheses and theories to 
explain alcoholic pancreatitis include necrosis-fibrosis sequence, 
duet obstruction, leakage of enzymes from the pancreatic duet, 
abnormal synthesis of digestive enzymes, toxic metabolites, 
altered pancreatic biood flow, mitochondrial damage, and acti- 
vation of pancreatic stellate cells, which produce collagen in the 
fibrotic panereas. 22 

In alcoholic pancreatitis, the toxic effeet and Chemical 
alterations of the exocrine secretions produced by alcohol 
lead to protein precipitates that obstruct the pancreatic 
duets. 23,24 In addition, alcohol can lead to duodenitis, edema, 
and spasm of the papilla of Vater, further contributing to 
ductal obstruction. 23 

Alcohol also indireetly stimulates pancreatic secretion by 
inducing an inerease in gastrin and secretin levels and decreases 
the level of zymogen inhibitor, resulting in the premature acti- 
vation of trypsin. 24 In acute pancreatitis, these activated pancre¬ 
atic enzymes are extravasated, causing pancreatic autodigestion 
and necrosis. 25 In cholelithiasis-induced pancreatitis, there is 
obstruction of the common biliopancreatic channel by a stone 
(Opie stone), with resultant reflux of bile in to the pancreatic 
duet and activation of pancreatic enzymes. 17,29 Gallstones are 
found in the stool of most of these patients. 26 This is the ratio¬ 
nale for emergency cholecystectomy or endoscopic retrograde 
cholangiopancreatography (ERCP)-directed sphineterotomies 
in the treatment of gallstone pancreatitis. 16 Reflux of contrast 
material into the pancreatic duet during intraoperative cholan- 
giography is mueh more common in patients with gallstone 
pancreatitis than in patients undergoing cholecystectomy who 
do not have pancreatitis. 15 

Panereas divisum, discussed in detail in Chapter 96, is also 
postulated to induce this disorder by a funetional obstruction 
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at the accessory papilla of Santorini. A variety of other causes, 
such as drugs, calcium, endotoxins, hyperlipidemia, viral infec- 
tions, ischemia, anoxia, and trauma, can also activate proteo- 
lytic enzymes in the pancreas that lead to autodigestion and 
stimulate other enzymes, such as bradykinin and vasoactive 
substances, that cause vasodilation, increased vascular perme- 
ability, and edema. 15,29 

Leukocytes attracted by the pancreatic injury release 
inflammatory mediators called cytokines, which have an 
important role in disease progression and multisystem com- 
plications of acute pancreatitis. Biologically active compounds, 
such as phospholipase A 2 , tumor necrosis factor, polymor- 
phonuclear cell elastase, complement factor, interleukins, and 
leukotrienes, are released into the systemic circulation, stimu- 
lating the production of other mediators and leading to 
distant organ failure. 32 Some of these mediators, such as 
tumor necrosis factor, are also toxic to acinar cells and may 
contribute to pancreatic injury and necrosis. 32,33 These inflam¬ 
matory products occur early in the course of the disease 
and can be used as indicators of severity and prognosis in 
acute pancreatitis. 32,34,35 

Pancreatitis has been shown to have an increased prevalence 
in patients with acquired immunodeficiency syndrome (AIDS), 
explained either by the effects of medication (pentamidine and 
2',3'-dideoxyinosine [DDI]) or by secondary opportunistic 
infections. 1,16,36 

No dependable correlation exists between the etiology and 
the severity of disease. In general, most cases of necrotizing 
pancreatitis are associated with alcoholism and hyperlipidemia, 
whereas severe pancreatitis is less commonly noted with other 
causes. 

There are several major pathologic categories of acute pan¬ 
creatitis. Acute interstitial edematous pancreatitis is the mildest 
form of pancreatitis. It is characterized by absent or minimal 
pancreatic and systemic dysfunction and a rapid response to 
medical therapy without complications. Only pancreatic edema 
and mild cellular infiltrate are present. The giand may enlarge 
to three times its normal size and become firm. There may be 
a few small, scattered foci of necrosis and saponification in the 
peripancreatic fatty tissue. Other organs generally are not 
involved. Necrotizing pancreatitis is a far more severe form of 
pancreatitis in which varying degrees of systemic and distal 
organ failure and potentially lethal complications can occur. 
Extensive fat necrosis, hemorrhage, and necrotic liquefaction of 
the pancreatic parenchyma and adj acent peripancreatic tissues 
and fascial planes are seen. In addition, a variety of intermedi- 
ary forms of pancreatitis occur in clinical practice. The degree 
and extent of injury appear to be related to the quantity, rate of 
production, and activity of the highly lipolytic and proteolytic 
extravasated enzymes. 16 

DEFINITIONS 

Considerable ambiguity and overlap of pathologic features exist 
in describing the complications of pancreatitis. The following 
are definitions of commonly encountered sequelae that are dis- 
cussed in subsequent sections. 16 7 

Acute pancreatitis is diagnosed when two of the three fol¬ 
lowing criteria are present: (1) abdominal pain related to acute 
pancreatitis, (2) serum amylase or lipase activity greater than 
three times the normal level, and (3) imaging findings charac- 
teristic of acute pancreatitis. 


According to the revised Atlanta classification of acute 
pancreatitis, acute pancreatitis can be divided into two major 
types: interstitial edematous pancreatitis and necrotizing 
pancreatitis. 10,11 

Interstitial Edematous Pancreatitis. Most patients have 
diffuse (or less commonly focal) pancreatic enlargement from 
interstitial edema. The pancreas enhances relatively homoge- 
neously without necrosis, and there is peripancreatic inflamma¬ 
tion with mild stranding or fluid. The clinical findings generally 
resolve within the first week. 8 When imaging is performed 
within the first days after onset of pancreatitis, it may be diffi- 
cult to distinguish interstitial edematous pancreatitis from 
patchy necrosis. Follow-up contrast-enhanced CT 3 to 7 days 
later may be helpful in the distinction. 39 

Acute Peripancreatic Fluid Collection. Fluid collection in 
peripancreatic regions typically occurs within 4 weeks of 
symptom onset, mostly after interstitial edematous pancreatitis. 
It lacks nonliquefied material and a definable wall. 

Necrotizing Pancreatitis. On imaging, necrotizing pancreatitis 
is defined by lack of enhancement of the pancreatic tissue. 
Necrosis most commonly involves the pancreas and peripancre¬ 
atic tissues, followed by the pancreas and, least commonly, the 
peripancreatic tissues. Necrotizing pancreatitis is quantified on 
the basis of studies by Balthazar as less than 30%, 30% to 50%, 
and more than 50%. More recently, it has been graded by modi- 
fied CT as less than 30% or more than 30%. 40 

Acute Necrotic Collection. Acute necrotic collection refers to 
a persistent collection containing fluid and necrotic material of 
various amounts associated with necrotizing pancreatitis. This 
collection accumulates in the pancreas or peripancreatic tissue 
and occurs within 4 weeks after development of necrotizing 
pancreatitis. 

Pancreatic Pseudocyst. Pancreatic pseudocysts are localized 
collections of pancreatic fluid confined by a capsule of fibrous 
or granulation tissue; they typically develop during 4 weeks 
after an acute episode or can be associated with stigmata of 
chronic pancreatitis. Pseudocysts lack a true epithelial lining, 
which distinguishes this entity from a cyst or cystic neoplasm. 
They are manifestations of a local complication of acute non- 
necrotic pancreatitis and should not contain solid material. 
Current literature estimates that 50% of asymptomatic pseudo¬ 
cysts smaller than 6 cm resolve spontaneously. 41 Pseudocysts 
larger than 7 cm in diameter are likely to require intervention, 
particularly in patients with alcoholic pancreatitis. 37,42 Persistent 
pseudocysts often communicate with the pancreatic duet and 
have the potential to rupture, to bleed, to become infeeted, or 
to cause a pseudoaneurysm. 30,43 Infeeted pseudocysts require 
drainage. 

Walled-off Necrosis. Walled-off necrosis is a persistent collec¬ 
tion of necrotic tissue with a thickened wall that lacks a true 
epithelial lining; it arises in the setting of necrotizing pancreati¬ 
tis. 10 This collection accumulates in the pancreas or peripancre¬ 
atic tissue usually 4 weeks or more after onset of necrotizing 
pancreatitis and may or may not be infeeted. Unlike a pseudo¬ 
cyst, walled-off necrosis contains necrotic pancreatic paren¬ 
chyma or fat. 11 The liquefied components may be better 
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characterized by MR or ultrasound, including endoscopic ultra- 
sound (EUS), to guide drainage if it is required. 

Phlegmon. Phlegmon is a term formerly used to imply the 
presence of a heterogeneous masslike enlargement of the pan- 
creas and retroperitoneal tissues. It does not correlate with the 
presence of infection or necrosis. Because the term has different 
meanings to gastroenterologists, internists, and surgeons, it 
should be avoided according to the revised Atlanta criteria. 10 " 12 

Abscess. Pancreatic abscess develops from infected, extrava- 
sated pancreatic secretions. It usually occurs 3 weeks or more 
after the initial attack or may develop as a secondary infection 
of a pseudocyst. This term has fallen out of favor with the 
revised Atlanta classifkation system, and the term infected pseu¬ 
docyst is used instead. 10 ' 12,39 

Pseudoaneurysm. A pseudoaneurysm is a focal area of dilation 
of a splanchnic artery that may occur as a result of inflamma- 
tory weakening of the arterial wall by enzymes liberated in acute 
pancreatitis. Pseudoaneurysms usually are found in the splenic, 
gastroduodenal, and pancreaticoduodenal arteries and can be 
freestanding or associated with a pseudocyst. Intermittent or 
life-threatening hemorrhage into a pseudocyst, retroperito- 
neum, or peritoneal cavity may occur. 

CLINICAL FINDINGS 

The clinical diagnosis of pancreatitis is often difficult. Patients’ 
symptoms range from mild abdominal pain, nausea, vomiting, 
fever, tachycardia, and abdominal distention to severe abdomi¬ 
nal pain and shock. Most patients have abdominal tenderness 
and guarding. These Åndings are nonspecific, and the differen- 
tial diagnosis usually includes acute cholecystitis, bowel obstruc¬ 
tion or infarction, perforated viscus, renal colic, duodenal 
diverticulitis, aortic dissection, appendicitis, and ruptured 
abdominal aortic aneurysm. In very severe cases, Hank ecchy- 
mosis (Grey Turner’s sign) or periumbilical hematoma 
(Cullens sign) may be present. 

Consequently, a battery of laboratory tests has been devel- 
oped to diagnose and to grade pancreatitis. These tests include 
evaluation of serum amylase, lipase, serum/urinary amylase 
ratio, pancreatic isoamylase, immunoreactive trypsin, chymo- 
trypsin, elastase, serum cyclic adenosine monophosphate, 
C-reactive protein, urinary trypsinogen-2, and methemalbu- 
min. Serum amylase and lipase levels are the most com- 
monly used measures to diagnose pancreatitis. Unfortunately, 
these values are elevated in only 80% to 90% of patients with 
acute pancreatitis. 45 Amylase is rapidly secreted by the kidneys 
and may return to normal levels during the first 48 to 72 
hours. 3 45 Pancreatitis caused by gallstones, microlithiasis, or 
drugs is often associated with a greater elevation in amylase 
than in lipase. 47,48 The amylase level relative to lipase tends to 
be lower in alcoholic pancreatitis, hypertriglyceridemia-induced 
pancreatitis, neoplasia, and chronic pancreatitis. 20,47,48 There is 
no correlation between the levels of serum amylase and the 
severity of acute pancreatitis; patients with mild forms of 
disease may exhibit levels above 1000 units, whereas patients 
with severe necrotizing pancreatitis may have normal or low 
amylase levels. 49,50 Furthermore, hyperamylasemia may be seen 
in other acute abdominal conditions, such as bowel obstruction, 
bowel infarction, gangrenous cholecystitis, and perforated 


ulcer. 51 Elevated lipase is more specific for pancreatitis, but the 
level does not predict the etiology. 52 

The onset of acute pancreatitis is defrned from the time of 
onset of abdominal pain and not date of hospital admission. 
The clinical course of acute pancreatitis varies from mild and 
self-limited disease to shock, overwhelming sepsis, and death. 
The revised Atlanta classifkation divides acute pancreatitis into 
two broad categories: nonsevere acute interstitial edematous 
pancreatitis; and severe acute pancreatitis, which often involves 
necrosis of the giand or peripancreatic tissues. 10 Characteriza- 
tion of acute pancreatitis can be considered on the basis of 
early and late phases of the disease. 10 The early phase of acute 
pancreatitis appears within the first week and shows systemic 
reaction of the body to pancreatic enzymatic insults and inju¬ 
ries. This phase usually resolves within a week. The clinical 
features during this period are commonly the signs of systemic 
inflammatory response syndrome. The late phase of acute pan¬ 
creatitis is seen only in moderately severe or severe acute pan¬ 
creatitis. During this phase, local complications of acute 
pancreatitis and continuation of systemic signs of inflamma¬ 
tion are noted; therefore, both clinical and imaging criteria are 
important. 

Mild acute pancreatitis usually improves within the first 
week and during the early phase of disease. There is no evidence 
of organ failure or local or systemic complications of acute 
pancreatitis, and an imaging examination is often not needed 
in mild cases. Moderately severe acute pancreatitis is defined by 
the presence of local or systemic complications of acute pan¬ 
creatitis or the existence of transient organ failure. By defini¬ 
tion, transient organ failure in a patient suffering from acute 
pancreatitis lasts less than 48 hours. Severe acute pancreatitis 
determines when organ failure is evident for more than 48 
hours. 53,54 

RADIOLOGIC FINDINGS 

Cross-sectional imaging has made a significant contribution to 
the diagnosis and staging of acute pancreatitis. Radiologic 
imaging of patients with suspected pancreatitis has five major 
objectives: (1) to exclude other abdominal disorders that can 
mimic acute pancreatitis; (2) to confirm the clinical diagnosis 
of acute pancreatitis; (3) to evaluate the extent and nature of 
pancreatic injury and peripancreatic inflammation in an 
attempt to stage the severity of disease; (4) to determine the 
etiology of acute pancreatitis; and (5) to serve as a guide for 
therapeutic intervention and response to therapy. Although 
plain films and contrast studies have been used in the past for 
the diagnosis of pancreatitis, they have been largely replaced by 
cross-sectional studies, which have significantly greater diag- 
nostic accuracy. Findings and signs indicative of pancreatitis on 
different imaging modalities are briefly discussed here, with an 
emphasis on CT and MRI. 

Abdominal Plain Films 

Abnormalities in the abdominal gas pattern are the most fre- 
quent findings on abdominal plain films and range from a 
gasless abdomen to an ileus pattern. The most common find¬ 
ings are a small bowel ileus (42%), in which an adynamic sen- 
tinel loop is seen, and the colon cutoff sign (56%), related to 
spasm of the splenic flexure with distal paucity of gas caused by 
spread of the pancreatic inflammation into the phrenocolic 
ligament. 55 Although it was originally described in abdominal 
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Figure 97-1 Colon cutoff sign 
on MDCT. A. Scout topogram 
for abdominal MDCT shows 
abrupt interruption ( arrow) of 
colonic gas at splenic flexure in a 
patient with acute pancreatitis. 

B. Axial contrast-enhanced 
MDCT image shows narrowing 
(arrow) of the colonic lumen at 
the level of the splenic flexure as 
a result of extension of 
inflammatory exudate. C. Axial 
contrast-enhanced MDCT image 
shows pancreas (P) surrounded 
by inflammatory changes and 
fluid. 



plain films, the colon cutoff sign can also be seen on CT 
(Fig. 97-1). 

Chest Films 

Approximately one third of patients with acute pancreatitis 
demonstrate pulmonary and chest abnormalities: elevated dia- 
phragms, pleural effusions, basal atelectasis, pulmonary infil- 
trates, and the adult respiratory distress syndrome. 60 ' 65 
Abnormalities on chest films can be useful to determine the 
severity of acute pancreatitis. 66,67 

Barium Studies 

Meyers and Evans 38 have emphasized the importance of the 
ligaments and mesenteries of the subperitoneal Space (Fig. 
97-2) in the spread of pancreatitis to understanding of the 
radiographic findings. Extravasated pancreatic enzymes com- 
monly enter the lesser sac and spread to the transverse meso- 
colon, phrenocolic ligament, and small bowel mesentery, 
causing serosal inflammation and irritation of the gastro intes- 
tinal tract. 55, 61,68 Thickening and spiculation of mucosal folds in 
the stomach and duodenum can be seen on CT and barium 
studies. Varying degrees of atony associated with spastic seg¬ 
ments of the duodenum, jejunum, and transverse colon can also 
be present. 68 ' 71 

Cholangiography 

ERCP is generally not performed during an acute episode of 
pancreatitis because it may exacerbate the inflammation or 
introduce an infection. The pancreatic duet is usually normal 
but can be compressed. Some gastroenterologists advocate 
ERCP with sphineterotomy to alter the course of pancreatitis 
when it appears that multiple stones are passing through the 
common bile duet. ERCP can also demonstrate other causes of 
pancreatitis, such as pancreas divisum, choledochocele, chole- 
dochal cyst, perivaterian duodenal diverticulum, pancreatic or 


bile duet carcinoma, and ampullary carcinoma 15 (see Chapter 
74). Magnetic resonance cholangiopancreatography (MRCP) is 
often preferred to investigate the cause of pancreatitis, however, 
avoiding the complications associated with ERCP. 72 3 

Angiography 

Angiography is usually not performed in patients with acute 
pancreatitis unless the presence of a pseudoaneurysm that 
could be treated with transcatheter embolization is suspected. 
It can also be helpful to elucidate vascular causes of pancre¬ 
atitis, such as vasculitis, polyarteritis nodosum, post-aortic 
aneurysm resection, after transplantation, Ortner’s syndrome, 
systemic lupus erythematosus, low-flow States, shock, and 
diabetes. 74 ' 76 

Ultrasonography 

Abnormal findings are seen at sonography in 33% to 90% of 
patients with acute pancreatitis. The classic sonographic 
appearance in pancreatitis is a diffusely enlarged hypoechoic 
pancreas. Less commonly, focal enlargement is present. The 
echogenicity of the pancreas in acute pancreatitis is extremely 
variable and depends on a number of factors: the timing of the 
sonographic study, with maximal decrease in echogenicity 
occurring 2 to 5 days after the initial episode of acute abdominal 
pain; the amount of intrapancreatic fat (with age, the pancreas 
is replaced by fat and hence becomes more echogenic); the pres¬ 
ence of hemorrhage; the presence of underlying chronic pan¬ 
creatitis with calcification; and the degree of extrapancreatic 
spread of acute pancreatitis. 78,79,81 Echogenicity is also subjective 
because the usual internal standard used to gauge pancreatic 
texture is the liver, which often has altered architecture caused 
by fatty infiltration, cirrhosis, or alcoholic pancreatitis. Simi- 
larly, size changes are difficult to assess without a baseline scan 
because the overall volume of the giand is variable and dimin- 
ishes with advanced age. 82 
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Figure 97-2 Anatomic relationships of the pancreas. These 
relationships explain the radiographic findings on plain films, barium 
studies, and cross-sectional images. A. Sagittal diagram of the 
abdomen depicts avenues of spread of the inflammation and fluid of 
acute pancreatitis: (1) spread into the lesser sac will deform the 
posterior gastric wall; (2) spread into the transverse mesocolon will 
cause deformity along the inferior border of the colon; (3) spread into 
the root of the small bowel mesentery will cause deformity of the 
small bowel loops; (4) extension into the duodenum will cause 
deformity and mucosal abnormalities; (5) spread into the remainder of 
the retroperitoneum will cause changes in the anterior pararenal 
space. D, Duodenum; L, lung; P, pancreas; S, spleen; SBM, small 
bowel mesentery; TC, transverse colon. B. Axial diagram shows the 
intimate relationship between the pancreas and other structures in 
the anterior pararenal space (duodenum, ascending and descending 
colon). The kidneys lie in the perirenal space. Ao, Aorta; IVC, inferior 
vena cava. 


The pancreatic duet may dilate, particularly if the inflamma¬ 
tion is confined to the pancreatic head. Focal intrapancreatic 
masses may be due to an acute fluid collection, hemorrhage, or 
ill-defined and hypoechoic pancreatic enlargement that may 
sonographically simulate carcinoma. Cystic masses should be 
serutinized with Doppler ultrasound studies to exelude pancre¬ 
atic pseudoaneurysms. 83 Lesser sac fluid collections are often 
seen and may produce a “butterfly” appearance. 84 


The foregoing discussion assumes that the pancreas is well 
visualized. In acute pancreatitis, bowel gas and other factors will 
limit visualization of the giand in one fourth to one third of 
patients. This is one of four major limitations of ultrasound in 
this clinical setting. The second is the inability of ultrasound to 
completely define the complex extrapancreatic spread of inflam¬ 
mation along fascial planes and within the peripancreatic com- 
partments. It is particularly limited in visualizing spread into 
the transverse mesocolon. Third, ultrasound cannot specifically 
reveal areas of pancreatic necrosis in patients with severe pan¬ 
creatitis, information that provides important insights into the 
ultimate prognosis of necrotizing pancreatitis. Finally, only CT, 
MRI, or angiography can diagnose many gastrointestinal and 
vascular complications of acute pancreatitis. 

What, then, is the role of sonography in acute pancreatitis? 
It is a good screening test in patients with suspected biliary 
pancreatitis and a mild clinical course. It is helpful to detect 
gallstones, for which CT is not effeetive. 85 ' 81 It is also useful in 
thin patients with mild edematous pancreatitis that promptly 
responds to conservative therapy. Ultrasound has limitations in 
the detection of distal common duet stones. It also has limita¬ 
tions in the diagnosis of necrosis. Ultrasound may be used to 
assess the presence or absence of solid necrotic material and to 
differentiate it from cystic material to help guide drainage when 
it is being considered. CT is preferred for patients with clinically 
severe pancreatitis; those whose disease fails to respond to con¬ 
servative therapy; acutely ill patients who pose diagnostic 
dilemmas; and patients with complications, such as infeeted 
pseudocyst, hemorrhage, pseudoaneurysm formation, and pan¬ 
creatic necrosis. 88,89 

The use of tissue harmonic imaging improves image quality, 
delineation of the pancreatic tail, lesion conspicuity, and 
fluid-solid differentiation relative to conventional B-mode 
sonography. 90 91 Tissue harmonic sonography was able to detect 
abnormalities in 91% of patients with acute pancreatitis. 92 The 
authors found that the two most useful sonographic findings 
were extrapancreatic inflammation and parenchymal inhomo- 
geneity. It was difficult, however, to distinguish between fluid 
collections and extrapancreatic inflammation. Nevertheless, the 
accuracy of CT is still superior to that of tissue harmonic sonog¬ 
raphy in the evaluation of acute pancreatitis, as even with tissue 
harmonics, sonography does not demonstrate necrosis or other 
complications as well as CT does. 

Computed Tomography and Magnetic 
Resonance Imaging 

CT is the premier imaging test in the diagnosis and manage¬ 
ment of patients with acute pancreatitis. It visualizes the giand, 
the bowel, the retroperitoneum, the abdominal ligaments, the 
mesenteries, and the omentum in their entirety. In addition, it 
may help determine the etiology, stage severity, and detect com¬ 
plications of pancreatitis; it can be used to guide interventional 
procedures, such as fme-needle aspiration biopsy or catheter 
placement. However, the radiation dose delivered by CT may be 
a significant factor for young patients with pancreatitis requir- 
ing multiple examinations. MRI may be an option for these 
patients; however, it is more costly than CT. Other advantages 
of MRI include its high soft tissue contrast resolution and 
ability to evaluate the common bile duet, pancreatic duet, 
and parenchyma in a single examination. 93 ' 96 Before the aware- 
ness of nephrogenic systemic fibrosis, contrast-enhanced MRI 
could be used in patients with renal insufficiency when 
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contrast-enhanced CT could not be performed. MRI, however, 
is limited in the more acute setting when the patient is very ill, 
as patients need to be able to hold the breath and be relatively 
stable for the longer examination. MRI may be helpful to dis- 
tinguish peripancreatic fluid collections as solid debris from 
cystic collections and show the compositions of pseudocysts 
better than multidetector CT (MDCT). 39,97 100 Diffusion- 
weighted MRI can be helpful in the diagnosis of acute 
pancreatitis. 101 

CT Technique. The technique used in evaluating patients with 
pancreatitis should be individualized. The best diagnostic 
images are obtained with MDCT by achieving optimal vascular 
and parenchymal enhancement and avoiding respiratory 
motion. A rapid 5 mL/s intravenous bolus of 150 mL of 60% 
nonionic contrast material is injected. We routinely use a two- 
phase imaging technique. Images in the pancreatic and hepatic 
venous phases are obtained with 2- to 3-mm slice thickness. In 
addition, unenhanced images may be helpful through the pan¬ 
creas. Images can be reconstructed into any plane with various 
thickness and section intervals at any level in the scanned 
volume. 

MRI Technique. The role of MRI has become increasingly 
more important with the advent of high-field-strength imaging, 
phased-array surface coils, MR-compatible power injectors, 
rapid gradient-echo breath-hold techniques, and fat suppres¬ 
sion. 96,102,103 These technologic advances allow faster sequences 
with high-resolution images that are largely free of artifacts. 
Tl-weighted fat-suppressed sequences before and after gado- 
linium administration and T2-weighted sequences are essential 
for pancreatic evaluation. The Tl-weighted fat-suppressed 
sequences are able to detect focal or diffuse abnormalities in the 
pancreas and to delineate the peripancreatic fat planes. With TI 
relaxation time shorter than that of the liver, the normal pan¬ 
creas has the highest signal intensity of intra-abdominal organs. 
This is attributed to the abundance of acinar proteins, endo- 
plasmic reticulum, and paramagnetic ions within the pan¬ 
creas. 104,105 Contrast-enhanced Tl-weighted images in the 
arterial phase show intense enhancement of the normal pan¬ 
creas, which becomes less intense on subsequent phases. 
T2-weighted sequences show fluid as high signal intensity, 
allowing assessment of the pancreaticobiliary duets and detec- 
tion of fluid collections and peripancreatic edema. 

Diagnosis. The imaging Åndings in acute pancreatitis are 
similar, regardless of etiology, with the exception of traumatic 
pancreatitis, in which pancreatic lacerations cause high-density 
(50-90 HU) hematomas. MRI can be helpful in determining the 
etiology of pancreatitis, including choledocholithiasis, pancreas 
divisum, and underlying tumors. In the acute setting, however, 
the etiology may be difficult to determine because of the sig- 
nificant inflammation, which may obscure stones, pancreatico¬ 
biliary duets, or underlying masses. 

In mild forms of pancreatitis, CT and MRI may show normal 
Åndings or a slight to moderate inerease in the size of the pan¬ 
creas. Mild inflammation may surround an otherwise normal- 
appearing giand (Fig. 97-3). Alternatively, the pancreas may be 
diffusely enlarged, with shaggy and irregular contour, and 
slightly heterogeneous parenchyma, which enhances less than 
normal (Fig. 97-4). On MRI, there may be decreased pancreatic 
signal intensity on Tl-weighted fat-suppressed sequences before 



Figure 97-3 Acute pancreatitis. Axial contrast-enhanced MDCT 
image shows peripancreatic inflammatorv chanaes (arrows) in_a 
patient with abdominal pain and elevated amvlase levels . The 

pancreas (P) has normal size and enhancement. 



Figure 97-4 Mild acute pancreatitis. Axial arterial phase contrast- 
enhanced MDCT imaae shows diffuse enlaraement and decreased 

enhancement of the pancreas. Note peripancreatic inflammatory 
changes (arrows). P, Pancreas. 


and after gadolinium administration, depending on the degree 
of inflammation and edema (Fig. 97-5). 96,106 

In more advanced cases, extravasation of pancreatic fluid 
leads to the formation of intrapancreatic and extrapancreatic 
fluid collections (Fig. 97-6). Because the pancreas does not have 
a well-developed fibrous capsule, pancreatic secretions com- 
monly extravasate in the retroperitoneum, most often in the 
anterior pararenal Space (Fig. 97-7; see also Fig. 97-1). CT 
superbly depicts peripancreatic inflammation, fluid, and occa- 
sionally mild thickening of the adjacent fascial planes (see Figs. 
97-1 and 97-3). Peripancreatic inflammatory stranding is also 
well seen on MRI (see Fig. 97-5). 

A more unusual segmental form of acute pancreatitis occurs 
in as many as 18% of patients. 14,88 The CT Åndings are similar 
to those in diffuse pancreatitis; however, only part of the giand 
is involved either exelusively or predominantly. The segment 
most often involved is the pancreatic head. This form of pan¬ 
creatitis is usually mild and is most often associated with stone 
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Figure 97-5 Mild ERCP-induced pancreatitis. A. Axial T2-weighted 
half-Fourier acquisition single-shot turbo spin-echo (HASTE) MR 
image shows peripancreatic fluid ( arrows ) with high signal intensity. 
The pancreas also has mildly increased signal intensity due to edema. 
B. Axial TI -weighted fat-suppressed spoiled gradient-echo MR image 
shows normal high signal intensity of the pancreas in this patient with 
uncomplicated pancreatitis. The peripancreatic fluid is better seen on 
T2-weighted images. C. The pancreas shows diffusely decreased 
enhancement during the arterial phase after administration of 
gadolinium. (A-C from Miller FH, Keppke AL, Dalal K, et al: MRI of 
pancreatitis and its complications: Part 1, acute pancreatitis. AJR Am 
J Roentgenol 183:1637-1644, 2004. Reprinted with permission from 
the American Journal of Roentgenology.) 


disease. 6,98,107 However, patients with segmental pancreatitis 
should be carefully evaluated to exclude the less common pos- 
sibility of adenocarcinoma simulating pancreatitis or a mass 
leading to pancreatitis (Figs. 97-8 and 97-9). It may be appro- 
priate to further investigate these patients with EUS, MR, ERCP, 
or biopsy or to perform short-term follow-up CT or MRI, 
especially if they are older or do not have risk factors for 
pancreatitis. 106 

In severe forms of necrotizing pancreatitis, the giand may 
become enlarged, and it is commonly enveloped by high- 
attenuation heterogeneous fluid collections. Because of 


P 



Figure 97-6 ERCP-induced pancreatitis with peripancreatic fluid 
collections. Axial enhanced TI-weighted fat-suppressed spoiled 
gradient-echo MR image shows heterogeneous pancreatic 
enhancement and peripancreatic fluid and inflammation ( straight 
arrows). Fluid ( curved arrow) is seen between the pancreas and the 
splenic vein. P, Pancreas. (From Miller FH, Keppke AL, Dalal K, et al: 
MRI of pancreatitis and its complications: Part 1, acute pancreatitis. 
AJR Am J Roentgenol 183:1637-1644, 2004. Reprinted with 
permission from the American Journal of Roentgenology.) 


high-attenuation exudates, the presence of pancreatic necrosis 
cannot be assessed on CT unless the giand is imaged during the 
late arterial-early portal venous phase of a rapid bolus intrave- 
nous injection of contrast medium (Fig. 97-10). 77 On MRI, 
peripancreatic high signal intensity may be seen on T1-weighted 
fat-suppressed sequences related to fat necrosis and hemor- 
rhage (Fig. 97-11). This finding has been associated with a 
worse prognosis. Patchy areas of absence of enhancement, 
fragmentation, and liquefaction necrosis can be detected on CT 
or MRI (Fig. 97-12). Poorly defined peripancreatic exudates 
obliterate the peripancreatic fat, envelop the pancreas, dissect 
fascial planes, and penetrate through fascial and peritoneal 
boundaries and ligaments. These collections most often occur 
in the anterior pararenal Space around the body and tail of the 
pancreas and within the lesser peritoneal sac (Fig. 97-13). 109 
Penetration through Gerotas fascia with involvement of the 
perirenal fat and kidneys occurs rarely. When fluid collections 
are massive, they tend to extend inferiorly along the pararenal 
spaces in the left flank or bilaterally. They can course over the 
psoas muscle, en ter the pelvis (see Fig. 97-13B), and sometimes 
extend into the groin. Exudates can invade the small bowel 
mesentery, the transverse mesocolon, and the posterior parare¬ 
nal spaces (see Fig. 97-7). Fluid can penetrate into solid organs, 
such as the spleen or the liver, and even the mediastinum. 
Splenic involvement is most common because of the close ana- 
tomic relationship of the pancreatic tail and splenic hilum. Sub- 
capsular or intrasplenic fluid collections or pseudocysts, infarcts, 
and splenic hemorrhage may be seen with pancreatitis. 

In about 7% to 12% of patients with acute pancreatitis, CT 
or MRI reveals free intraperitoneal fluid, usually in small 
volumes. Massive pancreatic ascites, caused by communication 
of a disrupted pancreatic duet with the peritoneal cavity, is 
rarely seen. 0,110 This presentation is usually associated with a 
more severe form of pancreatitis. In most of these patients, 
characteristic pancreatic and peripancreatic abnormalities are 
recognized. Rarely, pancreatic ascites can develop in patients 
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Figure 97-7 Acute pancreatitis with 
peripancreatic fluid. A. Axial contrast-enhanced 
MDCT image shows normal pancreatic 
enhancement and diffuse peripancreatic fluid 

and stranding . P, Pancreas. B. T he pancreatic 
head (P) is enlaraed. Fluid is seen extendina 
into the perirenal and anterior pararenal spaces 

and into the transverse mesocolon and 

mesenterv. C. Specimen from a different 
patient, with fat necrosis of the greater 
omentum due to acute pancreatitis. 



Figure 97-8 Pancreatic cancer mimicking acute pancreatitis. A. Axial contrast-enhanced MDCT image shows stranding surrounding 
pancreatic tail (short arrow) and aallstone (lona arrow) in this patient with uncontrollable back oain who was believed to have pancreatitis. B. Six 
months after cholecystectomy, the patient had persistent pain. His amylase and lipase levels were only mildly elevated. Axial contrast-enhanced 
MDCT imaae shows a pancreatic tail mass (arrow) that encases vessels and was proved to be adenocarcinoma. 


with a normal-appearing giand on CT scans. In these patients, 
paracentesis with amylase determination is needed to make the 
diagnosis. 111 The treatment of pancreatic ascites includes con- 
servative management with nasogastric suction, parenteral 
nutrition, and repeated paracenteses. 112,113 If these measures fail, 
interventional or surgical procedures, including pancreatic duet 
stenting, pancreaticojejunostomy, and distal pancreatectomy, 
may be required. 

Diagnostic Sensitivity. The accuracy of CT in the diagnosis of 
acute pancreatitis depends to a large extent on the severity 
of the disease. The reported CT sensitivity for the diagnosis of 
acute pancreatitis ranges from 77% to 92%. 51,114,115 The useful- 
ness of CT is further supported by its high specificity. In most 
series, there are few false-positive Åndings, and CT specificity 
as high as 100% has been reported. 114 In addition, by examining 


the entire abdomen, CT can reveal a variety of other abdominal 
conditions in patients clinically suspected of having acute 
pancreatitis. 

Limitations in Diagnosis. Limitations in the CT diagnosis of 
acute pancreatitis are related to suboptimal examinations 
resulting from poor technique, lack of intravenous contrast 
medium, or inability of the patient to cooperate. Motion or 
streak artifacts and paucity of retroperitoneal fat are limiting 
factors in some patients. In addition, in mild forms of clinical 
pancreatitis, morphologic parenchymal or retroperitoneal 
abnormalities do not develop and the giand may appear normal 
on CT scans. It occurs in patients with mild symptoms and 
transitory elevation of serum amylase concentration. The inci- 
dence of normal CT scans in these persons is not well estab- 
lished because surgical or pathologic correlation is lacking, but 
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it has been estimated to be 14% to 28%. 88,116 Experience has 
shown that given a good-quality CT scan, all patients with 
moderate or severe pancreatitis will exhibit some CT abnormal- 
ity. In patients with normal results of CT examination, pancre¬ 
atitis is either absent or of minimal clinical significance. 

Staging. By virtue of its ability to accurately and rapidly evalu- 
ate the pancreas, peritoneum, and retroperitoneum, CT can be 
used to predict the severity of acute pancreatitis. 40,117 ' 126 The 
revision of the Atlanta classification addresses the lack of uni- 
formity between referring physicians and diagnostic radiolo- 
gists in describing the terms related to acute pancreatitis. 101 
The classification addresses fluid collections before and after 4 
weeks of the onset of symptoms by the presence or absence of 
necrosis and by the presence or absence of infection. 

Grading System. The CT severity index (CTSI), developed by 
Balthazar and colleagues, focused on the presence and degree 
of pancreatic inflammation and necrosis to predict morbidity 



Figure 97-9 Pancreatic cancer mimicking pancreatitis. Axial 
contrast-enhanced MDCT imaae shows enlaraement and lack of 

enhancement of the bodv and tail of the pancreas (P). mimicking 

pancreatic necrosis. N ote oerioancreatic stranding and soft tissue 
density (short arrows) surroundinq the celiac artery, raisinq suspicion 

for cancer. There was thrombosis of the suoerior mesenteric vein. 

splenic vein, and extrahepatic portal vein (long arrow). Histoloqic 

examination revealed pancreatic adenocarcinoma . 


and mortality in patients with acute pancreatitis. In 2004, 
Mortele and coworkers 40 modified the index with improved 

correlation with patient outcomes. The modified scale ascribes 
points to degrees of pancreatic inflammation. 

Grade A: normal pancreas 

Grade B: focal or diffuse enlargement of the giand including 
contour irregularities and inhomogeneous attenuation 
but without peripancreatic inflammation 

Grade C: intrinsic pancreatic abnormalities associated with 
inflammatory changes in the peripancreatic fat (see Figs. 
97-4 and 97-5) 

Grade D: small and usually single, ill-defined fluid 
collection 

Grade E: two or more large fluid collections or the presence 
of gas in the pancreas or retroperitoneum (Fig. 97-14) 88,119 

In cases of pancreatic necrosis, points are given for certain 
degrees of necrosis, with more than 30% necrosis receiving the 
maximum 4 points. Two points are given for cases that involve 
extrapancreatic complications. The numerical modified CTSI 



Figure 97-11 Pancreatitis with the development of high signal 
intensity fluid collections. Axial Tl-weighted fat-suppressed spoiled 
gradient-echo MR image shows complex peripancreatic fluid 
collection ( arrows ) with predominantly high signal intensity, which 
extended inferiorly from the level of the pancreatic head (P). 
Aspiration biopsy revealed a necrotizing inflammatory process. 



Figure 97-10 Gallstone pancreatitis with necrosis. A. Axial nonenhanced MDCT imaae shows an enlaraed pancreas (P) with indistinct 
borders because of peripancreatic inflammatory chanaes (solid arrows). Gallstone (open arrow) is seen in the aallbladder neck . B. A xial arterial 
phase contrast-enhanced MDCT imaae shows lack of enhancement of the pancreas (P). consistent with necrosis. 
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has a maximum of 10 points and is the sum of inflammation 
points, pancreatic necrosis points, and extrapancreatic compli- 
cation points. 40 

Mortele and coworkers 40 modified the CTSI as the score 
obtained did not significantly correlate with the development 
of complications and demonstrated significant interobserver 
variability in scoring. Moreover, Balthazar and colleagues found 
no significant difference in morbidity and mortality in differ- 
entiating between 30% to 50% necrosis and more than 50% 
necrosis. The modified CTSI condenses the scoring for necrosis 
to differentiate above and below 30% and also gives points for 
extrapancreatic complications. 40 

Delineation of Necrosis. During the arterial phase of bolus 
intravenous administration of contrast medium, the normal 
pancreas should enhance homogeneously. Mild inflammation 


and interstitial edema do not interfere with the expected homo- 
geneous enhancement of the giand (see Figs. 97-1 and 97-3). 
When necrosis is present, there is absence of contrast medium 
enhancement together with liquefaction and a change in the 
density or signal intensity of the giand (Figs. 97-15 and 97-16). 
Gadolinium-enhanced Tl-weighted gradient-echo MR images 
demonstrate pancreatic necrosis as low signal areas of nonen- 
hancing parenchyma (Fig. 97-17). The process can be focal or 
segmental or can affect the entire pancreatic giand and may 
involve the peripancreatic tissue in combination with the pan¬ 
creas or separately (see Figs. 97-15 to 97-1 7) 122,127128 In the 
original series of Kivisaari and associates 129,130 using CT, mild 
pancreatitis was associated with a rapid rise in the density of 
the giand by 40 to 50 HU after administration of contrast mate- 
rial. Pancreatic necrosis was found at surgery in all patients who 
exhibited absence of enhancement or low enhancing values of 



Figure 97-12 Acute pancreatitis with necrosis evolving into walled-off necrosis. A. Axial contrast-enhanced MDCT image shows patchv. 
confluent necrotic areas (arrow) in pancreatic bodv and tail. Note peripancreatic inflammatorv stranding . B. Axial contrast-enhanced MDCT 
imaae 4 months after the initial episode of pancreatitis shows the development of walled-off necrosis (arrows) in previouslv necrotic bodv and tail 
of pancreas. 



Figure 97-13 Pancreatitis with acute fluid collections. A. Axial contrast-enhanced MDCT imaae shows heteroaeneous fluid collection (arrows) 
in the left anterior pararenal space involvina the tail of the pancreas. Note that the fluid collection does not spread beyond Gerota's fascia. This 
collection extended inferiorly along the left pericolic gutter into the pelvis. B. Coronal contrast-enhanced MDCT imaae from another patient with 
pancreatitis shows fluid (arrows) extendino inferiorlv from the pancreatic region alono the interfascial planes into the oelvis. The oathwav of fluid 

is better demonstrated on coronal reformatted images . 
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less than 30 HU (see Figs. 97-15 and 97-16). Other investigators 
have corroborated the CT-surgical correlation in the detection 
of pancreatic necrosis. 131 ’ 132 In a series of 93 patients, an overall 
CT accuracy of 85% with 100% sensitivity for extensive glan- 
dular necrosis was fo und. 128 At times, MRI may be more 



Figure 97-14 Infected necrosis. Axial contrast-enhanced MDCT 
im?g$ ?hgw$ gf ngrm^l gnhgnqing pgngrggtic p?r$nghym?, 

There are air bubbles and debris (arrows) in the pancreatic bed 
$ggg$Sting inf$qt$d n$grg$i$. Thg pgtient gnqlgrwgnl; pgnqrggtiq 

débridement. 



Figure 97-15 Acute necrotizing pancreatitis with acute 
necrotizing collections in the pancreas and peripancreatic tissues. 

Axial contrast-enhanced MDCT imaae shows necrosis of the entire 

pancreas and peripancreatic necrosis. 


sensitive than CT for the detection of pancreatic necrosis 
because of the greater sensitivity of MRI to gadolinium than of 
CT to iodinated contrast agents. Many patients with pancreatic 
necrosis, however, may be seriously ill and may be unable to 
hold the breath for the required MRI sequences. 

In Balthazar’s series, there was good correlation between 
necrosis and length of hospitalization, development of compli- 
cations, and death; patients without necrosis had no mortality 
and only 6% morbidity, whereas patients with necrosis exhib- 
ited 23% mortality and 82% morbidity. 11 The degree of 
necrosis also was important. Patients with small areas of necro¬ 
sis (<30%) showed no mortality and 40% morbidity, whereas 
large areas of necrosis (>50%) were associated with 75% to 
100% morbidity and 11% to 25% mortality. The combined 
morbidity of patients with more than 30% necrosis was 94%, 
and the mortality was 29%. There was no significant difference 
in prognosis between patients with up to 50% necrosis and 
those with more than 50% necrosis. Other studies have shown 
that infected pancreatic necrosis is also a significant predictor 
of organ failure and mortality in acute pancreatitis. 

Garg 90 fo und a mortality rate of 12% for patients with sterile 
necrosis and 50% for those with infected necrosis. 

Indications for Examination. Many patients with acute inter- 
stitial edematous pancreatitis have typical clinical presentations 
and show rapid amelioration with limited supportive therapy. 
They do not require imaging examinations for diagnosis or 
management. On the other hånd, CT imaging is needed and 
should be performed early when the clinical diagnosis is in 
doubt; there is failure to respond to medical treatment within 
48 to 72 hours; acute abdominal symptoms (distention, tender- 
ness), leukocytosis, or fever is present; patients have organ 
failure or signs of severe acute pancreatitis; and there is a change 
in clinical status suggesting a developing complication. Specific 
indications for performing MRI over CT include allergy to 
iodinated contrast agents; to detect the etiology of pancreatitis, 
such as choledocholithiasis, pancreas divisum, and pancreatic 
tumors; and to characterize complex fluid collections as lique- 
fied or necrotic and to determine their drainability. 

COMPLICATIONS 

Local complications after acute pancreatitis include acute peri¬ 
pancreatic fluid collections, pseudocysts, acute necrotic collec- 
tion, and walled-off necrosis. 10 The prompt detection and 
treatment of local complications are essential because they are 
responsible for more than 50% of the mortality associated with 

* * 31 133 137 

acute pancreatitis. ’ 



Figure 97-16 Extensive 
necrotizing pancreatitis. 

A. A xial contrast-enhanced 
MDCT imaae shows liauefied 

necrosis of the entire pancrea s 

(P). Multiple surgical 
débridements were required. 

B. Autopsv specimen showina 

necrotizing pancreatitis in a 

different patient. 
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Fluid Collections and Pseudocysts 

Acute pancreatic fluid collections are generally seen within the 
flrst 4 weeks and pseudocysts after 4 weeks. Acute pancreatic 
fluid collections characteristically do not have a solid compo- 
nent, lack a discrete wall, and are located near the pancreas (see 
Fig. 97-13). Fluid collections develop in up to 50% of patients 
with acute pancreatitis within the flrst few days of pancreatitis. 
The fluid may be pancreatic juice, serum, or biood. They 
develop either from actual rupture of the pancreatic duet with 
liberation of enzymes and pancreatic juice or secondary to exu- 
dation of fluid from the surface of the pancreas due to activa- 
tion of pancreatic enzymes within the giand. The fluid is 
contained by whatever structures happen to be adjacent to the 
collection. Most fluid collections are absorbed within 2 to 3 
weeks. Drainage or aspiration is generally avoided to prevent 
introduction of infeetion unless it is thought to be a rare 
infeeted acute pancreatic fluid collection. Unresorbed fluid col¬ 
lections can organize and, within 4 to 6 weeks, develop a fibrous 
capsule, forming a pseudocyst. 30,138 The lack of resorption of 
extravasated secretions and a communicating tract with the 
pancreatic ductal system are implicated in the development of 
pseudocysts. 



Figure 97-17 Pancreatitis with necrosis involving more than 50% 
of the giand. Axial gadolinium-enhanced Tl-weighted fat-suppressed 
spoiled gradient-echo MR image shows nonenhancing necrotic areas 
(arrows ) in the body and tail of the pancreas. (From Ly JN, Miller FH: 
MR imaging o f the pancreas: A practical approach. Radiol Clin North 
Am 40:1289-1306, 2002.) 


When an acute pancreatic fluid collection becomes encap- 
sulated by a fibrous wall more than 4 weeks after symptom 
onset, it is referred to as a pseudocyst. Pseudocysts often resolve 
spontaneously when they lose communication with the pan¬ 
creatic duet. Pseudocysts develop during the initial attack of 
pancreatitis in 1% to 3% of patients. 88,139,140 They have been 
reported to occur in 12% of patients after several episodes of 
alcoholic pancreatitis. 16 The main causes of pancreatic pseu¬ 
docysts are chronic aleoholism (75%) and abdominal trauma 
(13%), with cholelithiasis, pancreatic carcinoma, and idiopathic 
causes composing the remainder. 141 If the patient with a sus- 
pected pseudocyst has no history of pancreatitis, pancreatic 
trauma, or pancreatic surgery, a follow-up imaging study or 
aspiration biopsy may be required to exelude a pancreatic 
cystic neoplasm. 138 

The clinical signiflcance of a pseudocyst is related to its size 
and the potentially lethal complications that may occur. Pseu¬ 
docysts displace and compress adj acent abdominal organs and 
can produce obstruction, pain, and jaundice. Spontaneous 
rupture in the peritoneal cavity leads to pancreatic ascites or 
peritonitis. Erosion in to an adj acent vessel leads to massive and 
sudden hemorrhage. Most of these complications, however, 
occur in pseudocysts larger than 4 to 5 cm. Small pseudocysts, 
often revealed by CT in asymptomatic patients, have a low 
incidence of morbidity and can be observed expectantly with 
clinical and CT examinations. 30,43 Surgical, endoscopic, or per- 
cutaneous drainage is indicated for pseudocysts that inerease in 
size, become symptomatic, or develop complications. 30,42,142 The 
development of percutaneous and endoscopic techniques offers 
an alternative means of drainage of pseudocysts that is less 
invasive. 142,143 Success rates of more than 90% have been reported 
with percutaneous drainage of pseudocysts guided by CT or 
sonography. 142,144 Percutaneous drainage techniques of pancre¬ 
atic fluid collections are discussed in Chapter 95. 

Pseudocysts vary greatly in size and are generally round or 
oval. On CT scans, they are characterized by low fluid density 
(<15 HU) contents and by a peripheral fibrous capsule. Higher 
attenuation values are indicative of secondary infeetion or the 
presence of necrotic tissue. Hounsfield unit values greater than 
40 to 50 are suggestive of intracystic hemorrhage. On MRI, 
uncomplicated pseudocysts typically show low signal intensity 
on Tl-weighted sequences and high signal intensity on 
T2-weighted sequences. Complicated pseudocysts may present 
high signal intensity on Tl-weighted images because of hemor- 
rhagic or proteinaceous fluid and may contain solid debris; 
these are best depicted on T2-weighted images (Figs. 97-18 
and 97-19). MRI is superior to other imaging modalities to 



Figure 97-18 Pancreatitis with hemorrhagic pseudocyst. A. Axial Tl-weighted fat-suppressed spoiled gradient-echo MR image shows 
pseudocyst (arrow) in the pancreatic tail with high signal intensity from hemorrhagic content. B. Axial T2-weighted HASTE MR image shows low 
signal intensity rim of hemosiderin in pseudocyst (arrow). The diagnosis of hemorrhage is easily made on MRI because of the hemosiderin rim. 
(A and B from Miller FH, Keppke AL, Dalal K, et al: MRI of pancreatitis and its complications: Part 1, acute pancreatitis. AJR Am J Roentgenol 
183:1637-1644, 2004. Reprinted with permission from the American Journal of Roentgenology.) 
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Figure 97-19 Pancreatic pseudocyst with 
internal debris. A. Axial contrast-enhanced MDCT 
image shows hypodense fluid collections in the 
pancreatic tail ( short arrow) and in the lesser sac 
(long arrow), consistent with pseudocysts. B. Axial 
contrast-enhanced Tl-weighted fat-suppressed 
spoiled gradient-echo MR image obtained 1 day 
after CT shows hypointense pseudocyst ( short 
arrow) in the pancreatic tail and moderate signal 
intensity pseudocyst ( long arrow) in the lesser sac. 
Note associated peripancreatic inflammatory 
changes. C. Axial T2-weighted HASTE image shows 
debris (arrow) inside the intrapancreatic pseudocyst 
that was not seen on CT. Note large amount of 
ascites in this patient with end-stage renal failure. 



Figure 97-20 Acute pancreatitis with pancreatic duet rupture 
and pseudocyst. Thick-slab T2-weighted rapid acquisition and 
relaxation enhancement (RARE) MRCP image shows disrupted 
pancreatic duet ( short arrow) and peripancreatic pseudocyst ( long 
arrow) containing low signal intensity debris. (From Ly JN, Miller FH: 
MR imaging of the panereas: A practical approach. Radiol Clin North 
Am 40:1289-1306, 2002.) 


characterize the content of fluid collections, which may have 
prognostic and therapeutic significance. 98,145 

ERCP is less effeetive than CT or MRI in showing pseudo¬ 
cysts as less than 50% of pseudocysts hil with contrast material 
at ERCR Conversely, MRCP is able to detect pseudocysts that 
do not communicate with the pancreatic duet. ERCP, however, 
may be required to demonstrate communication between a 
pseudocyst and the pancreatic duet, although sometimes it can 
be seen on MRI (Fig. 97-20). Communicating pseudocysts may 
require prolonged catheter drainage until the communication 


to the pancreatic duet closes and the cyst collapses. Decompres- 
sion of concomitant pancreatic duet obstruction may be 
required. 

Although many of the initial poorly defined fluid collections 
seen in acute pancreatitis resolve spontaneously, the natural 
history of a pseudocyst is difficult to predict. They may persist, 
they can resolve, or they can even continue to grow over time. 
Spontaneous resolution (Fig. 97-21) even of large pseudocysts 
can occur and is explained by drainage into the pancreatic duet, 
erosion into an adjacent hollow organ (stomach, small bowel, 
colon), or rupture with spillage into the peritoneal cavity. 

Pancreatic Necrosis 

Acute necrotic collection and walled-off necrosis are the terms 
for local complications of acute necrotizing pancreatitis. Acute 
necrotic collections, which contain different amounts of fluid 
and necrotic material, form within 4 weeks of the onset of acute 
pancreatitis symptoms. They occur only in the setting of acute 
necrotizing pancreatitis and lack a definable wall. They may be 
intrapancreatic or extrapancreatic. Walled-off necrosis, a per- 
sistent heterogeneous collection (solid and liquefled) with an 
enhancing thick inflammatory wall, usually develops after 4 
weeks of the onset of necrotizing pancreatitis (Figs. 97-22 to 
97-24). It may be intrapancreatic or extrapancreatic and may 
be single or multiple. 

The diagnosis of infeeted necrosis of an acute necrotic col¬ 
lection or walled-off necrosis can be suspected by the patient’s 
clinical Åndings or presence of gas within a fluid collection. On 
CT, sterile, partially liquefled pancreatic necrosis cannot be dif- 
ferentiated from infeeted necrosis unless gas bubbles, seen in 
about 12% to 18% of cases, are present in the necrotic tissue 
(see Fig. 97-14). 30 In the absence of gas, if required, a percutane- 
ous aspiration for Gram stain and culture could be per- 
formed. 30,140,141,146 Recent series suggest that the large majority 
of patients do not require fine-needle aspiration, especially if 
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Figure 97-21 Spontaneous rupture of a pseudocyst into the stomach. A. The patient had a documented large pseudocyst scheduled to be 
surgically drained. CT examination before elective surgery shows decompression of the pseudocyst into the stomach (S) ( arrows ). P, Pancreas. 

B. Upper gastrointestinal examination reveals an ulceration ( arrow) consistent with spontaneous drainage of a pseudocyst. 



Figure 97-22 Patient with walled-off necrosis. Gadolinium- 
enhanced TI fat-suppressed image shows heterogeneous 
encapsulated collection in the pancreas with nonliquid areas of 
debris. 


percutaneous drainage is part of management. 10,147 Manage¬ 
ment of pancreatitis is discussed in Chapter 95. 

Infected Pseudocysts 

Fluid collections that fail to be resorbed represent an ideal 
medium for bacterial growth, explaining the development of 
abscesses, now referred to as infected pseudocysts per the 
revised Acute Pancreatitis Classification Working Group. In the 
past, abscesses were considered the major cause of death in 
acute pancreatitis." The associated high mortality was 
related mainly to significant delays in diagnosis. They develop 
within several weeks after the onset of symptoms in patients 
with severe forms of pancreatitis. Their presence is usually her- 
alded by deterioration in the clinical course with septic systemic 
symptoms. They may have an inconspicuous clinical presenta- 
tion initially. 149 

Infected pseudocysts are located in the peripancreatic tissues 
and have different sizes and configurations. On CT scans, they 
appear as poorly defined or partially encapsulated fluid collec¬ 
tions of different densities (20-50 HU) and are often 


indistinguishable from residual noninfected fluid collections. 88 
A more characteristic appearance, seen in about 20% of infected 
pseudocysts, is the presence of gas bubbles produced by gas- 
forming bacteria. Retroperitoneal gas may be seen in patients 
with enteric fistulas; however, it is always strongly suggestive of 
an infection. 8,13,150 CT is more sensitive than MRI for detection 
of small gas bubbles, although large collections of gas or gas¬ 
fluid levels can be detected on MRI and are best seen on 
T2-weighted images. CT is accurate in revealing small collec¬ 
tions of retroperitoneal fluid and gas and depicting location and 
extent. This finding quickly identifies a potential life-threatening 
complication. Infection should be suspected in all patients with 
pancreatitis in whom poorly encapsulated fluid collections are 
still present 2 to 4 weeks after the initial attack. MRI may be 
able to differentiate infected collections with complex internal 
content from simple collections in these patients (see Fig. 
97-24). The use of diffusion-weighted MRI may be helpful. If 
the diagnosis is in doubt, ultrasound-guided or CT-guided 
needle aspiration can rapidly and reliably establish the diagno¬ 
sis, contributing greatly to the early detection, treatment, and 
decreased mortality in this group of patients. 148 Percu¬ 

taneous drainage is the therapeutic procedure of choice for 
infected pseudocysts. 153 " 155 

Hemorrhage 

Although small patchy areas of hemorrhage combined with 
necrotic tissue are common Åndings in acute pancreatitis, 
massive life-threatening intra-abdominal hemorrhage is seldom 
reported. This complication may occur within 2 to 3 weeks to 
several years after an acute episode of pancreatitis. 156 ' 158 It is 
the result of erosion of peripancreatic vessels with the forma¬ 
tion of a pseudoaneurysm and subsequent retroperitoneal 
bleeding. Commonly, the site of bleeding is along the panere - 
aticoduodenal arcade or along the splenic vessels adjacent to 
the tail of the pancreas. Pseudoaneurysms can be located within 
a pancreatic pseudocyst. Hemorrhage occurs when a slowly 
enlarging pseudoaneurysm ruptures into the peritoneum or 
erodes into an adj acent hollow viscus or into the pancreatic 
duet, producing hemosuccus pancreaticus. 158 CT examination 
can identify retroperitoneal bleeding by the presence of high- 
density (50-100 HU) fluid collections. MRI is more sensitive 
for hemorrhage, which is depicted as high signal intensity on 
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Figure 97-23 Walled-off necrosis and 
pseudoaneurysm development. A. Axial 
contrast-enhanced MDCT shows extensive 
pancreatic necrosis with lack of enhancement of 
the body and tail of the pancreas. B. Axial 
contrast-enhanced MDCT 6 weeks later shows 
walled-off necrosis with fluid collection and 
development of thickened wall. Free air is 
seen from surgery. C. Axial contrast-enhanced 
MDCT 2 months later shows development of 
pseudoaneurysm ( arrow), which was subsequently 
embolized. 



Figure 97-24 Pancreatitis with infected walled-off necrosis. A. Axial contrast-enhanced MDCT image shows hypodense fluid collection 
(arrow) in the pancreatic head suggestive of walled-off necrosis in this patient with pancreatitis. B. Axial gadolinium-enhanced Tl-weighted 
fat-suppressed spoiled gradient-echo MR image obtained 11 days after CT shows an air bubble (arrow) within the walled-off necrosis suggestive 
of infected walled-off necrosis. C. Coronal T2-weighted HASTE MR image shows low signal intensity debris (curved arrow) within the pancreatic 
abscess that was not seen on CT. The presence of necrotic debris was confirmed at surgery. A, Abscess, now referred to as infected walled-off 
necrosis on the basis of the revised Acute Pancreatitis Classification Working Group. S, Stomach. (B and C from Miller FH, Keppke AL, Dalal K, 
et al: MRI of pancreatitis and its complications: Part 1, acute pancreatitis. AJR Am J Roentgenol 183:1637-1644, 2004. Reprinted with permission 
from the American Journal of Roentgenology.) 


Tl-weighted fat-suppressed images because of the presence of 
methemoglobin. Dynamic enhanced MDCT or Tl-weighted 
gadolinium-enhanced MR images show a pseudoaneurysm as 
a rapidly enhancing mass similar in contrast density to the 
adj acent arteries and aorta. Spill of contrast material in to the 
retroperitoneum due to active bleeding, as well as fresh biood 
in the peritoneal cavity, can also be diagnosed. It is important 
to have a high index of suspicion for pseudoaneurysm in 


patients with history of pancreatitis and a suspected mass in 
the pancreas or its vicinity and not perform biopsy of these 
lesions without prior administration of contrast material or 
Doppler sonography to exclude a pseudoaneurysm (Fig. 97-25; 
see also Fig. 97-23). If the source of bleeding is obscured by 
the surrounding hemorrhage, angiography is crucial in iden- 
tifying the presence and precise location of the bleeding pseu¬ 
doaneurysm. Therapeutic arterial embolization of the bleeding 
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Figure 97-25 Pancreatic pseudoaneurysm. A. Axial nonenhanced MDCT image shows expansile lesion (arrow) in pancreatic body, surrounded 
by contrast material and air from previous ERCP. B. Axial arterial phase contrast-enhanced MDCT image clearly shows that the "mass" is a large 
pseudoaneurysm (arrow). In patients who present with suspected pseudocyst or pancreatic mass for drainage, the intravenous administration of 
contrast material is critical, as illustrated in this example. This pseudoaneurysm was subsequently embolized. 


vessel is required; it is an emergency, lifesaving procedure. 
Massive hemorrhage from ruptured vessels or pseudoaneu- 
rysms requires surgical treatment. 

Chronic Pancreatitis 

Chronic pancreatitis is a relatively uncommon disease that has 
been increasing in frequency in the Western world. It is a disease 
of prolonged pancreatic inflammation characterized by irre¬ 
versible morphologic and functional damage to the pancreas. 1 59 ' 161 
The clinical diagnosis of chronic pancreatitis can be difficult for 
treating physicians, especially in its early phases, as the Åndings 
are nonspecific and imaging features may not be definitive. 
The diagnosis by imaging relies on morphologic changes of the 
pancreas that may not be seen in early stages of the disease. The 
main features include parenchymal atrophy, chronic inAamma- 
tory changes, and fibrosis of the pancreas. The incidence of 
pancreatic cancer is significantly elevated in patients with 
chronic pancreatitis. 161,162 

ETIOLOGY 

In the United States, approximately 75% of cases of chronic 
pancreatitis are due to alcoholism. Continued consumption of 
alcohol for a 3- to 12-year period is necessary before the mani¬ 
festations of chronic pancreatitis develop. 162 In contrast to their 
major role in the development of acute pancreatitis, gallstones 
play little role in the etiology of chronic pancreatitis. Hyperlip- 
idemia, hyperparathyroidism, trauma, and pancreas divisum 
have been implicated as risk factors for development of chronic 
pancreatitis. 

CLINICAL FINDINGS 

Pain is the predominant clinical Ånding in 95% of patients with 
chronic pancreatitis. The pain typically radiates from the epi- 
gastrium through the back and can be constant or intermittent 
and extremely difAcult to palliate, frequently requiring narcot- 
ics or neurolysis. Weight loss often accompanies the pain, and 
these two Åndings raise the clinical suspicion of a malignant 
neoplasm. Endocrine and exocrine deAciencies occur with pro¬ 
gressive destruction of the giand. Diabetes and malabsorption 
with steatorrhea eventually develop in approximately half the 
patients with chronic pancreatitis. 162,163 


The clinical diagnosis of chronic pancreatitis, especially 
in its early stages, is often difAcult. Histopathologic diagnosis 
is rarely available because of the risks associated with pan¬ 
creatic biopsy, including acute pancreatitis, Astula, and hem¬ 
orrhage. 164 Therefore, the diagnosis is based on clinical, 
morphologic, and functional abnormalities. ERCP and pan¬ 
creatic function tests are considered the “gold standard” 
diagnostic procedures, but they have limitations, and pro¬ 
longed clinical follow-up is sometimes required to con Arm 
the diagnosis. 

RADIOLOGIC FINDINGS 

P/a/n Films 

Typical pancreatic calciAcations are diagnostic of chronic pan¬ 
creatitis. They develop in 40% to 60% of patients with alcoholic 
pancreatitis, and approximately 90% of calciAc pancreatitis is 
caused by alcoholism. Unfortunately, calciAcations occur late in 
the course of chronic pancreatitis, being associated with severe 
disease. Most pancreatic calculi are small, irregular calciAca¬ 
tions that may be diffuse (Fig. 97-26) or conAned to a speciAc 
region of the pancreas. Although they can appear on plain Alms, 
CT is the most speciAc and accurate imaging modality to depict 
pancreatic calciAcations. 

Ultrasonography 

The development of high-resolution linear array scanners has 
signiAcantly increased the diagnostic accuracy of sonography in 
patients with pancreatitis. Whereas there have been signiAcant 
improvements in ultrasound machines and high-frequency and 
high-resolution transducers, there have not been any recent 
studies to assess the Utility of ultrasound in the diagnosis of 
chronic pancreatitis. Similar to CT, however, transabdominal 
sonography is insensitive for the diagnosis of early chronic 
pancreatitis. 

Sonographic Åndings include abnormalities in giand size, 
irregular margins, inhomogeneous or heterogeneous echo- 
genicity of parenchyma, and dilation of the pancreatic duet. 
The classic Ånding of chronic pancreatitis with sonography is 
calciAcations seen as echogenic foci within the parenchyma or 
the main pancreatic duet. The calciAcations may or may not 
shadow, depending on their size, and may show color Doppler 
twinkling artifact. 165 Pseudocysts are often present in chronic 
pancreatitis, and they are usually unilocular, anechoic, and 
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Figure 97-26 Pancreatic calcifications on plain abdominal radiographs. A. The entire giand contains numerous small calcifications located in 
the main pancreatic duet and its radicles ( arrows ). B. Pancreatic calcifications are located in the head and tail of the panereas (solid arrows). The 
lack of calcifications in the body of the panereas (open arrow) was due to displacement by a pancreatic pseudocyst. 


sharply deAned. 166 " 168 Other complications of chronic pancre¬ 
atitis, such as biliary dilation and splenic vein thrombosis, can 
also be detected with sonography. 

Abnormalities in size and contour of the panereas are the 
least sensitive indicators of chronic pancreatitis on ultrasound 
studies and may be subjective. Diffuse enlargement is often 
present early in the course of the disease, and atrophy or focal 
enlargement may be present later. An atrophic giand is usually 
difficult to appreciate, and some giand atrophy normally occurs 
with aging. 169 

Pancreatic parenchymal echogenicity is also unreliable in the 
diagnosis of chronic pancreatitis because it can be normal, 
inereased, or decreased. Decreased echogenicity occurs when 
there are acute exacerbations with parenchymal edema. 164,169,170 

Dilation of the pancreatic duet is one of the most common 
sonographic abnormalities of chronic pancreatitis. It is seen in 
up to 90% of cases as a tubular, anechoic structure in the pan¬ 
creatic body. 

Endoscopic Ultrasound 

EUS overcomes many of the limitations of transabdominal 
sonography because of the proximity of the transducer to the 
panereas and the superior image resolution provided by high- 
frequency transducers. Although EUS is an invasive imaging 
modality, it has a low risk of complications. In many cases, EUS 
is helpful to elucidate the cause of pancreatitis, being able to 
detect small pancreatic tumors and microlithiasis not seen by 
other imaging modalities. 171-173 EUS can demonstrate biliary 
sludge and tiny stones that are often masked by the contrast 
medium on ERCP. In 77% to 92% of cases of idiopathic pan¬ 
creatitis, EUS is able to diagnose the cause, which is small gall- 
stones in the majority of these patients. 173,174 

EUS Åndings indicative of chronic pancreatitis include 
parenchymal calcifications, hyperechoic foci or strands, 
pseudocysts, heterogeneous echotexture, and lobular contour of 
the giand. 175 " 178 Ductal abnormalities include dilation and irreg- 
ularity, hyperechoic walls, intraductal stones, and visible 
branches. 176,178 Chronic pancreatitis is likely when more than 
two of these Åndings are present. With more than six Åndings, 
the disease is probably moderate to severe. 78 Unlike ERCP, EUS 
has the advantage of being able to evaluate simultaneously the 
pancreatic ductal system and the parenchyma. However, the 
diagnosis of chronic pancreatitis based on EUS changes alone 


is controversial. 164,175 There is usually a good correlation of EUS 
with ERCP in patients with moderate or severe chronic pancre¬ 
atitis, but not in those with mild disease. 176,179 ' 181 Other studies 
reported abnormal Åndings on EUS examinations in patients 
with normal ERCP Åndings and pancreatic funetion test results, 
suggesting that EUS may overdiagnose chronic pancreatitis, or 
alternatively, it may be more sensitive than ERCP and funetion 
tests to detect subtle pancreatic changes. 176,182 In a study of 
patients with suspected chronic pancreatitis, the addition of 
Ane-needle aspiration improved the negative predictive value 
but did not improve the speciAcity of EUS Åndings in patients 
with normal ERCP Åndings. 183 EUS can be especially helpful 
when it is combined with Ane-needle aspiration of a suspicious 
mass in patients with chronic pancreatitis. Biopsy of regional 
lymph nodes and assessment of tumor extension and vascular 
involvement can be performed with EUS to enhance staging in 
these patients. EUS also has therapeutic applications in chronic 
pancreatitis, such as to perform celiac plexus blocks to alleviate 
pain in patients without ductal obstruction and to guide inter¬ 
nal stent placement for decompression of pseudocysts. 1 185 
Disadvantages of EUS include its cost, limited availability, long 
learning curve, and operator dependence. 

Endoscopic Retrograde Cholangiopancreatography 

Many of the reported Åndings of chronic pancreatitis are based 
on ERCP, and because of its relative invasiveness, it is not often 
used for diagnostic purposes but is used for therapeutic pur¬ 
poses. Less invasive studies, such as CT, MRI, and EUS, are now 
used mainly for diagnosis of chronic pancreatitis and its com¬ 
plications. 186,187 In early chronic pancreatitis, the pancreatic duet 
is often normal, limiting the sensitivity of ERCP. The earliest 
changes involve the Arst-order and second-order side branches 
of the main pancreatic duet and include dilation and contour 
irregularity, dubbing, stenosis of the side branches, and opaci- 
Acation of small cavities. Some of these changes, however, can 
be seen in elderly normal patients and must be interpreted with 
caution in this age group. 188,189 

With disease progression, the involvement of the main pan¬ 
creatic duet inereases with more dilation, mural irregularities, 
loss of normal tapering, and areas of stenosis or occlusion. If a 
solitary stricture is seen in the main pancreatic duet, the dif- 
ferential considerations include neoplasm and pseudocyst. Ste¬ 
noses are usually shorter, smoother, and more symmetric in 
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pancreatitis than those associated with neoplasm. 1 Biopsy 
of suspicious lesions or brushing and collection of pancreatic 
secretions can be performed with ERCP and may be helpful to 
diagnose pancreatic carcinoma. In advanced chronic pancreati¬ 
tis, the dilation is more marked, and intraductal calculi can be 
seen. The pancreatic duet and side branches may have a “chain 
of lakes” appearance. 

According to the Cambridge classification, chronic pan¬ 
creatitis is considered mild if the main pancreatic duet is 
normal but at least three side branches are abnormal. Moder¬ 
ate disease requires abnormalities in the main pancreatic duet 
and in more than three side branches. Severe disease includes 
the abnormalities of moderate disease plus one of the fol- 
lowing: a large cavity, ductal obstruction, filling defeets, severe 
dilation, or irregularity. 192 

ERCP is able to detect early chronic pancreatitis before mor- 
phologic abnormalities can be seen on CT. 164 There is a 
good correlation between ERCP and histology in chronic pan¬ 
creatitis. The correlation between pancreatic funetion tests and 
ERCP is limited, however, especially in the early stages of 
chronic pancreatitis. 164,192,193 ERCP is also helpful in the treat- 
ment of complications of pancreatitis, such as pancreatic duet 
strictures and pseudocysts, avoiding the complications of 
surgery. 187 

Magnetic Resonance Cholangiopancreatography 

ERCP used to be the standard imaging modality to evaluate the 
pancreaticobiliary tract, being a diagnostic and therapeutic pro¬ 
cedure. Because of its invasiveness and potentially serious com¬ 
plications, however, ERCP is ideally reserved for patients who 
need therapeutic intervention. MRCP has been inereasingly 
used in patients with suspected pancreatitis or pancreaticobili¬ 
ary abnormalities because it lacks ionizing radiation, does not 
require iodinated contrast material, and is noninvasive, sparing 
the patient from potential complications. MRCP is also helpful 
in patients with anatomic abnormalities that impede cannula- 
tion of the common bile duet or pancreatic duet. With heavily 
T2-weighted sequences, MRCP is able to depict fluid-filled 
structures, such as pseudocysts, and to detect abnormalities of 
the pancreatic duet, including dilation, irregularity, intraductal 
stones, and multiple or severe obstructions, which may be a 
limitation for ERCP. 194,195 MRCP has the advantage of showing 
the ductal segments proximal and distal to an obstruction, 
being able to evaluate its character, extent, location, and cause. 

ERCP and more recently MRCP are helpful to evaluate the 
pancreatic duet for Åndings of chronic pancreatitis in patients 
with abdominal pain that is refractory to medical therapy. 

The sensitivity of MRCP to detect ductal abnormalities and 
dilation ranges from 56% to 100%, and the specificity ranges 
from 86% to 100%. 19519 Stricture or obstruction of the pancre¬ 
atic or bile duet by stones is a major cause of pain and one of 
the main indications for surgery in chronic pancreatitis. 198 In 
the presence of ductal dilation, ductal drainage procedures 
combined with partial resection of the head of the pancreas may 
result in long-term pain relief in 60% to 80% of patients. 

The administration of secretin during MRCP allows evalu- 
ation of the exocrine funetion of the pancreas, improves delin- 
eation of the pancreatic duet, and may be useful to detect 
abnormalities of the side branches in early chronic pancreatitis 
before morphologic changes seen on imaging. 11 Secretin 
temporarily distends the pancreatic duets by inducing pancre¬ 
atic secretions and inereasing the tone of the sphineter of Oddi. 


Secretin also improves detection of ductal nar rowing and endo- 
luminal filling defeets in severe chronic pancreatitis. 200 Signifi- 
cant correlation between reduced duodenal filling scores during 
secretin-enhanced MRCP and impaired pancreatic exocrine 
funetion has been reported, and it can be performed with semi- 
quantitative or quantitative measurements. 199 201 205 Normal 
quantitative exocrine funetion consists of complete filling of the 
duodenum with pancreatic fluid output. Suboptimal quantita¬ 
tive exocrine funetion consists of filling of only a portion of the 
duodenum. Diffusion-weighted imaging after secretin may be 
helpful. 202,203,206 

Computed Tomography and Magnetic 
Resonance Imaging 

CT imaging is considered by many to currently be the best 
initial imaging test for the diagnosis of chronic pancreati¬ 
tis. 164,207 ' 209 It is widely available and reproducible and allows 
comprehensive evaluation of the pancreas and adj acent organs 
to help make the diagnosis of chronic pancreatitis and to 
exelude other causes of symptoms, such as abdominal pain or 
weight loss. The diagnostic criteria for chronic pancreatitis on 
CT and MR examinations are based on assessment of the size 
and contour of the giand, dilation and shape of the pancreatic 
duet, and presence of ductal calcifications 164,190,210 (Fig. 97-27). 
CT has reported sensitivities of 50% to 90% and specificities of 
55% to 85% in the detection of chronic pancreatitis. 209 Despite 
marked improvements in CT technology since this initial study 
in 1989 by the Mayo Clinic, there have not been any recent 
studies to evaluate the accuracy of CT in the diagnosis of 
chronic pancreatitis. 

Although CT correctly detects the morphologic alterations 
of chronic pancreatitis, its ability to evaluate severity of disease 
is more limited. These shorteomings are related to (1) the 
inability of CT to accurately diagnose incipient forms of chronic 
pancreatitis that do not exhibit gross morphologic changes and 
(2) poor correlation between functional exocrine and endo- 
crine deficit and pancreatic morphology on imaging studies. 
Compared with ERCP and pancreatic funetion tests, CT is 
not sensitive in the diagnosis of early chronic pancreatitis. 
Some experts 105, 211-213 believe that MRI can detect fmdings of 



Figure 97-27 Chronic pancreatitis. Axial contrast-enhanced MDCT 
imaae shows pancreatic atrophv with diffuse calcifications. mild 

dilation of the pancreatic duet, and a 1.2 x 1-cm pseudoevst (arrow) in 

the pancreatic body. 
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Figure 97-28 Chronic pancreatitis. A. Axial contrast-enhanced MDCT imaae shows pancreatic atrophv with multiple diffuse calcifications in a 
P9ti$ n t with ghrgnig pgncregtiti? t9 glgQhpl B. Axi$l T1-w$ight$gl fgt-suppressed ?ppil$gl gr$gli$n1;-$ghg MR im$g$ ?hgw$ 

heteroaeneous sianal intensitv of the pancreas and irreaular dilation of the main pancreatic duet (arrows). C and D. Axial gadolinium-enhanced 
Tl-weighted fat-suppressed spoiled gradient-echo MR images show decreased pancreatic enhancement during the arterial phase (C) and 
delayed enhancement in the venous phase (D) related to fibrosis due to chronic pancreatitis. Dilated pancreatic duet ( arrows in C) is more clearly 
visualized after gadolinium enhancement. (B-D from Miller FH, Keppke AL, Wadhwa A, et al: MRI of pancreatitis and its complications: Part 2, 
chronic pancreatitis. AJR Am J Roentgenol 183:1645-1652, 2004. Reprinted with permission from the American Journal of Roentgenology.) 


chronic pancreatitis before CT on the basis of signal intensity 
abnormalities of the pancreas, which may be seen before 
abnormalities involving the pancreatic duet. These changes are 
best visualized on unenhanced and gadolinium-enhanced 
Tl-weighted fat-suppressed images. The normal pancreas is 
high signal intensity due to the presence of acinar proteins and 
enhances markedly after the administration of gadolinium. 
Chronic pancreatitis and associated fibrosis result in loss of 
proteinaceous material and decreased signal intensity of the 
pancreas. Unlike the normal pancreas, the chronically inflamed 
and fibrotic pancreas shows decreased and heterogeneous 
enhancement during the arterial phase after administration of 
contrast material and relatively inereased enhancement on later 
phases. 105,211,212,214 (Fig. 97-28). Zhang and coworkers 213 found a 
sensitivity of 92% and specificity of 75% for the diagnosis of 
chronic pancreatitis based on abnormal enhancement pattern, 
as opposed to 50% diagnostic sensitivity based on morphologic 
changes of the pancreas. 

Alteration in the size of the pancreas with atrophy is often 
seen in chronic pancreatitis; however, the giand may be normal 
or only slightly inereased in size in 15% to 20% of cases, 
making the diagnosis more difficult. In one series, focal enlarge- 
ment was present in 30% and atrophy of the giand in 54% 
of patients 209 (see Fig. 97-27). Significant atrophy of the pan¬ 
creas may be seen in elderly persons without chronic pancre¬ 
atitis. Evaluation of the history and clinical and functional 
Åndings may be necessary for differential diagnosis. Focal 
enlargement of the giand produced by a chronic inflammatory 
mass may simulate a pancreatic neoplasm. In these cases, when 
CT is inconclusive, MRI may provide additional diagnostic 


information; however, regardless of the imaging modality used, 
this distinetion can be difficult. 215,216 Several studies have dem- 
onstrated that focal pancreatitis and pancreatic carcinoma may 
have similar appearance and pattern of enhancement on CT 
and MRI because of the presence of fibrosis in both types of 
lesions. 212,217 ' 219 As a result, both pancreatic carcinoma and focal 
chronic pancreatitis may have restricted diffusion from fibrosis 
with lower apparent diffusion coefficient values. Both condi- 
tions may also cause dilation of the pancreatic duet and 
common bile duet (double duet sign), ductal strictures, and 
arterial encasement and peripancreatic venous obstruction. 216 
In addition, carcinoma develops in 2% to 3% of cases of 
chronic pancreatitis, and this malignant degeneration is often 
difficult to appreciate on CT. 220 A new or rapidly inereasing 
homogeneous and ill-defmed pancreatic mass, which can be 
detected by comparison with previous CT examinations or 
short-term follow-up, is indicative of malignant disease. 
Imaging features that favor the diagnosis of inflammatory mass 
related to chronic pancreatitis over adenocarcinoma include 
a nondilated or smooth tapering pancreatic duet coursing 
through the mass (duet penetrating sign), presence of pan¬ 
creatic calcifications, lower ratio of duet caliber to pancreatic 
giand width, and irregular ductal dilation. 212,2 7,219 The imaging 
features of adenocarcinoma and focal pancreatitis often overlap, 
however, and complementary studies including ERCP and EUS 
with fme-needle aspiration biopsy may be required for definite 
diagnosis. 

Dilation of the pancreatic duet and its secondary radicles (>2 
to 3 mm in size) is characteristic of chronic pancreatitis (Figs. 
97-29 and 97-30). In advanced disease, the main duet appears 
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beaded, irregular, or smooth, often containing stones (Fig. 
97-31). These pancreatic duet abnormalities are better demon- 
strated on MRI and MRCP examinations compared with CT 
scans. Subtle changes in side branches seen in early chronic pan¬ 
ereatitis, however, are best depicted on ERCR The use of three- 
dimensional thin-slice MRCP images has improved delineation 
of the pancreatic duet, and if warranted, secretin can be used to 
improve pancreatic duet distention. The pancreatic duet should 
be visualized entirely to the level of the papilla because small 
tumors of the head of the pancreas may produce similar find- 
ings. The pancreatic duet may be dilated in patients with senile 
atrophy of the pancreas, mimicking chronic panereatitis. 

Pancreatic calcifications (see Figs. 97-27 and 97-28) are seen 
on CT scans in approximately 50% of patients with chronic 
panereatitis. 209,210 These calcifications are the most reliable 
imaging indicator of the disease. They can be scattered through - 
out the giand, isolated, or focal in the head or body of the 
pancreas. Calcifications vary from innumerable to single and 
small. The CT findings of chronic calcific panereatitis are more 
difficult to visualize on MRI as it is less able to demonstrate 
calcifications compared with CT. MRI, however, may be helpful 



Figure 97-29 Early chronic panereatitis. Coronal T2-weighted 
thick-slab RARE MR image shows mild dilation of the secondary 
branches of the pancreatic duet ( arrows ) and pseudocyst (P) in the 
pancreatic tail. The main pancreatic duet (PD) and the common bile 
duet (CBD) have normal caliber. (From Miller FF\, Keppke AL, Wadhwa 
A, et al: MRI of panereatitis and its complications: Part 2, chronic 
panereatitis. AJR Am J Roentgenol 183:1645-1652, 2004. Reprinted 
with permission from the American Journal of Roentgenology.) 


in demonstrating the intraductal nature of stones as T2-weighted 
images easily show the low signal intensity stone in contrast to 
the high signal intensity pancreatic fluid in the duet. 96,214 

Pseudocysts of various sizes may be present within the pan¬ 
creas or in an extrapancreatic location. They occur in 25% to 
60% of patients with chronic panereatitis and are usually 
stable. 13,30 

Pseudoaneurysms and thrombosis of the splenic vein with 
extensive collateral circulation and gastric varices are some- 
times encountered in chronic panereatitis and can be readily 
diagnosed by CT and MRI (Fig. 97-32). In addition, patients 
with repeated episodes of acute exacerbation may present with 
an acute abdominal catastrophe, dropping hematocrit, and evi- 
dence of massive intra-abdominal bleeding. 

Pancreaticopleural Fistula 

Pancreaticopleural fistula can occur in acute or chronic panere¬ 
atitis or as a result of pancreatic trauma. Pancreatic secretions 
from a ruptured pancreatic duet dissect through the aortic or 
esophageal hiatus or direetly through the diaphragm and reach 



Figure 97-31 Severe chronic panereatitis. Axial T2-weighted 
HASTE MR image shows dilation of the main pancreatic duet and side 
branches, giving a "chain of lakes" appearance. The pancreas is 
atrophic and contains signal void areas ( arrows ) related to 
calcifications from chronic panereatitis. (From Miller FH, Keppke AL, 
Wadhwa A, et al: MRI of panereatitis and its complications: Part 2, 
chronic panereatitis. AJR Am J Roentgenol 183:1645-1652, 2004. 
Reprinted with permission from the American Journal of 
Roentgenology.) 



Figure 97-30 Chronic panereatitis. A. Axial contrast-enhanced MDCT imaae shows diffuse calcifications in the pancreas with a dilated main 
pancreatic duet (arrows) measurina 9 mm and dilated side branches. B. Coronal T2-weighted MR image shows the dilated pancreatic duet and 
secondary radicles ( arrows ) associated with chronic panereatitis. (B from Miller FH, Keppke AL, Wadhwa A, et al: MRI of panereatitis and its 
complications: Part 2, chronic panereatitis. AJR Am J Roentgenol 183:1645-1652, 2004. Reprinted with permission from the American Journal of 
Roentgenology.) 
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Figure 97-32 Splenic vein thrombosis. A. Axial enhanced Tl-weighted fat-suppressed spoiled gradient-echo MR image shows low signal 
intensity thrombus ( arrows ) in the splenic vein. B. Axial contrast-enhanced MDCT image from another patient shows pancreatic oseudocvst (P) 
and the oresence of collateral vessels (arrows). suaaestina solenic vein occlusion . (A from Miller FH, Keppke AL, Dalal K, et al: MRI of pancreatitis 
and its complications: Part 1, acute pancreatitis. AJR Am J Roentgenol 183:1637-1644, 2004. Reprinted with permission from the American 
Journal of Roentgenology.) 




Figure 97-33 Pancreaticopleural fistula. A . Axial 
contrast-enhanced MDCT imaae shows fluid 

extencjinq thrpggh th$ gligphrggm (?rrpw$) frpm 

the abdomen into the oleural soace in a patient 

with r$ggrr$nt pl$gr$l $ffg$ipn$. B. C?rpn?l 
contrast-enhanced MDCT imaae shows the fluid 

(btok $rrpw) $xt$ngling $gp$riprly frpm th$ 
disruoted oancreatic duet into the chest. creatina a 

Igft pl^rgl $ffg$ipn (wh/fc $rrpw). With<M the 

coronal reformatted imaae. it is more difficult to 
m$k$ thi? gji?gng$i$. C. ERCP confirms the CT 
findings, showing a fistula (arrow) from the 
pancreatic duet with the fluid extending into the 
chest. 


the mediastinum, pleural cavities, pericardium, or bronchial 
tree. Patients usually present with large pleural effusions and 
dyspnea. A high index of suspicion for pancreaticopleural fistula 
is required. CT and MRI may show the fistula, especially when 
coronal images are used, as well as the changes of chronic pan¬ 
creatitis, which are usually present (Fig. 97-33). ERCP has been 
considered the best imaging modality for evaluation of pancre¬ 
aticopleural fistulas, but technical failures may result from 
incomplete opacification of the pancreatic duet or a long fistu- 
lous track. MRCP may depict the fistula and the ductal anatomy 
and can be helpful in the surgical planning of these patients, 
potentially replacing ERCP. 221 


Groove Pancreatitis 

Patients who suffer repeated episodes of pancreatitis or acute 
exacerbations of chronic pancreatitis may develop a form of 
segmental pancreatitis described as groove pancreatitis, in 
which the inflammatory reaction and fluid collection dissect 
into the “groove” between the duodenum, the head of the pan- 
creas, and the common bile duet (Fig. 97-34). 

Groove pancreatitis has been most frequently reported in 
young men with a history of aleohol abuse. There is no clear 
evidence for its exact pathogenesis. Multiple factors have been 
suggested to play a role in its development. Pancreatic hetero- 
topia, abnormal development of the Santorini duet, panereas 
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Figure 97-34 Groove pancreatitis. A. Axial contrast-enhanced MDCT shows hvooenhancina inflammatorv tissue containina low-densitv cvst 
(arrow) in the aroove between the duodenum (D) and the pancreatic head (P). B. Axial Tl-weighted fat-suppressed spoiled gradient-echo MR 
image shows low signal intensity of the inflammatory mass (arrow) between the high signal intensity pancreatic head (P) and the duodenum. 

C and D. The mass (arrow) has decreased enhancement in the arterial phase (C) and delayed enhancement in the venous phase (D) after 
gadolinium administration because of fibrosis. (A-D from Miller FH, Keppke AL, Wadhwa A, et al: MRI of pancreatitis and its complications: Part 
2, chronic pancreatitis. AJR Am J Roentgenol 183:1645-1652, 2004. Reprinted with permission from the American Journal of Roentgenology.) 


divisum, peptic ulcer disease, and alcohol abuse are precipitat- 
ing risk factors. 2 

Two forms of groove pancreatitis have been described, the 
pure form and the segmental form. The pure form is associated 
with scar tissue in the groove without pancreatic involvement; 
the segmental form includes scar tissue in the groove and 
involvement of the pancreatic head. Because of the enzymatic 
action of pancreatic secretions, as many as 50% of patients 
develop duodenal stenosis or strictures of the common bile 
duet. 111 The recognition of groove pancreatitis is important to 
distinguish it from pancreatic and duodenal carcinoma, which 
can be challenging. 223 225 With groove pancreatitis, contrast- 
enhanced CT shows a poorly enhancing lesion extending 
between the duodenum and the pancreatic head. Cysts in the 
groove or duodenal wall and duodenal stenosis are often seen. 
The head of the pancreas enhances normally. MR Åndings of 
groove pancreatitis include a sheetlike fibrotic mass between the 
pancreatic head and a thickened duodenal wall associated with 
cystic changes in the duodenal wall. 226 This fibrotic mass is 
hypointense to the pancreas on Tl-weighted images and can be 
hypointense, isointense, or slightly hyperintense on T2-weighted 
images. The cystic component is low signal intensity on 
Tl-weighted images and high signal intensity on T2-weighted 
images and does not enhance because of its fluid content. The 
fibrotic component demonstrates delayed enhancement after 
the administration of gadolinium and is easily demarcated from 
the normal pancreas, which has marked enhancement initially 
and less intense enhancement on more delayed images (see Fig. 
97-34). 212,22 Similar duodenal changes, referred to as cystic 


dystrophy of the duodenal wall, have been reported in patients 
with acute pancreatitis and heterotopic pancreatic tissue in the 
duodenum. 228 The cystic lesions in the duodenal wall may com- 
press the common bile duet and main pancreatic duet, causing 
duet dilation. 

MRCP is the imaging modality of choice for evaluation 
of the biliary and pancreatic duets in groove pancreatitis. 2 
The main pancreatic duet usually appears normal in the 
pure form of groove pancreatitis but may have mild dilation 
in the segmental form, which presents with a focal hypodense 
lesion in the head of the pancreas and duodenal wall. 223 
In general, groove pancreatitis causes a smooth, long, and 
medially deviated common duet with stenosis in the distal 
common bile duet or intrapancreatic portion of the common 
bile duet. 

The distinetion of groove pancreatitis from cancer may 
be difficult (Fig. 97-35). Marked dilation of the main pan¬ 
creatic duet, encasement and invasion of the peripancreatic 
vessels and tissues, and associated liver lesions favor malignant 
adenocarcinoma. In contrast, the characteristic location of a 
mass near the groove, cysts in the duodenal wall, and lack 
of encased and invaded peripancreatic vessels are more sug¬ 
gestive of segmental groove pancreatitis. Peripancreatic lymph 
nodes may also be seen, making the diagnosis difficult to 
distinguish from malignant disease. The findings may be 
nonspecific, and the discrimination between an inflammatory 
pancreatic mass and a malignant neoplasm can be very dif¬ 
ficult and require biopsy, especially if the clinical features do 
not suggest groove pancreatitis. 





97 Pancreatitis 1831 



Figure 97-35 Pancreatic adenocarcinoma mimicking groove pancreatitis. Axial (A) and coronal (B) contrast-enhanced MDCT shows 
hvpoenhancina mass (arrow) between the duodenum and pancreatic head from pancreatic cance r. 



Figure 97-36 Autoimmune pancreatitis. A. Axial contrast-enhanced MDCT shows uniformlv enlaraed pancreas. Note peripancreatic 
hvpodense rim suggestive but not diaanostic of autoimmune pancreatitis . B. Axial Tl-weighted image shows decreased enhancement of the 
pancreas with hypointense rim. C. T2-weighted image shows sausage-shaped appearance of pancreas. D. Axial contrast-enhanced Tl-weighted 
image after therapy shows atrophy of the pancreas. 


Autoimmune Chronic Pancreatitis 

Autoimmune chronic pancreatitis (AIP) has unique clinical, 
histologic, and imaging features. 229 It has an autoimmune 
mechanism and has been seen as an immunoglobulin G subtype 
4 (IgG4) systemic disease; it can affect multiple organs, includ- 
ing the pancreas, bile duets, kidney, retroperitoneum, lungs, 
salivary giands, and lymph nodes. 22 It may coexist with dia¬ 
betes mellitus and autoimmune diseases, such as Sjogrens syn- 
drome, primary sclerosing cholangitis, and primary biliary 
cirrhosis. AIP may be relatively asymptomatic or be manifested 
as painless jaundice from an obstructive pancreatic mass. It 
occurs predominantly in middle-aged or older men and usually 
shows a remarkable response to steroids. 231,232 Most of the 
patients are older than 50 years, and overall prevalence of AIP 
has been reported to be around 5% to 6% of patients suffering 


from chronic pancreatitis 2 " 1 Laboratory fmdings may include 
inereased levels of serum IgG4. Pancreatic fibrosis with infiltra¬ 
tion of lymphocytes and plasma cells, characteristically around 
the periductal area of pancreatic tissue, is seen on histopatho- 
logic examination. 232 

Imaging studies show a rare association of diffuse enlarge- 
ment of the pancreas with irregular narrowing of the pancreatic 
duet. 231 Diffuse hypoechogenicity of the pancreas is seen on 
transabdominal sonography, which is nonspecific for the diag- 
nosis. On CT and MRI, the pancreas appears diffusely enlarged, 
with a sausage-like appearance, usually without calcifications 
or stones. 231,233,234 Typical fmdings of AIP on cross-sectional 
imaging include diffuse enlargement of the pancreas with loss 
of lobulation of the pancreatic border, narrowing of the main 
pancreatic duet, and capsule-like rim (Fig. 97 - 36). 233,235 On 
MRI, the involved pancreas is hypointense on Tl-weighted 
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Figure 97-37 Autoimmune pancreatitis. A. Axial 
contrast-enhanced MDCT image shows a unif ormlv 
enlaraed pancreas. with sharo outline. Note 

peripancreatic hypodense rim (arrows), which is 

suggestive of autoimmune pancreatitis but not 

diaonostic. B. ERCP shows segmental irregular 
narrowing (black arrows ) of the pancreatic duet at 
the level of the body of the pancreas. The ductal 
segments adjacent to the stricture are minimally 
dilated. Stricture of the distal common bile duet is 
also seen (white arrow). C. ERCP shows multiple 
strictures ( arrows ) in the intrahepatic duets. 


imaging and hyperintense on T2-weighted imaging and shows 
restricted diffusion. 233,236,237 As in chronic pancreatitis of other 
causes, the pancreas shows decreased enhancement in the arte- 
rial phase and inereased enhancement in delayed phases after 
administration of contrast material. A characteristic low-density 
rim, likely composed of fibrous tissue and inflammatory reac¬ 
tions, is often seen surrounding the pancreas. 2 7,231 This capsule- 
like rim shows delayed enhancement on dynamic imaging and 
low signal intensity on TI- and T2-weighted MR images. 227 
Diffuse or segmental irregular narrowing of the main pancre¬ 
atic duet associated with strictures of the intrahepatic and 
extrahepatic biliary tract is typically demonstrated on ERCP 
(Fig. 97-37). Diffuse narrowing of the main pancreatic duet 
without significant upstream dilation supports the diagnosis, 
unlike the typical more severe dilation seen with cancer or 
chronic pancreatitis. Biliary thickening and enhancement or 
mass and lymphadenopathy may also be seen, mimicking scle- 
rosing cholangitis or cholangiocarcinoma. Gallbladder wall 
thickening may also be present. >5 MRCP shows the biliary tract 
abnormalities well but does not show the stenosis of the pan¬ 
creatic duet as well as ERCP does. 227,238 Other features of chronic 
pancreatitis, such as pseudocysts and pancreatic calcifications, 
are rare with AIP. Segmental involvement can mimic malignant 
disease. Unlike pancreatic adenocarcinoma, AIP can be distin- 
guished by the lack of vascular invasion or findings to suggest 
metastases. 

AIP has many extrapancreatic manifestations, including 
most commonly involvement of the biliary tree (up to 
80%). 230,239 Renal (35%) and retroperitoneal (10%) involvement 


is common. In the majority of patients, renal involvement is 
manifested as bilateral multiple round or wedge-shaped renal 
cortical lesions, but it can also infiltrate kidneys diffusely or 
show a single masslike lesion arising from the renal paren- 
chyma. Retroperitoneal fibrosis, a soft tissue mass surrounding 
the aorta and inferior vena cava, is seen in 10% to 20% of 
patients. Salivary and lacrimal giand enlargement may be seen 
in 14% to 24% of patients. Gastrointestinal tract abnormalities 
and pulmonary opacities or lesions have been reported in AIR 
These extrapancreatic manifestations should be considered 
additional clues that can be helpful in diagnosis of AIP, par- 
ticularly in atypical manifestations of AIP, such as segmental 
or masslike pancreatic lesions or atrophy of the pancreas due 
to late stages of AIP. 230 

The diagnosis of AIP is highly suspected when these typical 
imaging features are combined with supportive serology fmd- 
ings. There has been development of several different criteria 
for the diagnosis, including the Mayo Clinic histology, imaging, 
serology, other organ involvement, and response to therapy 
(HISORt) criteria and the Japan Pancreas Society and Asian 
diagnostic criteria. 240 ' 242 EUS is most helpful for fme-needle 
aspiration or biopsy, especially when the diagnosis is not clear 
and cancer needs to be exeluded. 243,244 

Corticosteroid therapy has been used for diagnostic and 
therapeutic purposes by gastroenterologists experienced in 
treating AIP after pancreatic cancer has been exeluded, 
although disease recurrence can be seen in up to 40% of 
patients. 245 After corticosteroid therapy, the pancreatic mor- 
phologic abnormalities of the common bile duet and pancreatic 









97 Pancreatitis 1833 


duet usually resolve. 246 The two most important expected 
findings after corticosteroid therapy for AIP are significant 
decrease in pancreatic size and normalization of the main 
pancreatic duet appearance. Improvement of biliary tree 
involvement and other extrahepatic manifestations is also 
frequently reported. Whereas the diffuse form of AIP may 
be considered diffkult to discriminate from mild acute pan¬ 
creatitis, significant response to steroid therapy and lack of 
retroperitoneal fluid and inflammation in AIP can help dis- 
tinguish these two entities. 246 

It has been shown that AIP responds well to corticosteroid 
therapy when some features exist on imaging. This may reflect 
the presence of various stages of disease evolution from early 
active inflammation to late sclerosis and fibrosis stages. Diffuse 
enlargement of the panereas, the presence of a peripancreatic 
halo, ductal obliteration, or wall thickening usually responds 
rapidly to corticosteroid therapy and may relate to active 
inflammation. In some patients, features of pancreatic tail 
retraction, persistent ductal stenosis, and focal masslike inflam- 
matory lesions have been reported to be the imaging findings 
that are suggestive of a reduced or suboptimal response to 
steroid therapy, probably because of the presence of late-phase 
fibrosis or sclerosis. 246 ' 249 

Summary 

Experience accumulated since the late 1970s has shown that 
CT is the single most important imaging modality in evaluat- 
ing patients with pancreatitis. CT has high sensitivity and 
specificity in diagnosis of moderate and severe pancreatitis as 
well as in detection of serious complications that are often 


clinically unsuspected. In addition, CT plays a valuable role 
as an early predictive indicator of disease severity. Patients 
with fluid collections and pancreatic necrosis are at high risk 
for development of complications. These patients should be 
closely monitored clinically and with follow-up CT examina- 
tions. They require intensive care treatment and percutaneous 
or surgical drainage procedures when sepsis develops. MRI 
has also become an accurate imaging modality for assessment 
of pancreatitis. It is especially helpful in patients with allergy 
to iodinated contrast agents or poor renal funetion and to 
evaluate the pancreaticobiliary tract, to characterize complex 
fluid collections, and to diagnose early chronic pancreatitis. 
Sonography is used mainly to exelude a diagnosis of gallstones 
and biliary obstruction. The role of ERCP has diminished as 
MRCP emerged as a noninvasive alternative diagnostic tool. 
ERCP is mainly used for interventional procedures, such as 
endoscopic therapy for complications of pancreatitis and ductal 
obstruction, and to perform tissue biopsy to differentiate 
benign from malignant clinical and imaging features. It is 
occasionally used to provide a road map of the pancreatic 
duet before surgical procedures and to diagnose early side 
branch abnormalities in chronic pancreatitis. Noninvasive 
imaging, however, has inereased in use for the diagnosis, man¬ 
agement, and treatment of patients with acute and chronic 
pancreatitis during the last few decades and has played a major 
role in these patients. 
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The World Health Organization classifkation of pancreatic 
neoplasms is remarkable for the wide variety and type. This is 
because benign, borderline, and malignant tumors can arise 
from exocrine, neuroendocrine, intraductal, and stromal ele¬ 
ments. In addition, secondary (metastatic) neoplasms and non- 
neoplastic tumor-like conditions (e.g., mass-forming chronic 
panereatitis) affeet the panereas. However, in clinical practice, 
only a few of these (adenocarcinoma, cystic neoplasms, pancre¬ 
atic neuroendocrine tumors, and metastases) are encountered 
with any frequency. This chapter attempts to review the proto- 
col details that are necessary to be used for patients thought to 
have a pancreatic neoplasm; the roles of additional imaging, 
such as positron emission tomography (PET) and endoscopic 
ultrasound (EUS); and the imaging appearances of these 
tumors. 

Ductal Adenocarcinoma 

Pancreatic ductal adenocarcinoma (PDA) is the fourth most 
common cause of cancer deaths for both men and women in 
the United States. The American Cancer Society estimates 
approximately 45,000 new cases with 38,000 deaths for 2014. 
This is a striking inerease from the 32,000 expected new cases 
of ductal cancers predicted in 2005; a true inerease in incidence 
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is doeumented between 1998 and 2008. 2 Despite improvements 
in imaging, surgery, radiation, and chemotherapy and rapidly 
emerging molecular understanding, mortality remains high; 
23% of patients will be alive at 1 year from diagnosis, whereas 
4% will be alive at 5 years. Established risk factors for develop- 
ment of PDA include cigarette smoking, male African Ameri¬ 
can, BRCA2 gene positivity, hereditary panereatitis, cirrhosis, 
diabetes mellitus, chronic panereatitis, hypercholesterolemia, 
obesity, Peutz-Jeghers syndrome, Lynch syndrome, vitamin D 
deficiency, certain occupations, and carcinogens. 3 Common 
symptoms include weight loss, jaundice, floating stool, pain, 
dyspepsia, nausea, and depression. New-onset type 2 diabetes 
in patients older than 50 years may trigger investigation 
for PDA. 4 

The American Joint Committee on Cancer has developed a 
TNM-based staging system for pancreatic adenocarcinoma 5 ; 
however, because only 15% to 20% of patients are candidates 
for surgery at the time of diagnosis, the majority of patients will 
not be able to be formally assigned to a stage. For all patients 
who do not undergo surgery, clinical staging is solely based on 
imaging. 6 The quality of imaging can direetly affeet the accu- 
racy of staging; patients deemed to have unresectable tumor at 
non-pancreatic-directed imaging have been shown to actually 
be surgical candidates. 

Ductal adenocarcinoma accounts for 85% to 90% of all pan¬ 
creatic tumors; 60% to 70% arise in the head, 5% to 10% in the 
body, and 10% to 15% in the tail of the giand. 8,9 Up to 22% of 
tumors can affeet multiple regions of the giand (diffuse). 10 By 
the time the tumors are discovered, they usually measure 2 to 
3 cm in diameter. Pancreatic adenocarcinoma has scant cellular 
elements and elicits an intense desmoplastic response within 
the stroma surrounding the tumor. The stromal reaction encases 
intrapancreatic biood vessels, explaining why 90% of these 
masses are hypodense compared with background panereas. 
The upstream main pancreatic duet may be obstructed, and the 
surrounding parenchyma is atrophic. Tumors in the head of the 
panereas will also eventually obstruct the common bile duet. 
The tumor rapidly grows through lymphatics, along peripan- 
creatic vessels, and along nerves; it may also grow along tissue 
planes into the surrounding duodenum and posterior wall of 
the stomach. Lesions in the tail of the panereas infiltrate into 
the splenic hilum and into the left renal hilum. Distant metas¬ 
tases are most frequently found in the liver and peritoneal 
cavity. These can be present even in cases in which the tumor 
does not appear locally advanced. 11 

The major biood vessels involved by PDA are the superior 
mesenteric artery, celiac axis, and branches. More frequently, 
the tumor will involve the superior mesenteric, splenic, and 
portal veins. Once the major arterial branches are involved with 
tumor, most surgeons agree that they are unresectable. However, 
experienced surgeons can achieve a negative-margin resection 
if the degree of contact between the tumor and the vessel is 
minimal. Most lymph node disease in pancreatic cancer is 
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found in unenlarged lymph nodes 12 ; lymphadenopathy is 
unusual. Most surgeons will operate on patients who have 
lymph node disease within the held of resection. Distant lymph 
node disease is a contraindication to resection. 

GOALS OF IMAGING 

A high-quality imaging study is the first part of the evaluation 
of all patients thought to have pancreatic cancer. 4 In most 
cases, multidetector computed tomography (MDCT), magnetic 
resonance imaging (MRI), or EUS, with needle aspiration 
biopsy, will serve as that procedure. 13,14 Other imaging 
modalities, such as transabdominal ultrasound, diagnostic 
endoscopic retrograde cholangiopancreatography (ERCP), 
18 F-fluorodeoxyglucose PET (FDG PET), and receptor (soma- 
tostatin)-specific nuclear medicine studies, are secondary pro¬ 
cedures. Examinations such as upper gastrointestinal series, 
hypotonic duodenography, and selective catheter angiography 
no longer have any role in the diagnostic work-up. 

The choice of imaging study must take into account safety, 
patient comfort, and affordability combined with a sufficient 
sensitivity, specificity, and accuracy. The protocol for the 
imaging test is designed to detect the presence of a pancreatic 
neoplasm and to determine whether an individual patient has 
truly resectable disease. 15 Timing of the imaging acquisition 
must be optimized to maximize lesion-to-background pancreas 
contrast differences, to evaluate the integrity of major peripan- 
creatic arteries and veins, and to detect extrapancreatic metas¬ 
tases (Fig. 98-1). There is a high level of agreement that 


high-quality MDCT using a multiphase acquisition protocol is 
the procedure of choice for these patients. 4,16,17 

MULTIDETECTOR COMPUTED 
TOMOGRAPHY PROTOCOLS 

Image data from MDCT examination is collected by use of the 
narrowest detector configuration. From the data acquisition, 
two sets of image data are reconstructed. The first set is recon- 
structed at familiar CT slice widths (3 or 4 mm); these images 
are sent to a picture archiving and Communications system 
(PACS) or film. The second set is reconstructed at the thinnest 
possible slice width as determined by the detector (e.g., 0.75-mm 
sections from a 0.6-mm detector configuration). 18 These isotro- 
pic data sets are sent to a three-dimensional (3D) workstation, 
allowing multiplanar reformatting, 3D volume rendering, CT 
angiography, and CT cholangiopancreatography (CTCP). 19-23 
Utility of 3D imaging is enhanced by the use of neutral (close 
to water density) oral contrast material. 24 

Proper delivery of intravenous contrast material and timing 
of the acquisition are critical for successful pancreatic CT. A 
low-osmolality intravenous contrast agent with high iodine 
concentration (370 mg I/mL) at a dose of 1.5 mg I/kg provides 
optimal pancreatic parenchymal and hepatic enhancement. 
The contrast agent should be administered by power injector at 
a minimum rate of 3 mL but preferably between 4 and 5 mL/s. 
All investigators use a dual acquisition protocol. 26 28 The first 
image set is acquired during the pancreatic phase (approxi- 
mately 40 to 50 seconds), and a second image set is acquired 



Figure 98-1 Pancreatic 
adenocarcinoma. 

A. Adenocarcinoma of the tail 
of the pancreas in a 57-year-old 
man. During the pancreatic 
phase, the mass in the tail of 
the pancreas ( arrow ) is easily 
recognized. B. Adenocarcinoma, 
tail of pancreas; same patient as 
in A. During the portal phase, the 
mass is almost isodense with the 
remainder of the pancreas 
(arrow). C. Adenocarcinoma of 
the head of the pancreas in a 
64-year-old woman. There is a 
low-attenuation region in the 
head of the pancreas (arrow). 

D. Adenocarcinoma, head of 
pancreas and same patient as 
C. The mass is unrecognizable 20 
seconds later during the portal 
phase. Both cases illustrate the 
critical importance of pancreatic 
phase imaging. 
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during the portal venous phase (70 to 80 seconds) (Fig. 98-1). 29 
Some advocate a three-phase protocol that includes an unen- 
hanced acquisition; in our practice, we incorporate an unen- 
hanced acquisition only when pancreatic neuroendocrine 
tumor is suspected. 

Dual-energy CT acquisitions have the advantage of allowing 
the radiologist to view images acquired at two different energies 
(kVp). Viewing the images acquired at the lower energy or by 
simulating the contrast that might have been acquired at a lower 
beam energy (monoenergetic imaging) enhances tissue contrast 
by maximizing photoelectric interactions. This results in an 
increase in the attenuation of background pancreas with resul¬ 
tant increase in lesion-to-background conspicuity. 30,31 

MAGNETIC RESONANCE IMAGING PROTOCOLS 

A comprehensive (“one-stop shopping”) MRI evaluation of the 
pancreas and biliary tree can be performed by use of multiple 
acquisitions at multiple pulse sequences. In our practice, a 
pancreas-dedicated MRI evaluation includes an axial fat- 
suppressed fast (turbo) T2 sequence; two-dimensional (2D) 
axial in-phase and opposed-phase noncontrast Tl-weighted 
sequences; axial and coronal single-shot fast spin-echo (HASTE 
or spoiled GRASS) T2-weighted acquisition; and multiphasic 


gadolinium-enhanced, 3D Tl-weighted gradient recalled acqui¬ 
sition with frequency selected fat suppression (VIBE) sequences 
during the phase of pancreatic enhancement and the portal 
phase of hepatic enhancement. 32 ' 36 Current MRI scanners can 
obtain diffusion-weighted sequences; however, these have been 
shown not to be reliable for pancreatic adenocarcinoma. 37,38 

Magnetic resonance cholangiopancreatography (MRCP) is 
also performed with a heavily weighted T2 acquisition either in 
2D with thick slab or 3D respiratory-triggered acquisition. The 
2D pancreaticobiliary duet evaluation can also be obtained 
from the HASTE acquisitions. 

MULTIDETECTOR COMPUTED 
TOMOGRAPHY FINDINGS 

PDA appears as a hypodense mass with poorly defrned horders 
compared with the background parenchyma during the pancre¬ 
atic phase. 39 With current MDCT technology, non-contour- 
deforming tumors will be frequently encountered, underscoring 
the critical importance of imaging the pancreas during the 
phase of maximal background pancreatic enhancement, in 
which the tumor-to-gland attenuation difference is greatest. 40 
In 11% of cases, pancreatic adenocarcinoma may be isoattenu- 
ating (Fig. 98-2). 41 Secondary findings include dilation of the 



Figure 98-2 Pancreatic adenocarcinoma. A. Locally unresectable pancreatic adenocarcinoma in a 78-year-old woman. There is an infiltrating 
mass projecting medially from the uncinate process appearing to contact the superior mesenteric artery over a greater than 180-degree 
circumference ( arrow). B. Locally unresectable pancreatic adenocarcinoma, same patient as in A. This volume rendered CT angiographic view 
more optimally displays the mass ( asterisk) and clearly depicts the complete contact of the superior mesenteric artery (arrow). C. Locally 
resectable pancreatic adenocarcinoma in a 68-year-old man. There is a mass (asterisk) in the body of the pancreas that contacts but does not 
surround the splenic artery. Note the upstream atrophy and main pancreatic duet dilation in the body and tail of the pancreas (arrow). On the 
basis of local staging, the tumor would be classified as borderline resectable. D. Locally resectable pancreatic adenocarcinoma but distant 
metastasis. Same patient as in C. The hepatic metastasis is seen on the portal acquisition; on the pancreatic phase, there is only a vague region 
of low attenuation. This case illustrates the differing times of peak enhancement of the pancreas and liver. The presence of the hepatic 
metastasis makes this case unresectable despite the faet that the tumor is locally resectable. 
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upstream pancreatic duet and dilation of the common bile duet 
when the tumor is located within the pancreatic head. Use of 
curved multiplanar reformatting or 3D volume rendering can 
improve detection of ductal diktion. 42 

CT findings of major arterial encasement include oblitera- 
tion of the normal fat between the pancreatic margin and the 
adjacent vessel; more than 180-degree contact between the 
tumor and the vessel; and morphologic changes in the artery, 
including narrowing or encasement of the affeeted artery. 12 
With 3D volume rendering, images of the pancreatic arterial 
supply can be created that rival conventional catheter angiog- 
raphy, making recognition of the vascular changes straightfor- 
ward 45 (Fig. 98-2). CT angiographic images have been shown to 
be more accurate for detection of arterial involvement from 
pancreatic adenocarcinoma than by looking at traditional axial 
slices alone 46 (Fig. 98-3). 

With improving MDCT technology, there is inereasing 
appreciation of local spread of PDA before it actually encases 
major vessels. Predictable pathways for perilymphatic and peri- 
neural tumor infiltration have been correlated with detailed 
anatomic dissections. High-quality thin-section imaging is 
needed to view these changes. 47,48 When spread along these 
pathways is suspected, the surgeon should be alerted, and 
neoadjuvant therapy may be appropriate before attempt at 
resection. 49 

Criteria for venous invasion include more than 180-degree 
contact with a soft tissue mass and the vein. When the superior 


mesenteric vein is involved with tumor, it may display a “tear- 
drop” configuration 50 (Fig. 98-4). Although soft tissue contact 
with the venous system has a high predictive value for nonre- 
sectability, 51 significant involvement of the vein may be fo und 
at surgery when the imaging study fails to reveal any direct 
contact with the vein. 5 " It is therefore critical to evaluate the 
presence and pattern of collateral venous channels surrounding 
the pancreatic head. 53 In advanced cases, collateral venous 
channels are easily recognized. Common collateral channels 
include prominent short gastric varices, gastrohepatic ligament 
varices, and gastroepiploic to gastrocolic trunk. It is important 
to look for the small posterior pancreaticoduodenal veins; when 
these collaterals are present, there is a high likelihood that the 
tumor has involved the superior mesenteric vein to a degree that 
would preclude the ability to obtain a negative tumor margin 54 
(Fig. 98-4). 

MAGNETIC RESONANCE IMAGING FINDINGS 

The appearance of the pancreatic mass will depend on the 
acquisition sequence used (Fig. 98-5). As outlined in the pre- 
ceding section, a multisequence approach is used for a com- 
prehensive evaluation. Because the pancreatic mass elicits a 
dense desmoplastic stromal response, most masses will have 
a shorter relaxation time than the surrounding normal paren- 
chyma and therefore appear as a “dark” region. Contrast- 
enhanced pancreatic phase Tl-weighted sequences are most 




Figure 98-3 Pancreatic adenocarcinoma. 

Adenocarcinoma of the head of the panereas in a 
58-year-old man. A. A 4-cm mass in the head of the 
panereas tethers the superior mesenteric vein 
( arrow) and contacts the gastroduodenal artery 
( arrowhead). The lesion is classified as borderline 
resectable. B. The mass contacts the hepatic artery 
(arrow). C. Curved multiplanar reconstruction display 
shows that degree of contact with the hepatic artery 
is not circumferential (arrow). The gastroduodenal 
artery involvement is confirmed (arrowhead). 
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Figure 98-4 Pancreatic adenocarcinoma. Unresectable adenocarcinoma of the head of the pancreas in a 54-year-old man. A. The tumor in the 
head of the pancreas ( asterisk) contacts the superior mesenteric vein (arrow). There was no contact with arteries. B. Whereas the degree of 
contact is less than 180 degrees, the intestinal veins ( asterisks ) join at the confluence with the splenic vein. A venous graft could not be placed 
because the drainage of intestinal venous branches would be obstructed. 


effective in delineating the mass. Fat suppression will increase 
the conspicuity of the mass by significantly decreasing the 
signal from intraperitoneal and retroperitoneal fat, thereby 
increasing the signal from the pancreas, heightening contrast 
between normal parenchyma, the mass, and the pancreatic 
duet. PDA is hypointense compared with background pan¬ 
creatic parenchyma, similar to CT Åndings. Liver metastases 
are best seen against a densely enhanced liver as occurs in 
the portal venous phase. Metastases possess a more rapid 
relaxation time than the background liver on both TI- and 
T2-weighted sequences and therefore will appear relatively 
bright. Detection of liver metastases is improved when 
diffusion-weighted sequences are obtained in addition to 
contrast-enhanced acquisitions. 55 

Because the gadolinium-enhanced imaging sequences are 
acquired as a 3D volume, the arterial and venous anatomy can 
be displayed as MR angiographic images with imaging features 
of vascular involvement and tumor extension similar to those 
displayed on MDCT. Familiar 3D techniques, such as maximum 
intensity projection and volume rendering, can be used to 
create displays of the pathologic process in any useful plane. 

ENDOSCOPIC ULTRASOUND 

The accuracy of EUS in the diagnosis of pancreatic and peri- 
ampullary neoplasm is well established. 56 However, with rapid 
improvement in both MDCT and MRI, EUS use is predomi- 
nantly complementary to cross-sectional techniques and for 
case-by-case problem solving. 7 EUS is an excellent guide for 
fme-needle aspiration biopsy, with positive results in 75% of 
cases. 58 It has been shown that there is a statistically significant 
lower chance for development of peritoneal carcinomatosis 
after EUS biopsy as opposed to percutaneous fme-needle aspi¬ 
ration biopsy. 59 

ACCURACIES OF MULTIDETECTOR COMPUTED 
TOMOGRAPHY, MAGNETIC RESONANCE 
IMAGING, AND ENDOSCOPIC ULTRASOUND 

There is relatively uniform consensus at the time of this writing 
that MDCT ranges in overall accuracy between 86% and 


99%. 21,40,60 ' 67 The positive predictive value of CT for predicting 
resectability ranges between 45% and 79% because the criteria 
for diagnosis of vascular invasion favor specificity over sensitiv- 
ity. 68 However, there has been overall improvement coincident 
with improving technology. 69 This trend has continued; high- 
quality MDCT restaged 81 of 88 patients considered unresect¬ 
able to resectable, with 94% having RO resections. 7 Centers that 
see a high volume of pancreatic cancer patients will obtain a 
repeated pancreas-dedicated CT study if outside imaging is 
considered inadequate. 

Reported accuracy for MDCT in detection of arterial involve¬ 
ment is reported as high as 99%, with a negative predictive value 
of 100%. 71 Confirmation of venous involvement is best assessed 
on hepatic phase images, and the negative predictive value 
approaches 100%. 40 Detection of lymph node metastasis is 
limited. With use of a short-axis diameter of more than 10 mm 
as the criterion for nodal involvement, CT has a reported sen- 
sitivity of 14%, a specificity of 85%, a negative predictive value 
of 82%, and an overall accuracy of 73%. 12 

Reported accuracies for high-quality multiaequisition MRI 
range between 76% and 89%. 72-74 A meta-analysis of eight 
studies found the pooled sensitivity, specificity, and positive and 
negative likelihood ratio to be identical for CT and MRI for 
diagnosis of vascular invasion. 75 Some centers find the improved 
contrast sensitivity of MRI over CT useful for planning radia¬ 
tion therapy (see Fig. 98-5). 

The most frequent cause of understaging of pancreatic 
adenocarcinoma is the failure of the detection of small metas¬ 
tases in the liver and peritoneal cavity. Imaging is poor in the 
detection of these small lesions. Small peritoneal implants may 
be present without ascites or other more flagrant signs of 
peritoneal carcinomatosis, making them extremely difficult to 
detect. A combination of CT scanning supplemented by lapa- 
roscopic ultrasound immediately before surgery in those 
patients deemed to have resectable tumor is an imaging strategy 
that has accuracy as high as that of more expensive tests, with 
preservation of the highest levels of quality-adjusted life-years. 76 
In most clinical practice, MDCT is the primary imaging modal - 
ity, with MRI reserved for patients with allergy to contrast 
material. EUS is used in cases in which ductal obstruction is 
visualized without a mass visible on the cross-sectional study 
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Figure 98-5 Pancreatic adenocarcinoma. A. MRI evaluation of a 68-year-old woman. Top row: Fat-saturated T2 sequence (left) and long T2 
slab MRCP (right) reveal segmental main pancreatic duet dilation. Middle row: High b value diffusion-weighted image ( left ) shows restriction with 
high signal in region of change in duet caliber (arrow). Corresponding apparent diffusion coefficient map shows decrease in region of interest 
(arrow ). This combination is characteristic of neoplasm. Bottom row: Image from gadolinium-enhanced gradient recalled echo sequence (left) 
reveals focal low signal mass at point of caliber change in pancreatic duet (arrow). Contrast is inereased by use of subtraction imaging (right). 

B. Adenocarcinoma, head of panereas, in a 52-year-old man. An infiltrating mass (asterisk) in the head of the panereas is seen on pancreatic 
phase MDCT. C. Adenocarcinoma, head of panereas; same patient as in B. The mass (asterisk) is more clearly delineated on the 
gadolinium-enhanced gradient recalled echo Tl-weighted sequence. Radiation therapists find MR useful for more precise definition 
of tumor margins, resulting in better targeting. 
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and is the best method for obtaining tissue to confirm malig- 
nant disease. 77 

With reported successes of newer neoadjuvant treatment 
options and increasing skiil in surgical removal of tumor, con- 
sistent detailed reporting that specifically addresses each of 
the components of the status of a given tumor around which 
appropriate therapeutic decisions are made is desirable. Such 
reports guarantee that the examination has been adequately 
performed and carefully reviewed. Furthermore, these reports 
can serve as a record by which institutional accuracy in image 
interpretation can be measured as well as provide a uniform 
database for larger interinstitutional trials. The Society of 
Abdominal Radiology and the American Pancreatic Association 
called together a panel of experts in imaging, gastroenterology, 
and surgery to create a template for reporting of imaging find- 
ings in patients with pancreatic adenocarcinoma. The results 
have been published in both the radiology 78 and gastroenterol¬ 
ogy liter atures. 79 

CHANGES IN THE PANCREATIC DUCT 

The main pancreatic duet is routinely visualized on MRCP 
performed with most current MR systems in clinical use. Rapid 
T2-weighted sequences and respiratory-gated long T2 3D 
sequences can show the normal duet in almost all cases. The 
duet can be visualized on high-quality pancreatic phase MDCT 42 
and with moderate frequency during the portal phase. 80 
Minimum intensity projections and curved multiplanar refor- 
matting facilitate recognition of the duet. 


When this finding is observed on an imaging study, patients 
should undergo an intensive work-up to exelude malignant 
disease as the cause 81,82 (Fig. 98-6). In one series, 71 of 86 iso- 
lated duet strictures were due to a malignant disease. 83 Pancre¬ 
atic adenocarcinoma 84 and neuroendocrine tumor 85 are the 
most common tumor causes. Differential diagnosis includes 
main duet intraductal papillary mueinous neoplasm. When the 
entire duet is dilated, chronic panereatitis cannot be exeluded. 

Isolated duet strictures may predate the typical imaging 
appearance of PDA and can be thought of as a sign of “early” 
pancreatic cancer. Several studies have doeumented that retro- 
spective review of prior imaging studies in patients presenting 
with PDA will reveal abnormalities in the pancreas in nearly 
half of patients, the most common being segmental dilation of 
the main pancreatic duet. This finding can predate the clinical 
appearance of pancreatic neoplasm by as long as 18 months. 86,87 
In our practice, when we detect segmental pancreatic duet 
obstruction, the patient will be referred for EUS and biopsy; the 
high sensitivity and specificity for diagnosis of the underlying 
neoplasm are validated in the literature. 88 Small cysts (>5 mm) 
associated with a dilated pancreatic duet appear to be a predic- 
tor of future development of PDA. 89 

OTHER IMAGING MODALITIES 

Several other imaging modalities are in current use for imaging 
of pancreatic adenocarcinoma, including transabdominal 
ultrasound, ERCP, and FDG PET. Several reports have shown 
promise of FDG PET scanning to detect pancreatic cancer 90 ' 92 ; 



Figure 98-6 Pancreatic adenocarcinoma: importance of main pancreatic duet. A. This 84-year-old man, who was being observed for 
prostate cancer, developed a segmentally dilated main pancreatic duet ( arrow). B. The finding is confirmed on MRCP. The patient underwent a 
distal pancreatectomy and is alive 3 years after these imaging studies. C. The dilated pancreatic duet in this 69-year-old woman was discovered 
incidental ly during surveillance for known carcinoma of the cervix. D. No mass is seen at the transition point. No discrete pancreatic mass was 
recognized at the time of surgery, but a distal pancreatectomy was performed. Poorly differentiated adenocarcinoma was present. 
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however, with improved MDCT and MRI balanced against the 
cost, most believe that PET-CT is complementary and best used 
on a case-by-case basis. 93 

Transabdominal ultrasound will often be used in jaundiced 
patients to rapidly identify a dilated biliary tree. Whereas a 
dilated intrahepatic biliary tree is easily demonstrated, the spe- 
cific cause of extrahepatic bile duet dilation is frequently diffi- 
cult to establish. The most frequent reason for this is bowel gas 
obscuring the region of the pancreatic head and common bile 
duet. In selected patients, however, careful transabdominal 
technique can demonstrate the echogenic mass obstructing 
either the pancreatic or common bile duet. Contrast-enhanced 
transabdominal ultrasound has become an established tech¬ 
nique to detect pancreatic lesions and to measure organ 
perfusion. 94 

ERCP is often used preoperatively to place a drainage stent 
within an obstructed common bile duet. Several studies have 
shown that this preoperative stent placement should not be 
performed before surgical resection as there is a clear inerease 
in the complication rate. 95 Most leading pancreatic surgeons 
will request common bile duet stenting when surgery will be 
delayed more than 14 days after diagnostic evaluation. Expand- 
able metallic endoscopically placed endobiliary stents should be 
reserved for those patients with unresectable disease needing 
palliation. 


Cystic Neoplasms 

Cystic pancreatic neoplasms are frequently encountered on 
imaging studies. Despite a large accumulating clinical and 
imaging experience with these lesions, their behavior in indi- 
vidual patients is difficult to predict. Therefore, when they are 
detected on an imaging study, there will be uncertainty about 
the diagnosis and varying recommendations for follow-up or 
treatment ’ despite the faet that there has been improving 
ability to correctly characterize individual lesions on imaging 
studies. 97,98 

Cystic pancreatic neoplasms can be divided into four distinet 
categories: serous cystadenoma (SCA); mueinous cystic neo- 
plasm; intraductal papillary mueinous neoplasm (IPMN); and 
“other” 99 (Fig. 98-7). This classification helps in focusing of the 
imaging search for diagnostic features that allow differentiation 
of benign from malignant lesions, paralleling the management 
that is distinet within each category. 

SEROUS CYSTADENOMA 

SCA accounts for approximately 1% to 2% of all exocrine pan¬ 
creatic neoplasms. The World Health Organization classifica¬ 
tion of pancreatic tumors considers SCA a benign lesion. 100 
At the time of diagnosis, 25% to 50% of patients will be 



Figure 98-7 Pancreatic cystic neoplasms. Classic imaging findings in four different patients. Top left: Serous cystadenoma with radially 
arrayed dense septa. Top right: Mueinous cystic tumor in a 45-year-old woman. Note the scant septa and typical location in the pancreatic tail. 
Bottom left: Branch duet IPMN. The minimum intensity projection CT shows relation to main pancreatic duet. Bottom right: Walled off pancreatic 
necrosis. The presence of dependent debris on the T2-weighted image allows specific diagnosis. With current imaging technology and 
inereasing appreciation of the appearances of pancreatic cysts, specific diagnosis can be made in approximately two thirds of cases. 
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symptomatic. 101 The tumor occurs more frequently in women 
(mean age of 57 years) and most often in the pancreatic head. 
The tumor contains glycogen-rich periodic acid-Schiff-posi- 
tive epithelial cells delimiting cysts separated by variable 
amounts of fibrous septations. They most frequently occur spo- 
radically; 60% to 80% of patients with von Hippel-Lindau syn- 
drome will have pancreatic SCA. 

SCA has two morphologic appearances: the microcystic or 
classic type, and the macrocystic or oligocystic type. The micro¬ 
cystic form, accounting for two thirds of SCAs, is a spongelike 
lesion formed from innumerable cysts containing clear watery 
fluid. The cysts range from 1 to 5 mm in the center of the mass; 
larger cysts (up to 2 cm) are present in the periphery. A central 
fibrous stellate nidus is present giving rise to radially oriented 
fibrous bands. This central nidus frequently calcifies. The oli¬ 
gocystic type has scant locules or can be unilocular. There is no 
central scar; the fluid may be clear but often is hemorrhagic. 102 
Because of the recognition of the oligocystic type of SCA, the 
term microcystic serous cystadenoma is no longer used to describe 
these lesions. 

The imaging features of SCA reflect the morphologic appear- 
ance of the mass. The classic variety is manifested as a solitary 
mass that displays central calcification and a radial arrangement 
of dense fibrous tissue delimiting a variable number of cysts 
(Fig. 98-8). In some tumors, the cysts are so small and the 
fibrous component so dense that the lesion may actually appear 
“solid.” 103 As one might imagine, on MDCT, the cysts are near 
water density, and the surrounding fibrous network appears 
dense; on MRI, the appearance is dependent on the pulse 
sequence of the acquisition. Central calcification establishes the 
diagnosis of SCA, but it is present, at most, in 30% of cases, 97 
best detected by MDCT. The tumors may encase vessels and 


obstruct the pancreatic or biliary duet system. Nevertheless, 
even these seemingly aggressive tumors may remain indolent. 

On Tl-weighted fat-suppressed sequences, the fluid compo¬ 
nent is darker than the fibrous matrix; on T2-weighted acquisi- 
tions, the fluid component becomes more conspicuous, 
appearing bright because of the longer T2 relaxation time. EUS 
may be particularly useful in displaying the honeycombed 
internal structure in lesions smaller than 2 cm. EUS provides 
an excellent means by which to sample cyst fluid. 104 

The oligocystic variety can be suspected when there is a 
unilocular nonenhancing cystic mass in the pancreatic head 
with a lobulated contour. 105 Despite the high reported speci- 
ficity of this constellation of findings, differentiation of this 
lesion from mueinous cystic tumor or pseudocyst may be 
impossible. 

MUCINOUS CYSTIC TUMOR 

These rare neoplasms are thought to be potentially malignant; 
therefore, the terms mueinous cystadenoma and mueinous cyst- 
adenocarcinoma should not be used; rather, the lesion is prop¬ 
erly referred to as mueinous cystic tumor. Mueinous cystic 
tumors are formed from variably atypical epithelial cells that 
produce muein and are supported by an ovarian-type stroma, 
which does not communicate with the pancreatic duet system. 
They account for 2% to 6% of all exocrine pancreatic neo¬ 
plasms. 106 These tumors occur almost exelusively in women, 
with peak incidence in the fifth decade. The female preponder- 
ance is similar to that of mueinous tumors of the hepatobiliary 
system, retroperitoneum, and ovary. The stromal component of 
the mueinous cystic tumor stains for cytokeratin markers, 
indicative of cellular luteinization, 102 the ovarian-type stroma 




Figure 98-8 Branch duet IPMN. A. This 1.5-cm 
cyst (arrow) was detected in a 49-year-old man on a 
CT urogram. B. Same patient as in A. This image 
was obtained 5 years later when the patient was 
seen in the emergency department with abdominal 
pain and hyperamylasemia. The cyst ( asterisk ) now 
measures 2.8 cm. C. Same patient as in A. MRCP 
obtained at same time as in B shows the cyst 
(arrow), the dilated side branch ( arrowhead ), and a 
slightly dilated main pancreatic duet. Resection 
revealed an intestinal-type IPMN with low- to 
moderate-grade dysplasia but no neoplasm. 


98 Pancreatic Neoplasms 1847 


characteristic of these lesions. It is important to remember this 
faet because the diagnosis of mueinous cystic tumor should 
probably not be considered in a male patient. 

At MDCT, the lesions will display large cysts with thin 
septa, best seen after intravenous administration of contrast 
material. When calcification occurs, it is lamellated (as opposed 
to the starburst pattern seen in SCA) and in the periphery of 
the lesion (as opposed to the central location of calcification 
in SCA). Lesions with a higher degree of epithelial atypia will 
display nodules on the wall, peripheral calcification, and a 
more disorganized internal architecture (Fig. 98-9). Malignant 
lesions tend to be larger than benign lesions. 1( On MRI, the 
lesion will appear bright on T2-weighted sequences. On 
Tl-weighted sequences, intravenous administration of gado- 
linium is necessary to image the septations, which become 
more apparent the longer the imaging sequence is carried 
out o? ! 08 (Fig. 98-10). Mucin itself can produce decreased signal 



Figure 98-9 Pancreatic mueinous cystic tumor with features of 
malignancy. This cyst in a 43-year-old woman has three features that 
must raise the suspicion that portions of the lesion will have 
neoplastic histologic features, including peripheral calcification, 
variable wall thickness ( arrow ), and mural nodule ( arrowhead ). Foci of 
atypia and noninvasive malignant change were confirmed at 
resection. 


within the center of the lesion that should not be confused 
with the radiating septa seen in SCA. On EUS, the mural 
nodularity is easily recognized and can be differentiated from 
the honeycombed appearance of SCA. EUS is particularly valu- 
able for aspiration of cyst fluid. 109 Presence of carcinoembry- 
onic antigen in aspirated cyst fluid has a high predictive value 
for mueinous cystic tumor. 110 

INTRADUCTAL PAPILLARY 
MUCINOUS NEOPLASM 

The IPMN was first described at ERCP by Ohhashi in 1982 111 ; 
the first report in the imaging literature was by Itai and col- 
leagues in 1986. 112 The entity has been reported under a wide 
variety of names, including ductectatic mueinous cystadenoma, 
villous adenoma of the main pancreatic duet, and intraductal 
mueinous hypersecreting neoplasm, to name a few; at this time, 
the term intraductal papillary mueinous neoplasm (IPMN) is 
most frequently used. The prevalence of this lesion is high 
among patients with pancreatic cysts. Currently, most cysts 
detected at imaging are assumed to be IPMN until proven 
otherwise. 1 IPMN occurs with a slight inereased frequency 
in male patients compared with other pancreatic cysts. The 
pathologic hallmarks of the lesion are diffuse or segmental 
dilation of the main or side branch pancreatic duets, intraductal 
growth of the mucin-producing epithelial lining cells, and pro- 
trusion and dilation of the major and minor pap illa with mueus 
exeretion. 115 In slightly more than 50% of the cases, the pan¬ 
creatic duet bulges into the ampulla of Vater, with marked 
hypersecretion of mueus seen pouring into the duodenum at 
endoscopy. 

Two morphologic forms are distinguished: those involving 
the main pancreatic duet with or without side branch involve- 
ment (Fig. 98-11), and those exelusively within the branch duets 
(see Fig. 98-8). Within both of these varieties, there are five 
histologic types: intestinal, pancreaticobiliary, gastric, intra¬ 
ductal tubulopapillary, and intraductal oncocytic. 116 Cases in 
which the main duet is involved have a significantly higher 
likelihood of harboring more malignant epithelium than those 
restricted to the branch duets, 1 118 but malignant change 
is not invariably found (Fig. 98-11). The different histologic 
types cannot be differentiated on imaging; however, the risk 
of malignancy varies significantly between them. Branch 
duet IPMNs can arise anywhere within the panereas, although 



Figure 98-10 Insulinoma. A. MDCT of insulinoma in a 58-year-old male patient. CT in arterial phase reveals a hyperdense mass (arrow) in the 
body of the panereas. The mass appears as bright as the surrounding vessels. B. MRI of insulinoma in the same patient as in A. Arterial phase 
image from gadolinium-enhanced gradient recalled VIBE sequence again demonstrates the mass in the body of the panereas (arrow). An 
insulin-secreting PNET was resected. 
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Figure 98-11 Main duet IPMN with adenocarcinoma. A. The main pancreatic duet in this 74-year-old woman is diffusely dilated (asterisk). 
B. Same patient as in A. A soft tissue attenuation mass is present in the pancreatic head (asterisk). Note the calcification in the more proximal 
portion of the main pancreatic duet (arrow). Peripheral calcifications are frequently present in these lesions. 


the uncinate process, head, and neck are the most common 
locations. Individual lesions contain a wide Spectrum of epithe- 
lial dysplasia; however, an individual lesions biologic behavior 
is variable (see Fig. 98-8). Factors correlating with malignancy 
include advanced age, main duet involvement, concurrent dia¬ 
betes or other pancreas-related abdominal symptoms, lesion 
size (>3 cm) and multiplicity, and presence of visible mural 
nodules or any other solid elements. 119 Malignancy in main duet 
IPMN is more frequently encountered but not always present; 
patients who are symptomatic and have duet dilation of more 
than 8 mm are more likely to have malignant tumors than are 
those with less duet dilation. 120 

At imaging, the lesion is characterized by inereased diameter 
of a portion of the pancreatic duet system. Visualization is 
optimal with use of intravenous contrast-enhanced thin-section 
MDCT or T2-weighted MRI. The diagnosis is confirmed by 
demonstration of communication with the pancreatic duet, 
best determined by 3D techniques including CTCP 42 and 
MRCP 118,121 (see Fig. 98-8). Careful attention to protoeol will 
allow the radiologist to demonstrate the bulging papilla into the 
duodenal lumen, a finding that when present allows distinetion 
from chronic panereatitis. 119 Mural nodules or mueinous accre- 
tions can be seen on both MDCT 122 and T2-weighted MRI 
(see Fig. 98-9). EUS is particularly useful for evaluating main 
duet tumors, particularly the longitudinal extent of main duet 
involvement, aiding surgical planning. 124 

A complex analytic process of the imaging Åndings is 
necessary. Despite this, considerable uncertainty about recom- 
mending additional interventions or follow-up still exists. Fur- 
thermore, the frequency and interval of the follow-up periods 
are not universally agreed on. First, the size of the lesion must 
be determined. In multiple studies, there appears to be a sig- 
nificant change in the risk of malignancy in tumors smaller than 
3 cm (low) or larger than 3 cm. 125,126 Current recommendations 
advocate aggressive characterization of lesions larger than 3 cm. 
Lesions smaller than 1 cm are usually observed. Uncertainty 
exists in deciding how to handle cysts that range between 1 and 
3 cm in size. In our practice, we will attempt to characterize 
cysts of this size by pancreas-dedicated imaging (usually by 
MRI) with the explicit purpose of visualizing the cyst in relation 
to the main pancreatic duet. If the cyst can be characterized as 
an IPMN, 6-month follow-up for a 4-year period is recom- 
mended for younger patients; for asymptomatic patients with 
other comorbidities, the follow-up regimen is determined on a 


case-by-case basis. If the cyst is uncharacterized, it is assumed 
to be an IPMN. EUS may be performed for larger cysts (doser 
to 3 cm) as opposed to 6-month follow-up for smaller cysts. 
Factors that influence the decisions include the age of the 
patient and the presence or absence of pancreas-related symp¬ 
toms. 127 Regardless of the size of the cyst, we advocate cyst fluid 
aspiration before any cyst is resected 128 ; an elevated carcinoem- 
bryonic antigen level in the cyst has high predictive value for 
muein content. 129 

The strongest predictor of a malignant cyst is the presence 
of mural nodules, particularly those larger than 6 mm. 1 u These 
may be difficult to detect on cross-sectional imaging studies; 
EUS is mueh better suited to see them. Virtually all consensus 
recommendations concerning pancreatic cysts agree that mural 
nodules are a highly signifkant finding in terms of risk strati- 
fkation for an individual cyst. Their presence has been shown 
to be a more reliable independent predictor of malignancy than 
cyst size, septa, or mural thickness. 130 

Nonoperative surveillance has become widely accepted when 
pancreatic cysts are initially detected. Because many will be 
small, the morphologic features of malignancy may not be 
easily recognized. 131 Follow-up allows some estimate of the 
growth rate of an individual cyst. Branch duet IPMN that grows 
at a rate of more than 2 mm per year has a signifkantly higher 
rate of malignancy than that of tumor with a slower growth rate 
(45.6% vs 1.8%). 132 

There are inereasing numbers of case reports of metachro- 
nous development of pancreatic adenocarcinoma at sites distant 
to the branch duet IPMN. The incidence of metachronous 
tumor development is consistently reported in the range of 6% 
to 11%. 133-135 This substantiates speculation that branch duet 
IPMN arises as a held defeet in a whole pancreas that is at risk 
for development of malignancy. Newer molecular pathology 
studies have shown that metachronous tumors develop more 
frequently in patients with gastric-type IPMN. 1 " Knowledge of 
molecular markers within a given lesion therefore may have 
signifkant implication in developing a follow-up Schedule for 
an individual patient. 

OTHER CYSTIC TUMORS 

The solid and pseudopapillary epithelial neoplasm, also known 
as the Hamoudi tumor, deserves mention. This tumor is most 
frequently found in female patients at a mean age consistently 
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Figure 98-12 Solid pseudopapillary epithelial 
neoplasm. A and B. Images from MDCT 
examination in a 19-year-old woman reveal a bulky 
heterogeneous mass in the pancreatic tail. The 
higher attenuation regions reflect the solid elements 
within the tumor. Low-attenuation regions result 
from areas of prior hemorrhage. C. Images from 
MDCT examination in a 26-year-old woman. 
Compared with the lesion in A and B, this particular 
mass has a more "cystic" appearance. 


reported in the mid-20s, 137 but the lesion has been reported in 
patients as young as 10 years and as old as 79 years. Review of 
the literature suggests that approximately 15% of these tumors 
are malignant, with the likelihood of malignancy increasing 
with the patient s age. 138 

The proportion of solid and cystic elements within the 
tumor is directly related to the degree of hemorrhage the tumor 
has undergone. The lesion appears as a round, encapsulated 
mass with variable amounts of necrotic and soft tissue foci (Fig. 
98-12). The presence of biood products within the tumor 
results in hyperintense signal on Tl-weighted MR sequencesA 9 
No septations are visualized; central and rim calcifications have 
been reported in 29% of patients. 13 The recommended treat- 
ment is surgery; localized lesions are treated as low-grade neo¬ 
plasms. Median survival rates of 5.2 years are reported for 
patients with metastatic disease. 140 

Any pancreatic neoplasm can display a “cystic morphology.” 
Cystic islet cell tumor and cystic ductal adenocarcinoma have 
been reported. True epithelial pancreatic cysts are extremely 
rare in the absence of systemic cystic disease, such as adult 
polycystic liver and kidney disease or von Hippel-Lindau 
disease. When a cystic tumor of the pancreas is recognized, 
every effort should be made to exclude a history of acute or 
chronic pancreatitis because pancreatic pseudocysts remain the 
single most common cystic pancreatic mass. 141 

Pancreatic Neuroendocrine Tumors 

Pancreatic neuroendocrine tumors (PNETs) are a heteroge¬ 
neous group of tumors, some of which are associated with 
secretion of hormones that produce clinically recognizable syn¬ 
dromes. The current World Health Organization classification 
divides PNETs into the subcategories of well-differentiated 
endocrine tumor, well-differentiated endocrine carcinoma, 
and poorly differentiated endocrine carcinoma. The well- 
differentiated PNETs are further divided into those with benign 
behavior (confmed to pancreas, nonaggressive, <2 cm in size, 
functional or nonfunctional) and uncertain behavior (confmed 


to pancreas, >2 cm in size or with angioinvasion, functional or 
nonfunctional). All well-differentiated PNETs are thought to be 
low-grade malignant neoplasms and are categorized on the 
basis of size, mitotic rate, cell proliferation (as measured by 
Ki-67 labeling index), and evidence of invasion. 142 

PNETs account for 1% to 10% of all pancreatic neoplasms. 
Their overall prevalence is reported at 1 per 100,000, with 
an annual incidence of 1 to 4 cases/million persons per year. 
Nonfunctioning PNETs account for 14% to 30% of PNETs, 
although they have been reported in as high as 80%. 143 PNETs 
occurs with equal frequency in men and women, with peak 
age in the 50s and 60s. PNETs are found with equal fre¬ 
quency throughout the pancreas. 144 Increased frequency is 
well documented in patients with four inherited disorders: 
autosomal dominant multiple endocrine neoplasia (MEN 1), 
von Hippel-Lindau disease, tuberous sclerosis, and neurofi- 
bromatosis l. 145 

The most widely expected imaging appearance of PNET is a 
hypervascular mass best seen in the pancreatic phase of enhance- 
ment on MDCT (Fig. 98-13) or a briskly enhancing focus on 
fat-suppressed, gadolinium-enhanced Tl-weighted MRI. 146,147 
Five percent to 10% of PNETs will be cystic; the thick enhancing 
peripheral rim may allow differentiation from other pancreatic 
cysts. On occasion, they will be manifested with an isolated duet 
stricture. 85 

INSULINOMA 

Insulinoma is the most common funetioning PNET (see Fig. 
98-10). Patients may present with Whipple’s triad (neuromus- 
cular disorders, hypoglycemia, and symptom reversal with 
administration of glueose). Fifty percent of the lesions are 
found in the head of the pancreas, the remainder elsewhere 
within the giand; 85% are solitary, and 0.5% of the lesions 
are extrapancreatic. Most lesions are 1 to 2 cm, and metastases 
occur in less than 15% of cases; however, 10% of the lesions 
are malignant. Malignant insulinomas are larger (measuring 
up to 8 cm) and produce extremely high levels of insulin or 
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Figure 98-13 Nonfunctioning PNET. 

A. Noncontrast-enhanced MDCT. A ringlike 
calcification is seen in the pancreatic tail of a 
48-year-old asymptomatic patient. B. Pancreatic 
phase MDCT. Same patient as in A. In the 
pancreatic phase, the low-attenuation mass is 
evident. Calcification in soft tissue attenuation 
pancreatic masses should raise the suspicion of 
PNET. C. Incidental finding in a 58-year-old 
patient. A cyst ( asterisk ) is present in the midbody 
of the pancreas with upstream main pancreatic 
duet dilation. The lesion was resected and the 
diagnosis of PNET confirmed. Cystic PNET is well 
recognized. Furthermore, specific diagnosis of 
the type of pancreatic cyst is not possible in all 
cases. 


proinsulin, and metastases are present at the time of diagno¬ 
sis. 148 When the lesion is solitary and localized, simple excision 
or enucleation is sufficient for treatment. 

GASTRINOMA 

Gastrinoma is the second most funetioning PNET. Most are 
located in the anatomic region between the pancreatic head and 
common bile duet and within the first or second portion of the 
duodenum, the so-called gastrinoma triangle 149 (Fig. 98-14). 
The excessive gastrin production leads to the Zollinger-Ellison 
syndrome either as a sporadic entity or as a manifestation of 
MEN 1. Fifty percent to 70% of sporadic cases of Zollinger- 
Ellison syndrome are usually the result of tumors within the 
pancreas; the remaining cases are secondary to tumors located 
within the duodenum. Most of the gastrinomas found in MEN 
1 are located within the duodenum. At diagnosis, 60% of gas¬ 
trinomas already have metastasized to peripancreatic lymph 
nodes or, less frequently, the liver. 

NONFUNCTIONING PANCREATIC 
NEUROENDOCRINE TUMOR 

Nonfunctioning PNET has a peak incidence in the 50s and 60s 
with an equal distribution between men and women. The 
masses are usually large; 60% to 83% of lesions are malignant 
at the time of diagnosis, usually with liver metastases. They are 
frequently hypervascular at imaging. Internal calcifications are 
frequent; nonfunctioning PNET is the most likely etiology of a 


solid-appearing pancreatic mass with dense calcifications (see 
Fig. 98-13). The 5-year survival rates are excellent compared 
with ductal carcinoma; 5-year survival rates approach 70%, and 
10-year survival rates approach 50% of patients. 150,151 

IMAGING 

MDCT has been shown to inerease the detection of insulinomas 
to 94% compared with the single-slice CT success rate of 
29%. 152,153 The median sensitivity of tumor detection for all 
subtypes is on the order of 84%. The overall detection rate of 
85% is similar to that of MRI. MRI results reach 100% sensitiv¬ 
ity for lesions larger than 3 cm, but MRI has extremely poor 
performance for smaller lesions. On MRI, PNET displays 
significantly higher signal intensity than normal pancreas on 
T2-weighted images and will demonstrate a ringlike enhance- 
ment after intravenous administration of contrast material. 155 
EUS and molecular methods are widely used and pro vide a 
statistically ineremental improvement in the imaging assess- 
ment of these patients. Most believe that MDCT can be a first- 
line study, but if the findings are normal, EUS can be performed. 
EUS may be the better fist-line test for the evaluation of sus- 
pected insulinoma. 156 

Utility of molecular agents that target specific metabolic 
pathways or receptors is direetly related to the specific tumor 
subtype. Somatostatin receptor scintigraphy is widely per¬ 
formed; [ m In]-pentetreotide (Octreoscan) is widely available 
for clinical use. This agent is useful only in tumors with soma¬ 
tostatin receptor sites. Newer agents, particularly those that 
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Figure 98-14 Zollinger-Ellison syndrome. A. MDCT scan in a 44-year-old male patient with severe upper abdominal pain. An ulcer ( arrow) is 
present in the third portion of the duodenum. Note the mural edema. B. Same patient as in A. There is a slightly hyperdense mass ( asterisk) in 
the groove between the undersurface of the pancreas and the medial wall of the duodenum. A well-differentiated neuroendocrine tumor 
(gastrinoma) was resected in this lymph node. 




Figure 98-15 Metastatic disease to the 
pancreas. A. Lung cancer metastatic to the 
pancreas. There is a poorly defined mass with a 
dilated upstream main pancreatic duet. Note the 
bilateral adrenal masses. B. Melanoma metastatic 
to the pancreas. A hyperdense mass (arrow) is 
present in the pancreatic body. Without 
knowledge of the patient's clinical status, specific 
diagnosis could not be made. C. Ovarian cancer 
metastatic to the pancreas. There is a cyst in the 
head of the pancreas. On prior study 12 months 
previously, the region was normal. Differential 
diagnosis from any type of pancreatic cyst. 


can be used with CT-PET scanning, such as 68-DOTA-NOC, 
display more true-positive tumor foci than [ m In]-DTPA 
octreotide. 1 The major Utility of these and other newly devel- 
oped molecular agents is inereased detection of sites of unsus- 
pected metastases. 

Continuous improvements in MDCT and MRI technology 
also have resulted in improved detection and analysis of PNET. 
Using dual-energy spectral CT, Lin and coworkers 158 reported 
a 95.7% sensitivity compared with a 68.8% sensitivity with 
MDCT, the improvement being direetly related to the ability to 
combine a monochromatic and iodine density image. Apparent 
diffusion coefficient values show an inverse correlation with 
Ki-67 labeling index and may help predict biologic behavior of 
an individual tumor. 


Secondary Pancreatic Neoplasms 

The pancreas can be secondarily involved by neoplasm by direct 
extension from a contiguous primary tumor (e.g., gastric car- 
cinoma), invasion from local metastatic lymph nodes (e.g., 
invasion of the pancreatic head by metastatic peripancreatic 
lymph nodes draining a primary tumor of the right colon), and 
hematogenous metastases. Renal cell carcinoma is the most 
common primary neoplasm to metastasize to the pancreas. The 
lesions appear as hypervascular foci within the pancreatic 
parenchyma. 159 Other common sources of metastases to the 
pancreas include melanoma and lung cancer; however, metas¬ 
tases to the pancreas can be present from virtually any primary 
neoplasm 160 (Fig. 98-15). 





1852 SECTION XI Pancreas 


REFERENCES 


1. Siegel R, Ma J, Zou Z, et al: Cancer statistics, 
2014. CA Cancer J Clin 64:9-29, 2014. 

2. Simard EP, Ward EM, Siegel R, Jemal A: 
Cancers with increasing incidence trends in the 
United States: 1999 through 2008. CA Cancer 
J Clin 2012. [E-pub ahead of print.] 

3. Raimondi S, Maisonneuve P, Lowenfels AB: 
Epidemiology of pancreatic cancer: An Over¬ 
View. Nat Rev Gastroenterol Hepatol 6:699- 
708, 2009. 

4. Tempero MA, Arnoletti JP, Behrman SW, et al: 
Pancreatic adenocarcinoma, version 2.2012: 
Featured updates to the NCCN Guidelines. 
J Natl Compr Canc Netw 10:703-713, 2012. 

5. Byrd SB, Compton CC, Fritz AG, et al, editors: 
AJCC Cancer Staging Manual, ed 7, New York, 
2010, Springer. 

6. Bilimoria KY, Bentrem DJ, Ko CY, et al: Vali- 
dation of the 6th edition AJCC Pancreatic 
Cancer Staging System: Report from the 
National Cancer Database. Cancer 110:738— 
744, 2007. 

7. Mohammed S, Van Buren G, Fisher WE: Pan¬ 
creatic cancer advances in treatment. World J 
Gastroenterol 20:9354-9360, 2014. 

8. Fernandez-del Castillo C, Jimenez RE: Pancre¬ 
atic cancer, cystic pancreatic neoplasms, and 
other nonendocrine pancreatic tumors. In 
Feldman M, Friedman LS, Schleisenger MH, 
editors: Sleisenger and Fordtran’s Gastrointes- 
tinal and Liver Disease, ed 7, Philadelphia, 
2002, Elsevier, pp 970-987. 

9. Cubilla AL, Fitzgerald P: Tumors of the Exo- 
crine Pancreas, Washington, DC, 1984, Armed 
Forces Institute of Pathology. 

10. Cubilla A, Fitzgerald PJ: Pancreas cancer. I. 
Duet adenocarcinoma. A clinical-pathologic 
study of 380 patients. Pathol Annu 1:241-289, 
1978. 

11. Bogoevski D, Strate T, Yekebas EF, Izbicki JR: 
Pancreatic cancer: A generalized disease— 
prognostic impact of cancer cell dissemina- 
tion. Langenbecks Arch Surg 393:911-917, 
2008. 

12. Roche CJ, Hughes ML, Garvey CJ, et al: CT and 
pathologic assessment of prospective nodal 
staging in patients with ductal adenocarci¬ 
noma of the head of the pancreas. AJR Am J 
Roentgenol 180:475-480, 2003. 

13. Lee ES, Lee JM: Imaging diagnosis of pancre¬ 
atic cancer: A start-of-the-art review. World J 
Gastroenterol 20:7864-7877, 2014. 

14. Kalra MK, Maher MM, Mueller PR, Saini S: 
State-of-the-art imaging of pancreatic neo¬ 
plasms. Br J Radiol 76:857-865, 2003. 

15. Megibow AJ: Pancreatic adenocarcinoma: 
Designing the examination to evaluate the clin- 
ical questions. Radiology 183:297-303,1992. 

16. Simianu W, Zyromski NJ, Nakeeb A, Lillemoe 
KD: Pancreatic cancer: Progress made. Acta 
Oncol 49:407-417, 2010. 

17. Callery MP, Chang KJ, Fishman EK, et al: 
Pretreatment assessment of resectable and 
borderline resectable pancreatic cancer: Expert 
consensus statement. Ann Surg Oncol 16: 
1727-1733, 2009. 

18. Dalrymple NC, Prasad SR, El-Merhi FM, 
Chintapalli KN: Price of isotropy in multide- 
tector CT. Radiographics 27:49-62, 2007. 

19. Scaglione M, Pinto A, Romano S, et al: Using 
multidetector row computed tomography to 
diagnose and stage pancreatic carcinoma: The 
problems and the possibilities. JOP 6:1-5, 
2005. 


20. Tunaci M: Multidetector row CT of the pan¬ 
creas. Eur J Radiol 52:18-30, 2004. 

21. Prokesch RW, Schima W, Chow LC, Jeffrey RB: 
Multidetector CT of pancreatic adenocarci¬ 
noma: Diagnostic advances and therapeutic 
relevance. Eur Radiol 13:2147-2154, 2003. 

22. Horton KM, Fishman EK: Adenocarcinoma of 
the pancreas: CT imaging. Radiol Clin North 
Am 40:1263-1272, 2002. 

23. Bashir MR, Gupta RT: MDCT evaluation of 
the pancreas. Radiol Clin North Am 50:365- 
377, 2012. 

24. Winter TC, Ager JD, Nghiem HV, et al: Upper 
gastrointestinal tract and abdomen: Water as 
an orally administered contrast agent for 
helical CT. Radiology 201:365-370, 1996. 

25. Ma X, Setty B, Uppot RN, Sahani DV: Multiple- 
detector computed tomographic angiography 
of pancreatic neoplasm for presurgical 
planning: Comparison of low- and high- 
concentration nonionic contrast media. 
J Comput Assist Tomogr 32:511-517, 2008. 

26. Diehi SJ, Lehmann KJ, Sadick M, et al: Pancre¬ 
atic cancer: Value of dual-phase helical CT in 
assessing resectability. Radiology 206:373-378, 
1998. 

27. Valls C, Andia E, Sanchez A, et al: Dual-phase 
helical CT of pancreatic adenocarcinoma: 
Assessment of resectability before surgery. AJR 
Am J Roentgenol 178:821-826, 2002. 

28. Nino-Murcia M, Olcott EW, Jeffrey RB, Jr: 
Dual-phase helical CT of locally invasive 
pancreatic adenocarcinoma. J Comput Assist 
Tomogr 22:282-287, 1998. 

29. McNulty NJ, Francis IR, Platt JF, et al: Multi¬ 
detector row helical CT of the pancreas: Effect 
of contrast-enhanced multiphasic imaging on 
enhancement of the pancreas, peripancreatic 
vasculature, and pancreatic adenocarcinoma. 
Radiology 220:97-102, 2001. 

30. He YL, Zhang DM, Xue HD, Jin ZY: Clinical 
value of dual-energy CT in detection of pan¬ 
creatic adenocarcinoma: Investigation of the 
hest pancreatic tumor contrast to noise ratio. 
Chin Med Sci J 27:207-212, 2013. 

31. Macari M, Spieler B, Kim D, et al: Dual-source 
dual-energy MDCT of pancreatic adenocarci¬ 
noma: Initial observations with data generated 
at 80 kVp and at simulated weighted-average 
120 kVp. AJR Am J Roentgenol 194:W27- 
W32, 2010. 

32. Martin DR, Semelka RC: MR imaging of pan¬ 
creatic masses. Magn Reson Imaging Clin N 
Am 8:787-812, 2000. 

33. Fayad LM, Mitchell DG: Magnetic resonance 
imaging of pancreatic adenocarcinoma. Int J 
Gastrointest Cancer 30:19-25, 2001. 

34. O’Neill E, Hammond N, Miller FH: MR 
imaging of the pancreas. Radiol Clin North 
Am 52:757-777, 2014. 

35. Keppke AL, Miller FH: Magnetic resonance 
imaging of the pancreas: The future is now. 
Semin Ultrasound CT MR 26:132-152, 2005. 

36. Zhong L, Li L, Yao QY: Preoperative evaluation 
of pancreaticobiliary tumor using MR multi- 
imaging techniques. World J Gastroenterol 
11:3756-3761,2005. 

37. Rosenkrantz AB, Matza BW, Sabach A, et al: 
Pancreatic cancer: Lack of association between 
apparent diffusion coefficient values and 
adverse pathological features. Clin Radiol 
68:el91-el97, 2013. 

38. Fukukura Y, Takumi K, Kamimura K, et al: 
Pancreatic adenocarcinoma: Variability of 


diffusion-weighted MR imaging findings. 
Radiology 263:732-740, 2012. 

39. Tamm EP, Bhosale PR, Vikram R, et al: Imaging 
of pancreatic ductal adenocarcinoma: State of 
the art. World J Radiol 5:98-105, 2013. 

40. Fletcher JG, Wiersema MJ, Farrell MA, et al: 
Pancreatic malignancy: Value of arterial, pan¬ 
creatic, and hepatic phase imaging with 
multi-detector row CT. Radiology 229:81-90, 
2003. 

41. Prokesch RW, Chow LC, Beaulieu CF, et al: 
Isoattenuating pancreatic adenocarcinoma at 
multi-detector row CT: Secondary signs. Radi¬ 
ology 224:764-768, 2002. 

42. Itoh S, Ikeda M, Ota T, et al: Assessment of the 
pancreatic and intrapancreatic bile duets using 
0.5-mm collimation and multiplanar refor- 
matted images in multislice CT. Eur Radiol 
13:277-285, 2003. 

43. Lu DS, Reber HA, Krasny RM, et al: Local 
staging of pancreatic cancer: Criteria for unre- 
sectability of major vessels as revealed by 
pancreatic-phase, thin-section helical CT. AJR 
Am J Roentgenol 168:1439-1443, 1997. 

44. Vargas R, Nino-Murcia M, Trueblood W, 
Jeffrey RB, Jr: MDCT in pancreatic adenocar¬ 
cinoma: Prediction of vascular invasion and 
resectability using a multiphasic technique 
with curved planar reformations. AJR Am J 
Roentgenol 182:419-425, 2004. 

45. Fishman EK, Horton KM, Urban BA: Multide¬ 
tector CT angiography in the evaluation of 
pancreatic carcinoma: Preliminary observa¬ 
tions. J Comput Assist Tomogr 24:849-853, 
2000. 

46. Mehmet Erturk S, Ichikawa T, Sou H, et al: 
Pancreatic adenocarcinoma: MDCT versus 
MRI in the detection and assessment of locore- 
gional extension. J Comput Assist Tomogr 
30:583-590, 2006. 

47. Sai M, Mori H, Kiyonaga M, et al: Peripancre¬ 
atic lymphatic invasion by pancreatic carci¬ 
noma: Evaluation with multi-detector row CT. 
Abdom Imaging 35:154-162, 2010. 

48. Deshmukh SD, Willmann JK, Jeffrey RB: Path- 
ways of extrapancreatic perineural invasion by 
pancreatic adenocarcinoma: Evaluation with 
3D volume-rendered MDCT imaging. AJR Am 
J Roentgenol 194:668-674, 2010. 

49. Heinemann V, Haas M, Boeck S: Neoadjuvant 
treatment of borderline resectable and 
non-resectable pancreatic cancer. Ann Oncol 
24:2484-2492, 2013. 

50. Hough TJ, Raptopoulos V, Siewert B, Matthews 
JB: Teardrop superior mesenteric vein: CT 
sign for unresectable carcinoma of the pan¬ 
creas. AJR Am J Roentgenol 173:1509-1512, 
1999. 

51. Nakayama Y, Yamashita Y, Kadota M, et al: 
Vascular encasement by pancreatic cancer: 
Correlation of CT findings with surgical and 
pathologic results. J Comput Assist Tomogr 
25:337-342, 2001. 

52. Hommeyer SC, Freeny PC, Crabo LG: Car¬ 
cinoma of the head of the pancreas: Eval¬ 
uation of the pancreaticoduodenal veins 
with dynamic CT—potential for improved 
accuracy in staging. Radiology 196:233-238, 
1995. 

53. Vedantham S, Lu DS, Reber HA, Kadell B: 
Small peripancreatic veins: Improved assess¬ 
ment in pancreatic cancer patients using thin- 
section pancreatic phase helical CT. AJR Am J 
Roentgenol 170:377-383, 1998. 



98 Pancreatic Neoplasms 1853 


54. Yamada Y, Mori H, Kiyosue H, et al: CT assess- 
ment of the inferior peripancreatic veins: 
Clinical significance. AJR Am J Roentgenol 
174:677-684, 2000. 

55. Wu LM, Hu J, Gu HY, et al: Can diffusion- 
weighted magnetic resonance imaging (DW- 
MRI) alone be used as a reliable sequence for 
the preoperative detection and characterisa- 
tion of hepatic metastases? A meta-analysis. 
Eur J Cancer 49:572-584, 2013. 

56. Nawaz H, Fan CY, Kloke J, et al: Performance 
characteristics of endoscopic ultrasound in the 
staging of pancreatic cancer: A meta-analysis. 
JOP 14:484-497, 2013. 

57. Munroe CA, Fehmi SM, Savides TJ: Endo¬ 
scopic ultrasound in the diagnosis of pancre¬ 
atic cancer. Expert Opin Med Diagn 7:25-35, 
2013. 

58. Caglar E, Senturk H, Atasoy D, et al: The 
role of EUS and EUS-FNA in the manage¬ 
ment of pancreatic masses: Five-year experi- 
ence. Hepatogastroenterology 60:896-899, 
2013. 

59. Micames C, Jowell PS, White R, et al: Lower 
frequency of peritoneal carcinomatosis in 
patients with pancreatic cancer diagnosed by 
EUS-guided FNA vs. percutaneous FNA. Gas- 
trointest Endosc 58:690-695, 2003. 

60. Procacci C, Biasiutti C, Carbognin G, et al: 
Spiral computed tomography assessment of 
resectability of pancreatic ductal adenocarci- 
noma: Analysis of results. Dig Liver Dis 
34:739-747, 2002. 

61. Nino-Murcia M, Tamm EP, Charnsangavej C, 
Jeffrey RB, Jr: Multidetector-row helical CT 
and advanced postprocessing techniques for 
the evaluation of pancreatic neoplasms. 
Abdom Imaging 28:366-377, 2003. 

62. Brugel M, Link TM, Rummeny EJ, et al: Assess¬ 
ment of vascular invasion in pancreatic head 
cancer with multislice spiral CT: Value of mul¬ 
tiplanar reconstructions. Eur Radiol 14:1188- 
1195, 2004. 

63. House MG, Yeo CJ, Cameron JL, et al: Predict- 
ing resectability of periampullary cancer with 
three-dimensional computed tomography. 
J Gastrointest Surg 8:280-288, 2004. 

64. Maire F, Sauvanet A, Trivin F, et al: Staging of 
pancreatic head adenocarcinoma with spiral 
CT and endoscopic ultrasonography: An indi- 
rect evaluation of the usefulness of laparos- 
copy. Pancreatology 4:436-440, 2004. 

65. Smith SL, Rajan PS: Imaging of pancreatic 
adenocarcinoma with emphasis on multide- 
tector CT. Clin Radiol 59:26-38, 2004. 

66. Imbriaco M, Megibow AJ, Ragozzino A, et al: 
Value of the single-phase technique in MDCT 
assessment of pancreatic tumors. AJR Am J 
Roentgenol 184:1111-1117, 2005. 

67. He J, Page AJ, Weiss M, et al: Management of 
borderline and locally advanced pancreatic 
cancer: Where do we stand? World J Gastroen- 
terol 20:2255-2266, 2014. 

68. Wong JC, Lu DS: Staging of pancreatic adeno¬ 
carcinoma by imaging studies. Clin Gastroen- 
terol Hepatol 6:1301-1308, 2008. 

69. Zhao WY, Luo M, Sun YW, et al: Computed 
tomography in diagnosing vascular invasion in 
pancreatic and periampullary cancers: A sys¬ 
tematic review and meta-analysis. Hepatobili- 
ary Pancreat Dis Int 8:457-464, 2009. 

70. Walters DM, Lapar DJ, de Lange EE, et al: 
Pancreas-protocol imaging at a high-volume 
center leads to improved preoperative staging 
of pancreatic ductal adenocarcinoma. Ann 
Surg Oncol 18:2764-2771, 2011. 


71. Li H, Zeng MS, Zhou KR, et al: Pancreatic 
adenocarcinoma: The different CT criteria for 
peripancreatic major arterial and venous inva¬ 
sion. J Comput Assist Tomogr 29:170-175, 
2005. 

72. Obuz F, Diele O, Coker A, et al: Pancreatic 
adenocarcinoma: Detection and staging with 
dynamic MR imaging. Eur J Radiol 38:146- 
150, 2001. 

73. Nishiharu T, Yamashita Y, Abe Y, et al: Local 
extension of pancreatic carcinoma: Assessment 
with thin-section helical CT versus with 
breath-hold fast MR imaging—ROC analysis. 
Radiology 212:445-452, 1999. 

74. Hånninen E, Amthauer H, Hosten N, et al: 
Prospective evaluation of pancreatic tumors: 
Accuracy of MR imaging with MR cholangio- 
panereatography and MR angiography. Radi¬ 
ology 224:34-41, 2002. 

75. Zhang Y, Huang J, Chen M, Jiao LR: Preopera¬ 
tive vascular evaluation with computed 
tomography and magnetic resonance imaging 
for pancreatic cancer: A meta-analysis. Pancre¬ 
atology 12:227-233, 2012. 

76. McMahon PM, Halpern EF, Fernandez-del 
Castillo C, et al: Pancreatic cancer: Cost- 
effeetiveness of imaging technologies for 
assessing resectability. Radiology 221:93-106, 
2001 . 

77. Suits J, Frazee R, Erickson RA: Endoscopic 
ultrasound and fine needle aspiration for the 
evaluation of pancreatic masses. Arch Surg 
134:639-642, 1999. 

78. Al-Hawary MM, Francis IR, Chari ST, et al: 
Pancreatic ductal adenocarcinoma radiology 
reporting template: Consensus statement of 
the Society of Abdominal Radiology and the 
American Pancreatic Association. Radiology 
270:248-260, 2014. 

79. Al-Hawary MM, Francis IR, Chari ST, et al: 
Pancreatic ductal adenocarcinoma radiology 
reporting template: Consensus statement of 
the Society of Abdominal Radiology and the 
American Pancreatic Association. Gastroenter- 
ology 146:291-304.el, 2014. 

80. Anderson SW, Soto JA: Pancreatic duet evalu¬ 
ation: Accuracy of portal venous phase 64 
MDCT. Abdom Imaging 34:55-63, 2009. 

81. Yoon SH, Lee JM, Cho JY, et al: Small (<20 mm) 
pancreatic adenocarcinomas: Analysis of 
enhancement patterns and secondary signs 
with multiphasic multidetector CT. Radiology 
259:442-452, 2011. 

82. Takeshita K, Kutomi K, Haruyama T, et al: 
Imaging of early pancreatic cancer on multide¬ 
tector row helical computed tomography. Br J 
Radiol 83:823-830, 2010. 

83. Uehara H, Tatsumi K, Masuda E, et al: Scrap- 
ing cytology with a guidewire for pancreatic- 
ductal strictures. Gastrointest Endosc 70:52-59, 
2009. 

84. Edge MD, Hoteit M, Patel AP, et al: Clinical 
significance of main pancreatic duet dilation 
on computed tomography: Single and double 
duet dilation. World J Gastroenterol 13:1701— 
1705, 2007. 

85. Shi C, Siegelman SS, Kawamoto S, et al: Pan¬ 
creatic duet stenosis secondary to small endo- 
crine neoplasms: A manifestation of serotonin 
production? Radiology 257:107-114, 2010. 

86. Gangi S, Fletcher JG, Nathan MA, et al: Time 
interval between abnormalities seen on CT 
and the clinical diagnosis of pancreatic cancer: 
Retrospective review of CT scans obtained 
before diagnosis. AJR Am J Roentgenol 182: 
897-903, 2004. 


87. Ahn SS, Kim MJ, Choi JY, et al: Indicative find- 
ings of pancreatic cancer in prediagnostic CT. 
Eur Radiol 19:2448-2455, 2009. 

88. Wang W, Shpaner A, Krishna SG, et al: Use of 
EUS-FNA in diagnosing pancreatic neoplasm 
without a definitive mass on CT. Gastrointest 
Endosc 78:73-80, 2013. 

89. Tanaka S, Nakao M, loka T, et al: Slight dilata¬ 
tion of the main pancreatic duet and presence 
of pancreatic cysts as predictive signs of pan¬ 
creatic cancer: A prospective study. Radiology 
254:965-972, 2010. 

90. Rijkers AP, Valkema R, Duivenvoorden HJ, 
et al: Usefulness of F-18-fluorodeoxyglucose 
positron emission tomography to confirm sus- 
pected pancreatic cancer: A meta- analysis. Eur 
J Surg Oncol 40:794-804, 2014. 

91. Kalady MF, Clary BM, Clark LA, et al: Clinical 
Utility of positron emission tomography in 
the diagnosis and management of periampul¬ 
lary neoplasms. Ann Surg Oncol 9:799-806, 
2002. 

92. Heinrich S, Goerres GW, Schafer M, et al: Posi¬ 
tron emission tomography/computed tomog¬ 
raphy influences on the management of 
resectable pancreatic cancer and its cost- 
effeetiveness. Ann Surg 242:235-243, 2005. 

93. Serrano OK, Chaudhry MA, Leach SD: The 
role of PET scanning in pancreatic cancer. Adv 
Surg 44:313-325, 2010. 

94. Faccioli N, Crippa S, Bassi C, D’Onofrio M: 
Contrast-enhanced ultrasonography of the 
panereas. Pancreatology 9:560-566, 2009. 

95. Erickson RA: ERCP and pancreatic cancer. 
Ann Surg Oncol 11:555-557, 2004. 

96. Farrell JJ, Fernandez-del Castillo C: Pancreatic 
cystic neoplasms: Management and unan- 
swered questions. Gastroenterology 144:1303- 
1315, 2013. 

97. Curry CA, Eng J, Horton KM, et al: CT of 
primary cystic pancreatic neoplasms: Can CT 
be used for patient triage and treatment? AJR 
Am J Roentgenol 175:99-103, 2000. 

98. Sainani NI, Saokar A, Deshpande V, et al: 
Comparative performance of MDCT and MRI 
with MR cholangiopancreatography in charac- 
terizing small pancreatic cysts. AJR Am J 
Roentgenol 193:722-731, 2009. 

99. Sårr MG, Kendrick ML, Nagorney DM, et al: 
Cystic neoplasms of the panereas: Benign 
to malignant epithelial neoplasms. Surg Clin 
North Am 81:497-509, 2001. 

100. Kloppel G, Luttges J: WHO-classification 2000: 
Exocrine pancreatic tumors. Verh Dtsch Ges 
Pathol 85:219-228, 2001. 

101. Palmucci S, Cappello G, Trombatore C, et al: 
Cystic pancreatic neoplasms: Diagnosis and 
management emphasizing their imaging fea¬ 
tures. Eur Rev Med Pharmacol Sci 18:1259- 
1268, 2014. 

102. Zamboni G, Capelli A, Pesci A, Brighenti A: 
Pathology of cystic tumors. In Procacci C, 
Megibow AJ, editors: Imaging of the Panereas: 
Cystic and Rare Tumors, New York, 2003, 
Srpinger. 

103. Procacci C, Graziani R, Bicego E, et al: 
Serous cystadenoma of the panereas: Report 
of 30 cases with emphasis on the imaging 
findings. J Comput Assist Tomogr 21:373- 
382, 1997. 

104. Clores MJ, Thosani A, Buscaglia JM: 
Multidisciplinary diagnostic and therapeutic 
approaches to pancreatic cystic lesions. J Mul- 
tidiscip Healthc 7:81-91, 2014. 

105. Cohen-Scali F, Vilgrain V, Brancatelli G, 
et al: Discrimination of unilocular macrocystic 


1854 SECTION XI Pancreas 


serous cystadenoma from pancreatic pseudo- 
cyst and mucinous cystadenoma with CT: 
Initial observations. Radiology 228:727-733, 
2003. 

106. Solcia E, Capella C, Kloppel G: Tumors of the 
exocrine pancreas. In Solcia E, Capella C, 
Kloppel G, editors: Tumors of the Pancreas, 
Washington, DC, 1997, Armed Forces Institute 
of Pathology, pp 145-210. 

107. Procacci C, Carbognin G, Accordini S, et al: CT 
features of malignant mucinous cystic tumors 
of the pancreas. Eur Radiol 11:1626-1630, 
2001 . 

108. Buetow PC, Rao P, Thompson LD: From the 
Archives of the AFIP. Mucinous cystic neo- 
plasms of the pancreas: Radiologic-pathologic 
correlation. Radiographics 18:433-449, 1998. 

109. Khashab MA, Kim K, Lennon AM, et al: 
Should we do EUS/FNA on patients with pan¬ 
creatic cysts? The incremental diagnostic yield 
of EUS over CT/MRI for prediction of cystic 
neoplasms. Pancreas 42:717-721, 2013. 

110. Brugge WR, Lewandrowski K, Lee- 

Lewandrowski E, et al: Diagnosis of pancreatic 
cystic neoplasms: A report of the cooperative 
pancreatic cyst study. Gastroenterology 126: 
1330-1336, 2004. 

111. Ohhashi K, Murakami Y, Maruyama M, et al: 
Four cases of mucus secreting pancreatic 
cancer. Prog Dig Endosc 20:348-351, 1982. 

112. Itai Y, Ohhashi K, Nagai H, et al: “Ductectatic” 
mucinous cystadenoma and cystadenocarci- 
noma of the pancreas. Radiology 161:697-700, 
1986. 

113. Correa-Gallego C, Ferrone CR, Thayer SP, 
et al: Incidental pancreatic cysts: Do we really 
know what we are watching? Pancreatology 
10:144-150, 2010. 

114. Valsangkar NP, Morales-Oyarvide V, Thayer 
SP, et al: 851 resected cystic tumors of the pan¬ 
creas: A 33-year experience at the Massachu- 
setts General Hospital. Surgery 152(Suppl 
1):S4-S12, 2012. 

115. Tierney WM, Francis IR, Eckhauser F, et al: 
The accuracy of EUS and helical CT in the 
assessment of vascular invasion by peripapil- 
lary malignancy. Gastrointest Endosc 53:182- 
188, 2001. 

116. Shi C, Hruban RH: Intraductal papillary 
mucinous neoplasm. Hum Pathol 43:1-16, 
2012 . 

117. Terris B, Ponsot P, Paye F, et al: Intraductal 
papillary mucinous tumors of the pancreas 
confined to secondary duets show less aggres¬ 
sive pathologic features as compared with 
those involving the main pancreatic duet. Am 
J Surg Pathol 24:1372-1377, 2000. 

118. Sugiyama M, Izumisato Y, Abe N, et al: Predic- 
tive factors for malignancy in intraductal 
papillary-mucinous tumours of the pancreas. 
Br J Surg 90:1244-1249, 2003. 

119. Procacci C, Megibow AJ, Carbognin G, et al: 
Intraductal papillary mucinous tumor of the 
pancreas: A pictorial essay. Radiographics 
19:1447-1463, 1999. 

120. Abdeljawad K, Vemulapalli KC, Schmidt CM, 
et al: Prevalence of malignancy in patients with 
pure main duet intraductal papillary muci¬ 
nous neoplasms. Gastrointest Endosc 79:623- 
629, 2014. 

121. Fukukura Y, Fujiyoshi F, Sasaki M, et al: Intra¬ 
ductal papillary mucinous tumors of the pan¬ 
creas: Thin-section helical CT findings. AJR 
Am J Roentgenol 174:441-447, 2000. 

122. Takada A, Itoh S, Suzuki K, et al: Branch duet¬ 
type intraductal papillary mucinous tumor: 


Diagnostic value of multiplanar reformatted 
images in multislice CT. Eur Radiol 15:1888— 
1897, 2005. 

123. Khouri J, Saif MW: Intraductal papillary muci¬ 
nous neoplasms of the pancreas (IPMNS): 
New insights on clincial outeomes and malig¬ 
nant progression. JOP 15:310-312, 2014. 

124. Cellier C, Cuillerier E, Palazzo E, et al: In¬ 
traductal papillary and mucinous tumors of 
the pancreas: Accuracy of preoperative com- 
puted tomography, endoscopic retrograde 
panereatography and endoscopic ultrasonog- 
raphy, and long-term outeome in a large 
surgical series. Gastrointest Endosc 47:42-49, 
1998. 

125. Sahani DV, Saokar A, Hahn PF, et al: Pan¬ 
creatic cysts 3 cm or smaller: How aggressive 
should treatment be? Radiology 238:912-919, 
2006. 

126. Allen PJ, D’Angelica M, Gonen M, et al: A 
selective approach to the resection of cystic 
lesions of the pancreas: Results from 539 
consecutive patients. Ann Surg 244:572-582, 
2006. 

127. Lee CJ, Scheiman J, Anderson MA, et al: 
Risk of malignancy in resected cystic tumors 
of the pancreas < or =3 cm in size: Is it safe 
to observe asymptomatic patients? A multi- 
institutional report. J Gastrointest Surg 12: 
234-242, 2008. 

128. Hawes RH, Clancy J, Hasan MK: Endoscopic 
ultrasound-guided fine needle aspiration in 
cystic pancreatic lesions. Clin Endosc 45:128- 
131,2012. 

129. Cizginer S, Turner BG, Bilge AR, et al: Cyst 
fluid carcinoembryonic antigen is an accurate 
diagnostic marker of pancreatic mucinous 
cysts. Pancreas 40:1024-1028, 2011. 

130. Kim KW, Park SH, Pyo J, et al: Imaging fea¬ 
tures to distinguish malignant and benign 
branch-duct type intraductal papillary muci¬ 
nous neoplasms of the pancreas: A meta- 
analysis. Ann Surg 259:72-81, 2014. 

131. Gaujoux S, Brennan MF, Gonen M, et al: Cystic 
lesions of the pancreas: Changes in the presen- 
tation and management of 1,424 patients at a 
single institution over a 15-year time period. 
J Am Coll Surg 212:590-600, discussion 600- 
603, 2011. 

132. Kang MJ, Jang JY, Kim SJ, et al: Cyst growth 
rate predicts malignancy in patients with 
branch duet intraductal papillary mucinous 
neoplasms. Clin Gastroenterol Hepatol 9:87- 
93, 2011. 

133. Ingkakul T, Sadakari Y, Ienaga J, et al: Predic- 
tors of the presence of concomitant invasive 
ductal carcinoma in intraductal papillary 
mucinous neoplasm of the pancreas. Ann Surg 
251:70-75, 2010. 

134. Tanno S, Nakano Y, Sugiyama Y, et al: Inci- 
dence of synchronous and metachronous pan¬ 
creatic carcinoma in 168 patients with branch 
duet intraductal papillary mucinous neo¬ 
plasm. Pancreatology 10:173-178, 2010. 

135. Uehara H, Nakaizumi A, Ishikawa O, et al: 
Development of ductal carcinoma of the pan¬ 
creas during follow-up of branch duet intra¬ 
ductal papillary mucinous neoplasm of the 
pancreas. Gut 57:1561-1565, 2008. 

136. Ideno N, Ohtsuka T, Kono H, et al: Intraductal 
papillary mucinous neoplasms of the pancreas 
with distinet pancreatic ductal adenocarcino- 
mas are frequently of gastric subtype. Ann 
Surg 258:141-151,2013. 

137. Buetow PC, Buck JL, Pantongrag-Brown L, 
et al: Solid and papillary epithelial neoplasm of 


the pancreas: Imaging-pathologic correlation 
on 56 cases. Radiology 199:707-711, 1996. 

138. Ganesham DM, Paulson E, Tamm EP, et al: 
Solid pseudo-papillary tumors of the pancreas: 
Current update. Abdom Imag 38:1373-1382, 
2013. 

139. Savci G, Kilicturgay S, Sivri Z, et al: Solid and 
papillary epithelial neoplasm of the pancreas: 
CT and MR findings. Eur Radiol 6:86-88, 
1996. 

140. Yoon DY, Hines OJ, Bilchik AJ, et al: Solid and 
papillary epithelial neoplasms of the pancreas: 
Aggressive resection for cure. Am Surg 67: 
1195-1199, 2001. 

141. Kim YH, Saini S, Sahani D, et al: Imaging diag¬ 
nosis of cystic pancreatic lesions: Pseudocyst 
versus nonpseudocyst. Radiographics 25:671- 
685, 2005. 

142. Lewis RB, Lattin GE, Jr, Paal E: Pancreatic en- 
docrine tumors: Radiologic-clinicopathologic 
correlation. Radiographics 30:1445-1464, 
2010. 

143. Kramplitz GW, Norton JA: Pancreatic neuro- 
endocrine tumors. Curr Probl Surg 50:509- 
545, 2013. 

144. Solcia E, Capella C, Kloppel G, editors: Tumors 
of the Pancreas, Washington, DC, 1997, Armed 
Forces Institute of Pathology. 

145. Arva NC, Pappas JG, Bhatla T, et al: Well- 
differentiated pancreatic neuroendocrine car¬ 
cinoma in tuberous sclerosis—case report and 
review of the literature. Am J Surg Pathol 
36:149-153, 2012. 

146. Noone TC, Hosey J, Firat Z, Semelka RC: 
Imaging and localization of islet-cell tumours 
of the pancreas on CT and MRI. Best Pract 
Res Clin Endocrinol Metab 19:195-211, 
2005. 

147. Fidler JL, Johnson CD: Imaging of neuroendo¬ 
crine tumors of the pancreas. Int J Gastrointest 
Cancer 30:73-85, 2001. 

148. Cirillo F, Falconi M, Bettini R: Clinical mani- 
festaions and therapeutic management of 
hyperfunetioning endocrine tumors. In 
Procacci C, Megibow AJ, editors: Imaging the 
Pancreas: Cystic and Rare Tumors, New York, 
2003, Springer. 

149. Stabile BE, Morrow DJ, Passaro E, Jr: The gas- 
trinoma triangle: Operative implications. Am 
J Surg 147:25-31, 1984. 

150. Minter RM, Simeone DM: Contemporary 
management of nonfunetioning pancreatic 
neuroendocrine tumors. J Gastrointest Surg 
16:435-446, 2012. 

151. Zerbi A, Falconi M, Rindi G, et al: Clinico- 
pathological features of pancreatic endocrine 
tumors: A prospective multicenter study in 
Italy of 297 sporadic cases. Am J Gastroenterol 
105:1421-1429, 2010. 

152. Gouya H, Vignaux O, Augui J, et al: CT, endo¬ 
scopic sonography, and a combined protoeol 
for preoperative evaluation of pancreatic insu- 
linomas. AJR Am J Roentgenol 181:987-992, 
2003. 

153. Rappeport ED, Hansen CP, Kjaer A, Knigge U: 
Multidetector computed tomography and 
neuroendocrine pancreaticoduodenal tumors. 
Acta Radiol 47:248-256, 2006. 

154. Fiebrich HB, van Asselt SJ, Brouwers AH, 
et al: Tailored imaging of islet cell 
tumors of the pancreas amidst inereasing 
options. Crit Rev Oncol Hematol 82:213-226, 
2012 . 

155. Thoeni RF, Mueller-Lisse UG, Chan R, et al: 
Detection of small, functional islet cell tumors 
in the pancreas: Selection of MR imaging 


98 Pancreatic Neoplasms 1855 


sequences for optimal sensitivity. Radiology 
214:483-490, 2000. 

156. Khashab MA, Yong E, Lennon AM, et al: EUS 
is still superior to multidetector computerized 
tomography for detection of pancreatic neuro- 
endocrine tumors. Gastrointest Endosc 73: 
691-696, 2011. 

157. Shi W, Johnston CF, Buchanan KD, et al: Lo- 
calization of neuroendocrine tumours with 


[ m In] DTPA-octreotide scintigraphy (Oc- 
treoscan): A comparative study with CT and 
MR imaging. QJM 91:295-301, 1998. 

158. Lin XZ, Wu ZY, Tao R, et al: Dual energy 
spectral CT imaging of insulinoma—value 
in preoperative diagnosis compared with con- 
ventional multi-detector CT. Eur J Radiol 81: 
2487-2494, 2012. 


159. Adler H, Redmond CE, Heneghan HM, et al: 
Pancreatectomy for metastatic disease: A sys¬ 
tematic review. Eur J Surg Oncol 40:379-386, 
2014. 

160. Ahmed S, Johnson PT, Hruban R, Fishman EK: 
Metastatic disease to the pancreas: Pathologic 
Spectrum and CT patterns. Abdom Imaging 
38:144-153, 2013. 



Pancreatic Trauma and Surgery 

PAUL NIKOLAIDIS I JOSEPH MERANDA I FRANK H. MILLER I 
ALLISON L. SUMMERS I HELENA GABRIEL I MARK TALAMONTI I 
RICHARD M. GORE 


CHAPTER OUTLINE 


Pancreatic Trauma 

Epidemiology and Pathophysiology 
Clinical Findings 
Surgical Classification 
Radiologic Findings 
Treatment 

Pancreatic Surgery 

Indications for Pancreatic Surgery 
Role of Radiology 

Types of Pancreatic Operations and Postoperative 
Radiologic Findings 
Postoperative Complications 


Pancreatic Trauma 

Traumatic injury to the pancreas is rare and difficult to 
diagnose. The retroperitoneal location of the pancreas is a 
mixed anatomic blessing in patients with abdominal trauma. 
Its fixed position anterior to the vertebral column provides 
excellent protection against deceleration injury and posterior 
stab wounds. 13 This protected environment, however, can be 
breached by hullets and more severe deceleration forces that 
may cause life-threatening pancreatic injury. Because of its 
rarity and nonspecific symptoms, the diagnosis of pancreatic 
injury is often delayed. 4 The retroperitoneal location is det- 
rimental to prompt diagnosis because signs and symptoms 
of pancreatic injury often evolve slowly and may be mislead- 
ing. 5 Delay in diagnosis and initiation of treatment in large 
part contributes to the potentially significant complications 
of pancreatic injury, including pseudocyst, abscess and fistula 
formation, sepsis, and chronic pancreatitis. 6 There is consid- 
erable truth to the surgical aphorism that cc the pancreas is 
not your friend” in terms of the unforgiving nature of pan¬ 
creatic injuries. 1, Because of the retroperitoneal location of 
the pancreas, pancreatic injuries are not easily diagnosed by 
diagnostic peritoneal lavage, which has a high false-negative 
rate. Furthermore, the classic presentation of upper abdomi¬ 
nal pain, leukocytosis, and hyperamylasemia common in 
acute pancreatitis is far less reliable in the setting of 
pancreatic trauma. 4,8,9 Multidetector computed tomography 
(MDCT), ultrasound, magnetic resonance imaging (MRI) 
with magnetic resonance cholangiopancreatography (MRCP), 
and endoscopic retrograde cholangiopancreatography (ERCP) 
can expedite the diagnosis and management of these 
patients. 10 
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EPIDEMIOLOGY AND PATHOPHYSIOLOGY 

Pancreatic injuries are relatively rare, found in only 72 (0.4%) 
of more than 16,000 trauma patients. The pancreas is involved 
in only 2% of penetrating injuries and 5% to 12% of blunt 
abdominal injuries. The incidence of pancreatic trauma is 
increasing, however, because of the rising number of high¬ 
speed automobile injuries and gunshot wounds. Approximately 
three quarters of pancreatic injuries are due to penetrating 
trauma caused by gunshot or stab wounds. The remainder are 
secondary to blunt trauma caused by a sudden localized force 
to the upper abdomen as a result of a direct blow from a fali, a 
kick, or a steering wheel or bicycle handlebar injury. These 
forces compress the neck or body of the pancreas against the 
spine just to the left of the mesenteric vessels, causing crushing 
injury or transection/ 12 Blows to the left of midline may injure 
the pancreatic tail or distal body and may be associated with 
concurrent splenic, gastric, left renal, or descending colonic 
injury. 9 Blows to the right of midline may injure the pancreatic 
head or uncinate process along with the bile duets and may be 
associated with additional hepatic, duodenal, right renal, or 
ascending colonic injury. 9 

Although pancreatic injuries are relatively infrequent, they 
have an overall mortality rate of 16% to 20%, which inereases 
substantially when they are associated with other abdominal 
injuries. 3,11,13 The mortality rate is independent of the mecha- 
nism or grade of injury. 11 The mortality rates vary on the basis 
of the location of pancreatic injury, with rates of 22%, 18%, and 
10% for the head, body, and tail, respectively. 14 Approximately 
90% of patients with pancreatic damage have concomitant vis- 
ceral injuries because of the intimate relationship between 
the pancreas and the duodenum, biliary tract, colon, spleen, 
stomach, and major systemic and splanchnic biood vessels. 15 
Indeed, there are an average of 3.5 associated intra-abdominal 
injuries in patients with pancreatic trauma. 3 In patients with 
combined pancreatic and duodenal injuries, the mortality rates 
are 5% for stab wounds, 15% for blunt injuries, 20% for gunshot 
wounds, and more than 50% for shotgun wounds. 16 Most of the 
deaths occur within the first 48 hours of injury and are due to 
hypovolemic shock and major hemorrhage that result from 
vascular injury. The main source of delayed morbidity and 
mortality is disruption of the pancreatic duet, as isolated pan¬ 
creatic injuries that spare the pancreatic duet rarely result in 
a poor outeome. 8 Multiple organ failure and infeetion account 
for the remaining deaths. One third of survivors have major 
complications, such as chronic pancreatitis, pancreatic fistula, 
pseudocyst, pancreatic abscess, delayed massive hemorrhage, 
focal necrosis, hypocalcemic tetany, diabetes, and steatorrhea. 
Fistula formation after pancreatic trauma is seen in 7% to 
20%. 18,19 A delay in diagnosis is a major contributing factor to 
the high morbidity and mortality associated with pancreatic 




99 Pancreatic Trauma and Surgery 1857 


injury. Although the need for surgical exploration is obvious in 
patients with penetrating trauma, pancreatic injury may be 
clinically occult, and a high index of suspicion must be main- 
tained. 17,20 With the current emphasis on nonoperative manage¬ 
ment of blunt trauma with established solid organ injuries, 
the risk of missed pancreatic injury becomes even more 
important. 4 

Rarely, the pancreas is injured during CT- or ultrasound- 
guided pancreatic biopsy, leading to pancreatitis or major 
hemorrhage/ 1 Even more uncommon is the possibility of 
pancreatic injury during laparoscopic urologic surgery, with 
an incidence of 0.44%, exclusively reported in left-sided 
procedures. 23 

CLINICAL FINDINGS 

The classic clinical triad of acute pancreatic trauma of upper 
abdominal pain, leukocytosis, and hyperamylasemia is of 
limited value in the diagnosis of pancreatic injury. The serum 
amylase level is often elevated in patients with pancreatic 
trauma, but it may initially be normal in a large percentage of 
patients, especially if it is obtained within 3 hours of trauma. 24 2: 
Elevated serum amylase and lipase levels may be seen in only 
73% to 82% of cases, respectively. 8 Hyperamylasemia is a non- 
specific Ånding and can be seen with bowel injuries and salivary 
giand contusion from head injuries. The degree of serum 
hyperamylasemia does not correlate with the severity of pan¬ 
creatic injury and may actually be greater in patients with 
contusions than in those with frank transections. 7,26 The ret- 
roperitoneal location of the pancreas often masks symptoms 
of significant injury. In some cases, the patient may be asymp- 
tomatic initially, with pain, tenderness, and abdominal disten- 
tion developing gradually in a 12- to 24-hour period. Peritoneal 
lavage results are usually negative if the peritoneum overlying 
the pancreas remains intact. 5 Another clinical sign recently 
shown to correlate with the presence of pancreatic injury in 
children is the “seat belt sign.” Pancreatic injury was 22 times 
more commonly present in children with this sign (erythema, 
ecchymoses, and abrasions across the patient s abdominal wall 
resulting from the vehide’s seat belt restraint). 


pancreatic injuries. 9,28,29 This remains the most recent dassifica- 
tion system and is still in use. It addresses key issues that are of 
importance to both the surgeon and the radiologist: the depth 
and location of the pancreatic injury, the degree of parenchymal 
disruption, and the integrity of the ampulla and main pancre¬ 
atic duet. It acknowledges the significance of more complex 
injuries to the pancreas, particularly injuries that affeet the pan¬ 
creatic duet and the head of the giand; it also allows correlation 
with other organ injury scales. 28 

RADIOLOGIC FINDINGS 

Computed Tomography 

CT is the preferred means of evaluating patients with blunt 
abdominal trauma. 6 Pancreatic lacerations are often subtle 

relative to injuries involving the liver, spleen, or kidneys and 
difficult to visualize on imaging studies immediately after 
trauma. With continued improvements in MDCT technology, 
near-isotropic CT data sets with three-dimensional postpro- 
cessing techniques may improve detection and characterization 
of pancreatic lacerations. Focal pancreatic enlargement and 
peripancreatic fluid are suggestive of pancreatic injury, and 
faint lacerations or fracture lines may be seen on doser inspec- 
tion 10 (Figs. 99-1 and 99-2). The radiologist must rely on sec- 
ondary findings because many injuries are manifested as 
pancreatitis with diffuse or focal swelling of the pancreas. 10,30,31 
Minor thickening of the anterior limb of Gerota’s fascia and 
fluid or inereased attenuation in the anterior pararenal Space, 
small bowel mesentery, or transverse mesocolon may be the 
only CT abnormalities. 32 Fluid between the pancreas and the 
splenic vein was initially thought to be a useful sign of pancre¬ 
atic injury. 33 This sign was subsequently found to be neither 
sensitive nor specific in a later study. Fluid in this location, 
however, should direct the radiologist to a doser examination 
of the pancreas. 10 A list of CT findings suggestive of pancreatic 
injury is shown in Box 99-2. 9,10 

A major limitation of CT in pancreatic injury is that it often 
cannot reliably assess the integrity of the pancreatic duet. 
Several postprocessing techniques, including curved planar 


SURGICAL CLASSIFICATION 

Box 99-1 details the classification system proposed by the 
American Association for the Surgery of Trauma that describes 


BOX 99-1 THE AMERICAN ASSOCIATION FOR 
THE SURGERY OF TRAUMA 
PANCREATIC INJURY GRADING SCALE 


Grade Injury Description 


I Hematoma 
Laceration 

II Hematoma 

Laceration 

III Laceration 

IV Laceration 

V Laceration 


Minor contusion without ductal injury 
Superficial laceration without ductal injury 
Major contusion without ductal injury or tissue 
loss 

Major laceration without ductal injury or tissue 
loss 

Distal transection or pancreatic parenchymal 
injury with ductal injury 
Proximal transection or pancreatic 

parenchymal injury involving the ampulla 
Massive disruption of the pancreatic head 



Figure 99-1 CT findings in pancreatic contusion. Axial MDCT scan 
of a 44-year-old woman involved in a motor vehicle accident shows a 
contusion of the pancreatic head (short arrow) and a subtle laceration 
of the head of the pancreas (long arrow). Note the presence of fluid 
outlining the duodenum and portion of the pancreatic head 
( arrowheads ). 
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Figure 99-2 CT of superficial pancreatic laceration. CT scan of 
a 27-year-old patient with a stab wound to the abdomen shows a 
laceration through the hepatic parenchyma ( curved arrow), with 
concomitant superficial laceration of the pancreatic head ( long arrow). 
A small amount of fluid is seen between the pancreas and liver ( short 
arrow). Subsequent endoscopic retrograde pancreatogram was 
negative. 


BOX 99-2 FINDINGS SUGGESTIVE OF 
PANCREATIC INJURY ON 
COMPUTED TOMOGRAPHY 


Pancreatic laceration or fracture 

Focal (or diffuse) pancreatic enlargement 

Pancreatic contusion or hematoma 

Areas of diminished or heterogeneous enhancement 

Fluid between the splenic vein and pancreas 

Fluid in the peripancreatic fat, mesocolon, and mesentery 

Peripancreatic or mesenteric fat stranding 

Fluid in the anterior and posterior pararenal spaces or lesser sac 
Thickening of the left anterior pararenal fascia 
Dilation or discontinuity of the pancreatic duet 
Peripancreatic fluid collections, including pseudocyst formation 
Abscess or fistula formation 

Injuries to adjacent structures, including the duodenum, liver, and 
spleen 


reformats and minimum intensity projection images, that are 
now feasible with isotropic or near-isotropic data sets have 
resulted in improvements in the visualization of the pancreatic 
duet by MDCT, but they still require validation in the trauma 
setting. As CT still may not direetly show the pancreatic duet 
injury, such injury may be suspected on the basis of the degree 
of parenchymal injury. 10 In addition, the pancreas may appear 
relatively normal on initial examinations. It has been reported 
that in 20% to 40% of patients with acute blunt pancreatic 
trauma, the pancreas can appear normal, especially within 12 
hours after the injury. 

Later examinations may demonstrate injuries not seen on 
the initial examination; however, this may relate to the charac- 
teristic evolution of pancreatic injury rather than an inaccurate 
initial examination. The tear progressively inereases in size and 
becomes more well defined, often associated with extrapanere- 
atic fluid collections. 37 " 41 Repeated scanning in 12 to 24 hours 
can be helpful if there is a strong suspicion for fracture in the 
face of a negative CT result. 2 Some of the prior reports of poor 



Figure 99-3 Pancreatic lacerations and multiorgan injury. A 

16-month-old toddler was involved in a minivan accident. Contrast- 
enhanced CT demonstrates multiple pancreatic lacerations ( black 
arrowheads), devitalized spleen ( white arrow), a vascular injury of an 
ectopic unfused kidney ( curved white arrow), right hepatic laceration 
(open black arrows), and subeutaneous emphysema ( open white 
arrow) from a pneumothorax. The patient also had a spinal 
compression fracture. (Courtesy Andrew J. Fisher, MD, Mallinckrodt 
Institute of Radiology, St. Louis , Mo.) 


results with CT examination may in part relate to the studies 
being performed without helical or MDCT scanners, thin slices, 
and optimal intravenous contrast material or with lack of oral 
contrast material. 26 Sensitivity and specificity of CT in pancre¬ 
atic injury have improved with the use of MDCT and thinner 
collimation. 43 

MDCT Åndings of pancreatic duet injury are either highly 
sensitive and nonspecific or insensitive and specific. For 
example, in a study aimed at evaluation of blunt pancreatic 
trauma with MDCT, it was determined that the Ånding of low- 
attenuation peripancreatic Auid was 100% sensitive and only 
4.9% speciAc. Alternatively, identiAcation of pancreatic lacera¬ 
tion involving more than 50% of the parenchymal width had a 
sensitivity of 50% and a speciAcity of 95.1%. 

Pancreatic contusions most often are isodense but occa- 
sionally may present as hyperdense masses because of intra- 
parenchymal hemorrhage or may be hypodense due to edema 
(Fig. 99-1). A laceration through the pancreas is usually mani¬ 
fested by a thin linear lucency (Fig. 99-2). Pancreatic fractures 
may be seen as well-demarcated lucent defeets traversing the 
giand, generally involving the neck of the pancreas perpen- 
dicular to its long axis (Figs. 99-3 and 99-4). There is often 
little or no separation of the pancreatic fragments, and the 
density change can be subtle but may be obscured by sur- 
rounding hematomas and Auid collections or streak artifacts. 44 
Dynamic scanning after bolus injection of contrast medium 
is important in fracture detection because it improves visu¬ 
alization of normal enhancing pancreatic parenchyma." 112 
Pseudocysts may form within a few days after pancreatic duet 
laceration and appear similar on CT to pseudocysts from 
panereatitis (Fig. 99-5). 
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Ultrasound 

Although ultrasound is sensitive to demonstrate intra- 
abdominal fluid (hemoperitoneum), it has limited value to 
demonstrate pancreatic injuries. 45 Ultrasound in pancreatic 
injury can miss associated hemorrhage because of the retro - 
peritoneal location of the pancreas. The actual pancreatic 
parenchymal injury may be difficult to visualize sonographi- 
cally. In addition, many of these patients have an associated 
ileus, limiting sonographic evaluation of the pancreas. The 
sonographic Åndings may be relatively subtle, usually demon- 
strating nonspecific giand enlargement caused by pancreatitis 
or contusion. 45 ' 48 The sensitivity of conventional ultrasound 
in the diagnosis of pancreatic trauma is reported to be low 
(45.7%-63%). 

Even with these limitations, ultrasound is usually the first- 
choice screening test in the pediatric patient. Contrast-enhanced 
ultrasound is an imaging modality that has shown promise for 
the assessment of hepatic, splenic, and renal trauma. Although 
little research has focused on contrast-enhanced evaluation for 



Figure 99-4 CT tindings in pancreatic transection. CT scan of 
a pediatric patient, victim of child abuse, shows a large, well- 
demarcated lucent defect representing a pancreatic fracture with 
transection of the pancreas ( arrows). (Courtesy Christine Menias, 
Mallinckrodt Institute of Radiology, St. Louis, Mo.) 


pancreatic trauma, there are a few animal-based studies that 
show promise. Similar to conventional ultrasonography, the 
portability and cheaper cost are major benefits. 

Magnetic Resonance Pancreatography 

MR pancreatography (MRCP) has recently been established as 
a superb alternative for direct imaging of the pancreatic duet. 49,50 
Advantages of MRCP over ERCP include its noninvasiveness, 
decreased cost, and wider availability. Furthermore, MRCP 
allows assessment of the whole pancreatic anatomy, including 
not only the pancreatic duet but also the parenchyma. In addi¬ 
tion, this imaging modality allows assessment of any peripan- 
creatic collections and of the pancreatic duet beyond a site of 
disruption 10,51 (Fig. 99-5). MRCP may also reveal ductal abnor- 
malities, such as pancreas divisum, important information for 
the endoscopist to know before ERCP. 0 MRI has been shown 
to accurately detect disruption of the pancreatic duet. 

Newer refmements and technical advances in MRCP, includ¬ 
ing secretin-enhanced MRCP, provide additional information. 
Dynamic assessment improves detection of pancreatic ductal 
anatomy and presence of leak after trauma. 

Pancreatic injuries rarely occur in isolation, and MRI also 
allows assessment of additional organs in the upper abdomen, 
including the liver, kidneys, and spleen. 

The exact role of MRCP in the setting of acute pancreatic 
injury has not yet been established. Controversy exists about its 
usefulness as a screening tool in the acute setting. As MRI 
becomes more widely available and technology continues to 
improve, more studies and clinical experience are needed to 
establish the exact role of MRCP in acute pancreatic injury. 

Conventional Pancreatography 

The main pancreatic duet is a rigid and brittle structure com- 
pared with the pancreatic parenchyma. Accordingly, the duet 
may be lacerated without producing cross-sectional imaging 
abnormalities or surgically detectable peripancreatic hemor¬ 
rhage or capsular disruption. The diagnosis can be missed at 
the time of surgical exploration, and this has led some surgeons 
to advocate routine intraoperative or preoperative pancreatog¬ 
raphy to avoid the morbidity and mortality of an unsuspected 
or a misdiagnosed ductal disruption. 52 7 ERCP is not an appro- 
priate screening test for pancreatic trauma; furthermore, the 
role of MRCP in this setting has not yet been firmly established. 



Figure 99-5 Pancreatic duet injury and subsequent pseudocyst formation. The initial CT scan showed no abnormality in the pancreas, but 
the patient returned with severe abdominal pain. A. Thick-slab rapid acquisition and relaxation enhancement (RARE) MRCP image shows the 
disrupted duet ( short arrow) and the resulting peripancreatic fluid collection ( long arrow). Note how it is feasible with MRCP to evaluate the 
pancreatic duet distal to the site of injury and extravasation ( curved arrow). B. Short-term follow-up axial MDCT scan shows a more organized 
pancreatic pseudocyst (arrow), which was subsequently successfully drained. 
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However, in cases in which the CT scan or MRCP study is 
equivocal or technically inadequate, emergent ERCP is useful in 
identifying the presence and location of pancreatic duet disrup- 
tion. Demonstration of a normal duet can obviate the need for 
exploratory surgery in these patients. The technique is not uni¬ 
versally available, especially on an emergent basis. In addition, 
patients must be clinically stable for the examination. The 
ductal transection appears as either duet obstruction or extrav- 
asation of contrast material from the pancreatic duet. ERCP is 
also useful in detecting post-traumatic pancreatic ductal stric- 
tures and pseudocyst communication. 53 

Gastrointestinal Studies 

Pancreatic trauma is often associated with duodenal injury. 
When coexisting pancreatic and duodenal injuries are sus- 
pected, water-soluble agents can disclose duodenal perforation 
or mass effeet involving the duodenum from acute panereatitis 
or pseudocysts. 58 

TREATMENT 

The first priority in pancreatic trauma is to control hemor- 
rhage and to contain bacterial contamination. The other main 
management priority is the identifkation of specifk pancreatic 
injury with special attention to the integrity of the ductal 
system. Ductal injury is the single most important factor in 
late morbidity and mortality. Most pancreatic injuries can 
be managed with closed external drainage. 9 Débridement of 
devitalized pancreatic tissue adjacent to the fracture site is 
essential in severe pancreatic injuries. It is important, however, 
to preserve at least 20% to 50% of funetional pancreatic 
tissue whenever possible. Resection should be accompanied 
by drainage and duodenal diversion for concurrent pancreatic 
head and duodenal injuries. If there is only a contusion or 
laceration without evidence of major duet disruption, suture 
closure and external drainage usually suffice. Severe injuries 
of the pancreatic head can be managed according to their 
appearance on intraoperative panereatography. If the duet is 
intact, wide-bore drainage should suffice. If duet injury is 
demonstrated, a Roux-en-Y diversion may be considered. 59 
However, inereased complication rates of up to 60% have 
been reported in patients with high-grade injuries treated 
with pancreaticojejunostomy, suggesting that distal panere - 
atectomy, when feasible, is a superior operative treatment for 
these patients. 60 

Controversy exists about the optimal management of grade 
III injury of the left pancreas. Drainage alone was effeetive in 
54 of 63 patients with gunshot wounds, with low mortality, but 
many complications were seen, generally related to the large 
number of associated organ injuries. 61 Another group per- 
formed distal pancreatectomy and splenectomy in 48 of 57 
patients with gunshot wounds to the left aspect of the pancreas, 
also with a low mortality rate but many complications due to 
associated organ injury. 62 Patients who had distal pancreatec¬ 
tomy with splenic preservation had a signifkantly lower com¬ 
plication rate (22% vs 73%); however, this is probably due to 
inereased comorbidities, such as associated visceral or splenic 
injury and the emergent nature of the surgery. 60 The decision 
about whether to salvage all or part of the spleen is based on 
both patient hemodynamics and age. Again, overlooked or 
underestimated pancreatic injury can lead to potentially disas- 
trous complications. 26 Pancreatic abscesses may develop owing 


to inadequately drained fluid collections that become infeeted 
from intestinal spillage or bacteremia. 

Endoscopic pancreatic duet stent placement has been 
described in the literature, with good results. 6,60,63 Case reports 
have described good short-term results and a potential role in 
the delayed management of traumatic pancreatic duet disrup¬ 
tion with endoscopic pancreatic duet stenting. 6 Successful out- 
comes with pancreatic duet stenting were described in partially 
disrupted duets with placement of a bridging stent. 63 However, 
whereas good short-term results have been reported with duet 
stenting, later complications, including stricture formation, 
inability to subsequently remove the stent, and stent migration, 
raise questions about the Utility of this procedure in the acute 
phase. 60 More important, pancreatic duet stenting in the acute 
phase may delay timely operative intervention and definitive 
repair of life-threatening injuries. Therefore, it has been pro¬ 
posed that pancreatic duet stenting be used later to treat post- 
traumatic pancreatic fistulas. 60 

The optimal management of pancreatic injuries in children 
has remained controversial. Similar to nonoperative manage¬ 
ment of splenic and hepatic injuries, there has been a trend 
toward nonoperative management of pancreatic injuries in 
children without major ductal injuries or clinical deteriora- 
tion. 64,65 ERCP has been advocated for management of these 
children; demonstration of a transected pancreatic duet typi- 
cally requires exploratory laparotomy with a spleen-preserving 
distal pancreatectomy. 66 There is limited experience of endo¬ 
scopic treatment with stent placement in the pediatric popula¬ 
tion. In a small series of nine children with main duet injury 
treated by an endoscopically placed stent, all children managed 
with therapeutic ERCP avoided pancreatic resection, although 
most (66%) developed pancreatic fluid collections requiring 
drainage. 

Pancreatic Surgery 

INDICATIONS FOR PANCREATIC SURGERY 

Benign Disease 

Most attacks of acute panereatitis are self-limited and respond 
to conservative management not requiring any radiologic 
imaging or management. 67 The role of surgery during an 
episode of acute panereatitis is limited to débridement of 
infeeted necrotic tissue, drainage of abscesses that cannot be 
satisfactorily drained percutaneously, and control of massive 
hemorrhage from ruptured vessels or pseudoaneurysms. 68 
Infeeted pancreatic necrosis, pancreatic abscess, severe hemor- 
rhagic panereatitis, and pseudoaneurysm formation are the few 
remaining indications for open surgery in acute panereatitis. 
Even when it is indicated, surgery is frequently delayed or even 
replaced by minimally invasive surgical techniques. 69 Simple 
abscesses and acute pseudocysts can be drained percutaneously 
with use of CT for diagnosis and CT or sonographic guidance 
during percutaneous catheter management. Sterile necrosis 
is managed nonsurgically. 72 7 The term walled-off pancreatic 
necrosis was introduced to describe the evolution of a postne- 
crotic pancreatic fluid collection by the 2007 revision of the 
Atlanta classifications. In walled-off pancreatic necrosis, a thick 
wall develops without an epithelial lining, mimicking a pseudo¬ 
cyst; however, it can be differentiated on CT images by the 
presence of internal debris (typically fat in attenuation), larger 
size, extension to paracolic space, irregular wall definition, and 
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pancreatic deformity or discontinuity. It can be treated conser- 
vatively if it is sterile. However, infected or symptomatic collec- 
tions are usually treated with direct endoscopic necrosectomy, 
conventional transmural endoscopic drainage, or percutaneous 
drainage. Overall, more than 90% of patients with sterile necro- 
sis can be successfully treated without surgical intervention. 74 ' 76 
Persistent sepsis caused by infected, necrotic pancreatic tissue 
requires surgical drainage and débridement because the necrotic 
tissue cannot be removed by percutaneous drainage. Differen¬ 
tiation between sterile and infected necrosis is possible by CT- 
or ultrasound-guided aspiration of necrotic fbci/ 2,73 

Severe hemorrhagic pancreatitis or hemorrhage from pseu- 
doaneurysm formation also requires prompt intervention. 
Operative débridement of the necrotic tissue and aneurysm 
repair can be more safely and effectively accomplished if they 
are preceded by preoperative angiographic identification and 
embolization. 77,78 With embolization, conservative therapy 
may be attempted instead of surgery. Some surgeons advocate 
emergent cholecystectomy and common duet exploration in 
patients with presumed gallstone pancreatitis in the hope that 
removal of the offending stones will ameliorate the severity of 
pancreatitis. 7 81 Most surgeons prefer to wait until the acute 
episode of pancreatitis resolves because of the high operative 
mortality associated with early aggressive intervention. 80 The 
role of early endoscopic removal of stones by ERCP is generally 
accepted in acute biliary pancreatitis with biliary obstruction or 
cholangitis but is still controversial in cases lacking such clear 
findings/ 2,73,82 ' 85 One study recommended that MRCP be used 
as an initial diagnostic tool; if stones are visualized in the 
common bile duet, urgent ERCP is recommended. Conversely, 
if there are no common bile duet stones, the patient can be 
spared the invasive ERCP. 86 Most cases of gallstone pancreatitis 
resolve without complication. 

The management of patients with chronic pancreatitis 
remains a challenging problem. Main indications for surgery 
remain intractable pain, suspicion of malignant disease, and 
involvement of adjacent organs. Less frequent indications for 
operative treatment include complications such as pseudocysts, 
nonresolving biliary or duodenal obstruction, internal pan¬ 
creatic fistulas, and left-sided portal hypertension resulting 
from splenic vein thrombosis. The surgical approach usually 
involves proximal pancreatic resection, but lateral panereati- 
cojejunal drainage may be used for large-duct disease. The 
duodenum-preserving head resections of Beger and Frey 
provide overall good pain control and preservation of pan¬ 
creatic funetion. Thoracoscopic splanchnicectomy and the 
endoscopic approach await trials to confirm their efficiency 
in the management of chronic pancreatitis. Newer advancers 
in endoscopic management, including the use of fully covered 
self-expandable metal stents, have been recently explored in 
chronic panereatitis-related biliary duet strictures for which 
conventional treatment with plastic stents has failed. Fur- 
thermore, endoscopic ultrasound-guided transmural drainage 
of the main pancreatic duet with a duct-gastrostomy has 
been introduced as a newer alternative treatment option in 
selected cases. Further studies are needed to validate these 
techniques. 

Common bile duet obstruction is surgically addressed by 
distal Roux-en-Y choledochojejunostomy; but in combination 
with duodenal obstruction, it must be treated by pancreatic 
head resection. Pancreatic ascites due to disrupted pancreatic 
duet should be treated by internal drainage. Obstruction of 


the pancreatic or bile duet by a stricture, calculus, or series of 
strictures is a major cause of pain. Ductal drainage procedures 
often result in pain relief and improved pancreatic funetion. 95 ' 102 
If there is no ductal dilation, decompressive procedures usually 
will not ameliorate the patients pain. Nerve ablation (celiac 
nerve block) has been advocated before consideration of extir- 
pative procedures because these operations are associated with 
exocrine and endocrine pancreatic insufficiency. 103 ' 105 

Acute and chronic pseudocysts can be managed surgically, 
but radiographically guided or endoscopic management should 
be attempted first. 106 ' 113 

Malignant Disease 

Surgical management of ductal adenocarcinoma of the pan- 
creas was previously considered to be controversial. 1141 Most 
controversies, however, such as whether to perform extended 
lymph node dissection and standard versus pylorus-preserving 
resections, have been addressed by randomized, prospective 
clinical trials. 121,122 From a surgical perspective, the first objec- 
tive in the management of pancreatic carcinoma is to determine 
the potential for resection. 122 Factors contraindicating resection 
include the presence of distant metastases; major venous throm¬ 
bosis; and superior mesenteric, celiac, or hepatic artery encase- 
ment. 12 Pancreatoduodenectomy (the Whipple procedure) is 
the only proved cure for carcinoma of the pancreatic head. 
Unfortunately, success is modest, with an overall 5-year survival 
rate between 15% and 25% in patients who have undergone 
resection. 123 The Whipple procedure is one of the most complex 
of all surgical procedures, with significant associated morbidity 
and mortality. A better technical success rate and fewer overall 
complications have been described in high-volume regional 
referral centers that perform many such surgeries. 122 Surgery is 
effeetive in palliating certain symptoms: relief of jaundice with 
biliary-enteric bypass; relief of duodenal obstruction with gas- 
trojejunostomy; and relief of pain by Chemical splanchnicec¬ 
tomy. 117 Biliary bypass and celiac nerve block can be performed 
percutaneously. 

The management of pancreatic cystic neoplasms depends on 
the presence of symptoms, malignant potential of the lesion, 
and surgical risk. Serous cystadenomas do not require resection 
unless the patient is symptomatic or the diagnosis is uncertain. 
In contrast, mueinous cystic neoplasms should be resected 
because of their higher malignant potential. 124,12 When these 
lesions are aspirated preoperatively, in addition to the presence 
of malignant cells, the cystic fluid carcinoembryonic antigen 
level has been shown to accurately predict the presence of a 
mueinous neoplasm. 126 Cystic neoplasms of the panereas have 
a mueh better prognosis than ductal adenocarcinomas. In faet, 
nearly half of patients with cystadenocarcinomas can be cured 
by surgical therapy. 128 

The results of surgical intervention are similarly encourag- 
ing with pancreatic neuroendocrine tumors. Insulinomas are 
the most frequent functional neuroendocrine tumors and are 
characterized by inappropriately high levels of insulin. They 
are typically small and multiple in 10% to 15% of patients. 
Preoperative angiography, MRI, and CT and intraoperative 
ultrasound reduce the need for “blind” pancreatic resection 
when the tumor is not palpable. 129 ' 131 The management of 
gastrinomas is more complicated due to the advent of more 
effeetive medical therapy that reduces the complications of 
peptic uleer disease. Excision of gastrinomas is still recom¬ 
mended because of the lower rate of hepatic metastasis in 
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surgically treated patients. 1 Furthermore, more than 60% of 
gastrinomas are malignant, and more than half have metas- 
tasized by the time of operation. As many as 75% of patients 
have multiple lesions, and many of these tumors cannot be 
localized by preoperative studies or by surgical palpation. The 
preferred course for these tumors is surgical exploration in 
all good-risk patients. If the disease appears localized, primary 
surgical excision is undertaken. 118 Proton pump inhibitors 
are indicated in patients with unresectable lesions, rendering 
gastrectomy unnecessary. 133 

ROLE OF RADIOLOGY 

In patients with pancreatic neoplasms, the radiologist should 
provide the surgeon with information concerning the extent of 
the tumor and the presence of local or distant tumor spread. 
Because surgery for pancreatic carcinoma is extensive with sig- 
nificant associated morbidity, patient selection is extremely 
important so that a patient who is a candidate for potentially 
curative surgery is not excluded while at the same time someone 
is not subjected to an unnecessary operation. The goal of staging 
through imaging, therefore, is to distinguish resectable from 
unresectable disease. 

The extent of testing necessary to determine resectability 
has historically been controversial in the surgical literature but 
is becoming less so with the advent of the high-quality imaging 
abilities of MDCT and MRI. Advocates of limited preoperative 
evaluation followed by surgical exploration in all patients with 
nonmetastatic pancreatic tumors believe that intraoperative 
evaluation is the most sensitive method of determining resect¬ 
ability. They suggest that if the tumor is found to be unresect¬ 
able, operative palliation is the best way to provide sustained 
relief of symptomatic jaundice or gastric outlet obstruc¬ 
tion. 1 135 Others argue that direct intraoperative assessment 
of the extent of retroperitoneal tumor growth in relation to 
the superior mesenteric artery origin is not completed until 
the final step in tumor transection, after gastric and pancreatic 
transection, when the surgeon is committed to resection even 
if all of the tumor cannot be safely removed. 136 The need for 
accurate preoperative assessment is substantiated by the large 
number of positive-margin resections reported and the high 
incidence of local recurrence after resection. 137,138 Other series 
suggest that for most patients with unresectable disease, lapa- 
rotomy for palliation may be avoided owing to the advances 
in endoscopic, percutaneous, and laparoscopic methods of 
biliary decompression. 139 

In pancreatitis, imaging has two major roles: staging of the 
severity of the inflammatory process and detection of complica- 
tions, such as fluid exudation, vascular compromise, pancreatic 
necrosis, pancreatic abscess, and pseudocyst formation. 

Computed Tomography 

With MDCT, it is now possible to attain better spatial resolution 
along the z-axis as well as to further improve temporal resolu¬ 
tion. MDCT permits rapid thin-section acquisition of regional 
body anatomy with multipass multiplanar data obtained during 
defined circulatory phases to best outline the vasculature and 
to detect and characterize focal parenchymal lesions. Typical 
imaging protocols include multiphasic imaging with unen- 
hanced pancreatic parenchymal phase and venous phase 
imaging. 140 ' 143 The detection and characterization of benign or 
malignant pancreatic tumors and imaging of inflammatory 


pancreatic disease with its associated complications can be suc- 
cessfully performed by MDCT. 140,144 

The extent and severity of pancreatitis can be assessed by 
evaluating the degree of pancreatic enlargement in addition to 
the number, size, and location of pseudocysts and peripancre- 
atic fluid collections and the presence of pancreatic necrosis. 
Associated complications include vascular thrombosis and gas- 
trointestinal fistula formation. In patients with acute pancreati¬ 
tis, a double-pass helical imaging technique that includes 
pancreatic and hepatic phase acquisitions is potentially benefi- 
cial for outlining focal areas of pancreatic necrosis. 115 

In up to 30% of patients with definite clinical and laboratory 
signs of acute pancreatitis, the pancreas may appear completely 
normal on CT. Similarly, in 10% of patients with clinically 
diagnosed chronic pancreatitis, there are no abnormalities seen 
on CT. 144,147 

MDCT currently plays a vital role in pancreatic cancer 
staging as imaging before surgery most often determines 
whether the surgery is performed. CT is often considered to 
be the optimal imaging modality for pancreatic cancer staging. 
Continued advancements in computers, scanner technology, 
and three-dimensional software have improved CT detection 
of smaller masses and staging by greatly improving the visu- 
alization of the pancreas and adjacent vasculature. Another 
potential advantage is anecdotal evidence that the ability to 
obtain thinner slices can improve detection of small peritoneal 
metastases. 140 ' 143,148 

The major finding shown by MDCT is a hypoattenuating 
pancreatic mass on early arterial (pancreatic) phase imaging, 
with associated pancreatic duet dilation. In tumors located in 
the pancreatic head, biliary duet dilation is expected. An impor¬ 
tant feature for determining potential tumor resectability is 
perivascular tumor invasion, particularly in relation to the 
celiac and mesenteric arteries, the splenic and superior mesen¬ 
teric veins, and the portal confluence. 145 Curved multiplanar 
reformatted images and high-quality, volume rendered, three- 
dimensional reconstructions may help depict excellent vascular 
detail. Invasion of the root of the mesentery and transverse 
mesocolon associated with ascites is an ominous finding that 
suggests peritoneal carcinomatosis. Local extrapancreatic exten- 
sion on CT is suggested by contiguous organ involvement 
except for the duodenum, which is included in the resection in 
a Whipple procedure. CT signs suggesting that the lesion is 
unresectable include hepatic, omental, or peritoneal metastases; 
locally advanced extension into the peripancreatic and retro¬ 
peritoneal soft tissues; thrombosis of the portal vein-superior 
mesenteric vein confluence; and encasement of the celiac trunk 
or superior mesenteric artery. 149 ' 155 Vascular invasion, lymph 
node metastasis, liver metastasis, and peritoneal carcinomatosis 
are generally accepted reasons for unresectability. 156 " 158 Positive 
predictive values of CT for surgical unresectability have been 
excellent, ranging from 89% to 95%. 159 ' 161 Among patients with 
tumors judged potentially resectable on the basis of CT criteria, 
however, surgical results show that 60% to 91% of the tumors 
are truly resectable. The most frequent reasons for tumor unre¬ 
sectability found at surgery are small (<1 cm) hepatic, perito¬ 
neal, or omental metastases, lymph node metastases, and 
vascular invasion. 122,144,158,160,162 ' 164 

If a CT examination considers a tumor resectable, this should 
be considered potential resectability because CT can miss subtle 
spread of disease. Literature, including a study by Vargas and 
associates, 165 reported an accuracy of 99% and a negative 
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predictive value of 100% for prediction of vascular invasion by 
tumor with MDCT. Various grading systems for vascular 
involvement have been described; some suggest that different 
criteria may be necessary in evaluating arteries and veins. Vas¬ 
cular involvement is confirmed by the presence of tumor 
thrombus or vascular occlusion (nonvisualization, vessel cutoff, 
or abrupt changes in vessel caliber). 144,166,167 Nonetheless, other 
adjunct studies, including endoscopic ultrasound and staging 
laparoscopy, may pro vide additional information before major 
pancreatic surgery is undertaken. CT is also important in the 
evaluation of other solid pancreatic neoplasms. A major advan- 
tage of multiple phase postcontrast CT in patients with islet cell 
or carcinoid tumors is the detection and localization of hyper- 
vascular metastases. Islet cell tumors and metastases are most 
typically hypervascular. If tumor ablation therapy is being con- 
sidered, MDCT is important in the pretreatment planning. 145 
CT and MRI are also effective in the evaluation of cystic tumors 
of the pancreas, including serous and mucinous tumors, as well 
as intraductal papillary mucinous neoplasms. 

In summary, the importance of CT in pancreatic imaging 
has been further enhanced by the advent of MDCT technology, 
which is highly reliable in assessing pancreatitis and staging 
pancreatic neoplasms. It has become the “gold standard” in the 
work-up and continued surveillance for the majority of these 
patients. 

FDG PET/CT 

Fluorodeoxyglucose (FDG) positron emission tomography/ 
computed tomography (PET/CT) has been shown to have a role 
in the diagnosis of the postoperative recurrence of pancreatic 
adenocarcinoma. In one study, PET/CT correctly detected local 
recurrence in all cases of recurrence in patients who had surgery, 
whereas MDCT alone detected the recurrence in 64% of cases, 
suggesting that PET/CT is superior in these patients. 166,167 

Magnetic Resonance Imaging 

Several reports have compared the efficacy of MRI with CT, 
with variable results. The earliest studies, which were generally 
performed with low-field-strength magnets and without gado- 
linium, showed either a superiority of CT or equivalent results. 168 
Later studies using dynamic contrast enhancement with gado- 
linium suggested a superiority of MRI. 169,170 A large prospective 
study comparing state-of-the-art helical CT and MRI examina- 
tions needs to be performed. 

MRI, magnetic resonance angiography, and cholangiopan- 
creatography are comparable to CT in evaluating a suspected 
pancreatic mass and may be particularly valuable when CT 
Åndings are indeterminate. Evaluation of acute and chronic 
pancreatitis as well as of their complications can be successfully 
accomplished with MRI. In addition, MRI is a viable alternative 
to CT when there is a history of allergy to iodinated contrast 
material or when examination of the biliary tree is requested. 1 

Multiple recent advances in abdominal MRI, including the 
development of high-gradient systems and the advent of paral¬ 
lel imaging, allow optimal imaging of the pancreas. The most 
important sequences for the evaluation of the pancreatic paren- 
chyma are precontrast Tl-weighted spoiled gradient-echo 
with fat suppression and dynamic imaging after intravenous 
administration of gadolinium. On precontrast T1 fat-suppressed 
sequences, the normal pancreas has high signal intensity relative 
to the liver because of the presence of acinar proteins. 171,172 More 
recently, advances in MR gradient technology and fast imaging 


techniques have permitted diffusion-weighted imaging and 
measurement of the apparent diffusion coeffkient, which 
has become another important tool in MRI of the pancreas. 
Diffusion-weighted imaging is a relatively quick sequence to 
obtain and provides great tissue contrast. In addition, diffusion- 
weighted imaging requires no contrast material administration. 
Studies have shown that diffusion-weighted imaging and appar¬ 
ent diffusion coeffkients not only are helpful in detecting pan¬ 
creatic tumors but also can assist in detecting tumor spread and 
response to therapy. 

T2-weighted sequences are especially useful for the evalua¬ 
tion of the biliary tract and pancreatic duet. These sequences 
can accurately depict pseudocysts, fluid collections, gallstones, 
and choledocholithiasis. MRCP, which is based on heavily 
T2-weighted sequences, has been inereasingly used as the first- 
line modality for diagnostic purposes, with ERCP ensuing when 
necessary, thereby avoiding potential complications related to 
endoscopic technique, particularly when it is used for screening 
and in asymptomatic individuals. The ability to perform 
dynamic imaging, functional evaluation of the pancreas, and 
overall excellent diagnostic yield, even in rare pathologic pro¬ 
cesses, render MRCP an indispensable diagnostic tool in modern 
gastroenterology. 173,1 4 

MRCP is excellent for the evaluation of changes in the 
anatomy of patients after pancreaticobiliary surgery, particu¬ 
larly with biliodigestive anastomoses and nondilated bile 
duets. 174 It is reliable, fast, safe, and noninvasive and can be used 
to screen symptomatic patients for treatment, to help guide 
further therapeutic procedures, or for follow-up. 

Other techniques that can aid in the preoperative assessment 
of resectability are endoscopic ultrasound and laparoscopy. 
Laparoscopy and limited staging surgery and laparoscopy with 
laparoscopic ultrasound are routinely used at some centers 
before definitive laparotomy in an attempt to decrease unneces- 
sary surgeries. 122 In a recently published meta-analysis, it was 
reported that on average, performing diagnostic laparoscopy 
with biopsy and histopathologic confirmation of suspicious 
lesions before laparotomy would avoid 23 unnecessary lapa- 
rotomies per 100 patients in whom pancreatic surgery with 
curative intent is planned on the basis of Åndings on CT. 

Intraoperative Ultrasound 

Intraoperative ultrasound is helpful in the detection of small 
and elusive pancreatic neuroendocrine tumors. In patients with 
carcinoma of the pancreas, intraoperative sonography is useful 
in locating a nonpalpable neoplasm, staging the extent of 
disease, defining its relationship to adj acent structures, and pro- 
viding guidance for a variety of procedures. 1 1/8 The exact stage 
of disease and potential resectability can be determined imme- 
diately after laparotomy but before tissue dissection. Tumor 
invasion, particularly in the portal venous system but also 
hepatic metastatic disease and regional adenopathy, is easily 
assessed with intraoperative sonography. 11 

Intraoperative ultrasound is also useful in patients with pan¬ 
creatitis for localizing and characterizing pseudocysts and other 
fluid collections. These collections are often difficult to localize 
by direct visualization and palpation during surgery owing to 
the presence of dense surrounding inflammatory tissue and 
necrosis. 175,178-181 In patients with chronic pancreatitis, the 
dilated pancreatic duet can be localized sonographically for 
intraoperative panereatography, surgical decompression, or 
other surgical procedures 1 5,181 (Fig. 99-6). 
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Figure 99-6 Intraoperative ultrasound of the pancreas for 
localization of the pancreatic duet before decompressive surgery. 

The pancreas is well visualized with intraoperative sonography (long 
arrows). Note the dilated pancreatic duet, measuring 6 mm in diameter. 
The needle tip is seen entering the pancreatic duet (short arrow). 

TYPES OF PANCREATIC OPERATIONS AND 
POSTOPERATIVE RADIOLOGIC FINDINGS 

Sphincterotomy 

Surgical sphincterotomy is one therapeutic approach to patients 
with sphineter of Oddi spasm and pancreas divisum. After 
surgery, CT, ultrasound, and plain films may show intrabiliary 
and, more rarely, pancreatic ductal gas. On upper gastrointesti- 
nal studies, reflux of barium into the bile duet is common. 
Because the barium quickly empties into the duodenum, the 
reflux is usually not clinically significant. 2,116,182,186 

Puestow Procedure 

A Puestow procedure may be considered in patients with severe 
abdominal pain associated with chronic panereatitis and pan¬ 
creatic duet dilation (>6 mm) associated with obstruction and 
strictures. 18 In these patients, an extended longitudinal inci- 
sion is made throughout the length of the duet until all the 
strictures are opened (Fig. 99-7). The duet is then anastomosed 
to a Roux-en-Y loop of jejunum, which provides drainage at 
the obstructed regions. The procedure allows good postopera¬ 
tive pain relief in 60% to 80% of patients and maintains pan¬ 
creatic funetion by providing wide ductal drainage without 
pancreatic resection. 189-192 These patients usually do not show 
any abnormalities of the stomach, duodenum, or upper 
jejunum on gastrointestinal studies unless barium or air 
refluxes into the afferent loop. On rare occasions when barium 
does reflux, it is of no significance unless there is prolonged 
retention of contrast material by the afferent loop or fistula 
formation. 182 ' 186 On CT examination, when the anastomosis 
contains fluid or air, it may mimic a pancreatic or peripan- 
creatic abscess. In addition, soft tissue seen normally anterior 


to the pancreatic body or tail from the jejunal anastomosis to 
the pancreas can mimic a tumor or an internal hernia if the 
radiologist is not aware that the patient has undergone a 
Puestow procedure. 188,189 

Frey Procedure 

This procedure has been gaining in popularity recently as it is 
the simpler of the surgeries for chronic panereatitis and has 
fewer associated complications. 193 It entails partial resection of 
the pancreatic head and a longitudinal pancreaticojejunostomy 
with a Roux loop (Fig. 99-8). This procedure should not be 
performed in the presence of a pancreatic or biliary stricture. 188 
There is a reduced rate of postoperative complications, most 
notably, anastomotic leaks, compared with the Beger proce¬ 
dure. 194 In a study comparing this procedure with the Beger 
procedure, there was a tendency for better pain control with the 
Frey procedure. The funetional outeomes of the two procedures 
in that study were almost identical. After this surgical proce¬ 
dure, a large cavity may be seen in the pancreatic head on CT; 
this should not be mistaken for a cystic fluid collection or 
neoplasm. 188 

Beger Procedure 

This procedure is less radical than a Whipple operation but is 
technically mueh more complex to perform; it is also signifi- 
cantly more complex than the Frey procedure. 188 The Beger 
procedure involves a complex extensive surgical resection, 
whereas the Frey procedure is a simpler decompressive 
surgery. 194 The Beger procedure is also associated with a higher 
percentage of complications. 193,195 The pancreatic body and 
large part of the pancreatic head are resected. The duodenum 
is lefl intact along with a small portion of the adj acent pancreas 
with the intrapancreatic, choledochal, and ampullary struc- 
tures; that preserves biood flow through the posterior branch 
of the gastroduodenal artery to the duodenum. As a result, there 
are two pancreaticojejunostomy sites with the Roux loop 188 (Fig. 
99-8). In a study comparing this procedure with the Whipple 
procedure, improved pain tolerance and glueose control were 
noted with the Beger procedure. 19 ' 

Central Pancreatectomy 

This procedure is mainly used in patients with traumatic pan¬ 
creatic transection and intractable chronic panereatitis. It has 
also been proposed for selective management of benign and low 
malignant potential lesions of the pancreatic neck. It consists of 
resection of part of the neck or body of the pancreas, followed 
by a Roux-en-Y pancreaticojejunostomy to the distal pancreatic 
remnant. The distal pancreatic end can also be anastomosed to 
the stomach. The proximal cut edge is sutured. 

Whipple Operation 

This procedure, also known as pancreaticoduodenectomy, is 
considered to be the standard procedure for resection of head 
lesions and carcinoma of the periampullary region; it entails 
resection of the distal stomach, duodenum, and either part or 
all of the pancreas. 122 Total pancreatectomy (double Whipple) 
has the theoretical advantage of preventing local recurrence of 
the tumor but results in permanent diabetes and exocrine insuf- 
ficiency. Also, this radical operation has not been proved to be 
associated with significantly inereased survival. 

The gastrointestinal tract must be reconstructed, which 
requires anastomosis of the jejunum to the pancreas 
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Figure 99-7 Puestow procedure. A. Color diagram of the expected anatomy after Puestow procedure. A long longitudinal incision 
throughout the main pancreatic duet is performed with anastomosis to a similarly opened Roux-en-Y loop of jejunum to create the longitudinal 
pancreaticojejunal anastomosis. Inset shows the anastomosis in cross section. B. CT scan obtained in a 41-year-old man during the arterial phase of 
contrast material enhancement shows the expected alterations in normal anatomy after a Puestow procedure. The collapsed pancreaticojejunal 
anastomosis ( arrows ) is immediately anterior to the body of the panereas. D, Duodenum; GB, galIbladder. C. CT scan of the pancreatic tail in a 
70-year-old man shows the Roux-en-Y loop ( arrows ) distal to the pancreaticojejunal anastomosis ( arrowhead ). The loop contains a small amount of 
oral contrast material and gas. (B and C from Freed KS, Paulson EK, Frederick MG, et al: Abdomen after a Puestow procedure: Postoperative CT 
appearance, complications and potential pitfalls. Radiology 203:790-794, 1997.) 


(pancreaticojejunostomy), the biliary tract (usually the common 
hepatic duet; hepaticojejunostomy), and the stomach (gastro - 
jejunostomy). This reconstruction also requires that the inflow 
of alkaline bile and pancreatic juice be inserted proximal to the 
gastrojejunostomy to further protect against marginal ulcer- 
ation. 122,182 ' 189 Potential technical modifications of this proce¬ 
dure include performing a pancreaticogastrostomy instead of 
pancreaticojejunostomy along with the pancreaticoduodenec- 
tomy and the pyloric-preserving Whipple operation. In com- 
paring pancreaticogastrostomy with pancreaticojejunostomy, 
overall postoperative complications and pancreatic fistulas 
occurred at the same rate; however, biliary fistula, postoperative 
collections, and delayed gastric emptying were reduced with 
pancreaticogastrostomy. 197 Another study, comparing the stan¬ 
dard and pyloric-preserving Whipple procedure, showed similar 
overall outeomes including complication and survival rates in 
both patient groups. 198 


On CT examinations, there are se ver al Åndings related to the 
three surgical anastomoses of a Whipple operation that can 
serve as potential pitfalls in the interpretation of these postop¬ 
erative scans. 199,200 Accurate interpretation of these complex 
postoperative examinations requires knowledge of the type of 
surgery performed, including surgical anastomoses, the interval 
between surgery and imaging, and whether the patient has 
received any ancillary treatment such as radiation therapy or 
chemotherapy. Optimizing scanning techniques and a strong 
familiarity with the expected postoperative imaging Åndings are 
essential to the early detection of recurrent and metastatic 
disease and to avoid false-positive or false-negative interpreta¬ 
tions 201 (Figs. 99-9 and 99-10). 

The hepaticojejunostomy often will reflux air and sometimes 
contrast material in 80% of patients. The duodenojejunostomy 
or gastrojejunostomy can have a confusing appearance, depend- 
ing on its position determined by the surgeon, generally 
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Figure 99-8 Frey and Beger procedures. A. Color diagram shows expected postsurgical changes after a Frey procedure. Partial resection of 
the pancreatic head is performed with a longitudinal pancreaticojejunostomy of the main pancreatic duet and Roux-en-Y jejunal loop. The arrow 
indicates the area of pancreatic head resection, which may appear as a large cavity on imaging. B. Color diagram shows the postsurgical 
anatomy after a Beger procedure. The pancreatic body and a smaller portion of the pancreatic head are resected. A portion of the pancreatic 
head, along with the duodenum, is left intact. This preserves the adjacent intrapancreatic choledochal and ampullary structures. Two separate 
pancreaticojejunostomy sites with the Roux-en-Y jejunal loop are created. (Medical illustration by David Botos, Northwestern University.) 



Figure 99-9 Whipple procedure. A. Color illustration showing postoperative changes of the Whipple procedure. The duodenum, distal 
stomach, and pancreatic head are resected. Subsequent anastomosis of jejunum to the pancreas, biliary tree, and stomach is performed with the 
resultant afferent loop. B. Postoperative appearance after Whipple procedure on CT. Contrast-enhanced CT appearance of the 
pancreaticojejunostomy (arrow) in a 52-year-old woman who underwent Whipple operation for pancreatic cancer. Surgical clips are also seen in 
the gastric antrum, related to partial resection of the distal stomach. The gastrojejunostomy is not seen on this image. C. Normal pneumobilia 
after biliary-enteric anastomosis on CT. Air (arrow) is identified in nondependent left hepatic duets on the contrast-enhanced CT scan. D. Normal 
pneumobilia after biliary-enteric anastomosis on ultrasound. Biliary air is seen as bright intrahepatic specular reflectors (short arrows) that cast an 
acoustic shadow (long arrow). 
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Figure 99-10 Follow-up imaging after Whipple procedure. A. Anastomotic breakdown. Contrast-enhanced CT in a 67-year-old woman on 
postoperative day 10 after Whipple procedure. There is dehiscence of the anastomosis at the afferent loop ( long arrow) with a small collection of air 
(short arrow) and early abscess formation. Perihepatic free fluid is also present ( curved arrow). B. Recurrent pancreatic cancer. Contrast-enhanced 
CT in a 57-year-old woman 8 months after Whipple procedure for pancreatic cancer. There is a soft tissue mass encasing the mesenteric vasculature 
(short arrow). The afferent loop ( long arrow) has a normal appearance. Expected pancreatic body and tail atrophy is seen ( curved arrow). 



Figure 99-11 Afferent loop obstruction. Obstructed afferent loop caused by tumor recurrence after Whipple procedure for carcinoma of the 
pancreatic head. A. Barium study shows an antiperistaltic Billroth II gastrojejunostomy. The efferent loop (EL) filis normally. The distal portion of 
the afferent loop (AL) is also opacified. B. CT scan at the level of the pancreas shows the dilated afferent loop. The pancreatic duet ( arrows) is 
dilated as well. C. More caudal scan shows the dilated afferent loop and tumor recurrence (arrows). D. Afferent loop dilation and retention of 
contrast medium were confirmed by endoscopic retrograde panereatography. 


antecolic in the left upper quadrant. Sometimes, the anastomo¬ 
sis can be positioned in a retrocolic fashion that lies adjacent to 
the superior mesenteric vein, simulating the duodenum, a 
lymph node, or recurrent tumor. The pancreaticojejunostomy 
may cause a soft tissue prominence that is secondary to surgical 
invagination of the pancreas into the bowel loop. The pan¬ 
creatic remnant usually atrophies to some degree, and the pan¬ 
creatic duet becomes slightly prominent. Reactive lymph nodes 
and streakiness of the peripancreatic fat surrounding the supe¬ 
rior mesenteric artery can simulate recurrent tumor. Common 
postradiation effeets include thickening of the gastric antrum 


or gastrojejunostomy; fatty infiltration of the liver; stranding of 
the mesenteric fat within the radiation port; and occasionally 
decreased funetion within the medial portions of the kidneys, 
depending on the depth of the radiation port. 201 

It appears that the serum marker cancer antigen 19-9 is 
expressed by the majority of pancreatic cancers, and it may 
be able to suggest recurrences. 202,203 Thus, serial postoperative 
CT scans should be obtained at 3- to 6-month intervals in 
conjunction with laboratory values because pancreatic neo- 
plasms can recur quickly. 204 ' 206 Furthermore, PET/CT may have 
an important role in assessing the post-Whipple cancer patient. 











1868 SECTION XI Pancreas 


In one study, PET/CT correctly detected local recurrence in 
all cases of recurrence in patients who had surgery, whereas 
MDCT alone detected the recurrence in 64% of cases. This 
was a relatively small study, and larger, more conclusive studies 
are needed. 

Bypass Procedures 

Cholecystojejunostomy or choledochojejunostomy is per- 
formed to bypass unresectable pancreatic head neoplasms. 
Contrast medium and intestinal gas (Fig. 99-9) will reflux into 
the biliary system as a result. 


POSTOPERATIVE COMPLICATIONS 

Definitive or palliative surgery for pancreatic disease is fraught 
with the same complications that attend other abdominal oper¬ 
ations: abscess, anastomotic leaks or strictures, and recurrent 
disease. Interpretation of imaging studies is difficult unless the 
radiologist is aware of the specific anatomic alterations pro- 
duced by the surgery (Fig. 99-11). Pseudocysts and fluid collec- 
tions are specific complications that may occur with pancreatic 
surgery, and they can be diagnosed and treated with ultrasound, 
CT, and MRI. 208 ' 211 
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Pancreas transplantation offers patients with severe type 1 dia¬ 
betes mellitus the ability to restore normoglycemia and to halt 
or reverse the progression of diabetic complications, such as 
nephropathy, retinopathy, and vasculopathy. 1,2 The standard 
procedure is transplantation of a whole-organ cadaveric pan¬ 
creas while the recipient’s native pancreas is left in place. Surgi- 
cal techniques are varied and have evolved during the last four 
decades. Despite improvements during this period in both 
patient and graft survival rates, graft loss occurs with high prev- 
alence. Early detection of graft-related complications is funda¬ 
mental for graft survival and often relies on multiple imaging 
modalities. Imaging after pancreas transplantation poses a 
special challenge to the radiologist because it requires knowl- 
edge of the transplantation procedure, the complex postsurgical 
anatomy, and a wide Spectrum of postoperative complications. 
Ultrasound (US), computed tomography (CT), and magnetic 
resonance imaging (MRI) offer specific advantages and limita- 
tions in this setting, and a multimodality approach is often 
required to optimally evaluate the pancreas transplant. In this 
chapter, we review the Spectrum of surgical procedures, post¬ 
operative anatomy, and complications of pancreas transplanta¬ 
tion with emphasis on the normal and abnormal Åndings seen 
at US, CT, and MRI. 

Types of Pancreas Transplantation 

According to the International Pancreas Transplant Registry, 
more than 26,000 pancreas transplantations have been 
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performed in the United States since 1988; 1042 were performed 
in 2012. 3 Three types of pancreas transplantation procedures 
are typically performed. Most commonly, the pancreas is 
transplanted from a deceased donor together with a kidney 
transplantation occurring at the same time (simultaneous 
pancreas-kidney [SPK] transplantation); this accounts for 75% 
of pancreas transplants performed in the United States today. 4 
Less commonly (18% of cases), a patient receives a pancreas 
transplant after having already undergone successful kidney 
transplantation from a live or a deceased donor (pancreas after 
kidney [PAK]) transplantation). 4 Pancreas transplantation 
alone (PTA) is performed least commonly, accounting for 7% 
of cases. 4 

SPK transplants allow patients to be free of both insulin 
therapy and dialysis and result in higher 1-year graft survival 
rates (86%) than PAK or PTA transplants (80% and 78%, 
respectively). 4 This difference persists in the long term, with 
SPK transplants demonstrating a graft function rate of 45% at 
20 years compared with 16% for PAK and 12% for PTA trans¬ 
plants." The advantages of pancreas transplantation must be 
balanced against short-term surgical complications and long- 
term immunosuppressive regimens. However, with recent 
advances in surgical technique, human leukocyte antigen 
matching, and immunosuppressive regimens, all types of pan¬ 
creas transplants have shown significant improvements in both 
patient and graft survival rates during the last two decades. 4,6,7 
Living donor pancreas transplants account for a small minority 
of cases (0.5%) and are not discussed. 8 

Pancreas Transplant Anatomy 

PANCREAS PROCUREMENT 

The pancreas allograft is harvested with its vascular support 
and a segment of the donor duodenum containing the ampulla 
of Vater. The donor’s iliac artery bifurcation is also procured 
for reconstruction of the arterial conduit. Surgical techniques 
have evolved over time to deal with arterial inflow, venous 
outflow (endocrine secretions), and pancreatic duet exocrine 
drainage, with the most variability in the venous and duodenal 
attachments. 

Arterial Supply 

The pancreas transplant receives arterial inflow from two 
sources: the donor superior mesenteric artery, which supplies 
the head through the inferior pancreaticoduodenal artery; 
and the donor splenic artery, which supplies the body and 
tail. 810 The internal and external iliac arteries of the donor iliac 
bifurcation are attached in an end-to-end fashion to the donor 
superior mesenteric artery and splenic arteries, forming a Y 
graft (Figs. 100-1 and 100-2). The common iliac portion is then 
anastomosed to the recipient common iliac artery or external 
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Figure 100-1 Posterior view of donor pancreas demonstrating 
vascular reconstruction. The donor iliac Y graft is attached to the 
donor splenic artery (SA) to supply the body of the pancreas and to 
the donor superior mesenteric artery (SMA) to supply the head of the 
pancreas through the inferior pancreaticoduodenal artery ( arrowhead). 
The donor portal vein (PV) functions as the main graft vein and drains 
the donor splenic vein (SV) and donor superior mesenteric vein (SMV). 
The donor duodenal stump is harvested along with the pancreas 
(asterisk). (Copyright © 2015 Aletta Ann Frazier, MD. Published by 
Elsevier Inc. All rights reserved.) 


iliac artery, with a variable graft length depending on the venous 
and duodenal attachments. 

Venous Drainage 

Venous outflow from the graft may be drained to the recipient s 
portal or systemic venous system. Pancreas transplantations 
were originally performed with systemic venous drainage. 
However, pancreatic endocrine secretions contained in the 
venous outflow raised concerns about systemic hyperinsu- 
linemia causing accelerated atherosclerosis, hypertension, and 
hypercholesterolemia and resulted in a change to the more 
physiologic State of portal venous drainage. 8,11 ' 14 This is accom- 
plished by grafting the donor portal vein, which functions as 
the main graft vein, to the recipient superior mesenteric vein 
(see Figs. 100-1 and 100-2A). Systemic venous drainage involves 
an anastomosis of the graft vein to the recipient iliac vein (see 
Fig. 100-2B) or, rarely, to the inferior vena cava. These tech- 
niques are currently equivalent in terms of patient and short- 
term graft survival, and although systemic drainage is currently 
predominant, portal venous drainage is still widely used. 4,8,15 

Exocrine Secretions 

Pancreatic exocrine secretions drain into the donor duodenal 
stump that is harvested with the pancreas. This can be attached 
side-to-side to the recipients small bowel for enteric drainage 
or to the recipient’s biadder. Enteric exocrine drainage is used 



Figure 100-2 Anterior view of two types of pancreas transplants as seen through the overlying pancreas. A. Portal venous and enteric 
exocrine drainage. The graft artery (Y) is attached to the common iliac artery ( arrowhead) proximally; the distal limbs are connected to the donor 
splenic artery (SA) and donor superior mesenteric artery (SMA). The graft vein (PV) is attached to the recipient superior mesenteric vein (arrow) 
for portal venous drainage. The donor splenic vein (SV) and donor superior mesenteric vein (SMV) are demonstrated as well. Exocrine drainage is 
achieved through the pancreatic duet (PD) draining to the duodenal stump (asterisk), which is anastomosed to the jejunum. WC, Inferior vena 
cava; Ao, aorta. B. Systemic venous and biadder exocrine drainage. The graft artery (Y) is attached to the common iliac artery (arrowhead) 
proximally; the distal limbs are connected to the donor splenic artery (SA) and donor superior mesenteric artery (SMA). The graft vein (PV) is 
anastomosed to the recipient external iliac vein (arrow), providing systemic venous drainage of the donor splenic vein (SV) and the donor 
superior mesenteric vein (SMV). Exocrine secretions are drained through the pancreatic duet (PD) to the duodenal stump (asterisk), which is 
anastomosed to the biadder (Bl). (Copyright © 2015 Aletta Ann Frazier, MD. Published by Elsevier Inc. All rights reserved.) 
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most commonly (91% of SPK, 89% of PAK, 85% of PTA), with 
or without the creation of a Roux-en-Y loop (see Fig. 100-2A). 4 
Enterically drained transplants are usually located in the midab- 
domen to the right of midline, with the head of the pancreas 
situated cranially for portal venous drainage or caudally for 
systemic venous drainage. Biadder drainage of exocrine seere- 
tions is achieved by an anastomosis between the donor duode- 
nal stump and the superior aspect of the biadder (see Fig. 
100-2B). Biadder-drained allografts are usually located in the 
right pelvis, superior to the biadder, with the head of the pan¬ 
creas directed caudally. One advantage of biadder drainage is 
that urinary amylase may be used to monitor graft function. 
However, in many centers, enteric drainage is preferred to 
biadder drainage because it is associated with fewer metabolic 
complications and lower rates of hematuria and recurrent 
urinary infections. 16 Enteric conversion may be successfully 
performed after initial biadder drainage; up to 25% of patients 
undergo this procedure. 8 

Pancreas Transplant Imaging: 

Normal Appearances 

ULTRASOUND 

US is the most commonly used imaging modality to evaluate 
the transplanted pancreas; it is routinely used in its initial evalu- 
ation. 10 Gray-scale imaging can demonstrate the allograft and 
peripancreatic fluid collections; color and duplex Doppler 
imaging can document perfusion and evaluate the arterial 
and venous vasculature. 9,10 The well-known advantages of US 
include availability, repeatability, and portability for ill and 
unstable patients in the postoperative setting. US can also be 
used to guide percutaneous biopsy of the transplant pancreas. 
Sonographic evaluation is, however, operator dependent, and 
anatomic challenges, such as obscuration by bowel, are not 
uncommon. Unless it is abnormally dilated, the duodenal com- 
ponent most often cannot be separately evaluated. When direct 
visualization of the transplant pancreas is difficult, color and 
power Doppler imaging can help in identifying parenchymal 
and graft vessel flow, thereby localizing the pancreas. 

The normal pancreas transplant is a homogeneous soft tissue 
structure hypoechoic relative to surrounding mesenteric fat on 
gray-scale US (Fig. 100-3A). 10 Because it lacks a capsule, its 
horders may be indistinct, and it may be difficult to distinguish 
the allograft from adjacent structures. Color and power Doppler 
are essential to demonstrate pancreas transplant perfusion and 
vascular anatomy; the Y arterial graft, graft vein, and splenic 
artery and vein are usually visible (Fig. 100-3B-D). Arterial 
waveforms normally show a rapid systolic upstroke and con- 
tinuous diastolic biood flow, whereas venous structures dem¬ 
onstrate a monophasic waveform within an anechoic lumen 
(Fig. 100-3E). Arterial resistive indices are variable within the 
graft and are not useful in distinguishing normal from abnor¬ 
mal grafts. 18 ’ 19 

COMPUTED TOMOGRAPHY 

CT is most often performed when there is concern for abdomi- 
nal infection, bowel complication, or pancreatitis or its compli¬ 
cations. It is better suited to evaluate fluid collections and bowel 
complications because of its wider held of view and intrinsic 
properties. 17 CT can reliably demonstrate the pancreas, the 


duodenal stump, and the recipient small bowel, which can be 
useful when the transplant cannot be visualized sonographi- 
cally because of overlying bowel gas. This may be particularly 
helpful in guiding percutaneous biopsy. 

Positive enteric contrast agents should be used to differenti- 
ate bowel from fluid collections and from the transplant. 
Because most allografts are SPK transplants, CT is usually per¬ 
formed without intravenous contrast material to avoid further 
renal injury in patients with impaired renal function. This 
limits evaluation of the vasculature and parenchymal enhance- 
ment. On unenhanced CT, the allograft appears as a homoge¬ 
neous soft tissue structure that may be isodense to and difficult 
to distinguish from unopacified and nondistended bowel, 
although surgical Staples on either side of the duodenal stump 
are helpful for localization (Fig. 100-4A). The donor duodenum 
is often collapsed and thick walled but can be misinterpreted as 
a fluid collection when it is distended. It inconsistently opacifies 
with oral contrast material even when the adj acent jejunum is 
contrast filled. Contrast-enhanced CT, especially with multipla¬ 
nar reformations, can demonstrate the vascular anatomy and 
parenchymal enhancement well (Fig. 100-4B, C). 

MAGNETIC RESONANCE IMAGING 
AND ANGIOGRAPHY 

MRI and magnetic resonance angiography (MRA) are used less 
frequently in the evaluation of the transplanted pancreas. They 
are most commonly performed to confirm the diagnosis of a 
vascular complication, after an abnormal or nondiagnostic US 
or CT study. High-resolution, three-dimensional (3D), contrast- 
enhanced MRA provides an accurate diagnostic technique for 
evaluation of the arterial and venous anatomy of the pancreas 
transplant. Unenhanced MRI sequences readily separate 
the pancreatic allograft from adjacent structures and are supe¬ 
rior to CT without intravenous contrast material. MR is par¬ 
ticularly useful when US is limited by overlying bowel gas or by 
body habitus. Given the increased risk for nephrogenic systemic 
fibrosis in patients with end-stage renal disease, the risk/benefit 
ratio of intravenous gadolinium-based contrast agents should 
be carefully assessed. Unenhanced MRA is unlikely to perform 
as well as contrast-enhanced MRA, but it has not been formally 
evaluated in this setting. 

On Tl-weighted images, the pancreatic parenchyma is ho¬ 
mogeneous and hyperintense relative to the liver. On T2- 
weighted images, the normal pancreas allograft will show signal 
intensity between fluid and muscle (Fig. 100-5A). T2-weighted 
images are most sensitive to abnormalities of the pancreatic 
transplant because the majority of pathologic processes in- 
crease glandular water content. We typically use a coronal 3D 
fat-suppressed breath-hold gradient-echo Tl-weighted dy- 
namic enhanced sequence to demonstrate the arterial and ve¬ 
nous anatomy and parenchymal enhancement (Fig. 100-5B). 
The data set can be used to generate 3D maximum intensity 
projection or volume-rendered images to optimally evaluate the 
vasculature (Fig. 100-5C). 

Pancreas Transplant Imaging: 
Postoperative Complications 

Despite steady improvements in patient and graft survival rates, 
graft failure remains a problem after pancreas transplantation. 
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Figure 100-3 Normal US appearance of pancreas 
transplant in different patients. A. Longitudinal 
gray-scale image of the head (HOP), body (BOP), and tail 
(TOP) of a pancreas allograft shows a well-defined, 
homogeneous hypoechoic structure. B. Color Doppler 
image of the vascular pedicle demonstrates flow within 
the patent donor Y-graft artery ( curved arrow) bifurcating 
into the splenic artery (arrow) and superior mesenteric 
artery ( arrowhead). C. Color Doppler image of venous 
drainage of the pancreas transplant shows the confluence 
of the donor splenic vein ( long arrow) and donor superior 
mesenteric vein ( arrowhead) forming the portal vein 
(curved arrow). Note echogenic foci representing venous 
anastomotic site ( short arrows). (From Vandermeer F, 
Manning MA, Frazier A, et al: Imaging of whole-organ 
pancreas transplants. RadioGraphics 32:411-435, 2012.) 

D. Longitudinal color Doppler image shows normal 
parenchymal perfusion. E. Spectral Doppler imaging 
through the body of the allograft demonstrates normal 
low-resistance arterial waveform of the splenic artery. 


The causes of graft failure vary by the time since transplantation 
and the type of transplant. In the first 6 months after transplan¬ 
tation, most complications are due to surgical or technical 
failure, more than 55% in all categories of transplants. 23 Techni¬ 
cal failure occurs in 7% to 9% of cases and includes thrombosis, 
infection, pancreatitis, anastomotic leak, and bleeding leading 
to removal. 24 Repeated laparotomy rates remain high for all 
types of transplants, up to 35%. 24,25 Nonsurgical complications 
are usually immunologic, with rejection being the single most 
common cause of graft loss. Acute rejection peaks between 3 
and 12 months, whereas graft loss due to chronic rejection 
increases at a constant rate over time. 23,26 Primary nonfunction 
occurs in 0.5% to 1% and is defined by the exclusion of other 
causes of early graft failure. 24 


VASCULAR COMPLICATIONS 

Graft Thrombosis 

Acute graft thrombosis is the most frequent and serious techni¬ 
cal cause of graft failure in the early postoperative period, 
occurring in 2% to 10% of patients, typically in the first 6 weeks 
after surgery. 24,25 Venous thrombosis is more common than 
arterial and accounts for the second most common cause of 
overall graft failure after rejection. 28 Acute vascular thrombo¬ 
sis can be manifested with hyperglycemia, abnormal levels of 
amylase, graft tenderness, and swelling with hematuria, if the 
transplant is biadder drained. Thrombectomy and thrombolysis 
have a limited role in management, confmed to short-segment 
thrombosis without necrosis. 24 Prompt pancreatectomy is 
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Figure 100-4 Normal CT appearance of pancreas transplant in different patients. A. Coronal maximum intensity projection image from 
unenhanced CT shows surgical staple lines ( arrows ) along the duodenal stump (asterisk), aiding localization of the pancreas transplant 
(arrowhead ). B. Coronal multiplanar reconstruction image shows a patent graft vein ( arrow ) with normal parenchymal enhancement of the 
pancreatic body and tail ( arrowhead ). C. Coronal anterior oblique 8-mm maximum intensity projection image from an enhanced CT study of a 
bladder-drained left lower quadrant pancreas allograft transplanted after a renal transplant (K) shows surgical staple lines ( arrows ) along the 
lateral margins of the duodenal stump, which aids in the identification of the duodenocystostomy (asterisk). The pancreas transplant (arrowhead) 
is readily identified with normal parenchymal enhancement. (From Vandermeer F, Manning MA, Frazier A, et al: Imaging of whole-organ 
pancreas transplants. RadioGraphics 32:411-435, 2012.) 



Figure 100-5 Normal MR appearance of pancreas transplant in different patients. A. Coronal half-Fourier acquisition single-shot turbo 
spin-echo (HASTE) T2-weighted MR image shows the pancreas transplant (curved arrow), which has signal intensity between that of muscle and 
fluid. A nondilated segment of pancreatic duet is visible (arrowhead). B. Coronal dynamic volume-interpolated breath-hold examination (VIBE) 
shows normal enhancement of the pancreas transplant (arrowhead), with a patent graft vein (arrow) draining into the recipient's superior 
mesenteric vein (asterisk). Note the normally enhancing left lower quadrant renal transplant. C. Maximum intensity projection shows a patent 
Y-graft artery (curved arrow) anastomosed to the right common iliae artery. Note the splenic (arrow) and superior mesenteric (arrowhead) 
branches. (From Vandermeer F, Manning MA, Frazier A, et al: Imaging of whole-organ pancreas transplants. RadioGraphics 32:411-435, 2012.) 
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usually required because early pancreatectomy decreases infec- 
tious complications and mortality. 

The etiology of thrombosis is multifactorial. The pancreas 
has a smaller microcirculatory biood flow than other allografts, 
resulting in an increased propensity to thrombosis. Contribu- 
tory donor factors include donor obesity and cardiovascular 
disease, back-table preparation, and cold ischemia time. 
Thrombosis occurs more often in PAK and PTA grafts than in 
SPK transplants and more often with enteric than with biadder 
drainage. 8,26 Severe pancreatitis, arterial wall injury, and devel- 
opment of stump thrombi also place the patient at risk. 21 
When the pancreas is harvested, vascular stumps are created 
within the peripheral superior mesenteric and splenic arterial 
and venous segments (see Figs. 100-1 and 100-2). Stagnant 
biood may clot in these low-flow areas and result in stump 
thrombi. Short-segment peripheral splenic vein thrombi can be 
seen incidentally and may not interfere with graft funetioning. 
Full anticoagulation is usually instituted to prevent clot propa- 
gation; thrombolysis has also been attempted. Many centers use 
prophylactic anticoagulation perioperatively with attendant 
increased risks of bleeding. 24 

Graft thrombosis after the early postoperative period may 
also be the result of acute or chronic graft rejection, in which 
an autoimmune vasculitis and fibrosis cause the gradual occlu- 
sion of small and large vessels. Extensive thrombosis usually 
causes parenchymal necrosis, requiring urgent pancreatec¬ 
tomy. Rarely, after total arterial Y-graft thrombosis, collateral 
vasculature may preserve some pancreatic funetion and 
parenchyma. 

US Åndings of vascular thrombosis depend on the 
degree and location of the clot. These include echogenic 
intraluminal thrombus on gray-scale imaging and absence of 
vascular flow in the vessel and possibly throughout the paren¬ 
chyma at color and pulsed Doppler imaging (Figs. 100-6A and 
100-7A). With venous thrombosis, arterial waveforms typically 
show a high-resistance pattern with reversal of diastolic flow 
(Fig. 100-6B). If pancreatic infaretion results, the transplant 
will appear enlarged and hypoechoic without color flow 
(Fig. 100-6A). With chronic thrombosis, the allograft may be 


atrophic and difficult to see with US. It is typically increased in 
echogenicity with decreased perfusion. 

Thrombosis cannot be exeluded with CT unless intravenous 
iodinated contrast material is used. However, acute thrombus 
may be suspected on unenhanced CT as a subtle, high-density 
tubular abnormality, typically prompting confirmation with 
US, MRI, or MRA. Conventional angiography has a limited role 
in the diagnosis of graft thrombosis but may be combined with 
thrombolysis in highly selected cases. 

Multiphasic 3D contrast-enhanced MRA can be used after 
nondiagnostic or inconclusive sonography; MRA is a reliable 
method for identifying vascular complications of occlusion, 
stenosis, and infaretion. After contrast enhancement, throm¬ 
bus may be visualized as a hypointense intraluminal Alling 
defeet, and the degree of pancreatic enhancement can be 
assessed (Figs. 100-7B, 100-8, and 100-9A,B). In complete 
infaretion, the pancreas transplant shows high T2 signal inten- 
sity and absence of enhancement. TI signal intensity may also 
be increased in hemorrhagic infaretion. 

In the mueh less common setting of chronic thrombo¬ 
sis, collateral vessels may produce peripheral rim enhance¬ 
ment aro und the otherwise nonenhancing pancreas (see 
Fig. 100-8B). 

In patients with renal failure and decreased creatinine clear- 
ance, in whom gadolinium-based contrast agents are avoided 
because of the risk for nephrogenic systemic fibrosis, unen¬ 
hanced MRI may be adequate for vascular evaluation. Although 
parenchymal enhancement cannot be evaluated without con¬ 
trast material, thrombus may be detected as increased TI signal 
or lack of flow void in the vessels (Fig. 100-9C). TrueFISP (true 
fast imaging with steady-State free precession) or gradient- 
echo/time-of-flight sequences can be particularly useful in 
demonstrating abnormal low signal intensity in the throm- 
bosed vessel (Fig. 100-9D). 

Graft Stenosis 

Stenoses can develop at any anastomotic site but are not 
common. 31 Many recipients have peripheral vascular disease, 
and vascular inflow to the allograft may become compromised 



Figure 100-6 Splenic vein thrombosis, requiring explantation on postoperative day 3 f in a 35-year-old man after SPK transplantation. 

A. Color Doppler US shows striated echogenic material distending the splenic vein (arrow) with no biood flow in the vessel or within the pancreatic 
allograft. B. Arterial waveforms obtained in the graft artery demonstrate a very high resistance waveform with reversal of diastolic flow. (From 
Vandermeer F, Manning MA, Frazier A, et al: Imaging ofwhole-organ pancreas transplants. RadioGraphics 32:411-435, 2012.) 
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Figure 100-7 Splenic vein thrombosis in a 48-year-old man after SPK transplantation. A. Longitudinal color Doppler US of the pancreatic 
tail shows a distended splenic vein containing intraluminal thrombus (arrow). B. Postcontrast fat-suppressed Tl-weighted coronal MR image 
confirms the splenic vein thrombus ( arrowhead) but also demonstrates normal giand enhancement (arrow). (From Vandermeer F, Manning MA, 
Frazier A, et al: Imaging of whole-organ pancreas transplants. RadioGraphics 32:411-435, 2012.) 



Figure 100-8 Chronic arterial graft thrombosis due to chronic rejection in a 53-year-old woman. A. Subtracted MRA shows the stump 
(arrow) of the occluded graft artery. B. Coronal postcontrast fat-suppressed Tl-weighted MR image shows that the pancreas (arrow) is largely 
infarcted with rim enhancement. (From Vandermeer F, Manning MA, Frazier A, et al: Imaging of whole-organ pancreas transplants. 
RadioGraphics 32:411-435, 2012.) 
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Figure 100-9 Chronic arterial graft thrombosis in a 45-year-old woman after two failed pancreas transplants. A. Axial gadolinium- 
enhanced fat-suppressed Tl-weighted MR image demonstrates no intraluminal opacification in the graft artery ( arrow). B. Coronal oblique 
maximum intensity projection image derived from data acquired 3 minutes after the initial injection shows loss of intraluminal signal within the 
graft artery (arrow) just distal to the anastomosis with the right common iliac artery ( curved arrow). Note the normally enhancing left lower 
quadrant renal transplant. C. Axial fat-suppressed Tl-weighted image demonstrates high signal thrombus (arrow) in the graft artery. D. Axial 
TrueFISP MR image shows absence of normal high signal in the graft artery compatible with occlusion (arrow). (From Vandermeer F, Manning 
MA, Frazier A, et al: Imaging of whole-organ pancreas transplants. RadioGraphics 32:411-435, 2012.) 


by atherosclerotic plaques. Stenoses may be detected at US by 
Ånding high velocity or turbulence at an anastomosis but are 
generally confirmed with MRA or conventional angiogra- 
phy 20 22 These may be suitable for endoluminal therapy. 

Extrinsic compression or kinking of a vascular segment may 
mimic thrombosis on imaging. This can be seen when longer Y 
grafts are required to appropriately position portal-enteric 
transplants higher in the abdomen; these may kink or twist, 
resulting in another cause of vascular stenosis (Fig. 100-10). 22 
This condition may be identified only intraoperatively during 
planned explantation for presumed thrombosis. 

Pseudoaneurysm and Arteriovenous Fistula 

Pseudoaneurysms or arteriovenous fistulas are uncommon 
postsurgical complications after pancreas transplantation. They 
may arise at a vascular anastomosis or biopsy site or in the 


setting of infection or pancreatitis. 17 Although usually asymp- 
tomatic, they are associated with a high risk of hemorrhage and 
a high incidence of graft loss. 3 Pseudoaneurysms can mimic a 
postoperative fluid collection with gray-scale US. Duplex 
Doppler imaging and MRA best demonstrate these vascular 
complications. 10 ’ 17 ’ 21 ’ 22 ’ 30 

US of a pseudoaneurysm shows a rounded structure on 
gray-scale imaging, with internal swirling biood flow on color 
Doppler imaging and a characteristic to-and-fro waveform in 
the neck, communicating with an adjacent artery. 10,1 30 On 
contrast-enhanced MRA, the pseudoaneurysm hils with con- 
trast material and may be variable in size. 33 Arteriovenous fis¬ 
tulas are variable in size and may not be visible on gray-scale 
images. Color Doppler imaging shows color aliasing and a char¬ 
acteristic high-velocity low-resistance Doppler waveform with 
pulsatile flow in the draining vein if it is large (Figs. 100-11 and 
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Figure 100-10 Pancreas transplant with portal venous-enteric 
drainage, initially placed in the right abdomen with the head of 
the pancreas directed cephalad, in a 25-year-old woman. Coronal 
gadolinium-enhanced Tl-weighted VIBE MR image demonstrates 
twisting of the elongated graft artery ( arrow ), which is anastomosed to 
the right common iliac artery. Thrombosis ( arrowhead) is seen just 
distal to the twisted segment. The tail of the pancreas allograft 
(curved arrow) has migrated from the right lower quadrant into the 
left upper quadrant. Note persistent but decreased enhancement of 
the allograft; areas of pancreatic infarction were identified during 
surgical exploration, necessitating explantation. Incidentally shown is 
normal arterial and venous supply of the normally enhancing left 
lower quadrant renal transplant. (From Vandermeer F, Manning MA, 
Frazier A, et al: Imaging of whole-organ pancreas transplants. 
RadioGraphics 32:411-435, 2012.) 


100-12 ). 30 Contrast-enhanced CT or MRI may show early 
opacification of donor venous structures during arterial phase 
imaging. Management of these vascular complications depends 
on the anatomy and size; small fistulas after biopsy may be self- 
limited and managed conservatively. Endovascular or surgical 
approaches are required otherwise. 32,33 

GRAFT REJECTION 

Rejection continues to be the overall primary cause of graft loss, 
with rates between 5% and 25%, depending on immunosup- 
pressive regimen. 8 Acute rejection has decreased dramatically 
with recent immunosuppressive advances, although less so with 
PTA transplants than with SPK or PAK graftsT Because chronic 
rejection has been less affected by these advancements, this 
remains the major long-term cause of graft failure after the first 
6 months, with little long-term improvement in pancreas 
survivability. 35 



Figure 100-11 latrogenic arteriovenous fistula following biopsy 
in a 42-year-old woman after PTA. Longitudinal color Doppler 
sonogram shows a dilated tubular structure with turbulent flow closely 
associated with the transplant splenic vein and graft artery compatible 
with an arteriovenous fistula (AVF) within the proximal body of the 
pancreas (BOP). TOP, Tail of pancreas. (From Vandermeer F, Manning 
MA, Frazier A, et al: Imaging of whole-organ pancreas transplants. 
RadioGraphics 32:411-435, 2012.) 


Graft rejection can occur at any time after pancreas trans¬ 
plantation. Hyperacute rejection, a rare occurrence, develops 
immediately after transplantation in response to the presence 
of preformed circulating cytotoxic antibodies in the recipient’s 
biood. It causes thrombosis and immediate graft loss. Acute 
rejection usually develops 1 week to 3 months after transplan¬ 
tation and results in a peak in graft loss between 3 and 12 
months. 36 Early detection is essential to institute antirejection 
treatment and to avert graft failure. Acute rejection is an auto- 
immune vasculitis that results in small-vessel occlusion and 
decreased perfusion, leading to infarction if it is severe and 
untreated. Multiple episodes of undiagnosed or partially treated 
acute rejection may culminate in chronic rejection with fibrosis 
and atrophy of the giand, resulting in insidious, progressive 
loss of graft function. 18 The clinical diagnosis of rejection is 
difficult as elevation of serum glucose, amylase, and lipase levels 
correlates poorly with the presence or degree of rejection. Graft 
tenderness may be present. In biadder-drained pancreas trans¬ 
plants, urinary amylase and lipase levels may be abnormal. 
Percutaneous biopsy is therefore the cornerstone for diagnosis 
and grading of rejection. With a simultaneous pancreas and 
kidney transplant from the same donor, rejection of the kidney 
transplant may be used as a surrogate for pancreas rejection 
and monitored by serum creatinine concentration and renal 
biopsy. 

US has a limited role in detecting acute rejection. Sono- 
graphic Åndings of graft enlargement and increased hetero- 
geneity of the parenchymal echotexture lack specificity and 
may also be seen with acute pancreatitis and ischemia (Fig. 
100-13). 10,1 Color Doppler US usually demonstrates major 
vessel patency, which excludes graft thrombosis as a cause of 
poor function but cannot differentiate pancreatitis from rejec¬ 
tion. Resistive indices have not been useful in diagnosis of 
acute rejection. 18,37 In practice, the major role of US is to 
exclude thrombosis and to guide biopsy (Fig. 100-14). Severe 
acute rejection or hyperacute rejection may culminate in vas¬ 
cular thrombosis and infarction and be mistaken for primary 
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Figure 100-12 latrogenic arteriovenous fistula between donor superior mesenteric artery and donor portal vein in a 29-year-old woman 
2 weeks after SPK transplantation. A. Duplex Doppler US image of a large vessel in the head of the pancreas shows a high-velocity, low- 
resistance waveform typical of an arteriovenous fistula (AVF). B. MRA demonstrates a dilated graft artery ( arrow) and superior mesenteric artery 
with early filling of the donor superior mesenteric vein ( curved arrow). Focal narrowing of the distal vein graft ( arrowhead) proximal to the 
anastomosis is also seen ( asterisk, pancreas transplant). C. Selective arteriography confirms the fistula and better demonstrates an associated 
venous outflow stenosis ( arrowhead ). The fistula was embolized, but explantation of the allograft was subsequently performed for sepsis (arrow, 
dilated graft artery; curved arrow, dilated graft vein). (From Vandermeer F, Manning MA, Frazier A, et al: Imaging of whole-organ pancreas 
transplants. RadioGraphics 32:411-435, 2012.) 
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Figure 100-13 Acute rejection in a 30-year-old woman 7 months 
after PTA. Gray-scale US image shows an enlarged, hypoechoic 
allograft reflecting nonspecific edema that could be due to acute 
rejection, acute pancreatitis, or ischemia. 

thrombosis. However, irrespective of the cause of thrombosis, 
management is surgical in these instances. 

Unenhanced CT also offers limited Utility in the diagnosis of 
acute rejection, demonstrating nonspecific giand enlargement, 
sometimes with peripancreatic fluid and duodenal edema, 
identical to findings seen with acute pancreatitis (Fig. 100-15). 
With iodinated contrast agents, the allograft is much more con- 
spicuous and the vascular supply is optimally demonstrated, 
excluding thrombosis. However, decreased or heterogeneous 
enhancement resulting from occlusion of small graft vessels 
may be present. 


At MRI, allograft edema from acute rejection can be rec- 
ognized by increased T2 signal intensity; but this is nonspe¬ 
cific, and other causes of increased T2 signal include acute 
pancreatitis and ischemia. There may be a significant differ¬ 
ence in enhancement between rejecting and normal pan¬ 
creas allografts; however, this finding is only moderately 
specific. 38 

With no reliable imaging modality to confirm or to grade 
acute rejection, image-guided percutaneous biopsy is the “gold 
standard.” 39 Although biopsy is most often performed with US 
guidance, CT-guided biopsy may be necessary when bowel 
obscures the anterior approach. 

Chronic rejection occurs in 4% to 10% of patients. 8 It is 
manifested as progressive loss of exocrine and then endocrine 
function secondary to small-vessel endarteritis, acinar atrophy, 
and interstitial fibrosis. This causes marked pancreatic atrophy, 
with the end result being a shrunken or disappearing pancreas 
transplant (Fig. 100-16). The demonstration of a small enhanc- 
ing structure with patent graft vasculature at contrast-enhanced 
MRA confirms the diagnosis. Severe chronic rejection may ulti- 
mately result in infarction and necrosis from long-standing 
small-vessel occlusion with high signal seen on T2-weighted 
imaging (Fig. 100-17). 

GRAFT PANCREATITIS 

Mild, self-limited, and subclinical pancreatitis is common in 
the immediate postoperative setting; prolonged elevation of 
serum amylase occurs in up to 35% of patients/ 4,25 This usually 
results from reperfusion injury related to impaired microcir- 
culation. Risk factors relate to donor age and preservation 
methods, including solution volumes, cold ischemia preserva¬ 
tion time, and handling of the organ during surgery. 24,40 Clini- 
cally significant pancreatitis occurs in 10% of patients. 31 
Symptoms include graft tenderness, abdominal pain, nausea, 
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Figure 100-14 US-guided percutaneous biopsy of the pancreas 
transplant. Transverse image obtained during a biopsy shows the 
18-gauge core biopsy needle within the tail of the pancreas 
transplant. 


vomiting, and ileus. Increased rates are seen with the biadder 
drainage technique. 24 

The imaging appearance of the pancreatic graft may be 
normal with mild pancreatitis. More severe episodes may result 
in nonspecific enlargement and heterogeneity of the graft (Figs. 
100-18 and 100-19). There may be perigraft fluid or mural 
thickening of adjacent bowel loops. Doppler US should dem- 
onstrate parenchymal flow in the transplant, unless the compli- 
cation of pancreatic necrosis develops. US can demonstrate 
complications of pancreatitis, including pseudocyst or abscess 
formation and pancreatic infarction or necrosis. However, CT 
and MRI are more sensitive for peritransplant collections (see 
Fig. 100-19). The higher contrast resolution capability of MRI 
may best demonstrate the graft edema and potential complica¬ 
tions, including vascular thrombosis. 

HEMORRHAGE 

Intra-abdominal hemorrhage is one of the most common 
reasons for relaparotomy after pancreas transplantation; 
however, it is an infrequent cause of graft loss. 4,24 Bleeding 
may develop after any intra-abdominal surgery as a result of 
perioperative anticoagulation. If significant hemoperitoneum 
persists after correction of the coagulation profile, surgical 
evacuation is necessary to clear out potential medium for 
infection and can be therapeutic in itself. 24 Hemorrhage can 
also occur at vascular, biadder, or enteric anastomoses or sec- 
ondary to an arterioenteric fistula. 24 Intravesical hemorrhage 
can be seen in biadder-drained transplants and may be 
early or late, potentially requiring enteric conversion. 24 Expedi- 
tious evaluation should include CT and possibly conventional 
angiography. Unenhanced CT can best demonstrate intra- 
abdominal hemorrhage as a hyperdense collection. 



Figure 100-15 CT appearance of nonspecific pancreas transplant 
edema # later shown to be acute rejection on biopsy. Unenhanced 
axial CT image demonstrates the pancreas transplant ( arrow) as an 
ill-defined soft tissue structure in the right lower quadrant, difficult 
to distinguish from unopacified small bowel in the absence of 
intravenous contrast material but identified by duodenal stump suture 
lines ( curved arrows). There is a small amount of adjacent free fluid 
( arrowhead). (From Vandermeer F, Manning MA, Frazier A, et al: 
Imaqinq o f whole-orqan pancreas transplants. RadioGraphics 
32:411-435, 2012.) 


BOWEL COMPLICATIONS 

A review of bowel complications after pancreas transplantation 
showed a rate of 19.4%. 41 These include small bowel obstruc¬ 
tion, anastomotic leak, abscess, and pseudomembranous or 
cytomegalovirus colitis. CT should be performed when clinical 
Åndings suggest a bowel complication or abdominal infection. 
Early diagnosis is important in these immunosuppressed recipi¬ 
ents to decrease mortality and morbidity. 

Small Bowel Obstruction 

Small bowel obstruction can occur as a result of adhesions 
after any major abdominal procedure; however, the intra- 
peritoneal placement of an enterically drained pancreas 
allograft through a mesenteric defect adds an additional risk 
factor for internal herniation. The rate of strangulation is 
higher with an internal hernia than with an adhesive small 
bowel obstruction. Therefore, internal herniation should be 
suspected in the context of obstruction. An internal hernia 
can be detected at CT by fmding distended loops of distal 
small bowel posterior to the transplant or donor duodenum. 41 
Contrast opacifkation of the duodenal stump may indicate 
more distal bowel obstruction or may be normal. Small bowel 
obstruction resulting from adhesions tends to occur in the 
anterior abdomen and is usually low grade. 41 CT with mul¬ 
tiplanar reformations is the best imaging modality for this 
complication. 
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Figure 100-16 Chronic 
rejection in a 40-year-old 
man, 10 years after PAK 
transplantation. A. Transverse 
gray-scale US shows an atrophic 
echogenic pancreatic head 
(calipers ) difficult to distinguish 
from mesenteric fat. 

B. Unenhanced CT image 
obtained before a CT-guided 
biopsy. Because the pancreas 
transplant ( arrow ) was small and 
difficult to separate from bowel, 

a biopsy could not be performed. 

C. Contrast-enhanced MRA 
showed a patent graft artery 
(not shown) and enhancing 
parenchyma (arrow) in the right 
lower quadrant. Note the 
enhancing left lower quadrant 
renal transplant. (From 
Vandermeer F, Manning MA, 
Frazier A, et al: Imaging of 
whole-organ pancreas 
transplants. RadioGraphics 
32:411-435, 2012.) 



Figure 100-17 Chronic 
rejection and necrosis in a 
42-year-old man after PTA 8 
years earlier. A. Color Doppler 
US over an area of tenderness 
in the right iliac fossa shows a 
nonvascular ill-defined fluid 
colleetion (arrow) with no 
identifiable pancreatic tissue. 

B. Unenhanced CT shows loss of 
definition of tissue planes with 
fluid and gas (arrow) in the same 
area. C. Coronal HASTE 
T2-weighted MR image shows a 
high signal fluid collection (arrow) 
in the right lower quadrant and 
edema of the subjacent 
musculature. D. Postcontrast 
fat-suppressed Tl-weighted axial 
MR image shows the rim- 
enhancing fluid collection (arrow) 
and inflammation of the iliaeus 
and psoas muscles. At surgery, 
there was a purulent phlegmon 
and no recognizable pancreatic 
tissue. (From Vandermeer F, 
Manning MA, Frazier A, et al: 
Imaging of whole-organ pancreas 
transplants. RadioGraphics 
32:411-435, 2012.) 
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Figure 100-18 Postoperative pancreatitis after SPK 
transplantation in a 27-year-old woman. Longitudinal ultrasound 
image demonstrates an enlarged, hypoechoic transplant with 
surrounding fluid ( arrowheads) and thickening of an adjacent bowel 
loop ( arrow ). HOP, head of pancreas; BOP, body of pancreas; 

TOP, tail of pancreas. (From Vandermeer F, Manning MA, Frazier A, 
et al: Imaqinq of whole-orqan pancreas transplants. RadioGraphics 
32:411-435, 2012.) 


Anastomotic Exocrine Leak 

Presenting symptoms and signs of an anastomotic leak include 
abdominal pain, fever, leukocytosis, peritonitis, and sepsis. Early 
leaks may be attributed to surgical factors, whereas late leaks are 
thought to result from infection, rejection, pancreatitis, or 
duodenitis. 42 

Leaks occur in 2% to 10% of transplant patients after enteric 
drainage and predispose to intra-abdominal infection, which is 
the second most common cause of technical failure after vas- 
cular thrombosis. 4,25 However, early recognition and appropri- 
ate management can minimize the impact of this complication 
on the patient s postoperative course. Anastomotic leaks are 
responsible for less than 0.5% of all graft losses, 43 with higher 
rates of loss for enterically drained grafts than for bladder- 
drained transplants. 

Leaks in enterically drained transplants result in greater 
patient morbidity and mortality because of peritonitis and 
sepsis, which may result from the spillage of bowel contents 
from the leakage site, often the duodenojejunal anastomosis. 
Immediate surgical intervention with revision of the anastomo¬ 
sis is required. 24 Lor bladder-drained allografts, early leaks occur 
at the anastomosis to the biadder, and later leaks occur at the 
oversewn duodenal stump. 24,25 Biadder leaks are less serious and 
may be managed by biadder catheterization. However, in the 
setting of peritonitis, repeated laparotomy is required, and con- 
version to enteric drainage is often necessary. 

CT with oral contrast material is the modality of choice for 
diagnosis, although gas-containing collections may be detected 
at US (Pig. 100-20A, B). Leaks of duodenal secretions can be 
difficult to separate from other pancreatitis-related collections 
unless they contain gas. Oral contrast material should be 
administered to increase diagnostic confidence in distinguish- 
ing a leak from a collection. However, this can be of variable 
Utility, given inconsistent filling of the duodenal bulb. An 
enterocutaneous fistula can result if a leak is not promptly 
diagnosed and treated (Pig. 100-20C). Leaks from bladder- 


Figure 100-19 Pancreatitis with peripancreatic fluid collections in 
a 45-year-old woman after PAK transplantation. Coronal HASTE 
T2-weighted MR image shows a high signal fluid collection 
( arrowhead) surrounding and displacing the edematous transplant 
(asterisk ) to the left and extending into the right lower quadrant. Note 
the wall thickening and edema of the adjacent bowel loop (arrow). 

The fluid collections eventually caused venous thrombosis and 
ultimately required explantation of the graft. (From Vandermeer F, 
Manning MA, Frazier A, et al: Imaging of whole-organ pancreas 
transplants. RadioGraphics 32:411-435, 2012.) 


drained transplants may be diagnosed by conventional cystog- 
raphy or CT cystography (Pig. 100-21). 

Colitis 

Pseudomembranous or cytomegalovirus colitis may be seen 
uncommonly after pancreas transplantation. CT with oral con¬ 
trast material is the preferred imaging modality. However, 
appearances are not specific, and correlation with stool and 
biood evaluation is necessary. 

INTRA-ABDOMINAL FLUID COLLECTIONS 

Pluid collections are commonly seen after pancreas transplanta¬ 
tion in the early and late postoperative course and can be 
detected by US, CT, or MRI. These may be clinically insignifi- 
cant or associated with intra-abdominal infection. Ascites is not 
uncommon but usually low in volume. Surgical site infection 
may occur in up to 50% of patients, and most are superficial 
and managed with antibiotics and local care.~ Deep infections 
are associated with higher morbidity, graft loss, and mortality, 
and after vascular thrombosis, they are the second leading cause 
of technical failure in the early postoperative period. 4 Organ- 
isms include bacterial and fungal, and 50% of infections are 
diffuse. The clinical presentation and imaging findings are 
similar to those of an enteric leak, and in 30% there is an associ¬ 
ated leak (see Pig. 100-20). 24 Localized abscesses may be managed 
by percutaneous drainage, but the threshold for laparotomy and 
washout is low (see Figs. 100-17 and 100-19). 
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Figure 100-20 Duodenal anastomotic leak in a 53-year-old man after systemic venous-enteric PAK transplantation. A. Color Doppler 
US image shows an avascular complex fluid collection lateral to the pancreas transplant ( arrow ) with echogenic foci ( arrowhead) in the 
nondependent portion, suggesting the presence of gas. B. Unenhanced CT better shows the gas-containing complex peripancreatic fluid 
collection, closely associated with the duodenal suture line (arrow), which aids in localizing the pancreas transplant ( arrowhead ). C. Sinogram 
obtained after injection of contrast material through the existing pigtail drainage catheter shows opacification of a loop of small bowel 
compatible with a duodenal anastomotic leak. (From Vandermeer F, Manning MA, Frazier A, et al: Imaging of whole-organ pancreas transplants. 
RadioGraphics 32:411-435, 2012.) 


Intra-abdominal collections could also represent seroma, 
hematoma, lymphocele, urinoma, or pseudocyst. Hematomas 
may be suspected by their internal echoes at US and higher 
density at CT (Figs. 100-22A, B and 100-23). MRI can also be 
helpful in identifying peripancreatic hematoma or hemorrhagic 
necrosis because of its bright TI signal (Fig. 100-22C). However, 
the character of the fluid most often cannot be determined by 
the imaging appearance alone. Percutaneous US- or CT-guided 
aspiration is useful in diagnosis and therapeutic intervention. 
It is important to consider that a fluid collection adjacent to the 
head of the pancreas may be associated with the duodenum, 
possibly representing a dilated duodenal bulb or hematoma (see 
Fig. 100-23). 


POST-TRANSPLANTATION 
LYMPHOPROLIFERATIVE DISEASE 

Post-transplantation lymphoproliferative disease (PTLD) is a 
rare late complication after pancreas transplantation, occur- 
ring with an incidence of between 2.3% and 6%. 34,44 PTA 
recipients experience a higher incidence of PTLD than SPK 
or PAK recipients do, probably related to their increased 
immunosuppressive requirements and higher rates of acute 
rejection. 4 Although the majority of cases are related to 
primary Epstein-Barr virus infection, cytomegalovirus infec- 
tion and immunosuppression regimens are contributory. PTLD 
after pancreas transplantation may be more aggressive than 
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Figure 100-21 Anastomotic leak at the duodenocystostomy in a 
53-year-old man 17 years after SPK transplantation with systemic 
venous-bladder drainage. Retrograde CT cystogram demonstrates 
leakage from the lateral margin of the duodenocystostomy ( asterisk) 
adjacent to the duodenal suture line ( arrow). The pancreas transplant 
( arrowhead) is more difficult to visualize because of lack of 
intravenous contrast material. Note the percutaneous pigtail drain in 
the right lower quadrant. (From Vandermeer F, Manning MA, Frazier 
A, et al: Imaqinq of whole-orqan pancreas transplants. RadioGraphics 
32:411-435, 2012.) 


in other solid organ transplants. 45 The mean time to diagnosis 
is 1.5 ± 0.5 years. Extranodal and widespread involvement is 
the hallmark of PTLD in pancreas transplant recipients and 
is present in 69%. 44 Lymph nodes and liver are the most 
frequent sites of involvement, in 39% to 40% of all PTLD 
patients, followed by the gastrointestinal tract in 33%. 45 The 
allograft is involved in 10%. 44 

Disease extent is hest imaged by CT or MR (Fig. 100-24), 
which may demonstrate solid masses in the liver and allograft 
and distribution of lymphadenopathy. 46 Hepatic involvement 
can be diffuse or multifocal. Bowel manifestations include focal 
masses, wall thickening, and dilation. 

Conclusion 

Diagnosis of postoperative complications after pancreas trans¬ 
plantation is often a complex process involving a multimodal- 
ity approach and knowledge of the common surgical techniques 
and the Spectrum of postoperative complications. US should 
be the first-line modality in evaluation of the pancreas 
allograft and vasculature. CT is useful in the evaluation of 
extra-allograft processes, particularly in ruling out abscess for¬ 
mation or evaluating for suspected bowel complication. MRI 
and MRA are reserved for transplants that cannot be com- 
pletely evaluated by US or CT and for accurate assessment of 
vascular abnormalities. 

The authors of this chapter published a comprehensive 
review of this topic with supplemental online material. Images 
are reproduced from this article with permission from 
RadioGraphics. 



Figure 100-22 Peripancreatic hematoma in a 44-year-old man after anticoagulation for partial splenic and superior mesenteric vein 
thrombosis in PAK transplantation. A. Longitudinal US shows a nonspecific hypoechoic avascular collection ( arrows ) with internal echoes 
posterior to the transplant pancreas and anterior to the right psoas muscle. B. Axial unenhanced CT demonstrates hyperdensity within the 
collection (arrows), suggestive of hematoma. C. On fat-suppressed Tl-weighted MR image, there is characteristic high signal within the collection 
(arrows), confirming presence of biood products. (From Vandermeer F, Manning MA, Frazier A, et al: Imaging of whole-organ pancreas 
transplants. RadioGraphics 32:411-435, 2012.) 
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Figure 100-23 Duodenal hematoma in a 31-year-old woman after systemic venous-enteric exocrine pancreas transplantation. 

A. Longitudinal color Doppler image through the head of the pancreas demonstrates a focal avascular fluid collection containing internal echoes. 

B. Subsequent axial contrast-enhanced CT shows high-density material within the fluid collection ( arrow), compatible with hematoma. Note 
normal enhancement of the pancreatic head ( curved arrow) and patency of the graft artery ( arrowhead) and graft vein ( small arrowhead), which is 
anastomosed to the inferior vena cava. Given the location, adjacent to the pancreatic head, this was described as probable duodenal hematoma. 
On surgical exploration, the duodenum was found to be grossly necrotic, and although the pancreas was normally perfused and graft vessels 
were patent, the allograft was explanted. (From Vandermeer F, Marming MA, Frazier A, et al: Imaging of whole-organ pancreas transplants. 
RadioGraphics 32:411-435, 2012.) 



Figure 100-24 PTLD in two pancreas transplant recipients. A. Contrast-enhanced CT demonstrates rounded hypodense lesions in the liver 
(arrow) and spleen ( curved arrow). B. Unenhanced CT in a different patient demonstrates a large necrotic mass arising from the small bowel and 
growing into the anterior abdominal wall (arrow). The pancreas transplant is not shown. Note bilateral renal transplants. (From Vandermeer F, 
Manning MA, Frazier A, et al: Imaging of whole-organ pancreas transplants. RadioGraphics 32:411-435, 2012.) 
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Imaging Abnormalities 


TAB LE 

101-1 

L_- 

Pancreatic Calcification 

■ 

TABLE 

101-2 

Focal Pancreatic Mass 


COMMON INFLAMMATORY 


Volume averaging with vascular calcification 
Chronic pancreatitis 
Alcoholic (20%-50%) 

Hereditary (35%-60%) 

Biliary (2%) 

Idiopathic 

Common bile duet stone 

UNCOMMON 

Acute pancreatitis with saponification 
Serous cystadenoma (sunburst, 33%) 

Mucinous cystadenoma or cystadenocarcinoma (rounded) 

Pseudocyst 

Islet cell tumor 

Metastasis 

Cystic f i brosis 

Kwashiorkor 

Cavernous lymphangioma 
Adenocarcinoma (2%) 

Intraparenchymal hemorrhage 

Hyperparathyroidism 

After i nfa ret, abscess 

After rupture of pancreatic neoplasm 

Hemochromatosis 


Acute pancreatitis 
Chronic pancreatitis 
Groove pancreatitis 
Pseudocyst 
Abscess 

N EOPLASTIC—PRI MARY 

Ductal adenocarcinoma 

Intraductal papillary mucinous neoplasm 

Islet cell tumors 

Serous cystadenoma 

Mucinous cystadenoma 

Mucinous cystadenocarcinoma 

Lymphoma 

Metastases 

Normal anatomic variant 
Peripancreatic disease 
Aneurysms 
Thrombosed vessels 
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101-3 Dilated Pancreatic Duet 


Chronic panereatitis 

Pancreatic or ampullary mass 

Distal common duet stone 

Intraductal pancreatic mueinous neoplasm 

Aging 

NATURE OF DILATION 

Suggesting Panereatitis 
Irregular dilation 
Calculi 

Duet occupies >50% of anteroposterior giand diameter 

Suggesting Neoplasm 

Smooth and beaded appearance 

Duet occupies >50% of anteroposterior giand diameter 


101-4 ^ as in Pancreatic Duet 


After endoscopic retrograde cholangiopancreatography 
Prior papillotomy 
Patulous vaterian sphineter 
Duodenal diverticulum 

Enteropancreatic fistula (spontaneous, surgical) 

Abscess 


table Cystic Pancreatic Masses Within and Adjacent 
101-5 to Pancreas Pseudocyst 


Cystic biliary and pancreatic duet anomalies 

After inflammation 

After trauma 

After surgery 

Idiopathic 

CYSTIC NEOPLASMS 

Ductal cancer 

Cystadenoma 

Cystadenocarcinoma 

Leiomyosarcoma 

Dermoid 

Vascular 

Lymphangioma 

Hemangioma 

RETENTION (POSTOBSTRUCTIVE) 

Pancreatic cancer 
Pancreatic lithiasis 
Acute and chronic panereatitis 
Cholelithiasis and cholecystitis 
Echinococcus infeetion 
Ascaris infeetion 
Clonorchis sinensis infeetion 

CONGENITAL 

Simple 

Polycystic diseases 
Cystic fibrosis 

Duodenal enteric (duplication) 

Intrapancreatic choledochal cyst 

Cystic biliary and pancreatic duet anomalies 


table Pseudocysts Versus Cystic Pancreatic 

101-6 Neoplasms: Differentiating Features 


Feature Cystic Neoplasm Pseudocyst 


Number of cysts 
Common site 
Wall calcification 
Wall thickness 


Multiple 
Body, tail 
10 % 

>1 cm 


Single 
Head 
Frequent 
<1 cm 


101-7 Pancreatic Lipomatosis 


Obstruction of the main pancreatic duet 

Age—atherosclerosis of elderly 

Obesity 

Steroid therapy 

Cushing's syndrome 

Cystic fibrosis 

Shwachman-Diamond syndrome 
Malnutrition 
Hemochromatosis 
Vi ral infeetion 

Obstruction of the main pancreatic duet 


Ultrasound 


101-8 Hypoechoic Pancreatic Masses 


Focal panereatitis 
Lymphoma 
Carcinoma 
Metastases 


101-9 P° ca i Shadowing Pancreatic Masses 


Gas in pseudocyst communicating with gut 
Calcific panereatitis 
Pancreatic calculi 

Cystic pancreatic tumor with calcification 
Gas in pancreatic abscess 
Arterial calcification 


Computed Tomography and 
Magnetic Resonance Imaging 



Hypervascular Pancreatic Masses 


VASCULAR 


Aneurysm 

Pseudoaneurysm 


PRIMARY TUMORS 

Islet cell tumors 


METASTASES 

Angiosarcoma 

Leiomyosarcoma 

Melanoma 

Carcinoid 

Renal cell carcinoma 
Adrenal carcinoma 
Thyroid carcinoma 
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101-11 Magnetic Resonance Pattern Recognition: Focal Pancreatic Lesions 


Tumor Type 

T1WI 

T2WI 

Early Gadolinium 

Late Gadolinium 

Imaging Comments 

Ductal 

adenocarcinoma, small 

i 

0 

i 

T-T 

Usually no background chronic panereatitis, so 
tumor is well seen on precontrast TI Wl 

Ductal adenocarcinoma, 
large 

i-0 

ø-T 

l 

i 

Usually causes background panereatitis, so tumor 
not well seen on precontrast TI Wl 

Focal mass with definable margins shown on early 
postgadolinium images is the most common 
characteristic 

Insulinoma 

i 

t 

t 

0-T 

Tumors are usually < 1 cm 

Gastrinoma 

i 

t 

t. Ring 

ø-T 

Tumors are usually in pancreatic head, and 50% 
have metastases at time of diagnosis. Liver 
metastases tend to be uniform, smooth, ring- 
enhancing tumors on immediate postgadolinium 
images that show peripheral washout. 

Somatostatinoma 

i 

t 

t, Diffuse 

0 

Tumors are usually large at diagnosis, with most 

Glucagonoma 

i 


Homogeneous 

Heterogeneous 

having liver metastases. Liver metastases are 
multiple with irregular ring enhancement and 
variable size. 

VIPoma 

l 

t 

t 

0 

Primary tumor usually small at initial diagnosis with 
few varying size liver metastases with irregular ring 
enhancement 

Microcystic cystadenoma 

i 

tt 

0-t 

0 

Small cysts best seen on steady-state T2-weighted 
(SST2) sequences. Thin and regular septations. 
Septations may enhance on immediate 
postgadolinium images of larger tumors with 
thicker septations. Tumors may show a central scar 
that shows delayed enhancement. 

Macrocystic cystadenoma 

i 

tt 

0 

0 

Septations of uniform thickness without mural 
irregularity or nodules 

Macrocystic 

cystadenocarcinoma 

i 

t 

0-t 

0-T 

Tumor may be locally aggressive with liver 

metastases. Liver metastases may have high signal 
on T1W1 due to high muein content. 

T, Mildly decreased signal intensity; 0, isodense; 

t, mildly inereased 

signal intensity; TT, moderately to markedly inereased signal intensity. 

From Semelka RC, Nagase LL, Armao D, et al: Pancreas. In Semelka RC (ed): Abdominal-Pelvic MRI. Philadelphia, Wiley-Liss, 2002. 


Cholangiography 


Pancreatic Duet Stricture: ERCP or MRCP 


Normal Parenchyma 


Abnormal Parenchyma 


Vascular compression 

Aneurysm 

Osteophyte 


Carcinoma 
Chronic panereatitis 
Duet hyperplasia 
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Imaging Findings in Specific 
Pancreatic Diseases 


101-13 Acute Pancreatitis 


ULTRASOUND 

Hypoechoic giand—diffuse (80%) 

Hypoechoic mass—focal (20%); head ortail, not body 
Peripancreatic fluid collection 
Pseudocyst formation 

Extrapancreatic hypoechoic mass—phlegmon 
Dilation of the pancreatic duet if head is focally involved 
Thick gallbladder wall 


101-14 Chronic Pancreatitis 


ULTRASOUND 

Increased echogenicity of giand 
Intraductal calcification 
Atrophy 

Focal or diffuse glandular enlargement 
Pseudoaneurysm formation 
Irregular pancreatic contour 
Mild biliary ectasia 

Splenic vein thrombosis and splenomegaly 
Intrapancreatic and peripancreatic pseudocysts 

COMPUTED TOMOGRAPHY 


COMPUTED TOMOGRAPHY 

Normal (29%) 

Enlarged giand—diffuse (80%) 

Enlarged giand—focal (20%) 

Pancreas diffusely or focally hypodense 
Hyperdense areas (50-70 HU) in hemorrhagic pancreatitis 
Nonenhancing parenchyma in areas of pancreatic necrosis 
Thickening of anterior pararenal fascia 

Fluid collections in lesser sac, anterior pararenal space, posterior 
pararenal space, left subphrenic space, subperitoneal and 
interfascial spaces 
Pseudocyst formation 

MR IMAGING 

Focal or diffuse enlargement 

Heterogeneous appearance on precontrast Tl-weighted fat- 
suppressed images 

Heterogeneous diminished enhancement on immediate 
postgadolinium images 

Hemorrhagic pancreatitis—high signal intensity on Tl-weighted 
fat-suppressed images 

Simple pseudocysts—low signal intensity on spin-echo and 
Tl-weighted fat-suppressed images; high signal intensity on T2- 
weighted images 

CHOLANGIOGRAPHY 

Long, gently tapered narrowing of common bile duet 

Prestenotic biliary dilation 

Calculus in distal bile duet or common orifice 

PLAIN ABDOMINAL RADIOGRAPH 

"Colon cutoff" sign—dilated transverse colon with abrupt change 
to a gasless descending colon 
"Sentinel loop" 

"Renal halo" sign—water density of inflammation in anterior 
pararenal space contrasts with perirenal fat 
Mottled peripancreatic region because of fat necrosis 
Intrapancreatic gas bubbles 
Gasless abdomen 

UPPER GASTROINTESTINAL SERIES 

Frostberg reverse 3 sign—reverse 3 contour to the medial portion 
of the duodenal sweep 
Edematous swelling of papilla of Vater 
Widened duodenal sweep with inferior displacement of the 
ligament of Treitz 
Widened retrogastric space 

Thick edematous folds of duodenum, gastric antrum, and greater 
curvature 

Thickening of jejunal and ileal folds 
Diminished duodenal peristalsis 
Gastric and esophagogastric varices 


Small, atrophic giand 

Fatty replacement of the parenchyma 

Focal (12%-30%) or diffuse (27%-45%) pancreatic enlargement 

Pseudoaneurysm formation 

Intraductal calcification 

Irregular pancreatic contour 

Mild biliary ectasia 

Splenic vein thrombosis and splenomegaly 
Intrapancreatic and peripancreatic pseudocysts 

MR IMAGING 

Fibrosis—diminished signal intensity on Tl-weighted fat- 
suppressed images and decreased, heterogeneous 
enhancement in immediate postgadolinium spin-echo images 
Diminished enhancement in posteontrast capillary phase images 
because of disruption of normal capillary bed and replacement 
by less vascularized granulation tissue 
Calcifications are manifested as a signal void. 

Focal enlargement—cancer versus pancreatitis. Both show low 
signal intensity on noncontrast Tl-weighted fat-suppressed and 
T2-weighted images. Postgadolinium image in focal pancreatitis 
shows heterogeneous enhancement with signal void cysts and 
calcifications, without a definable, minimally enhanced mass 
lesion. A definable, marginated mass suggests tumor. 

Diffuse low signal intensity of the entire pancreas, including area of 
focal enlargement in Tl-weighted fat-suppressed and immediate 
postgadolinium spin-echo images, istypical. 

Ten percent show pseudocysts that are low signal intensity or 
signal void oval structures on Tl-weighted images. They have 
signal intensity that varies on the basis of the presence of biood, 
protein, infeetion, and debris. 

CHOLANGIOPANCREATOGRAPHY 

Early: slight ductal ectasia with dubbing of side branches 
Narrowing of the origins of side branches 

Tortuosity, dilation, wall rigidity, main ductal stenosis (moderate 
disease) 

"Beading," "chain of lakes," "string of pearls" sign in which 
dilation, stenosis, and obstruction of the main pancreatic duet 
and side branches (severe disease) are seen 
Intraductal protein plugs and calculi 
Prolonged retention of contrast material after endoscopic 
retrograde cholangiopancreatography 
Stenosis with proximal dilation of the distal common bile duet 

PLAIN RADIOGRAPHS 

Numerous irregular calcifications 

UPPER GASTROINTESTINAL SERIES 

Displacement of the stomach or duodenum by a pseudocyst 
Induration of gastric folds 
Duodenal stricture 


BARIUM ENEMA 

Narrowing, nodularity, and distortion along the inferior haustral 
row of the transverse colon 

Stricture in region of hepatic flexure-proximal descending colon 
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101-15 Pancreatic Ductal Adenocarcinoma 


COMPUTED TOMOGRAPHY 

Focal mass (95%), diffuse enlargement (4%), normal scan (1%) 
Hypodense central zone in mass (75%-83%) 

Dilation of common bile duet and pancreatic duet 
Isolated dilation of bile duet or pancreatic duet 
Atrophy of pancreatic body and tail (20%) 

Postobstructive pseudocyst (11%) 

Obliteration of retroperitoneal fat (50%) 

Calcifications (2%) 

Dilation of common bile duet and pancreatic duet without a mass 

(4%) 

Invasion of perivascular lymphatics of celiac axis or superior 
mesenteric artery (60%) 

Local tumor extension into splenic hilum, into porta hepatis, or 
posteriorly (68%) 

Contiguous organ invasion of the stomach, duodenum, colon, 
greater omentum, mesenteric root, or transverse mesocolon 
Rounding of the uncinate process or other contour defeet 

ULTRASOUND 

Hypoechoic pancreatic mass 

Contour deformity of giand and rounding of uncinate process 
Dilation of the common bile duet, pancreatic duet, or both 

Mr Imaging 

Low signal intensity on Tl-weighted fat-suppressed images 
Rim of enhancement on immediate postgadolinium spin-echo 
images 

Intermediate signal intensity tumor, which invades low-intensity 
suppressed fat on gadolinium-enhanced fat-suppressed spin- 
echo images acquired 1-10 minutes after injection of contrast 
material 

Involved lymph nodes, which have moderate to high signal 
intensity in a background of low signal intensity suppressed fat 
on T2-weighted fat-suppressed spin-echo and interstitial-phase 
gadolinium-enhanced fat-suppressed Tl-weighted images 

ANGIOGRAPHY 

Serrated, serpiginous, orsmooth arterial encasement of the 
superior mesenteric artery (33%), splenic artery (14%), celiac 
trunk (11%), hepatic artery (11%), gastroduodenal artery (3%), 
left renal artery (0.6%) 

Venous obstruction: splenic vein (34%), superior mesenteric vein 

( 10 %) 

Venous encasement: superior mesenteric vein (23%), splenic vein 
(15%), portal vein (4%) 

Hypovascular tumor with neovascularity 

CHOLANGIOGRAPHY 

Irregular, nodular, "rat tail," eccentric stenosis of pancreatic duet 
Rat-tail or "nipple-like" obstruction of common bile duet 
Single or double obstruction of the common bile duet and duet of 
Wirsung 

Long, tapering stenosis with loss of lateral branches 
Loss of lateral branches with filling of a necrotic zone 
Abrupt occlusion of the main pancreatic duet 
Nonfilling of branches 

UPPER GASTROINTESTINAL SERIES 

Frostberg reverse 3 sign—reverse 3 contour to the medial portion 
of the duodenal sweep 

Antral "padding"—extrinsic indentation of the posteroinferior 
margin of the antrum 

Nodular mass in region of papilla with ampullary carcinoma 
Traction, spiculation, and fixation of the duodenal wall 

BARIUM ENEMA 

Serrated, flattened effeet along inferior aspect of transverse colon 
and splenic flexure 


101-16 C y stic Pancreatic Neoplasms 


SEROUS CYSTADENOMA 

Well-demarcated, lobulated mass 4-25 cm in size (mean, 13 cm) 
Innumerable cysts <2 cm 
Prominent central stel late scar 

Amorphous central calcification (visible on plain film, 33%) in 
dystrophic area of scar 

Pancreatic and common bile duet that may be displaced, encased, 
or obstructed 

Ultrasound 

Complex, echogenic mass with internal echoes resembling a solid 
lesion; this is due to innumerable tiny cysts and dense radiating 
septa 

Computed Tomography 

Stel late septa 

Enhancement in the septa and cyst wall 
Honeycomb appearance 

MR Imaging 

Lobulated external border, especially on T2-weighted image with 
grapelike high-intensity cysts 

Multiple compartments with low signal intensity on Tl-weighted 
image and high signal intensity on T2-weighted image 
Tumor septations, which usually enhance minimally to moderately 

Angiography 

Hypervascular or moderately vascular masses 
Dilated feeding arteries 
Arterial displacement, no encasement 
Neovascularity 

Occasional arteriovenous shunting 

Obstruction or compression of the splenic or superior mesenteric 
veins in 50% 

MUCINOUS CYSTADENOMA OR CYSTADENOCARCINOMA 

Well-demarcated, thick-walled mass 5-33 cm in size (mean, 12 cm) 
Large cysts >2 cm 

Unilocular or multilocular with septa 
Curvilinear mural calcification 
85% occur in pancreatic tail 

Ultrasound 

Multilocular 

Fixed septa with nodular tumor papillary excrescences 
Complex echo pattern at high gain settings 

Computed Tomography 

No central stel late septa, no honeycomb appearance 
Mural projections and localized thickening of cyst walls 
Central calcifications 

MR Imaging 

Round or irregularly oval tumors 

Cystic compartments vary in signal intensity on Tl-weighted and 
T2-weighted images 
Shaggy, papillary excrescences 

MRA, CTA, and Conventional Angiography 

Hypovascular tumors 

Arterial dilation and neovascularity less frequent 
Arterial encasement or obstruction 
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101-17 Incidental Cystic Pancreatic Lesions 


UNILOCULAR CYST 


MACROCYSTIC LESION WITH SOLID COMPONENTS 


Intraductal papillary mucinous neoplasm 

Serous cystadenoma 

Pseudocyst 

MICROCYSTIC LESION 

Serous cystadenoma 


Malignant transformation ofan intraductal papillary mucinous 
neoplasm 

Mucinous cystadenocarcinoma 
Solid pseudopapillary epithelial neoplasm 
Necrotic islet cell 
Necrotic metastasis 


MACROCYSTIC LESION 

Mucinous cystadenoma 
Mucinous cystadenocarcinoma 
Intraductal papillary mucinous neoplasm 
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Gross and Microscopic Anatomy 

The spleen is a reticuloendothelial lymphoid organ located in 
the left upper abdomen, posterolateral to the stomach, tail of 
the pancreas, and colic flexure. The adult spleen is 10 to 12 cm 
in length and weighs an average of 168 g in the adult man and 
135 g in the adult woman. Splenic weight positively correlates 
to height, body weight, body mass index, and body surface area. 1 
The spleen is most commonly located between the 9th and 12th 
ribs with its long axis in line with the llth rib. 2 

The visceral peritoneum is reflected at its hilum to form two 
“pedicles”; one is reflected over the gastrosplenic ligament, and 
the other is reflected posteriorly over the tail of the pancreas 
and lienorenal ligament 3 (Fig. 102-1). The tail of the pancreas 
lies within the lienorenal ligament together with the splenic 
vessels, lymphatics, and nerves and extends to the splenic hilum. 

The superior convex surface of the spleen abuts the concav- 
ity of the diaphragm and is closely related to the posterior 
costophrenic recess and the left lung base. The posterior aspect 
of the spleen lies adj acent to the left adrenal giand or left kidney, 
and in up to one third of normal cases, part of the spleen is 
retrorenal. 4 The anterior surface is related to the splenic flexure 
of the colon and connected to it by the splenocolic ligament. 
The splenophrenic, splenorenal, and gastrosplenic ligaments 
also fix the spleen in its position. The visceral or concave surface 
of the spleen is related to the stomach and tail of the pancreas 
in addition to the left kidney and the colon. The splenic hilum 
occupies approximately 25% to 33% of the splenic surface area. 

The splenic artery, a branch of the celiac axis, runs a trans¬ 
verse and often tortuous course along the upper border of the 
pancreas to reach the splenic hilum, where it divides into five 
or more major branches. 5 The splenic vein is formed at the 
splenic hilum and runs in the lienorenal ligament anterior to 
the left kidney, the left diaphragmatic crus, and the aorta in a 
groove along the dorsal aspect of the pancreas (Fig. 102-2). It 


joins the inferior mesenteric vein and then the superior mesen- 
teric vein behind the head of the pancreas to form the portal 
vein. The spleen provides 40% of the biood volume of the portal 
circulation. The lymphatic vessels are subcapsular and are 
formed by the drainage of large trabecular tributaries. These 
vessels drain into the pancreaticolienal nodes at the splenic 
hilum. 

The framework of the spleen consists of collagenous fibrous 
and elastic tissue forming the capsule (which is less that 1.5 mm 
thick), trabeculae, and reticular fibers (Fig. 102-3). Biood enters 
the trabeculae through splenic arterial branches and exits 
through central arteries (in the white pulp) that are surrounded 
by the periarteriolar lymphoid sheaths, whose enlargements at 
irregular intervals are known as malpighian bodies. 6 

The lymphatic sheaths and follicles make up the white pulp 
of the spleen. The biood vessels transport biood to the sinusoids 
in the red pulp. Capillaries may open directly into sinusoids or 
may first pass through spaces in the red pulp. The red pulp 
performs the phagocytic function of the spleen. 

The spleen has between two and five arterial segments, with 
the avascular plane running parallel to the short axis of the 
spleen. There are typically two polar arteries and variable seg¬ 
mental arteries supplying the interpolar portion. 

The splenic nerve supply is derived from the celiac plexus. It 
is located along the splenic artery and sends postganglionic 
sympathetic fibers that innervate the splenic white pulp. These 
fibers distribute with the vascular and trabecular systems and 
associate mainly with the central artery and its branches, the 
periarteriolar lymphatic sheath, the marginal sinus, and the 
parafollicular zone, with occasional fibers in the follicles. 8 

Physiology 

About 4% of the cardiac output or 150 mL of biood per minute 
flows through the spleen. This amounts to 350 L of biood per 
day. 9 The normal transit time of biood in the spleen is 20 to 25 
seconds. 

The spleen discriminates between normal and abnormal 
cells and selectively sequesters abnormal and aged red or white 
biood cells and platelets. The microcirculation of the spleen is 
thought to direct 10% of splenic arterial biood directly into 
the venous sinuses and 90% through the red pulp, whose endo- 
thelial pores and macrophages remove abnormal particles. 
Abnormal red biood cells, viruses, bacteria, nuclear remnants 
(Howell-Jolly bodies), and parasites are removed, with normal 
erythrocytes left intact. It is not certain what factors sensitize 
an aged biood cell to splenic destruction; however, it has been 
suggested that aging erythrocytes have stiffened membranes, 
which slows or halts their passage through the narrow network 
of splenic cords, making them an easy target for phagocytosis. 10 
About 30% of platelets are normally sequestered within the 
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Figure 102-1 Anatomic relationships of the spleen. A. Splenic 
ligaments. The spleen has two pedicles: the gastrosplenic and the 
splenorenal ligaments. B. Splenic vessels within the two pedicles. The 
diagram depicts the ligaments of the spleen and their relationship to 
splenic vessels. C. Anatomic relationships of the splenic hilum to 
other abdominal organs. (A from Dachman AH: The spleen: Normal 
anatomy and radiology. In Friedman AC [ed]: Radiology of the Liver, 
Biliary Tract, Pancreas and Spleen. Baltimore, Williams & Wilkins, 

1987, pp 899-910. B from Linder HH: Clinical Anatomy. East Norwalk, 
Ct, Appleton & Lange, 1989, p 438. C from Meyers MA: Dynamic 
Radiology of the Abdomen. New York, Springer-Verlag, 1988, p 42.) 


spleen. When splenomegaly is present, up to 80% of platelets 
may be sequestered. 

The role of the spleen in the immune response is incom- 
pletely understood, but it is important in the initiation of 
humoral and cellular immune responses. The lymphatic tissue 
in the spleen is unique in that the white pulp of the spleen 
is perfused by biood rather than by lymph. Thus, it is able 
to respond rapidly to antigens introduced into the bloodstream. 



Figure 102-2 Contrast-enhanced CT shows the course of the 
splenic vein ( arrow) posterior to the pancreas and anterior to the left 
kidney. 



Figure 102-3 Normal trabecular anatomy of the spleen. 


The spleen produces a tetrapeptide known as tuftsin that 
coats leukocytes and facilitates phagocytosis. The absence of 
tuftsin in splenectomized patients may contribute to the 
increased incidence of infection reported in these patients by 
impairing opsonization of bacteria. The spleen is the main 
site of immunoglobulin M antibody synthesis. Serum immu- 
noglobulin M levels have been shown to decrease significantly 
after splenectomy. 11 

Whereas the storage function is not considered to be well 
developed in the human spleen, it can on average contain 200 
to 250 mL of biood and can maintain red biood cell volume in 
the face of bleeding unless the biood loss is marked. 1 Red biood 
cells are released into the circulation by splenic contraction, 
which is controlled by the actions of postganglionic fibers on 
the capsule and trabeculae. Platelets and white biood cells 
are also stored within the spleen. In splenomegaly (increased 
storage), pancytopenia can occur; in asplenia (no storage), one 
may see panthrombocythemia. 
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Radiologic Anatomy and Technique 

Splenic size and morphology can be assessed by physical exami¬ 
nation or imaging studies. Palpation and percussion of the 
spleen can be complementary to imaging but are insensitiveA 
Individuals with a large body habitus and up to 10% of normal 
children do have palpable spleens. Thus, there is an important 
role for radiographic imaging in diagnosis of suspected splenic 
disease. 

PLAIN FILM RADIOGRAPHY 

The spleen (Fig. 102-4) is often partially outlined on plain films 
by fat in the greater omentum and distal transverse mesocolon 
and by the adj acent air-filled stomach or colon. 14 The ventral 
surface of the spleen may be outlined by fat on lateral views of 
the chest or abdomen, particularly if the spleen is enlarged. The 
normal spleen can be visualized in fewer than 100 of 500 (20%) 
plain films, and the splenic tip can be seen in about 44% of 
cases. 15 The long axis of the spleen usually parallels the posterior 



Figure 102-4 Abdominal radiograph shows spleen outlined by 
transverse colon ( arrows ). 


ribs and generally does not project significantly below the costal 
margin. 14 Plain film radiography is useful for detection of mod¬ 
erate or massive splenomegaly and splenic calcifications as 
commonly seen in granulomatous disease (tuberculosis, histo- 
plasmosis, brucellosis). Curvilinear calcifications may be seen 
with chronic hematoma, healed abscess, and cysts. Thorotrast 
deposition, although of historical interest only, is also usually 
visible on plain films as a fine reticular pattern. 

NUCLEAR SCINTIGRAPHY 

Splenic scintigraphic evaluation is commonly performed with 
technetium Tc 99m sulfur colloid (Fig. 102-5). Indications 
include detection of congenital abnormalities of the spleen and 
assessment of splenic size, accessory or residual splenic tissue, 
heterotopic splenic tissue, splenic atrophy, and asplenic States. 
Splenic lesions larger than 1 cm may be evaluated with planar 
imaging, but smaller lesions require single photon emission 
computed tomography (SPECT) or SPECT/CT. 16 

POSITRON EMISSION TOMOGRAPHY 

Fluorine-18 fluorodeoxyglucose ( 18 F-FDG) positron emission 
tomography/computed tomography (PET/CT) is established as 
a powerful imaging tool for cancer detection and monitoring 
of response to therapy. There is faint radiotracer uptake in 
normal splenic tissue (Fig. 102-6). Diffuse increased splenic 
uptake can be present with the use of marrow-stimulating 
factors and hematopoietic disorders, as the spleen is a site of 
extramedullary hematopoiesis. 17 Focal or diffuse pathologic 
increased 18 F-FDG uptake is present in malignant neoplasms 
that involve the spleen. 18 

ANGIOGRAPHY 

The splenic artery is approximately 13 cm in length (range, 
8-32 cm). Trifurcation of the celiac trunk into the hepatic, 
splenic, and leff gastric arteries is considered conventional and 
can be fo und in 85% of humans. 19 The splenic artery usually 
originates just distal to the left gastric artery. 14 20 In 15% of cases, 
all three branches of the celiac trunk arise at the same point. 21 
Normal variations include origin of the splenic artery from the 
ventral or right surface of the celiac axis and origin from 
the aorta or superior mesenteric artery. 20 A branch supplying 



Figure 102-5 99m Tc-sulfur 
colloid scan. A. Anteroposterior 
projection planar image shows 
normal splenic activity in the left 
upper abdomen. B. SPECT image 
shows greater activity in the 
spleen compared with the liver. 


A 


B 
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Figure 102-6 Normal PET/CT 

scan. A. Normal coronal view CT 
image. B. Normal coronal view 
PET image. C. Normal fused 
PET/CT image. The spleen shows 
normal activity ( arrows ). 





the upper splenic pole may originate separately from the celiac 
axis, giving the appearance of a double splenic artery. 22 The 
splenic artery can be divided into suprapancreatic, pancreatic, 
prepancreatic, and perihilar segments. Its tortuosity is variable 
and increases with age. The most tortuous segment is usually 
the pancreatic segment, which runs along the dorsal surface of 
the pancreas and gives off small pancreatic branches. The pan¬ 
creatic tail and the perihilar segment run between the spleen 
and the tail of the pancreas. 

There are two basic splenic shapes based on arterial configu- 
ration: the distributed type and the compact type. The distrib- 
uted configuration (70% of cases) consists of a short splenic 
artery with numerous small branches that penetrate the splenic 
hilum in a distributed fashion. The compact configuration 
(30% of cases) has a narrow hilum in which the arterial branches 
are few and large. 23 

The splenic artery also supplies portions of the pancreatic 
body and tail. The dorsal pancreatic artery arises from the first 
1 to 3 cm (suprapancreatic segment) of the splenic artery and 
the greater pancreatic artery (arteria pancreatica magna), which 
arises from the middle segment of the splenic artery and sup¬ 
plies the tail of the pancreas. 24 Another branch, the artery of 
Buhier, may course inferiorly to communicate with the superior 
mesenteric artery. 22 The short gastric arteries and the leff gas- 
troepiploic artery usually arise just proximal to the first division 
of the splenic artery. 20 

In the parenchymal phase of splenic arteriography, splenic 
density is dependent on the ratio of splenic volume to the 
volume of contrast material injected. It is often homogeneous 
or slightly speckled. Venous anatomy is normally visualized 
about 7 seconds after arterial injection. Splenic venous anatomy 
can also be demonstrated with splenoportography. 

ULTRASOUND 

Ultrasound can be useful in evaluating the spleen, which is hest 
scanned in the left anterior oblique, right lateral decubitus, or 
prone position. Ultrasound evaluation is hest performed with 
a curved array transducer with a median frequency of 3 to 
5 MHz. Use of a subcostal or oblique intercostal plane can 


increase the sonographic window. An anterior approach is often 
limited by gastric or colonic gas. Transverse and longitudinal 
(coronal) imaging should be obtained (Fig. 102-7). Full or 
varying degrees of inspiration will improve visualization of the 
paradiaphragmatic portion of the spleen, which is the most 
difficult to image. It is often helpful to fill the stomach with fluid 
for scanning in the supine position. The transducer may be 
moved in an arc along the intercostal space or in a sector 
motion. A convex transducer may improve visualization of the 
“blind areas” adjacent to the dorne of the diaphragm. 22 Care 
should be taken in differentiating a prominent lateral segment 
of the leff lobe of the liver, which may wrap around the spleen. 
When there is a paucity of intra-abdominal fat in thin patients, 
as in children and young women, the lateral segment of the left 
lobe may give the appearance of a pseudoperisplenic lesion. 
This can simulate a fluid collection superior and lateral to the 
spleen. 25 

Normal splenic parenchyma has a homogeneous, mid- to 
low-level fine tissue echotexture punctuated by occasional 
bright echoes representing biood vessels. The spleen is slightly 
more echogenic than normal liver and markedly more echo- 
genic than normal renal parenchyma. 26 However, if the liver 
echogenicity is abnormal, optimization of the time gain control 
curve and detection of texture abnormalities of the spleen may 
prove difficult. The size and shape of the spleen and position of 
the hilum and its relationship to the diaphragm, stomach, pan¬ 
creas, and leff kidney should be identified. 

There are multiple methods for splenic size measurement. 
The spleen is roughly 12 x 7 x 4 cm in an adult, corresponding 
to a 150-g spleen. In clinical practice, we use 12 to 13 cm as the 
maximal length of the spleen as seen in the right lateral decu¬ 
bitus position, measured from upper to lower pole/ Size crite- 
ria have also been established for children by this method. 28 
Estimations of splenic volume have been described by use of a 
splenic volumetric index with both ultrasound and CT. 29 This 
is the product of the maximal length, width, and anterior- 
posterior thickness of the spleen divided by 27, with a normal 
range of 8 to 34. 27,28 Another method is to multiply the trans¬ 
verse and vertical dimensions of the spleen taken from an image 
in which the spleen has maximal cross-sectional size. 27,28 
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Figure 102-7 Spleen: sonographic features. 

A. Longitudinal scan shows a borderline-sized 
spleen with a splenule ( arrows ) in the splenic 
hilum. B. Color Doppler shows the intrasplenic 
arteries ( red) and veins ( blue ). C. Power Doppler 
strikingly shows the vascularity of normal splenic 
parenchyma. 


Ultrasound is useful in detecting and characterizing focal 
lesions and in estimating splenic size and volume. Color 
Doppler ultrasound is helpful in interrogating the splenic 
artery and vein. This can be useful in differentiating vascular 
structures, such as normal vessels or aneurysms, from non- 
vascular structures, such as pancreatic pseudocysts. 30 Power 
Doppler may help show biood flow in the spleen, particularly 
in assessing decreased flow (as in sickle cell crisis or infarc- 
tion). Splenic elasticity measured with real-time tissue elas- 
tography, which measures the parenchymal stiffness, can be 
used as a marker of portal hypertension in patients with 
chronic liver disease. 31 

Ultrasound microbubble contrast agents, which have been 
used to characterize liver lesions, can characterize splenic 
lesions and improve visualization of splenic infarctions and 
lacerations. 32,33 

COMPUTED TOMOGRAPHY 

CT superbly demonstrates the size, shape, location, and texture 
of the normal spleen as well as intrasplenic abnormalities. 
Technical artifacts may result from motion, beam hardening, 
or dynamic scanning. The relationship of the spleen to the 
pancreatic tail, left lobe of the liver, diaphragm, left adrenal 
giand, left kidney, stomach, splenic flexure, and adjacent mes- 
enteric and omental fat is reliably depicted by CT. The pos- 
terior surface of the spleen abutting the left hemidiaphragm 
is called the bare area and has a constant relation to Gerotas 
fascia. 34 This portion of the spleen is about 2 to 3 cm long 
and may be outlined by air in the posterior costophrenic 


sulcus. The point of reflection of the splenorenal ligament at 
the bare area is thought to correspond to the intermediate 
ridge of the spleen. " 4 The bare area is useful in differentiating 
ascites from pleural effusion because ascites is excluded from 
the bare area. 34 

CT displays variations in the size, shape, and position of the 
spleen 3 " (Fig. 102-8). Ventral and caudal shift of both the liver 
and the spleen is seen when the patient turns from the supine 
to the prone position. ,f This positional change can be signifi- 
cant if CT is used to plan radiation therapy portals. On non- 
contrast CT, the spleen is homogeneous in attenuation and 
measures 5 to 10 Hounsfield units (HU) less than a normal liver, 
between 40 and 60 HU. 30,3 ’ 9 Unenhanced scans are useful for 
the detection of splenic calcifications, such as those seen in 
abscesses, granulomas, hematomas, parasitic cysts, congenital 
cysts, and infarctions. 40 The omental and mesenteric fat sur- 
rounding the spleen sharply demarcates the capsule and hilar 
vasculature even without contrast enhancement. The splenic 
artery is often tortuous and may appear curvilinear, round, or 
oval on axial CT scans. The splenic vein may vary in its relation¬ 
ship with the pancreas, and the peripancreatic fat can mimic a 
dilated pancreatic duet. 41 

The splenic index, described with ultrasound, has also been 
applied with CT. A simplified CT splenic index uses the product 
of the maximal length (L), width (W), and anterior-posterior 
thickness (T) of the spleen, with a normal less than 480. A 
volume can be calculated from the splenic index V = 30x0.58 
X L x W x T. 42 Semiautomated and fully automated methods of 
detection of splenic volume can be performed by either manual 
or automated segmentation of the spleen. Studies in children 
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Figure 102-8 Variations of splenic morphology on 

CT. On axial images, the spleen may have several normal 
configurations because of prominent lobulation or 
ridging. K, kidney; St, stomach. (From Piekarski J, Federle 
MP, Moss AA, London SS: Computed tomography o f the 
spleen. Radiology 135:683-689, 1980.) 



Figure 102-9 Normal pattern 
of splenic enhancement on 
multidetector CT. A. Arterial 
phase shows a mottled 
enhancement pattern due to 
differential flow of contrast 
material in the red and white pulp 
of the spleen. B. Portal venous 
phase shows uniform splenic 
enhancement. 



have shown that the ratio of splenic volume to the body weight 
decreases exponentially with age from 4.5 cm 3 /kg at 1 month to 
2.4 cm 3 /kg at 25 years of age. 42 

Contrast enhancement is generally indicated for the diag- 
nosis of splenic disease and in distinguishing splenic from 
pancreatic or adrenal abnormalities. Bolus injection of intra- 
venous iodinated contrast material produces dense enhance¬ 
ment of the hilar vasculature and an initial heterogeneous 
blush, sometimes with striped or mottled patterns (“zebra 
spleen”) 43 (Fig. 102-9). Slow infusion of the contrast agent 
creates a uniform increase in parenchymal density. 36,43 This is 
due to variable rates of flow through the red pulp. 43 A homo- 
geneous splenic blush should be seen within 2 minutes after 
bolus injection. 35 A detailed analysis of the patterns of inho- 
mogeneity after bolus injection suggests that a mottled pattern 
is due to uneven enhancement in the capillary phase, and cur- 
vilinear low densities correspond to intrasplenic veins. 45 Splenic 
inhomogeneities lasting longer than 40 seconds after peak 
aortic enhancement indicate a pathologic process, whereas 
those lasting less than 40 seconds represent normal, hemody- 
namically related inhomogeneities. 45,46 

Splenic perfusion can be calculated with dynamic CT by 
drawing regions of interest on the spleen and aorta and 
calculating time-attenuation curves. This technique has been 


used to study splenic perfusion in correlation with portal 
pressures. Splenic arterial perfusion is lower in patients with 
chronic liver disease (0.92 mL/min) compared with normal 
Controls (1.35 mL/min). 4 ' This is similar to values of 0.96 
to 1.19 mL/min/g based on rare gas inhalation washout 
studies. 48 

Splenic parenchyma enhances significantly higher during 
the arterial phase with 400 mg/mL iodine-containing contrast 
agents compared with 300 mg/mL, but parenchymal enhance¬ 
ment is similar during the portal venous phase. As portal venous 
imaging is typically used to assess splenic parenchyma, intrave- 
nous contrast agents with a higher concentration of iodine do 
not improve CT imaging. However, visualization of the splenic 
artery and its branches may be better achieved with a higher 
concentration of contrast agent during the arterial perfusion 
phase. 49 

MAGNETIC RESONANCE IMAGING 

New magnetic resonance imaging (MRI) techniques have 
increased the role of MRI in detection and characterization of 
splenic diseases. MRI is an excellent tool for the evaluation of 
focal and diffuse pathologic processes of the spleen. Rapid scan¬ 
ning techniques allowing breath-hold imaging and respiratory 
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Figure 102-10 Normal spleen: MRI features. 

A. Axial Tl-weighted image shows that the 
spleen is hypointense to liver. B. Axial 
T2-weighted image shows that the spleen is 
hyperintense to liver. C. Axial contrast-enhanced 
Tl-weighted fast spoiled gradient recalled image 
shows the mottled arterial enhancement of 
splenic parenchyma. 


gated techniques have reduced the motion artifacts related to 
the spleens proximity to the diaphragm and artifacts due to 
bowel motion. 50 ' 55 

The large fractional heme content in the spleen results in 
long TI and T2 relaxation times compared with the liver. Thus, 
on Tl-weighted images, the normal MR signal intensity of the 
spleen is less than that of the liver but slightly greater than that 
of muscle. On T2-weighted images, the spleen has higher 
signal intensity relative to liver (Fig. 102-10). 56 " The inherent 
increased T2 signal can result in poor contrast between normal 
and abnormal spleen. In infants, the spleen signal intensity 
differs from that of children or adults. The T2-weighted signal 
intensity gradually increases from isointense to hypointense 
relative to the liver during the first week of life to moderately 
hyperintense to the liver by 8 months of age. 54 This may be due 


to the relatively large amount of red pulp at birth. The non- 
thrombosed biood is dark on T2-weighted images. It is impor- 
tant not to mistake this signal characteristic for disease in the 
neonate. 54 

Imaging of the spleen includes precontrast and postcontrast 
fast Tl-weighted fat-suppressed gradient-echo images for 
improved lesion detection and characterization. With intrave- 
nous gadolinium contrast enhancement, the spleen demon- 
strates an early striped or arcuate pattern that becomes 
homogeneous approximately 60 to 90 seconds after the admin¬ 
istration of contrast material. Iron deposition or iron- 
containing lesions in the spleen can be detected from their 
reduced signal intensity on in-phase Tl-weighted (long echo 
time) gradient recalled echo images compared with that on 
opposed-phase images (short echo time). 59,60 
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Interventions in the spleen have not been performed widely 
because of the perceived increased risk of complications, espe- 
cially bleeding. A widely prevailing notion is that splenic inter¬ 
ventions result in increased morbidity from hemorrhagic 
complications. This perception partly stems from the faet that 
splenic interventions are performed infrequently compared 
with interventions in other abdominal viscera, and if a more 
accessible lesion is present in another organ, most operators 
prefer to sample the other lesion rather than the splenic lesion. 
However, with increased familiarity with these procedures and 
availability of finer needles, we are now able to perform these 
procedures more safely and confidently. 

The literature reveals that the rates of complications are 
mueh lower than anticipated. In faet, mortality is mueh more 
common from liver and pancreatic interventional procedures 
than from splenic interventions, probably because of the higher 
number of liver and pancreatic procedures performed. The 
success rate is 91% for splenic biopsy, 100% for splenic fluid 
aspiration, and 86% for splenic fluid drainage. 1 These high 
success rates have been the prime impetus for widespread 
acceptance of splenic interventions in clinical practice. 

This chapter covers the entire Spectrum of splenic interven¬ 
tions with focus on image-guided biopsy, catheter drainage, 
alcohol ablation of cysts, radiofrequency ablation (RFA), and 
splenic artery embolization. 

General Preparation of the Patient 

Splenic interventions need no special prerequisite or prepara¬ 
tion, and the general guidelines for interventions in the other 


abdominal viscera apply. However, a more meticulous attention 
may be given to the clotting and coagulation parameters, and 
the following laboratory values are generally recommended: 
platelet count higher than 50,000/pL; international normalized 
ratio below 1.2; and activated partial thromboplastin time, 20 
to 33 seconds. 

The patients are instructed to fast either overnight or for 8 
hours, as applicable. The procedures are usually performed 
under conscious sedation with midazolam or fentanyl for 
adults. Typically, 1% lidocaine local anesthetic is injected in the 
skin and abdominal wall. However, pediatric patients may 
require general anesthesia with dedicated support by the pedi¬ 
atric anesthetic team. Securing an intravenous access before the 
procedure is considered mandatory. 

The patients are monitored for 3 hours after the percutane- 
ous procedure. Regular monitoring of biood pressure and pulse 
rate is advisable. We monitor the vital signs every 15 minutes 
for the first hour and every 30 minutes for the next 2 hours. 
Patients who remain stable in the observation period with no 
or only minimal discomfort can be discharged home. The 
patients are instructed to avoid significant physical exertion and 
lifting of heavy weights for at least 3 days. 

Image-Guided Biopsy 

The central theme of biopsy is to obtain tissue diagnosis by 
minimally invasive means to preclude the need for unnecessary 
splenectomy. Thus, the prime candidates for biopsy are patients 
with an indeterminate solid or cystic lesion in whom a definitive 
diagnosis cannot be established after clinicoradiologic correla- 
tion. The most common clinical scenarios requiring biopsy of 
a focal splenic lesion include patients with a known extrasplenic 
neoplasm and patients with known or suspected lymphoma. 

Depending on the lesion, either computed tomography (CT) 
or ultrasound (US) guidance can be used. The choice also 
depends on the comfort level of the radiologist and the visibility 
of the lesions by either modality. In general, US is the preferred 
modality because of real-time guidance and quicker access. 
Moreover, Doppler US can also be performed before and during 
the biopsy to detect and to avoid large hilar vessels. 

General aseptic and guiding principles apply for image- 
guided biopsy procedures. The biopsy sample is taken in sus- 
pended respiration. The most peripheral lesions are preferably 
sampled to allow a shorter parenchymal needle track and to 
avoid inadvertent injury to the hilar vasculature. Biopsy is done 
from the periphery of the lesion to decrease the possibility of 
obtaining necrotic material from the center. Lesions near the 
dorne of the diaphragm need real-time US guidance or gantry 
tilt CT technique to avoid puneture of the pleura. US or CT is 
usually performed at the end of the procedure to rule out hema- 
toma formation. 
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Figure 103-1 US-guided biopsy of focal splenic mass. A. A focal, heterogeneously echogenic lesion is seen in the spleen on US measured 
between the calipers label led A. B. The focal lesion is seen with needle in situ (arrow). The histopathologic evaluation revealed hamartoma. 



Figure 103-2 CT-guided biopsy of splenic mass. A. Axial CT shows a 17-gauge coaxial needle in the splenic parenchyma. B. Postprocedure 
CT shows the biopsy track (arrow). The histopathologic diagnosis was extramedullary hematopoiesis. 


One of the more controversial areas in splenic lesion biopsy 
is the size of the needle used. In general, the sizes range from 
18- to 22-gauge for core biopsy and 20- to 23-gauge for fine- 
needle aspiration (Figs. 103-1 and 103-2). Core needle biopsy 
has an approximately 88% or better sensitivity in making a 
diagnosis in varying studies in the literature. 112 The success 
rates, however, are lower with fine-needle aspiration proce¬ 
dures. 2,5 A spinal needle is used for lesions less than 8 cm in 
depth, and a Chiba needle is used for lesions situated deeper 
than 8 cm. 

The number of passes obtained is usually at the discretion 
of the interventional radiologist performing the procedure. 
Additional passes are obtained in cases of suspected lymphoma 
to obtain material for immunophenotyping by flow cytometry 
and cell block. If cytology shows no evidence of malignant 
transformation, a portion of the aspirate is sent for culture and 
sensitivity profiling. 

The complications that may be encountered include hemor- 
rhage, pneumothorax, pleural effusion, and bowel injury (Table 
103-1 and Fig. 103-3). The most dreaded of the complications 
is uncontrolled non-self-limited hemorrhage, which may 
require biood transfusion, embolization, or splenectomy. One 
method to ensure hemostasis along the needle track is to inject 
gelatin sponge at the end of the procedure. However, if hemor¬ 
rhage does occur nevertheless, it is then managed with aggres¬ 
sive fluid resuscitation and biood transfusions. Progressive 
hematomas not responding to conservative management may 


103-1 Complications of Spl 

enic Biopsy 


Study 

Needle 

(gauge) 

Patients 

Complications 

Tam et al, 12 2008 

22 

147 

1.9% major (two 

Liang et al, 7 

21, 18 

46 

splenectomies) 

14.7% minor 

2% 

2007 

Kang et al, 6 2007 

22 

78 

None 

Muraca et al, 4 

18-21 

30 

None 

2001 

Keogan et al, 3 

20-22 

18 

None 

1999 

Lieberman et al, 2 

20-22 

20 

10% minor 

2003 

Lucey et al, 1 

18-23 

24 

(hemorrhage) 

10% (two 

2002 



splenectomies 
and one case of 
bleeding) 


be subjected to catheter angiography with embolization. Sple¬ 
nectomy may be resorted to if all else fails. 

In general, these complications occur with increasing fre- 
quency with increasing caliber of the biopsy needle. Fine- 
needle aspiration is generally considered safer than core biopsy. 
In one series, no complications were reported in 1000 blind 
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Figure 103-3 Postbiopsy complications. A. Postbiopsy CT showed a left-sided pneumothorax that was successfully managed with catheter 
drainage ( arrow ). B. Postbiopsy CT shows hemorrhage ( arrow ) in the left upper quadrant, which was conservatively managed. 



Figure 103-4 Catheter drainage of splenic abscess. A. Noncontrast CT demonstrates a focal fluid-density hypodense lesion in the splenic 
parenchyma. B. US revealed that the focal lesion was predominantly anechoic with dependent debris, suggesting an abscess. The echogenic 
needle tip is seen (arrow) within the abscess cavity. C. Follow-up CT after the procedure shows the pigtail catheter in the lower pole of the 
spleen with collapse of the abscess cavity. 


fine-needle aspiration procedures done with 22-gauge needles, 
whereas another series reported a complication rate of 12% 
(four of 32 patients) with a 14-gauge core biopsy needle, 
with one patient needing splenectomy and three needing 
transfusions 8,9 (Table 103-1). 

Catheter Drainage 

Traditionally, splenic abscesses were managed with antibiotics, 
and splenectomy was resorted to if antibiotic treatment failed. 
Image-guided aspiration with catheter drainage is an excellent 
minimally invasive alternative with a high success rate. In 
addition to being less invasive than surgery, it also helps pre- 
serve the spleen and avoid the long-term immunologic dysfunc- 
tions seen with splenectomy. 

The ideal collection amenable to drainage is a unilocular 
collection with a discrete wall without internal septations or 
loculations. As with biopsy, collections in the periphery, espe- 
cially in the middle or lower pole, are easier to drain. A trial 
aspiration is done, and the catheter is inserted if frank pus is 
aspirated. The most commonly used catheters are the pigtail 
catheters in varying sizes ranging from 7F to 12F (Fig. 103-4). 1,13 
In general, more viscous abscesses need larger bore catheters, 
and the catheter may need to be upgraded to a larger one in 
case of inadequate drainage. 


Although multiloculated abscesses are more difficult to 
drain, drainage of these abscesses can be done with one or more 
catheters. The hydrostatic pressure that is created by the drain¬ 
age can break the septations and drain the entire cavity. The 
septations can also be broken by injection of urokinase through 
the catheter. 16 

As with biopsy, either US or CT may be used for guidance 
and navigation. The two commonly used methods are the 
trocar technique and the Seldinger technique. Whereas the 
trocar technique is quicker, the Seldinger technique is more 
precise at the expense of a slightly longer procedure time. There 
is also a possibility of loss of access in cases of buekling or 
kinking of the guidewire in the Seldinger technique. 

It is mandatory to flush catheters with saline every 8 hours 
to prevent clogging of the lumen and the side holes. Repeated 
flushing also makes the collection less viscous and easy to 
drain. The catheter can be removed when the tube drains 
less than 10 mL/day for 3 consecutive days. Care should be 
taken to straighten the hook-shaped curve of the pigtail cath¬ 
eter before pulling it out to minimize pain as well as soft 
tissue injury. 

The drainage catheter is often placed for about 7 to 14 days. 
The prerequisites for catheter removal are patient improvement 
clinically (including normal temperature and white biood cell 
count) and resolution of the cavity. Typically, the catheter is 
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discontinued when the catheter output is 10 mL/24 hours and 
no residual cavity is seen on imaging. 

Again, as with image-guided biopsy, hemorrhage is a serious 
complication, and the rate of significant uncontrolled bleeding 
requiring splenectomy is considerably higher compared with 
biopsy. 1,14 Hence, meticulous monitoring for a longer period 
(24 hours) is advisable versus the shorter (3 hours) monitoring 
time after biopsies. 

Alcohol Ablation 

Alcohol ablation sclerotherapy works on the principle of dena- 
turation of proteins in the wall of the cyst, eventually leading 
to cell death and fibrosis of the cyst wall. It has been extensively 
used in symptomatic cysts and hydatid cysts in the solid viscera, 
especially in hepatic and renal cysts. Other sclerosants, like 
tetracycline, have also been used successfully in children. 20 The 
advantages of this therapy are its easy availability, high efficacy, 
and technical ease compared with surgery. 

The symptomatic splenic cysts may be treated by alcohol 
ablation. These cysts are usually large, and therefore an 8F to 
10F pigtail catheter is placed inside the cyst under image guid- 
ance (Fig. 103-5). All the fluid is aspirated, which is then sent 
for cytologic and microbiologic analysis. Contrast material may 
be injected through the placed pigtail catheter at this point to 
ensure optimal catheter placement and to rule out any intra- 
peritoneal spillage. An intraperitoneal spillage of contrast mate¬ 
rial would be a contraindication to alcohol therapy. 

Once catheter access has been achieved and the fluid content 
aspirated, 95% ethyl alcohol is injected into the cyst. The volume 
injected is generally half the amount of fluid that was aspirated 
(up to a maximum of 100 mL). After 20 minutes, the entire 
injected alcohol is reaspirated, and this is confirmed on CT. A 
follow-up CT scan after 3 months is obtained to look for any 
recurrences. The ablation therapy may be repeated in case of 
recurrence. 

The complications include pain, bleeding, hypotension, 
infection, and damage to adj acent structures due to inadvertent 
spillage of the sclerosant. 

Radiofrequency Ablation 

RFA is based on the principle of radiofrequency deposition at 
the needle tip, which leads to ionic agitation and frictional 


heating. At temperatures in excess of 50°C, tissue desiccation 
and protein denaturation result in coagulative necrosis. 

RFA has been used for local treatment of splenic neoplasm, 
especially secondary metastases. Significant shrinkage of the 
lesion has been demonstrated at 6-month follow-up. 21 Improve- 
ment in platelet count as well as liver function has been docu- 
mented after ablation of 30% to 40% of splenic volume in 
patients with hypersplenism/ 224 RFA has also been used to 
desiccate the splenic tissue surrounding an infected hydatid cyst 
before surgical removal. 25 

Although RFA has been successfully used in a variety of body 
parts for a variety of indications, the literature on splenic RFA 
is relatively sparse, again likely attributable to the fear associated 
with bleeding complications in splenic interventions. However, 
counterintuitively, RFA has been used to treat grade 4 splenic 
lacerations in pigs. 26 Further studies are required before RFA 
becomes a mainstream interventional tool in managing splenic 
lesions. 

Splenic Arterial Interventions 

Arterial interventions in the spleen are increasingly used nowa- 
days and may be substituted for surgery in specific clinical 
indications. A good knowledge of arterial anatomy is needed 
for successful embolization as well as prevention of unintended 
complications. 

EMBOLIZATION IN SPLENIC TRAUMA 

The spleen is the most commonly injured solid abdominal 
organ. Because of the risk of fatal sepsis after splenectomy and 
impaired immunity to organisms, there has been a paradigm 
shift from surgical to nonsurgical management. This conserva- 
tive management strategy for splenic trauma has a significant 
inherent failure rate (from 2% to 52%). 27,28 Splenic arterial 
embolization may be used to reduce this failure rate and to 
preclude the need for secondary splenectomies. 

Embolization is especially indicated when there is evidence 
of arterial injury on CT. In such cases, microcoils are deployed 
as distally as possible in the bleeding artery to preserve the 
perfusion to the rest of the spleen. Distal splenic embolizations 
are associated with higher rates of infarction and intrasplenic 
air. 29 Air, in this setting, is not indicative of abscess formation. 
Proximal embolization is indicated in patients with a high risk 



Figure 103-5 Alcohol ablation of splenic cyst. A. Contrast enhanced CT shows a large bilobed cyst ( arrows ) in the spleen that was symptomatic 
because of the mass effect. B. Axial CT shows a drainage catheter placed across the two cysts. The nondependent low-density fluid in the cysts 
represents the 95% alcohol injected into the cysts for the ablation procedure. C. Postablation CT scan shows marked reduction in the size of the 
cyst ( arrow ). 
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Figure 103-6 Splenic artery embolization for splenic laceration. A. Selective celiac artery angiogram demonstrates extravasation of contrast 
material ( arrowheads ) in a patient with grade 4 splenic laceration. B. Postprocedural angiogram performed after placement of twelve 0.035-inch 
Tornado coils (arrow) in the main splenic artery shows complete occlusion of the splenic artery. 


of secondary rupture to decompress the splenic parenchyma 
and to reduce the pressure in the system (Fig. 103-6). This 
allows collateralization, principally through the short gastric 
and gastroepiploic arteries, to the patent distal splenic, trans- 
gastric, and transpancreatic arteries, and the relative hypoten- 
sion produced allows splenic repair and regeneration without 
infarction. 30,31 Also, in patients who have intraprocedural hemo- 
dynamic deterioration, a quicker, more proximal embolization 
can be performed. 

EMBOLIZATION IN HYPERSPLENISM 

Hypersplenism, seen most commonly in patients with cirrhosis 
and portal hypertension, is characterized by sequestration as 
well as destruction of corpuscular elements of biood. Proximal 
splenic arterial embolization is usually unsuccessful in this 
setting because of extensive collateral biood flow. Incomplete or 
partial splenic embolization is advocated in this setting to 
reduce the amount of viable splenic parenchyma. Ideally, the 
aim is 60% to 70% splenic parenchymal infarction because the 
hematologic response correlates with the degree of infarction. 
The general guideline, usually termed the Spigos technique, is 
as follows 32 : 

Pneumococcal vaccines are administered before the 
procedure. 

Broad-spectrum antibiotics are administered 8 to 12 hours 
before the procedure and continued for 2 weeks after the 
procedure. 

Local antibiotics are suspended in the embolic solution. 

The procedure is performed under strict aseptic 
precautions. 

Selective catheterization is attained beyond the origin of the 
major arteries to the pancreas to prevent their 
embolization. 

Embolization is performed with particulate embolic agents. 

Avoid excessive embolization (not more than 80% 
infarction). 

Provide postprocedural pain management and prevent pul- 
monary complications. 

Two methods of embolization include selective partial 
embolization and nonselective partial embolization. Selective 
partial embolization involves superselective cannulation and 
embolization of distal branches of the splenic artery. The rest 
of the branches are left untreated and provide biood flow to 


viable splenic parenchyma. A check angiogram in the parenchy¬ 
mal phase reveals the viable splenic parenchyma with areas of 
dropout of contrast material that correspond to the degree of 
infarction. 

Nonselective partial embolization involves embolization 
with the catheter tip in a more proximal position in the main 
splenic artery, distal to the origin of major pancreatic branches. 
Generalized reduction of parenchymal blush is the usual 
endpoint. 

Although proximal splenic arterial occlusion is ineffective 
treatment of hypersplenism, it may be used preoperatively to 
reduce intraoperative biood loss in patients undergoing sple- 
nectomy, especially because most of these patients have throm- 
bocytopenia due to hypersplenism. 

EMBOLIZATION IN PORTAL HYPERTENSION 

Partial splenic embolization may also have a place in the man¬ 
agement of portal hypertension and resistant variceal hemor- 
rhage. Embolization decreases venous return from the spleen, 
thereby reducing portal pressures. 

EMBOLIZATION OF SPLENIC ARTERY 
ANEURYSMS OR PSEUDOANEURYSMS 

Aneurysms of the splenic artery are usually small (<2 cm) and 
saccular and are commonly located at branch points. They are 
more commonly found in multiparous women and patients 
with cirrhosis and portal hypertension. Pseudoaneurysms of 
the splenic artery most commonly occur as sequelae of pancre- 
atitis. The release of proteolytic enzymes in pancreatitis results 
in necrotizing arteritis and fragmentation of elastic fibers in the 
vessel wall with resultant destruction of vessel wall architecture. 
This results in pseudoaneurysm formation, which may lead to 
gastrointestinal bleeding. 

Splenic artery aneurysms are embolized in cases of symp- 
tomatic aneurysms, in women of childbearing age, in portal 
hypertension, and with size larger than 2.5 cm. It is considered 
that all splenic artery pseudoaneurysms need treatment regard- 
less of size and symptoms as the natural history of an asymp- 
tomatic pseudoaneurysm of the splenic artery is not known. 
Traditionally, treatment involved surgical ligation. Recently, 
however, endovascular transcatheter embolization is considered 
the management of choice. 33 35 Coils can be deployed directly 
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into the aneurysmal sac, or the neck of the aneurysm can be 
excluded by the “sandwich method” of deploying coils both 
proximal and distal to the neck. Percutaneous image-guided 
thrombin injection can also be used in selective cases. 36 38 Endo- 
scopic US-guided thrombin injection has also been tried. 39 A 
flexible self-expanding covered stent to exclude the aneurysm is 
an attractive option as it preserves the biood flow through the 
splenic artery. 

EMBOLIZATION IN SPLENIC ARTERIAL 
STEAL SYNDROME 

Splenic arterial steal syndrome is a rare complication of liver 
transplantation, the classic triad being liver failure, reduced 
hepatic arterial perfusion, and increased biood flow in the 
splenic circulation after liver transplantation. This is due to 
decreased splenic arteriolar resistance, which is common in cir- 
rhotics with portal hypertension. Prompt diagnosis and man¬ 
agement are essential as it mimics graft failure. 40 

Although hepatic arterial reimplantation into the aorta is the 
ideal therapeutic option, a minimally invasive procedure is 
usually preferred because of increased morbidity associated 
with the second surgery. Splenic arterial embolization is an 
attractive option to decrease shunting of biood into the splenic 
circulation. 41 


COMPLICATIONS OF SPLENIC ARTERIAL 
EMBOLIZATION 

Potential complications of splenic arterial embolization include 
hemorrhage, infarction, abscess formation, systemic infection, 
iatrogenic vascular injury (splenic vein thrombosis), coil migra¬ 
tion, necrosis of stomach wall, and pancreatitis. A postemboli- 
zation syndrome is common; it consists of low-grade fever and 
left upper quadrant pain with leukocytosis and may require 
analgesics for relief of symptoms. 

Transarterial Splenic Irradiation 

External beam radiotherapy has been effective in lymphoma, 
leukemia, myelofibrosis, idiopathic thrombocytopenic purpura, 
and polycythemia vera. Intra-arterial irradiation is emerging 
as an encouraging alternative to decrease complications 
associated with external beam radiotherapy and to increase 
the maximum allowable dose. The usual agent is yttrium-90 
microspheres. 42 44 

A variety of interventional tools and modalities have been 
used with varying success in management of splenic lesions. 
Awareness of the indications and limitations of individual tech- 
niques is essential to minimize potential complications in 
splenic interventions. 
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Embryology 

Splenic development begins in the fifth week of gestation from 
a condensation of mesenchymal cells that aggregate between the 
two leaves of the dorsal mesogastrium. Aggregates from several 
adjoining areas fuse to form a lobulated embryonic spleen. 1 
Rotation of the stomach and growth of the dorsal mesogas¬ 
trium cause the translocation of the developing spleen from the 
midline to the upper left side of the abdominal cavity, and the 
mesogastrium fuses with the peritoneum over the left kidney, 
forming the splenorenal ligament (Fig. 104- 1). 2 This causes the 
lienorenal ligament to fuse dorsally, and the splenic artery has 
a course to the left behind the peritoneum as it enters the 
splenorenal ligament in the adult. 

The capsule, connective tissue framework, and parenchyma 
of the spleen form from differentiated mesenchymal cells. The 
spleen serves a hematopoietic function from the fourth to the 
eighth month of gestation. Lymphocyte and monocyte produc- 
tion, however, continues throughout life. 1 

Splenic Clefts, Lobulations, 
and Bands 

In the fetal period, the spleen is lobulated; however, the lobula¬ 
tions normally disappear before birth. Lobulation may persist 
along the medial (hilar) aspect of the spleen and is considered 
a normal feature of splenic anatomy. Notches or clefts along the 
superior border are remnants of the grooves that originally 
separated fetal lobules. 2 An abnormally deep fissure may give 
the appearance of a band. If the fissure traverses the entire 
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spleen, a waist is created that may mimic a laceration. Perito¬ 
neum may be embedded on this waist and may mimic a hema- 
toma, infarction, or laceration. 3 Deep fissures tend to occur 
along the superior border of the spleen. When they occur along 
the inferior border, a lobule of splenic tissue may extend medi- 
ally and anteriorly to the left kidney. Less frequently, the lobule 
may lie posterior to the upper pole of the left kidney and dis- 
place it anteriorly. 4 

Wandering or Ectopic Spleen 

Wandering or ectopic spleen refers to migration of the spleen 
from its normal fixed posterolateral location in the left upper 
abdomen. The reported incidence is 0.16% on the basis of 3853 
splenectomies performed for various indications involving all 
ages. 5 It usually is manifested between the ages of 20 and 40 
years; 70% to 80% of reported cases are in women in the repro- 
ductive age. One third of cases are found in children, most 
(70%) older than 10 years. 6 

The spleen is normally anchored in the left upper abdomen 
by two ligaments: the gastrosplenic ligament, which connects 
the spleen to the greater curvature of the stomach; and the 
splenorenal ligament, which connects the spleen to the left 
kidney and the posterior body wall. 2 

The etiology of wandering spleen may be congenital or 
acquired. Congenitally, the condition is from absence or weak- 
ness of one or more of the ligaments that affix the spleen in its 
normal position in the upper left abdomen. The spleen is 
instead solely attached by its vascular pedicle and can become 
a wholly intraperitoneal hypermobile organ. Rarely, a normal 
spleen may be seen in the left upper quadrant, and an accessory 
spleen may be mobile and wander. 7 

The pathologic process also may be acquired as a result 
of splenomegaly or ligamentous laxity, such as in pregnancy 
or muscular dystrophies. 8 There is a higher incidence of wan¬ 
dering spleen in multiparous women, which suggests an etio- 
logic role of hormonal effects and abdominal laxity associated 
with pregnancy. 9,10 Wandering spleen has been reported in 
prune-belly syndrome and in cases of diseases causing splenic 
enlargement, such as splenic cysts, malaria, Hodgkin s disease, 
and lymphangioma. 11 

CLINICAL FINDINGS 

The clinical presentation of wandering spleen is variable. 
Affected patients may be asymptomatic and the condition may 
be detected incidentally. Diagnosis may be made incidentally as 
a mass on physical examination or imaging. Classically, a firm, 
movable, notched mass can be palpated. Symptoms occur when 
there is pressure on the vascular pedicle of the spleen or when 
torsion develops. 8 
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Figure 104-1 Embryology. A. Transverse section at the end of the fifth week shows the spleen developing within the dorsal mesogastrium. 

B. As rotation begins, the splenic artery courses to the left in an area of fusion of the dorsal mesogastrium with the posterior peritoneum. 

(From Dachman AH: Normal anatomy and radiology. In Friedman AC [ed]: Radiology of the Liver, Biliary Tract, Pancreas, and Spleen. Baltimore, 
Williams & Wilkins, 1987, pp 899-915.) 


The most common presentation in children is acute abdomi- 
nal pain. Patients may also present clinically with nonspecific 
symptoms, such as occasional nausea, emesis, or mild, crampy 
abdominal pain. 11 Pain may be vague in cases of chronic inter- 
mittent splenic torsion. 12 Wandering spleen with torsion may 
involve the tail of the pancreas, resulting in pancreatitis, and the 
splenic venous occlusion may result in splenomegaly and cause 
hypersplenism. 9 Less common presentations of wandering 
spleen include small bowel or colonic obstruction and even 
duodenal obstruction due to compression by the splenic 
pedicle. 6 

RADIOLOGIC FINDINGS 

Conventional Radiography 

Supine and erect abdominal radiographs may show absence of 
the normal splenic silhouette or a mobile mass in the left or 
central abdomen. With the spleen absent from its normal loca¬ 
tion, bowel loops may hil the splenic fossa. 13 The left kidney 
may be elevated and lack the usual splenic impression or hump 
and may cause elevation of the left hemidiaphragm. 14 

With the spleen not fixed in the abdomen, the elongated 
pedicle of the spleen or the displaced spleen can cause gastric 
outlet obstruction, small bowel obstruction, or colonic obstruc¬ 
tion. Abdominal radiographs can show a distended stomach, a 
small bowel obstruction pattern, or colonic obstruction. The 
splenic pedicle may cause a linear defect across the involved 
bowel segment or colon. 

Nuclear Scintigraphy 

Technetium Tc 99m sulfur colloid scintigraphy can identify 
reticuloendothelial activity in the liver as well as in the spleen 
and is useful in identifying ectopic functional splenic tissue in 
the abdomen. 18 Similarly, heat-denatured 99m Tc-labeled red 
biood cell imaging, specific for splenic tissue, provides useful 
information for spleen size and localization as well as for the 
specific red biood cell sequestration function of the splenic 
tissue. 19 A wandering spleen is diagnosed by normal uptake of 



Figure 104-2 Wandering spleen. Anterior 99m Tc-sulfur colloid 
scintigram shows absence of radiotracer activity in the left upper 
abdomen and uptake in an abnormally located spleen in the pelvis 
(arrow). The liver also shows normal radiotracer uptake (top). (From 
Paterson A, Frush DP, Donnelly LF, et al: A pattern-oriented approach 
to splenic imaging in infants and children. RadioGraphics 19:1465- 
1485, 1999.) 


radiotracer by functioning splenic tissue in an abnormal loca¬ 
tion in the abdomen (Fig. 104-2). The lack of tracer activity in 
a previously demonstrated wandering spleen indicates torsion. 20 

Ultrasound 

Gray-scale sonography and power Doppler sonography are 
valuable in the diagnosis of wandering spleen and allow the 
diagnosis of complications such as torsion and infarction. 
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Figure 104-3 Wandering spleen: sonographic features. A. Transverse ultrasound image of the pelvis shows the spleen overlying the biadder. 
B. Color Doppler image shows biood flow in the splenic parenchyma adjacent to the iliac artery. 


Sonography can confirm the absence of the spleen in its normal 
position in the left upper abdomen and can identify the ectopic 
spleen in the abdomen or pelvis (Fig. 104-3). The ectopic spleen 
is of uniform echotexture with a peripheral indentation on the 
mass, representing the hilar vasculature. Use of power Doppler, 
color Doppler, and duplex sonography allows evaluation of 
biood flow in the splenic parenchyma and in the major splenic 
vessels. 21 ’ 22 

Real-time sonography can be used to identify splenic hyper- 
mobility and twisting of the vascular pedicle, which can 
increase risk of infarction. The spleen may be enlarged owing 
to an intermittent twist of the vascular pedicle and venous 
congestion. 23 

Computed Tomography and Magnetic 
Resonance Imaging 

Contrast-enhanced computed tomography (CT) can diagnose 
an ectopic spleen and its associated complications and is often 
performed as patients may present with abdominal pain. A 
pathognomonic CT Ånding of a wandering spleen is the absence 
of the spleen in the upper abdomen and the presence of a well- 
marginated homogeneously enhancing soft tissue mass in the 
abdomen or pelvis (Fig. 104-4). 24 

Features of splenic torsion include poor or absent enhance- 
ment of splenic parenchyma, hyperdense pedicle indicating 
thrombosis, and enhancing splenic capsule from peripheral cir- 
culation. The whirl appearance of the splenic vascular pedicle 
is a specific sign of torsion. Splenomegaly, although not specific, 
is an important sign of torsion in the setting of a wandering 
spleen. A markedly hypodense spleen due to infarction may 
be misdiagnosed as a mesenteric cyst, a dilated fluid-filled bowel 
loop, or an abscess. 26 Torsion of a wandering spleen may be 
associated with intestinal obstruction (due to compression of 
other abdominal organs), abscess formation, necrosis of the 
pancreatic tail, and recurrent pancreatitis. 

Magnetic resonance imaging (MRI) has gained popularity in 
diagnosis of wandering spleen. 28,29 It can locate the ectopic 
spleen and identify the viability of the splenic parenchyma as 
well as depict splenic vessel anatomy. 30 

Angiography 

Although it is not usually required for diagnosis, celiac arteri- 
ography may show torsion of wandering spleen by demonstrat- 
ing a tapered and abruptly twisted distal splenic artery. The 



Figure 104-4 Wandering spleen. Coronal contrast-enhanced CT 
shows abnormally located spleen in the pelvis, with small bowel loops 
in the left upper abdomen. 

venous phase may suggest splenic vein obstruction and may 
show collateral circulation and varices. 31 MR angiography can 
be particularly useful in demonstrating the location and length 
of the splenic artery before surgery. 29 

DIAGNOSTIC APPROACH AND THER APY 

When wandering spleen is suspected, radiologic imaging should 
locate the ectopic spleen and evaluate the anatomy and patency 
of the splenic vessels. Evaluation of the viability of the splenic 
parenchyma, including any areas of infarction, is important as 
it guides therapy. 
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The definitive therapy for a wandering spleen is surgery. 
Splenopexy with splenic salvage is the preferred treatment in 
cases in which the spleen is viable after detorsion and the splenic 
vein is not thrombosed. Splenectomy is the option in cases of 
splenic infaretion. 12 

Accessory Spleen 

Accessory spleen is a congenital anomaly caused by failure of 
embryonic splenic buds to unite within the dorsal mesogas- 
trium and extreme lobulation of the spleen with pinching off 
of splenic tissue. Its reported incidence ranges from 10% to 30% 
in autopsy series. 33,34 Accessory spleen is identified in 11% of 
patients undergoing contrast-enhanced CT 35 and 45% to 65% 
of patients after splenectomy. 36 

Accessory splenic tissue measures between 1 and 3 cm in 
diameter but can be as large as the spleen. It is usually located 
about the splenic hilum or ligaments. 35 The tail of the panereas 
is the second most common site for an accessory spleen, 
accounting for 16% of the cases. 34 Accessory spleens can be 
found in the wall of the stomach, the large bowel, the omentum, 
the mesentery, and rarely even the scrotum. 

The morphologic appearance is identical to that of normal 
spleen, and the accessory tissue is usually supplied by a branch 
of the splenic artery and drains into splenic veins. Of the 
patients with an accessory spleen, 88% were solitary, 8% had 
two, and 3% had three. 35 

CLINICAL FINDINGS 

Accessory spleen is an incidental finding of no clinical signifi- 
cance in most patients. However, it can become symptomatic 
because of torsion or spontaneous rupture. 39 Accessory spleen 
is important to identify as it may mimic lymph nodes or tumors, 
especially in the tail of the panereas. 

Identification of all accessory splenic tissue is important in 
the setting of idiopathic thrombocytopenic purpura, in which 
all funetional splenic tissue should be removed for the treat¬ 
ment of the hematologic disorder. 41 

RADIOLOGIC FINDINGS 

Nuclear scintigraphy, sonography, CT, and MRI can identify 
and characterize accessory splenic tissue. The normal accessory 
spleen has the same echotexture and enhancement as normal 
spleen. When the tissue is recognized as an accessory spleen, no 
further work-up is needed. Diagnostic studies are indicated if 
this tissue simulates a neoplasm or if therapeutic splenectomy 
is planned in patients with hematologic disorders. 41 

On gray-scale ultrasound, accessory spleen is identified as a 
round or oval mass about the splenic hilum that is identical to 
spleen in echotexture. On color or power Doppler ultrasound, 
a vascular hilum entering the lesion is a diagnostic feature of 
accessory spleen. 42 Contrast-enhanced ultrasound has been 
shown to demonstrate accessory spleen with an enhancement 
pattern paralleling that of the adj acent spleen. 43 

On multiphase contrast-enhanced CT, an accessory spleen is 
usually identified as a well-circumscribed mass about the 
splenic hilum with an inhomogeneous striped arterial enhance¬ 
ment pattern identical to the spleen (Fig. 104-5). 35 Intrapancre- 
atic accessory spleen can mimic pancreatic neoplasms, such as 
hypervascular islet cell tumors. The attenuation of the spleen is 



Figure 104-5 Accessory spleen: CT findings. An accessory spleen 
(arrow) is seen with a feeding vessel ( arrowhead). It has the same 
attenuation and enhancement as the main spleen. 


typically higher than that of the panereas on the arterial, pan¬ 
creatic, and portal venous phases, and similarly, intrapancreatic 
accessory spleen tends to be higher in attenuation than panereas 
on all phases of imaging. 44 Conversely, hypervascular pancreatic 
tumors, including islet cell tumor, are hyperattenuating on the 
arterial phase and isoattenuating or lower attenuating to the 
adj acent panereas on the venous phase. 45 

On MRI, accessory spleen is isointense to mildly hypointense 
to spleen on TI imaging and isointense to spleen on T2 
imaging. Its enhancement pattern is identical to that of spleen 
on arterial, portal, and late phases of contrast enhancement 
(Fig. 104-6). Accessory spleen is isointense to spleen on 
diffusion-weighted imaging. The identical MRI features of 
accessory spleen to spleen allow the discrimination from pan¬ 
creatic neoplasms. 46 

" m T C -iabeled heat-damaged red biood cell ( 99m Tc-HDRBC) 
scintigraphy is a highly specific method for detection of splenic 
tissue as up to 90% of the injected HDRBCs are trapped 
by splenic tissue. 47 " m Tc-HDRBC scintigraphy allows selective 
splenic visualization with an excellent spleen-to-liver ratio; 
splenic visualization may be impaired when minimal funetion- 
ing splenic tissue is present, as happens in cases of accessory 
spleens. In addition, " m Tc-HDRBC planar imaging scintigra¬ 
phy and even single photon emission computed tomography 
(SPECT) offer inferior spatial resolution compared with other 
cross-sectional imaging modalities. " m Tc-HDRBC SPECT is 
frequently used in conjunction with other cross-sectional 
imaging modalities to diagnose and to precisely localize an 
accessory spleen (see Fig. 104-6). 48 
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Figure 104-6 Intrapancreatic accessory spleen: MRI findings and 99m Tc-HDRBC SPECT. A. Tl-weighted axial MRI shows an intrapancreatic 
tail mass (arrow) that is hypointense to pancreas and mildly hypointense to spleen. B. T2 fat-saturated MRI shows the intrapancreatic mass ( arrow) 
to be hyperintense to pancreas but isointense to spleen. C. Gadolinium-enhanced fat-saturated Tl-weighted fast spoiled gradient recalled MRI 
shows the pancreatic tail mass (arrow) to have arterial enhancement similar to that of spleen. D. 99m Tc-HDRBC SPECT shows focal uptake (arrow) 
near the splenic hilum in the region of the tail of the pancreas. 


Splenic-Gonadal Fusion 

This rare congenital anomaly is characterized by an abnormal 
connection between the gonad and the spleen or by ectopic 
splenic tissue. The left gonad is virtually always involved; only 
one case of right-sided involvement has been reported. 49 Before 
the sixth week of gestation, the splenic anlage developing in 
the left dorsal mesogastrium is close to the left urogenital fold 
that contains gonadal mesoderm during rotation of the embry- 
onic gut. The accepted theory is that splenic-gonadal fusion 
is the abnormal attachment that occurs during the fifth to 
eighth week of gestation when both organs are close. Splenic- 
gonadal fusion occurs with a male-to-female ratio of 16:1 
and can interfere with the normal descent of the left testis or 
can cause failure of closure of the processus vaginalis; it is 
frequently associated with an ipsilateral inguinal hernia and 
cryptorchidism. 50 

The continuous form, in which the spleen remains attached 
to the gonad by a fibrous or splenic cord that traverses the 
peritoneal cavity, is the most common type, occurring in 


about 55% of the published cases. Continuous splenic-gonadal 
fusion is associated with limb defect syndrome and other 
congenital malformations, including cardiac malformations, 
thoracic malformations, cleft palate, micrognathia, anal anoma¬ 
lies, spina bifida, craniosynostosis, diaphragmatic hernia, and 
pulmonary anomalies. 51 The discontinuous form, representing 
45% of the cases, is not associated with other congenital 
anomalies. 52,53 

The diagnosis of splenic-gonadal fusion should be sus- 
pected if there is chronic swelling or mass in the left gonad, 
especially if there is an associated undescended testis. 14 The 
gonadal mass, if palpable, is firm and rubbery and may be 
poorly delineated from the testis. The first study is ultrasound, 
which can show a well-defined scrotal mass that is isoechoic 
to spleen. 53 Malignant disease associated with splenic-gonadal 
fusion is exceedingly rare and occurs in the undescended 
testis. 55 

99m Tc-sulfur colloid scintigraphy is useful to confirm ectopic 
splenic tissue and shows uptake in the inguinal or scrotal 
area. 56,57 
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Heterotaxy Syndromes 

ASPLENIA SYNDROME 

Situs ambiguus with asplenia, or Ivemark syndrome, is charac- 
terized by an absent spleen and duplication of right-sided struc- 
tures (bilateral right-sidedness), affecting males twice as 
commonly as females. 58 Asplenia syndrome occurs in 1 per 
10,000 to 1 per 40,000 live births and is due to defects in mul¬ 
tiple genes. 59 It virtually is always accompanied by a variety of 
congenital malformations, particularly cardiovascular (Figs. 
104-7 and 104-8). 58-63 Congenital heart malformations are 
present in about 85% to 95% of patients with asplenia (Box 
104-1). The isolated form of congenital asplenia lacks other 
developmental anomalies, particularly those of the cardiovas¬ 
cular system. 64 

Abdominal Radiologic Findings 

In asplenia syndrome, the aorta and IVC are in juxtaposition 
on the same side of the spine, which can be identified by sonog- 
raphy or contrast-enhanced CT (Fig. 104-9). The IVC-atrial 
communication can be evaluated by either modality. 65 The 
spleen will be absent, and the liver is symmetric and midline. 
The splenic artery is absent, and the celiac axis may arise from 
the superior mesenteric artery. Malrotation of the bowel occurs 
with the stomach on the right and an abnormal location of the 
ligament of Treitz, with the jejunal loops of bowel in the 
right hemiabdomen and the ileal loops of bowel in the left 
hemiabdomen. This is associated with inversion of the normal 




Figure 104-7 Asplenia: gross specimen. Autopsy specimen of a 
patient with asplenia, infracardiac anomalous pulmonary venous 
return, atrial septal defect, and pulmonic atresia. The liver straddles 
the midline. No spleen is identified. 


Figure 104-8 Asplenia: associated anomalies. Diagram shows 
organ positions in situs ambiguus with asplenia. (From Fulcher AS, 
Turner MA: Abdominal manifestations o f situs anomalies in adults. 
RadioGraphics 22:1439-1456, 2002.) 


BOX 104-1 DEVELOPMENTAL ANOMALIES WITH 
ASPLENIA SYNDROME 


PULMONARY ANOMALIES 

Bilateral trilobed lungs with eparterial bronchi 

CONGENITAL HEART MALFORMATIONS 

Cardiac malposition 
Mesocardia 
Dextrocardia 
Right-sided aortic arch 
Great vessels 

Transposition of the great vessels 
Pulmonary stenosis or atresia 
Venous system 

Bilateral superior vena cava 
Bilateral inferior vena cava (IVC) 

Partial or total anomalous pulmonary venous drainage 
Cardiac defects 

Hypoplasia or absence of one ventricle 
Double-outlet right ventricle 
Ventricular septal defect 
Atrial septal defect 
Absent coronary sinus 
Single coronary artery 
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Figure 104-9 Situs ambiguus with asplenia. A. Transverse contrast-enhanced CT scan of the lower chest of a 48-year-old man shows 
dextrocardia and azygos continuation of the inferior vena cava. The aorta is located to the right of the enlarged azygos vein (arrow). The scan 
also shows left lower lobe collapse and a left pleural effusion. B. CT scan obtained 15 mm caudad to A shows the stomach (S) and colon (C) in 
the expected location of the spleen. The hypoplasia of the anterior segment of the right hepatic lobe allows cephalic migration of the colon. 

C. On another CT scan obtained caudad to B, the galIbladder (GB) lies in the midline. The superior mesenteric vein (SMV) lies anterior to the 
truncated pancreas (P), whereas the superior mesenteric artery (SMA) lies posterior to it. D. CT scan obtained at the level of the right renal hilum 
reveals that the cecum (C) is located in the left lower quadrant. Notice the terminal ileum (TI) entering the colon. (From Fulcher AS, Turner MA: 
Abdominal manifestations of situs anomalies in adults. RadioGraphics 22:1439-1456, 2002.) 


relationship of the superior mesenteric artery and superior 
mesenteric vein. 66 

" m T C -iabeled, heat-altered, autologous erythrocyte SPECT/ 
CT is a reliable study to evaluate for functioning splenic tissue 
in the abdomen and pelvis. 67 

POLYSPLENIA SYNDROME 

Polysplenia syndrome, a heterotaxy syndrome characterized by 
multiple small spleens (Figs. 104-10 and 104-11), is referred to 
as situs ambiguus with left isomerism. In contrast to asplenia, 
it occurs equally in males and females, with some studies 
showing a female predilection to polysplenia. The reported inci- 
dence is 1 per 250,000 live births. 59 Polysplenia has a lower 
prevalence of congenital heart disease (50%-90%) and less 
severe defects than those with asplenia (Box 104-2). 68 

Abdominal Radiologic Findings 

In polysplenia, dextroposition of the stomach is present in 
approximately 45% of patients, and intestinal malrotation 
occurs in approximately 27%. 6 Polysplenia cannot be excluded 
solely on the basis of situs solitus. 

Splenic tissue number and location are varied; 2 to 16 splenic 
nodules of approximately equal size can be found in the right 



Figure 104-10 Polysplenia: gross specimen. Autopsy specimen of 
a patient with polysplenia shows multiple spleens. 
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Figure 104-11 Polysplenia: associated anomalies. Diagram shows 
the organ position in situs ambiguus with polysplenia. (From Fulcher 
AS, Turner MA: Abdominal manifestations o f situs anomalies in adults. 
RadioGraphics 22:1439-1456, 2002.) 


or left upper quadrant, depending on situs. 70 Ectopic splenic 
tissue may be difficult to characterize on a CT scan, and some 
patients may have poor splenic function. Splenic scintigraphy 
with 99m Tc-labeled, heat-altered, autologous erythrocyte scin¬ 
tigraphy SPECT/CT is a sensitive method to detect functioning 
splenic tissue and correetly diagnose polysplenia. 71 

Polysplenia is associated with pancreatic abnormalities 
including short panereas, dorsal agenesis, panereas divisum, 
and annular or semiannular panereas. Pancreatic develop- 
ment is closely associated with duodenal jejunal rotation, and 
pancreatic abnormalities are found to coexist with bowel mal- 
rotation and a preduodenal portal vein. 

Biliary atresia is found to coexist with other congenital ana¬ 
tomic abnormalities in 20% of the cases. The most common is 
biliary atresia splenic malformation syndrome, and up to 90% 
are associated with polysplenia and gallbladder agenesis. 74 Mag¬ 
netic resonance cholangiography with hepatocyte-specific gad- 
olinium contrast agents has been shown to be superior to 
99m Tc-disofenin (DISIDA) hepatobiliary scintigraphy in the 
detection of biliary atresia. 


BOX 104-2 DEVELOPMENTAL ANOMALIES WITH 
POLYSPLENIA SYNDROME 


PULMONARY ANOMALIES 

Bilateral morphologic left lung (bilobed) with bilateral hyparte- 
rial bronchi 

CONGENITAL HEART MALFORMATIONS 

Cardiac malposition 
Dextrocardia 
Great vessels 

Subvalvar and valvar pulmonary or aortic obstruction or 
atresia 

Cardiac defeets 
Absent coronary sinus 

Absent atrial septum resulting in common atrium 
Atrioventricular canal defeets 
Hypoplasia or absence of one ventricle 
Double-outlet right ventricle 
Venous system 

Bilateral superior vena cava 
Interrupted IVC with azygos continuation 
Anomalous drainage due to an abnormal position of the atrial 
septum 


Polysplenia is associated with absence (interruption) of the 
IVC between the renal and the hepatic veins, with independent 
drainage of the hepatic veins into the right atrium. The renal 
portion of the IVC receives biood return from both kidneys 
and passes posterior to the diaphragmatic erura to enter the 
thorax as the azygos vein (Fig. 104-12). The azygos vein joins 
the superior vena cava at the normal location in the right 
paratracheal Space. Since the advent of cross-sectional imaging, 
azygos continuation of the IVC can be seen in otherwise 
asymptomatic patients without associated severe congenital 
heart disease and asplenia or polysplenia syndromes. 76 Sonog- 
raphy, CT, MRI, and angiography can confirm the diagnosis 
by showing the absence of the IVC between the renal and the 
hepatic veins with independent drainage of the hepatic veins 
into the right atrium. 

Patients without cardiac anomalies may reach adulthood, 
accounting for 10% to 15% of cases of polysplenia. Because 
most adult patients do not exhibit any symptoms, polysplenia 
syndrome is often diagnosed incidentally during other proce¬ 
dures. Even adult patients can have anomalies in abdominal 
organs, including visceral heterotaxia with a right-sided 
stomach, left-sided or large midline liver, right-sided spleen, 
malrotation of the intestine, short panereas, and anomalies of 
the IVC. 78 

Polysplenia syndrome is recognized easily on diagnostic 
imaging, including a combination of abdominal ultrasonogra- 
phy, CT, and MRI. Identification of splenic tissue and location 
can serve as a landmark for detection and characterization of 
the subtypes of heterotaxy. 9 

Multiple other malformations are associated with heterotaxy 
syndromes (Box 104-3). 58 ' 63 ’ 79 ' 81 
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Figure 104-12 Situs ambiguus with polysplenia in a 67-year-old man. A. Transverse contrast-enhanced CT scan of the abdomen shows a 
midline liver, multiple spleens (S) in the right upper quadrant adjacent to the collapsed stomach (St), and inferior vena cava interruption with 
azygos continuation ( arrow ). The low attenuation of the spleens is related to infarctions, which cause liquefaction and subcapsular hematomas. 
Notice the absence of splenic tissue in the left upper quadrant (asterisk). B. Transverse CT scan through the midabdomen reveals a midline 
galIbladder (GB). C. Transverse CT scan through the lower abdomen reveals the small bowel (SB) in the right lower quadrant and the colon in 
the left lower quadrant. The cecum (C) lies near the midline, a finding that indicates incomplete fixation. (From Fulcher AS, Turner MA: 
Abdominal manifestations of situs anomalies in adults. RadioGraphics 22:1439-1456, 2002.) 


BOX 104-3 MALFORMATIONS ASSOCIATED WITH HETEROTAXY SYNDROMES 


GASTROINTESTINAL TRACT 

Omphalocele 

Esophageal atresia and tracheoesophageal fistula 
Intestinal malrotation 

Duplication, hypoplasia, or angiodysplasia of the stomach 

Anal stenosis or atresia 

Aganglionic colon 

Duodenal atresia 

Gallbladder agenesis 

PANCREAS 

Pancreas hypoplasia, (polycystic) malformations 

LIVER 

Absence of the gallbladder 
Extrahepatic biliary atresia 
Polycystic liver 

Ectopic liver tissue in the adrenal giands 

GENITOURINARY TRACT 

Renal agenesis or hypoplasia, cystic malformations 

Horseshoe kidney 

Duplicated collecting system 

Bilobed urinary biadder 

Urethral duplication or urethral valves 

Rectourethral fistula 

Bicornuate uterus 

Agenesis of the ovaries and ovarian cysts 

Duplicated, bicornuate or unicornuate uterus; vaginal atresia or 
duplication 
Testicular hypoplasia 
Penis duplication, hypospadias 


RESPIRATORY TRACT 

Laryngeal cleft or hypoplasia 

Tracheoesophageal fistula, tracheal or esophageal atresia 
Pulmonary hypoplasia 

CENTRAL NERVOUS SYSTEM 

Spine malformations, including midline abnormalities 
Dysgenesis or agenesis of the corpus callosum 
Porencephalic, cerebellar, or Dandy-Walker cysts 
Holoprosencephaly, hydranencephaly 
Cerebellar cysts 

Hypoplasia, dysplasia, or agenesis of the cerebellum 
Hydrocephalus 

Septum pellucidum abnormality 
Lumbar myelomeningocele 
Cleft lip or palate 

MUSCULOSKELETAL 

Hypoplasia or dysostosis of cranial bones 

Overlapping toes, clubbed hånds, polydactyly, absent radii 

Vertebral or rib anomalies 

Caudal regression, bifid sacrum, sacral agenesis 

OTHER 

Fused or absent adrenal giands 
Single umbilical artery 
Diaphragmatic hernia 
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Cystic Splenic Lesions 

Congenital Cysts and Pseudocysts 
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Differential Diagnosis of Cystic Splenic Masses 


Although it is affected by many diseases, the spleen is not 
considered a great challenge to the radiologist. 1 In daily prac- 
tice, the size and shape of the spleen typically are subjectively 
evaluated, and if there is no obvious splenomegaly or focal 
abnormality, the spleen usually is ignored. However, when 
abnormalities are detected, the radiologist plays an important 
role in providing a diagnosis and directing further clinical 
management. 

Each imaging modality, including ultrasound, computed 
tomography (CT), magnetic resonance imaging (MRI), and 
scintigraphy, has specific advantages and limitations in 


Splenic Infection and Inflammatory Disease 

Splenic Nodular Disease 

Fungal Abscess and Microabscess 

Tuberculosis 

Mycobacterium avium Complex Infection 
Pneumocystis jiroveci Pneumonia 
Cat-Scratch Disease 
Sarcoidosis 

Lymphoma or Metastatic Disease 
Gamna-Gandy Bodies 
Pyogenic Abscess 

Splenic Infarction 

Epidemiology and Pathogenesis 
Clinical Findings 
Pathology 
Radiologic Findings 

Nontraumatic Splenic Rupture 
Splenomegaly 

Miscellaneous Disorders 

Sickle Cell Disease 

Splenic Involvement in Pancreatitis 

Gaucher's Disease 

Hemosiderosis 

Thorotrast 

Primary Malignant Lesions 

Angiosarcoma 

Secondary Malignant Lesions 

Lymphoma 

Leukemia and Myeloproliferative Disorders 
Metastatic Disease 


assessing the spleen. Plain radiographs of the abdomen can 
detect splenomegaly (Fig. 105-1) and splenic calcifications (Box 
105-1) but otherwise do not have a significant diagnostic role. 
Currently, angiography is used only for therapeutic purposes, 
such as splenic embolization in trauma, hypersplenism, or rare 
vascular tumors. 2 18 F-fluorodeoxyglucose positron emission 
tomography (FDG PET) combined with CT (FDG PET/CT) is 
becoming increasingly useful in the evaluation of malignant 
disease and has a high negative predictive value in predicting a 
malignant neoplasm in patients with solid-appearing splenic 
masses. 3 Because of a perceived high risk of bleeding, 
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Figure 105-1 Massive 
hepatosplenomegaly. 

A. Abdominal radiograph 
demonstrates a large soft tissue 
density in the left side of the 
abdomen that is displacing the 
splenic flexure of the colon 
inferiorly ( arrow ). B. The 
corresponding coronal 
reformatted CT image 
demonstrates the massively 
enlarged spleen that is displacing 
the stomach medially (short 
arrows ) and the splenic flexure of 
the colon inferiorly (long arrow). 



BOX 105-1 SOURCES OF SPLENIC 
CALCIFICATIONS 


Cysts 

Hemangioma 
Hamartoma 
Lymphangioma 
Splenic artery 
Granulomas 

Tuberculosis 

Histoplasmosis 

Pneumocystis jiroveci pneumonia 
Hydatid disease 
Hematomas 
Hemosiderosis 
I nfa rets 
Metastases 
Sarcoidosis 
Sickle cell disease 
Gamna-Gandy bodies 
Thorotrast (not true calcifications) 


percutaneous biopsies of the spleen are not often performed in 
general practice. They are, however, relatively safe. 4 ' 6 

The various imaging appearances and characteristics of 
benign and malignant splenic lesions are described in this 
chapter. Recognizing the range of the imaging and pathologic 
features of splenic abnormalities will narrow the differential 
diagnosis and help in planning further management. 

A unique feature of the spleen on multidetector CT and MRI 
is the inhomogeneous enhancement pattern during the first 
minute after the intravenous administration of contrast mate- 
rial, which is most pronounced in the arterial phase (first 25-35 
seconds). The enhancement pattern varies with different injec- 
tion rates and tends to be more prominent in the presence of 
splenomegaly. These patterns have been described as serpen¬ 
tine, arciform, striped (i.e., zebra spleen), mottled, focal, and 
diffuse heterogeneity. This normal phenomenon is probably 
the result of differential flow through the vascular sinuses and 
cords of the red and white pulp. 8 In most patients, this hetero¬ 
geneity resolves after 60 to 70 seconds and should not be con- 
fused with disease. 9 Keeping this phenomenon in mind, the 


BOX 105-2 PATTERNS OF INVOLVEMENT IN 
SPLENIC PARENCHYMAL DISEASE 


SOLITARY LESIONS 

Solitary focus of any typically multifocal disease 

Benign neoplasms: hemangioma, lymphangioma, hamar¬ 
toma, inflammatory pseudotumor, peliosis, littoral cell 
angioma, sclerosing angiomatoid nodular transformation 
Solitary pyogenic abscess 

MULTIPLE FOCAL ABNORMALITIES 

Trauma: lacerations, fractures, intrasplenic and subeapsular 
hematomas 

Splenic rupture 

Abscess: bacterial, fungal, granulomatous 

Calcified granulomas 

Sarcoidosis 

Lymphangiomatosis, hemangiomatosis, peliosis 

Lymphoma, lymphoproliferative disorders 

Gaucher's disease 

Metastatic disease 

Hemangioma, hemangioendothelioma, peliosis 

DIFFUSE DISEASE WITHOUT FOCAL LESIONS 

Congestive disease: portal hypertension, splenic vein occlusion, 
or congestive heart failure 

Inflammatory disease: various infeetions (e.g., tuberculosis) and 
inflammation (e.g., sarcoid) 

Hyperplastic splenomegaly: hypertrophy resulting from removal 
of abnormal biood cells from the circulation (e.g., polycythe- 
mia vera) 

Infiltrative (e.g., Gaucher's disease, hemosiderosis, malignant 
disease) 

Modified from Paterson A, Frush DP, Donnelly LF, et al: A pattern- 
oriented approach to splenic imaging in infants and children. 
RadioGraphics 19:1465, 1999. 


normal spleen should be homogeneous on all imaging 
modalities. 

True lesions involving the spleen can be categorized as dis- 
eases manifesting with focal lesions, multifocal lesions, or a 
diffuse infiltrating pattern (Box 105-2). 10 Although often 
asymptomatic, focal abnormalities must raise the suspicion of 
a pathologic condition. 1 Rarely, when the lesions are large, they 
may cause symptoms. 
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If the patient has a known disease, such as metastases, lym- 
phoma, or tuberculosis, a general assumption is made that the 
focal abnormality represents splenic involvement. Ultimately, it 
is often the radiologist who has to decide whether further inves- 
tigations are indicated or follow-up is more appropriate. 

Splenunculi, Splenic Ectopia, 
and Splenosis 

Splenunculi, also known as accessory spleens, splenules, and 
supernumerary spleens, are a common finding. They are found 
in approximately 10% to 30% of autopsies and in 16% of 
patients undergoing abdominal CT. 12,13 The normal spleen is 
formed after multifocal development of splenic foci and subse- 
quent fusion. Splenunculi are formed when one or more of 
these splenic foci fail to fuse. 14 

Accessory spleens are a few millimeters to several centimeters 
in the greatest diameter. They are typically supplied by branches 
of the splenic artery and demonstrate the same imaging and 
enhancement characteristics as normal splenic tissue. They are 
most commonly located medial to the spleen in or near its 
hilum (75%) and adj acent to the tail of the pancreas. Less 
common locations are within the pancreatic tail (17%), the 
gastrosplenic or splenorenal ligaments, the wall of the stomach 
or bowel, the mesentery or omentum, and the pelvis and 
scrotum (Fig. 105-2). 1517 Those found in the pancreatic tail are 
usually small and rarely noticed radiologically; if detected, they 
are often misdiagnosed as hypervascular tumors. 18,19 

In patients with heterotaxia, left isomerism, or bilateral 
left-sidedness, many bilateral spleens or splenunculi may be 
present. Splenosis is autotransplantation of splenic tissue 
after disruption of the splenic capsule by trauma or surgery. 
Splenosis has been described in up to 74% of patients who 
underwent splenectomy after trauma, and it is often detected 
years after the initial trauma/ These splenic implants closely 
resemble splenunculi on histologic examination, and distinc- 
tion between these two conditions usually is not possible. 14,23 
Compared with accessory spleens, these implants are more 
numerous and variable in size and shape, and they are sup¬ 
plied by small perforating vessels arising at the site of implan¬ 
tation. They are typically located in the abdomen but may 
be found in various locations, including the pelvis, thorax, 
and scars. 24 

Splenunculi and splenosis usually have little clinical signifi- 
cance, although there are exceptions. 13 When splenectomy is 


performed to control hematologic disorders such as idiopathic 
thrombocytopenic purpura or lymphoma, hypertrophy of an 
accessory spleen may cause or harbor the site of recurrent 
disease. 23 Accessory spleens also may mimic various pathologic 
conditions, such as lymphadenopathy, tumors associated with 
surrounding organs (e.g., pancreas, adrenal, kidney), abdomi¬ 
nal and pelvic masses, endometriosis, and metastases. Rarely, 
splenunculi may be manifested with nonspecific abdominal 
pain or become symptomatic when they undergo torsion, cyst 
formation, or hemorrhage. 26 0 

RADIOLOGIC FINDINGS 

On ultrasound, accessory spleens are well-circumscribed, round 
or oval nodules with an echogenicity identical or slightly 
hypoechoic to that of the adjacent spleen (Fig. 105-3A). Seventy- 
five percent demonstrate acoustic enhancement or an incom- 
plete hyperechoic rim, or both. 22 

MR images of accessory spleens demonstrate signal intensity 
and enhancement similar to those of the normal spleen on all 
sequences (Fig. 105-3B). On CT, accessory spleens are well- 
marginated, rounded, homogeneously enhancing lesions (Fig. 
105-3C). Attenuation of small accessory spleens (<1 cm) is 
often somewhat less than that of the spleen because of partial 
volume effects. 13 

Heat-denatured red biood cell scintigraphy is considered the 
best study for detection of an accessory spleen because of its 
high sensitivity and specificity. 31,32 Denatured red biood cells are 
labeled with technetium Tc 99m pertechnetate, after which 
single photon emission CT imaging is performed. On this 
examination, the round to ovoid foci with avid tracer uptake 
are seen colocating to the nodules seen on CT. 

" m T C -sulfur colloid scans are less commonly used to evalu- 
ate splenic disorders, but they are less accurate than heat- 
denatured red biood cell scans in the detection of splenunculi. 33 
Radioimmunoscintigraphy of the spleen provides no additional 
diagnostic information over heat-denatured red biood cell 
scintigraphy of the spleen in detecting splenunculi. 32 

DIFFERENTIAL DIAGNOSIS 

The differential diagnosis of supernumerary spleens includes 
lymphadenopathy, abdominal and pelvic masses, endometrio¬ 
sis, masses associated with surrounding organs (e.g., pancreas, 
adrenal, kidney), peritoneal mesothelioma, and metastases. 
Imaging characteristics similar to those of the normal spleen 



Figure 105-2 Splenogonadal 
fusion in a 4-year-old boy. 

A. Ultrasound demonstrates a 
5-mm nodular lesion adjacent to 
the left testicle. B. 99m Tc-sulfur 
colloid scan of the pelvis 
demonstrates a focus of uptake 
into the left side of the scrotum. 
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Figure 105-3 Accessory spleen and splenosis. 

A. Ultrasound demonstrates a well-circumscribed, 
round nodule ( arrow) with echogenicity similar to 
that of the adjacent spleen. B. Axial view, liver 
acquisition with volume acceleration (LAVA) MRI 
after gadolinium enhancement obtained in the 
portal venous phase demonstrates a well- 
circumscribed nodule medial to the spleen (arrow) 
with the same signal intensity and enhancement as 
the splenic parenchyma. C. Contrast-enhanced CT 
shows two nodular lesions (i.e., splenosis) in the left 
upper abdomen in a patient with a history of 
splenectomy after a traumatic splenic injury. 



and heat-denatured red biood cell scintigraphy permit differ¬ 
entiation from other disorders. 

Hemangioma 

EPIDEMIOLOGY AND PATHOGENESIS 

Hemangioma is the most common benign neoplasm of the 
spleen, found in approximately 0.3% to 14% of autopsy speci- 
mens. Hemangiomas primarily affect young to middle-aged 
adults, but they are found in all age groups. 35 Some investigators 
report predominance in males, whereas others did not find a 
gender predilection. Hemangiomas typically are found 
incidentally on radiologic imaging or pathologic studies. On 
occasion, they are multiple or diffuse, a condition called hem- 
angiomatosis, or they are part of generalized angiomatosis, such 
as Klippel-Trénaunay-Weber syndrome. 38 

CLINICAL FINDINGS 

Patients with hemangiomas are generally asymptomatic. 
Rarely, large hemangiomas or hemangiomatosis may be mani¬ 
fested with a palpable mass in the left upper quadrant, pain, 
or splenomegaly. Kasabach-Merritt syndrome, characterized 
by hemangiomatosis, thrombocytopenia, and intravascular 
coagulation, is a rare syndrome resulting from sequestration 
of red biood cells and platelets and consumption of clotting 
factors in the hemangiomas typically seen in early infancy. 39,40 


Spontaneous splenic rupture of splenic hemangiomas is 
extremely uncommon. 41 Resection should be reserved for the 
rare situations, such as untreatable pain, diagnostic uncertainty, 
or compression of adjacent organs. 35 

PATHOLOGY 

On gross examination, hemangiomas appear blue to red and 
spongy, and they are typically well circumscribed. 42 Most 
splenic hemangiomas are cavernous and a few are capillary 
or may demonstrate both features. 34 On histopathologic exami¬ 
nation, they are nonencapsulated proliferations of vascular 
channels of various sizes lined by a single layer of plump 
endothelial cells with little intervening fibrous tissue filled with 
red biood cells. 14,42 Small hemangiomas of the spleen are typi¬ 
cally homogeneously solid, although larger ones may demon¬ 
strate multiple cystic spaces of various sizes. 43 They may contain 
calcifications. 44 Diffuse hemangiomatosis is a rare, benign neo- 
plastic condition in which the entire spleen is replaced by 
neoplastic biood vessels interspersed with sparse connective 
tissue. 40,42,45 

RADIOLOGIC FINDINGS 

The imaging appearance of splenic hemangiomas depends on 
the gross morphology and is a Spectrum from solid to mixed to 
purely cystic. 43 Findings on abdominal radiographs are usually 
normal, but a large hemangioma may be manifested as a soft 



105 Benign and Malignant Lesions of the Spleen 1927 


tissue mass in the left upper quadrant. If calcifications are 
present, they can be punctate or curvilinear. 34 

On ultrasound, small splenic hemangiomas appear as 
discrete echogenic lesions similar to those in the liver (Fig. 
105 -4). 46 Large hemangiomas may appear as complex masses 
with both solid and cystic areas. 4/ Acoustic shadowing due to 
calcifications may be seen. 

Hemangiomas may be manifested as solid, homogeneous 
masses or complex cystic masses with slight hypodensity on 
nonenhanced CT scans. 44,47 ' 49 Punctate, peripheral, and curvi¬ 
linear calcifications may be present. Other splenic hemangio¬ 
mas may appear cystic or heterogeneous, depending on the 


extent of the cystic and solid components. On contrast- 
enhanced CT, hemangiomas of the spleen may demonstrate a 
progressive centripetal enhancement pattern and become 
isodense on the delayed images, as can be seen in liver heman¬ 
giomas (Fig. 105-5A, B) although this occurs less frequently in 
the splenic hemangiomas than with hepatic hemangiomas. This 
probably reflects the differences in vascular supply of the liver 
and spleen. 34 ’ 36 ’ 50 

On MR studies, splenic hemangiomas are isointense to 
hypointense on the Tl-weighted images and typically hyperin- 
tense on the T2-weighted images compared with the normal 
spleen (Fig. 105-5C). 35 Ramani and coworkers 36 demonstrated 



Figure 105-4 Splenic hemangioma. A. Longitudinal ultrasound image shows a well-defined, hyperechoic lesion. B. Corresponding contrast- 
enhanced CT demonstrates a hypodense lesion with some faint peripheral enhancement in the portal venous phase (arrow). 




Figure 105-5 Multiple splenic hemangiomas. 

A. Contrast-enhanced CT in the portal venous 
phase demonstrates multiple, homogeneous, 
hypodense splenic lesions. B. Complete fill of the 
lesions is shown on a 10-minute delayed image. 
C. The lesions are homogeneously hyperintense 
on the T2-weighted MR image. CT and MRI 
demonstrated progressive centripetal 
enhancement. 
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in a study of 22 hemangiomas that 19 were hyperintense, two 
were isointense, and one was hypointense relative to the spleen 
on T2-weighted images. In the same study, a progressive cen¬ 
tripetal pattern of enhancement was observed in 19 of 22 hem¬ 
angiomas on the dynamic gadolinium-enhanced series, and 
19 hemangiomas demonstrated uniform enhancement on the 
delayed images. Other types of enhancement that can be 
observed are immediate homogeneous and persistent enhance¬ 
ment on the delayed images and a peripheral centripetal 
enhancement with a persistent lack of central enhancement on 
delayed images." 6,51 Sometimes, a central fibrous scar may dem- 
onstrate persistent enhancement. Cavernous hemangiomas 
typically demonstrate heterogeneous enhancement; the cystic 
components do not demonstrate enhancement on contrast- 
enhanced CT and MRI. 50 

There is a paucity of published data regarding scintigraphy 
of splenic hemangiomas, and the results are often based on 
criteria used for the liver. 53 99m Tc-sulfur colloid scintigraphy of 
the liver and spleen may demonstrate a photopenic defect in the 
spleen. 44 99m Tc-labeled red biood cell scans demonstrate a hypo- 
vascular area on the biood flow images; early biood pool images 
may reveal a hypovascular lesion or demonstrate some pooling 
of tracer activity. Typically, the hemangiomas demonstrate 
increased activity on the delayed images, giving a perfusion- 
blood pool mismatch. This phenomenon is considered pathog- 
nomonic of hepatic hemangiomas. 53,54 

Angiographic Åndings of splenic hemangiomas are variable 
and nonspecific. They can be hypovascular or hypervascular, 
with or without pooling of contrast material and with or 
without abnormal tumor vessels. 44 

Hamartoma 

EPIDEMIOLOGY AND PATHOGENESIS 

Hamartoma of the spleen is a rare, benign tumor first described 
by Rokitansky in 1859 as a splenoma. 55 Hamartomas are also 
known as a spleen within a spleen, post-traumatic scars, nodular 
hyperplasia, and hyperplastic nodules. They are usually discov¬ 
ered incidentally during diagnostic imaging, splenectomy, or 
autopsy. 56 Most are described in case reports or small series. 
The reported incidence in large autopsy and splenectomy series 
varies from 0.12% to 0.17%. 58 ' 60 The definitive diagnosis of a 
splenic hamartoma is rarely made on the basis of imaging. 
Hamartomas are often confirmed by pathologic evaluation after 
splenectomy. 60,61 

No gender predilection has been demonstrated for hamarto¬ 
mas, and they can be found in any age group. Most hamartomas 
are solitary. Hamartomas of the spleen have been associated 
with hematologic disorders, tuberous sclerosis, malignant neo- 
plasms, and Wiskott-Aldrich-like syndrome. 56, 57,60,62 

CLINICAL FINDINGS 

Hamartomas are usually discovered incidentally, and most 
patients are asymptomatic, but a large hamartoma may be man¬ 
ifested as a palpable mass or splenomegaly. Rupture of a splenic 
hamartoma is rare. 5 Splenic hamartomas can be associated 
with hematologic disorders, including pancytopenia, anemia, 
and thrombocytopenia. This association probably results from 
sequestration of the hematopoietic cells in the abnormal vascu- 
lar spaces. Resolution of these hematologic disorders after 


hamartoma resection has been reported. 62,64 Associated growth 
retardation and recurrent infections have been reported in the 
pediatric population. It can be difficult, especially by cytologic 
analysis, to differentiate a hamartoma from a malignant neo- 
plasm. Resection—partial or total splenectomy—is often per- 
formed because of diagnostic uncertainty. 60, 61,65,66 

PATHOLOGY 

On gross examination, hamartomas are well-circumscribed, 
solid lesions that compress the surrounding parenchyma. They 
vary in size from less than 1 cm to more than 20 cm in diam¬ 
eter. 56 On histologic examination, splenic hamartomas are com- 
posed of disorganized red pulp elements with reticuloendothelial 
cell proliferation. Normal white pulp is usually absent. 14,34,42,66 
They contain a mixture of unorganized sinus-like structures 
lined by endothelial cells surrounded by fibrotic cords of pre- 
dominant splenic red pulp without a true capsule. 34,42 Cystic 
spaces and coarse calcifications have been reported. 34 Special 
immunohistochemical techniques can be used to differentiate 
hamartomas from hemangiomas. The etiology of splenic ham¬ 
artomas is controversial; some authors consider splenic hamar¬ 
tomas to be congenital in origin, whereas others consider 
hamartomas to be true neoplasms or to be an acquired prolif- 
erative process. 42,60 

RADIOLOGIC FINDINGS 

On sonography, hamartomas are typically well-defmed, homo¬ 
geneous masses (Fig. 105-6A). The reported appearance varies 
from isoechoic to mildly hyperechoic or hypoechoic. 67 ' 69 The 
mass may contain cystic areas or coarse calcifications. 68,70 On 
color Doppler images, the mass often demonstrates increased 
biood flow. 67,69 Some investigators report that sonography is 
more sensitive than CT in depicting hamartomas of the 
spleen. 70 

A contour abnormality is often the only visible finding on 
CT (Fig. 105-6B). 34 A typical hamartoma is isodense or mildly 
hypodense on nonenhanced and on intravenously enhanced CT 
scans (Fig. 105-6C). 71 Heterogeneous enhancement can be 
observed in larger lesions; uniform and prolonged contrast 
enhancement is often shown on the delayed images. 72 

On MRI, hamartomas are well-defmed, isointense masses on 
the Tl-weighted images. In a series of five patients, four were 
imaged with T2 sequences. In three of these, the lesions were 
heterogeneously hyperintense, and in one, the mass was hypoin¬ 
tense relative to the normal spleen." 5 In the same series, all 
hamartomas demonstrated diffuse, heterogeneous enhance¬ 
ment in the early phases and became more uniformly enhanced 
on delayed images on dynamic contrast-enhanced sequences. 
Similar MRI characteristics were described by other investiga¬ 
tors, including prolonged enhancement on the delayed images 
after intravenous administration of gadolinium. 

Angiography, sometimes performed for preoperative embo- 
lization, may demonstrate a hypervascular mass with peripheral 
tumor vessels and tumor stains. 56, 67,74,75 

The literature describing scintigraphic imaging Åndings for 
splenic hamartomas is sparse. Case reports of splenic hamarto¬ 
mas describe hot spots on 99m Tc-sulfur colloid scintigraphy, 
presumably caused by uptake in reticuloendothelial cells. 75,76 
The dynamic images of radiocolloid scans may show increased 
Aow in the spleen. Other studies have described decreased 
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Figure 105-6 Hamartoma. A. Longitudinal 
ultrasound image demonstrates a mildly 
hypoechoic mass medial to the spleen with some 
internal color flow. B. Unenhanced CT shows a 
round mass involving the medial portion of the 
spleen, and it is isodense compared with the 
splenic parenchyma (there is a metallic artifact 
from a surgical clip from remote gastric surgery). 
C. Contrast-enhanced CT obtained during the 
portal venous phase demonstrates the mass with 
the same enhancement pattern, with two small, 
hypodense cystic areas anteriorly. 



uptake of the radiocolloid tracer compared with the normal 
spleen. 70 

Although splenic hamartoma may be suspected on the basis 
of the imaging characteristics, a definitive diagnosis can rarely 
be made by the imaging Åndings alone. 34,60 A definitive diagno¬ 
sis may be established with a percutaneous biopsy, although this 
often proves to be a challenge for the pathologist, and more 
often, splenectomy is needed for a definitive diagnosis. 4,66,77 

Lymphangioma 

EPIDEMIOLOGY AND PATHOGENESIS 

Splenic lymphangiomas are rare, benign, slow-growing, con- 
genital neoplasms. They are typically seen in childhood, 
with only a few reported cases in adults. Splenic lymphangio¬ 
mas can be isolated solitary lesions within the spleen, or the 
entire spleen may be replaced (i.e., splenic lymphangiomato- 
sis). 8 This may be part of a rare congenital malformation of the 
lymphatics called lymphangiomatosis. 81 Lymphangiomatosis 
predominantly affects pediatric patients and typically involves 
multiple organs and locations, including the neck, mediasti- 
num, and retroperitoneum. 78,81 Lymphangiomas of the spleen 
have also been associated with Klippel-Trénaunay-Weber 
syndrome. 82 

CLINICAL FINDINGS 

In adults, splenic lymphangiomas are often asymptomatic. 
When symptoms are present, they are usually related to the 
increased size of the spleen and include left upper quadrant 


pain, nausea, and abdominal distention. 4,83 Associated coagu- 
lopathy, hypersplenism, and portal hypertension have been 
described. 84 Physical examination may reveal a tender mass in 
the left upper quadrant. 80 

Management varies from conservative treatment for small, 
asymptomatic lesions to partial or total splenectomy for large, 
symptomatic lesions. 83,86 Subtotal splenic embolization is also 
described as an effective treatment option. 8 

PATHOLOGY 

On gross examination, splenic lymphangiomas typically are 
subcapsular, multicystic lesions filled with watery pink pro- 
teinaceous fluid. 14 On histologic evaluation, they are com- 
posed of multiple, thin-walled cysts of various sizes lined 
with a flat endothelium. Lymphangiomas often involve the 
capsule and trabeculae, where lymphatic structures are nor¬ 
mally present. 42 Lymphangiomas are traditionally classified 
as capillary, cavernous, or cystic, depending on the histologic 
findings. 81,87 

RADIOLOGIC FINDINGS 

Findings on plain radiographs are usually normal, but they may 
demonstrate splenomegaly with a mass effect on adj acent 
viscera. Curvilinear calcifications can be present." 

Ultrasound typically shows multiple cysts that are a few mil¬ 
limeters to several centimeters in diameter and are divided by 
thin septations (Fig. 105-7). 80,84,88 Splenic lymphangiomas may 
have calcifications, and the finding of internal echoes depends 
on the presence of proteinaceous or hemorrhagic fluid. 
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Figure 105-7 Lymphangiomatosis in a young female patient 
involving multiple organs, including the spleen. Longitudinal image 
demonstrates an enlarged spleen with numerous cystic lesions; sizes 
range from a few millimeters to several centimeters. 


Vascularity within the walls and the septa can be demonstrated 
with color Doppler imaging. 8 " 

CT can reveal subcapsular, low-density, nonenhancing, 
sharply marginated, thin-walled cysts. Small, curvilinear or 
punctate calcifications may be observed. 8 After administra¬ 
tion of an intravenous contrast agent, the septa may demon- 
strate enhancement. 80,88 

MRI reveals multiple, well-defined cysts within the spleen. 
They appear hypointense on Tl-weighted images and hyperin- 
tense on the T2-weighted sequences." 4 88 The cysts may demon- 
strate high signal intensity on the Tl-weighted images if they 
contain proteinaceous or hemorrhagic fluid. 43 The septa appear 
as hypointense structures on the T2-weighted sequences. 89 
These septa are usually better defined on contrast-enhanced CT 
and MR images. 

When the lymphatic spaces are small, as in capillary lymph- 
angiomas, the lesion may have a solid appearance on radiologic 
imaging, making a correct preoperative radiologic diagnosis 
difficult. The literature on angiographic and scintigraphic 
findings in splenic lymphangiomas is limited. Lymphangiomas 
do not demonstrate uptake of the radiopharmaceutical on 
" m T C -sulfur colloid scintigraphy. 82 

On angiography, splenic lymphangiomas have been observed 
as round or oval, hypovascular mass lesions displacing the sur- 
rounding arterial branches without neovascularity. 86 With more 
extensive involvement, many focal lucencies of various sizes can 
be seen in the venous phase, producing the so-called Swiss 
cheese appearance. 86,91 

Inflammatory Pseudotumor 

EPIDEMIOLOGY AND PATHOGENESIS 

Splenic inflammatory pseudotumor is a rare, benign lesion. 
Although the cause and pathogenesis are unknown, it is thought 
that inflammatory pseudotumors result from an unusual, non- 
specific, inflammatory reparative response to injury such as 
infection. 42, 92-94 


CLINICAL FINDINGS 

Like most other benign splenic tumors, inflammatory pseudo¬ 
tumors are usually asymptomatic. In the typical scenario, this 
lesion is discovered incidentally, sometimes presumed to repre¬ 
sent lymphoma. Fever and leukocytosis are the most commonly 
described associated symptoms. 92 If the pseudotumor is large, 
a palpable mass may be discovered on physical examination. 

PATHOLOGY 

On gross examination, the lesions are often well defined and 
white. On histopathologic examination, the lesions are found 
to be well circumscribed and composed of spindle cells and 
various proportions of mixed inflammatory cells, including 
small lymphocytes, plasma cells, and histiocytes. A zonal distri¬ 
bution is characteristic, with central foci of necrosis and hemor- 
rhage, foamy histiocytes, granulomas, and giant cells. 95,96 
Calcifications can be present. 

RADIOLOGIC FINDINGS 

Unfortunately, radiologic imaging techniques do not permit 
preoperative diagnosis of these lesions. Splenic inflammatory 
pseudotumors are typically misdiagnosed as other masses, such 
as lymphoma or metastatic disease. 92,94 

Abdominal radiographs are of limited Utility. Ultrasound 
usually demonstrates a well-defined hypoechoic mass and 
acoustic shadowing when calcifications are present. 92 

Unenhanced CT scans reveal a rounded mass with low atten - 
uation with or without calcifications. Enhancement can be 
homogeneous or heterogeneous, and delayed enhancement pat¬ 
terns are often described. 93 Central, stellate, low-density areas 
may persist within the mass, probably corresponding to focal 
areas of fibrosis. 97 

On MRI, these lesions appear isointense to the splenic paren- 
chyma on Tl-weighted images. Both heterogeneously hypoin¬ 
tense and hyperintense lesions compared with normal spleen 
tissue have been described on T2-weighted images. 93,94 As 
with CT, most investigators describe a peripheral enhancement 
pattern with gradual, delayed central enhancement from the 
periphery to the center on the dynamic sequences. 93,94,98 

Peliosis of the Spleen 

EPIDEMIOLOGY AND PATHOGENESIS 

Splenic peliosis is a rare condition characterized by sinusoidal 
dilation and formation of multiple, cystlike, blood-filled cavi- 
ties within the parenchyma." This condition most commonly 
affects the liver, but any organ, including the spleen, can be 
affected. Splenic peliosis as an isolated finding is rare; it is 
usually associated with hepatic peliosis. 100 The pathogenesis of 
splenic peliosis is unclear. Splenic peliosis has been associated 
with various conditions, including infection, hematologic 
malignant neoplasms, use of anabolic steroids, and immuno- 
compromised States. 

CLINICAL FINDINGS 

Patients with splenic peliosis are often asymptomatic, and the 
condition is found incidentally on imaging studies or at autopsy. 
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However, peliosis can be manifested with spontaneous splenic 
rupture. 101 The first well-documented case of peliosis was 
reported in 1866, when Cohnheim described a spontaneous 
splenic rupture in a young man with peliosis. 102 

PATHOLOGY 

On gross examination, the size of the spleen is often found to 
be normal. Multiple, biood-filled cavities are ro und to oval and 
are 1 mm to several centimeters in diameter. The blood-filled 
cystic spaces may be arranged sporadically, may occur in clus- 
ters, or may be disseminated throughout the spleen. 34 Throm- 
bosis may occur in the cystic spaces. On microscopic 
examination, the cysts located within the red pulp are lined with 
flattened, sinusoidal endothelium, or they may lack a clear cell 
lining. 42,99 

RADIOLOGIC FINDINGS 

No large series of splenic peliosis are available. The imaging 
findings are typically described in publications of hepatic pelio¬ 
sis and in case reports. The imaging findings of peliosis are 
variable and depend on the size of the cysts and whether there 
is thrombosis of the cystic contents. 103 

Sonography typically reveals multiple, poorly defined, 
hypoechoic lesions. The lesions may be hyperechoic if throm¬ 
bosis is present. 34 

On unenhanced CT, peliosis lesions usually appear as mul¬ 
tiple areas of low attenuation. On contrast-enhanced CT scans, 
splenic peliosis most commonly is manifested as multiple, 
small, well-defined, hypoattenuating, cystlike lesions. 34,1 ' High- 
attenuation lesions and fluid-fluid levels, which are thought to 
reflect a hematocrit effect, demonstrating enhancement in their 
dependent portions have also been described. 104105 

The signal intensities of the lesions on MRI depend on the 
age and status of the biood components. On T2-weighted 
sequences, these lesions are usually hyperintense. On Tl- 
weighted sequences, the lesions are typically hypointense or 
isointense to the normal spleen. After gadolinium injection, 
peliotic lesions may or may not enhance. 104 Various patterns of 
enhancement have been described. 

Angiography may reveal areas of pooling of contrast mate- 
rial and distortion of the intrasplenic vessels. 106 If the lesions 
rupture, perisplenic hematoma, splenic laceration, and intra- 
peritoneal hemorrhage may be evident. 101 

Cystic Splenic Lesions 

Cystic lesions of the spleen are relatively uncommon compared 
with the frequency with which cysts are encountered in other 
solid abdominal organs. The reported incidence of splenic cysts 
at autopsy is approximately 7.6 per 10,000 people. 107 The true 
incidence is probably higher; in one series, the incidence was 
approximately 1% detected with abdominal ultrasound. 11 

A wide variety of lesions may be manifested as splenic cysts 
(Table 105-1). In Western countries, most splenic cysts are 
asymptomatic and discovered incidentally during routine 
abdominal imaging or autopsy. The most common splenic cysts 
in the Western world are congenital and traumatic in origin. 
Worldwide, parasitic cysts (most are echinococcal) are much 
more common and account for approximately 70% of splenic 
cysts. 108 The correct cause and pathophysiologic mechanism of 


105-1 Cystic Lesions of the Spleen 


Type of Lesion Examples 


Congenital 

Acquired 


Infection 

Neoplastic 


Epidermoid cysts (primary, true, mesothelial) 
Dermoid (rare) 

Pseudocysts (secondary cysts): 
postinflammatory, post-traumatic, 
postinfarction, pancreatic 
Parasitic: echinococcosis 
Abscess: pyogenic, fungal 
Benign: cystic hemangioma, cystic hamartoma, 
cystic lymphangioma, peliosis 
Malignant: angiosarcoma, lymphoma, 
metastases 


a splenic cyst can often be suggested by the medical history, 
symptoms, and appearance of the cyst on imaging. 43 

CONGENITAL CYSTS AND PSEUDOCYSTS 

Epidemiology and Pathogenesis 

Traditionally, nonparasitic, non-neoplastic splenic cysts have 
been grouped as true cysts and pseudocysts on the basis of a 
classification system developed in 1940 by Fowler. 10 110 Con¬ 
genital cysts, also known as true, primary, epidermoid, or meso¬ 
thelial cysts, have an epithelial or mesothelial cell lining and are 
thought to be developmental in origin. Pseudocysts, also known 
as secondary cysts or false cysts, do not have an epithelial lining. 

Congenital cysts are believed to be the result of embryonic 
inclusions of splenic capsular mesothelial cells into the splenic 
parenchyma with subsequent gradual growth, although numer- 
ous other theories have been postulated. 14,42,111 Congenital cysts 
account for approximately 10% of all splenic cysts, and they 
are not associated with cysts in other organs. 107,112 Congenital 
cysts are often discovered in children and young adults, but 
they are found in all age groups, and they have a female 
predominance. 113-115 A rare familial occurrence of splenic epi¬ 
dermoid cysts has also been reported. 112,116 Dermoid cysts of 
the spleen are rare and have been described in only a few 
case reports. 117 

Pseudocysts are thought to be the result of an intrasplenic 
hematoma, infarct, or infection, although a history of trauma 
or infection is often not apparent. They are more common in 
females, often discovered in young adults, but they can be found 
in all age groups. 113,114 Most primary or secondary splenic cysts 
are located in the superior portion, but they can be found any- 
where in the spleen. 113 

Although Fowler’s categorization of splenic cysts is widely 
accepted, Morgenstern has made a case against the traditional 
classification of true and false cysts and argued that it is much 
more likely that most cysts are congenital in origin. He reasoned 
that a history of significant trauma is rarely obtained and that 
hemorrhagic cystic lesions after a known trauma usually have 
a different appearance. With the current practice of nonopera- 
tive management of splenic injuries, there should have been a 
significant rise in the incidence of splenic cysts. He stated that 
it can be difficult to identify an epithelial lining in splenic cysts 
and that this probably led to the erroneous classification of 
many reported cysts as pseudocysts. 114 

The natural history of splenic cysts is unknown. No long- 
term follow-up reports of patients with splenic cysts have been 
published. 112 
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Figure 105-8 Pseudocyst. 

A. The abdominal radiograph 
demonstrates a round, calcified 
lesion in the left upper abdomen. 

B. Unenhanced CT shows a 
homogeneously hypodense 
lesion (15 HU) with a thin, 
calcified wall. 



Clinical Findings 

In Western countries, virtually all splenic cysts are asymptom- 
atic and found during routine imaging. 115 Symptoms may 
occur when the cysts are large and include left upper quadrant 
discomfort, fullness, and pain. 113,114 Complications, such as 
spontaneous hemorrhage, rupture, or secondary infection, are 
rare. 1 If the cyst is large, physical examination may reveal 
splenomegaly or a palpable mass with or without tenderness. 112 
Results of routine laboratory tests usually are normal, although 
epidermoid cysts of the spleen have been associated with ele- 
vated levels of cancer antigen 19-9 and carcinoembryonic 
antigen. 121 

In our opinion, small and asymptomatic cysts are hest 
managed conservatively. Treatment of large and symptomatic 
cysts includes percutaneous aspiration with or without sclero- 
therapy and partial splenectomy. 114,115,122 

Pathology 

In the series of Dachman and colleagues, 11 " true and false cysts 
could not be differentiated on the basis of gross appearance. 
True cysts are typically unilocular, and they have a trabeculated, 
shiny, pearly white lining. The fluid may be clear or turbid, and 
the color can be yellow, green, or brown, containing cholesterol 
or biood degradation products. 1 On microscopic examina¬ 
tion, the epithelial lining is variable, and a stratified squamous 
epithelium is the most common finding. 12 " On occasion, septa- 
tions or thick, partially calcified walls can be seen. 42,113 When 
inflammation or hemorrhage occurs in these cysts, the cellular 
lining may be replaced by nonspecific fibrous or granulation 
tissue, and histologic distinction between epidermoid cysts and 
pseudocysts becomes difficult. 

Most pseudocysts are unilocular and have a smooth inner 
surface. The wall is formed by fibrous tissue with or without 
calcified components, and these cysts are often filled with serous 
or hemorrhagic fluid. 14,42,115 

Radiologic Findings 

It is not possible to distinguish between true and false cysts 
with any imaging technique. 43,113 The wall of a pseudocyst 
tends to be thicker. If a cyst is large, it may be identified on 
plain radiographs. In certain instances, it may be possible to 


differentiate a cyst from splenomegaly by the observation of 
a round mass with a normal, intact splenic tip. Curvilinear 
calcifications may also help identify the presence of a splenic 
cyst (Fig. 105-8). 

On ultrasound, splenic cysts, like cysts elsewhere in the body, 
characteristically appear as anechoic lesions with smooth 
horders and demonstrate increased through-transmission (Fig. 
105-9A). Epidermoid cysts and pseudocysts may demonstrate 
septations, thick walls, trabeculations, internal echoes, and cal¬ 
cified walls. 113 

On CT, splenic cysts appear as homogeneous, well-defined, 
round or oval, low-enhancing or nonenhancing, hypodense 
lesions (Fig. 105-9B). The attenuation values typically range 
from 0 to 15 HU. Higher attenuation values are found in the 
presence of protein or biood degradation products. The cyst 
wall can be thick or partially calcified, and septations are some- 
times observed. 43,113 

On MRI, splenic cysts demonstrate low signal intensity on 
the Tl-weighted images and high, uniform signal intensity on 
the T2-weighted images (Fig. 105-9C). 51,124,125 Complicated 
cysts, because of the presence of proteinaceous fluid or hemor¬ 
rhage, may demonstrate high signal intensity on the T1 -weighted 
images and mixed signal intensity on the T2-weighted images. 
Cysts should not demonstrate any enhancement after the 
administration of gadolinium. 

On scintigraphy, if the cyst is large enough, a solitary pho- 
topenic defect may be seen. Splenic cysts are avascular on 
angiography. 113 

HYDATID DISEASE 

Epidemiology and Pathogenesis 

Hydatid disease, or echinococcosis, is a zoonotic tapeworm 
infection caused by the species Echinococcus granulosus. The 
larva, known as the hydatid, forms a cyst as it develops in 
the lung, liver, kidney, or spleen. The disease involves the 
spleen in approximately 2.5% to 6% of patients with abdomi¬ 
nal hydatidosis and typically occurs in patients living in or 
emigrated from endemic areas. 126-129 Splenic hydatid involve- 
ment is usually part of more widespread abdominal disease 
after rupture of a hydatid liver cyst. Primary echinococcal 
involvement of the spleen is rare. 108 Alveolar echinococcal 
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Figure 105-9 Congenital cyst: small, 
simple asymptomatic cyst in a young 
female patient. A. The sonogram shows 
an anechoic lesion with smooth borders 
and increased through-transmission. 

B. Contrast-enhanced CT demonstrates 
a well-defined, round, nonenhancing, 
hypodense cystic lesion. C. Axial, fast 
spin-echo, fat saturation MRI demonstrates 
small, round lesion with uniform high 
signal intensity on the T2-weighted image. 



disease is caused by Echinococcus multilocularis and rarely 
involves the spleen. 1 

Pathology 

The hydatid cyst wall has three layers. The larvae of the 
tapeworm incite an inflammatory host response that forms 
an outer layer of inflammatory cells and fibrous tissue called 
the pericyst. The true cyst wall, also called the endocyst, is 
composed of an outer laminated membrane lined by an inner 
germinal layer made up of daughter cysts, also called the 
brood capsules. Scolices develop on the inner aspect of the 
brood capsules and after separation of the cyst wall form a 
sandlike material within the cysts. 42,129,131 When the parasites 
die, the cysts become inactive, and the cysts may calcify and 
undergo fibrosis. 

Clinical Findings 

Splenic hydatidosis is often asymptomatic. Symptoms, if 
present, include abdominal pain and splenomegaly. 108,128 More 
often, the clinical and radiologic findings are nonspecific, and 
the diagnosis should be suspected in all patients from endemic 
areas presenting with a splenic cyst. 


Large cysts may cause compression of surrounding struc- 
tures. Complications include infection, cyst rupture, and fistu- 
lization to surrounding organs. 128 Rupture into the abdominal 
cavity may result in an anaphylactic reaction and the spread of 
multiple cysts throughout the abdomen. 132 Serologic tests have 
a sensitivity of approximately 90% in diagnosis of hydatid 
disease. 1 "" The imaging findings, combined with the clinical, 
serologic, and epidemiologic results, usually provide the correct 
diagnosis. 134,135 

Albendazole is the mainstay of echinococcal treatment. 
Splenic hydatid cysts can be treated percutaneously with 
cyst aspiration and injection of hypertonic saline solution or 
alcohol, also known as the PAIR technique (i.e., puncture, 
aspiration, injection, reaspiration). 135-137 Splenectomy or partial 
splenectomy can be performed if other treatment options 
have failed. Inactive cysts are typically observed and managed 
conservatively. 

Classificatiori 

A World Health Organization Working Group on echinococ- 
cosis formulated a standardized sonographic classification of 
echinococcal cysts (Table 105-2). 134,138 
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The classification is intended to follow the natural history of 
cystic hydatid disease. Type CL cysts are usually seen at an early 
stage of development and are not fertile. These cysts cannot be 
differentiated from nonparasitic splenic cysts on the basis of 
imaging. Because the origin is uncertain, this cyst is not given 
the designation of a cystic echinococcosis (CE) type of lesion 
and is recorded as a cystic lesion (CL). The CE 1 and CE 2 types 
are active, usually fertile cysts containing viable protoscoleces. 
CE 3 cysts are degenerative and are entering a transitional stage. 
Most CE 4 and CE 5 cysts are inactive, nonfertile cysts. 

Radiologic Imaging 

The radiologic appearance of hydatid cysts reflects the natural 
history of the disease, in which daughter cyst formation is part 


table Sonographic Classification of 
105-2 Echinococcal Cysts 


Classification Description 

CL Simple cystic lesion; no cyst wall visible 

CE 1 Unilocular simple cyst with visible cyst wall; may 

exhibit "hydatid sand," fine internal echoes due 
to shifting of the brood capsules (i.e., snowflake 
sign) 

CE 2 Multivesicular, multiseptate cyst; daughter cysts 

may partially or completely fill the mother cyst; 
septations may produce wheel-like structures; 
contained daughter cysts may produce a 
rosette-like or honeycomb-like structure 

CE 3 Unilocular, anechoic content with detachment of 

the laminated membrane from the cyst wall, 
visible as a floating membrane (i.e., water lily 
sign), or complex masses caused by unilocular 
cysts containing daughter cysts and echoic 
areas 

CE 4 Heterogeneous hypoechoic or inhomogeneous 

degenerative contents; no daughter cysts; 
degenerating membranes may produce a ball 
of wool sign 

CE 5 Cysts with a thick, calcified, arch-shaped wall; 

lesions are partially or completely calcified 

CE, Cystic echinococcosis; CL, undifferentiated, simple cystic lesions. 

Modified from WHO Informal Working Group: International 
classification of ultrasound images in cystic echinococcosis for 
application in clinical and field epidemiological settings. Acta Trop 
85:253-261 , 2003. 


of the natural aging process. The imaging fmdings are variable 
and range from purely cystic to solid-appearing pseudotumors, 
depending on the stage of the disease (see Table 105-2). All of 
these characteristic imaging appearances are lost when the cysts 
become infected. 

Plain radiographs are of limited Utility. Curvilinear or ring- 
like calcifications, representing calcifications of pericysts, could 
suggest cystic echinococcosis, especially in patients from 
endemic areas. 139 

Ultrasound is the most popular and readily available tech- 
nique worldwide for evaluation of abdominal echinococcal 
disease. Ultrasound is used for diagnosis, therapeutic decision- 
making, and follow-up. Portable ultrasound is also used in 
remote areas to screen, to diagnose, and to treat patients. 135 

Fine internal echoes within the cysts may be seen because of 
shifting of the brood capsules, often called hydatid sand (i.e., 
the snowflake sign). Wavy bands of detached, laminated endo- 
cysts (i.e., the water lily sign) may be observed within the cysts. 
Daughter cysts may partially or completely fill the mother cyst 
(Fig. 105- 10A). Calcifications, varying from tiny to massive, are 
often present. 

CT and MRI are indicated for patients not suited for ultra¬ 
sound and for evaluation of widespread or complicated disease. 
Cross-sectional imaging is helpful in planning percutaneous 
therapy or surgery. Subtle cyst wall calcifications are hest dem- 
onstrated with CT. 

On CT, a hydatid cyst may be manifested as a well-defined, 
hypoattenuating cystic lesion with water-attenuation values and 
a distinguishable wall. Coarse wall calcifications are often 
present. The hydatid cysts can be hyperdense because of debris, 
hydatid sand, and inflammatory cells. In CE 2 cysts, the round 
daughter cysts are arranged at the periphery, or they completely 
fill the mother cysts. CT attenuation of the daughter cysts is 
typically lower than that of the mother cysts. Type CE 3 lesions 
appear as relatively high attenuation, round or oval masses with 
scattered calcifications and occasional daughter cysts (Fig. 105- 
10B). Type CE 4 cysts may appear as a complex mass. The septa 
and cyst wall frequently enhance after the intravenous admin¬ 
istration of contrast material. Type CE 5 cysts are complex 
cystic or solid-looking lesions, and they can be partially or 
completely calcified. 

On MRI, the simple cysts are hypointense on the T1 -weighted 
images and markedly hyperintense on the T2-weighted images. 



Figure 105-10 Echinococcal cyst: cystic echinococcosis type 3. A. Longitudinal ultrasound image of the spleen demonstrates a complex 
lesion with central hyperechoic areas and small peripheral daughter cysts. B. Contrast-enhanced CT during the arterial phase demonstrates an 
oval mass involving the medial portion of the spleen with relatively high central attenuation and a few peripheral hypodense daughter cysts. 
There is associated involvement of the right adrenal. (Courtesy M. de Jonge, MD, Amsterdam, The Netherlands.) 
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A low signal intensity rim (i.e., the rim sign), which is more 
evident on T2-weighted MR images, has been described as char- 
acteristic of hydatidosis. 131 The septa and cyst wall frequently 
enhance after the intravenous administration of gadolinium. 
The daughter cysts may appear hypointense or isointense rela¬ 
tive to the maternal matrix on TI- and T2-weighted images. 
The collapsed parasitic membranes may reflect a serpent sign 
or snake sign. These membranes have low signal intensity on all 
sequences. Type CE 4 and CE 5 cysts usually are hypointense 
on TI- and T2-weighted images. 

The presence of a cystic lesion in a patient from an endemic 
area with positive serologic test results most likely indicates 
hydatid disease. In almost all cases of splenic hydatid cystic 
disease, hydatid liver disease coexists. The presence of daughter 
cysts is probably the most helpful imaging feature. 

DIFFERENTIAL DIAGNOSIS OF CYSTIC 
SPLENIC MASSES 

The differential diagnosis of cystic splenic masses is extensive 
(see Box 105-2) and includes true or false splenic cysts, parasitic 
(hydatid) cysts, pseudocysts related to pancreatitis, pyogenic 
abscess, benign tumors of the spleen (e.g., hemangiomas, ham- 
artomas, lymphangiomas, lymphoma), and metastatic tumors. 
The correct diagnosis can usually be suggested by an analysis of 
clinical Åndings and symptoms, the medical history, and the 
appearance of the cyst. 

Splenic cysts (true or false) are the most common in Western 
countries. They are typically well defined, are of homogeneous 
water density, and have a thin or imperceptible wall. After infec- 
tion or hemorrhage, the cysts become more complex. 

The presence of a cystic lesion with wall calcification and 
daughter cysts in a patient from an endemic area should raise 
the suspicion of cystic echinococcosis. Most cases of splenic 
hydatid cystic disease have coexisting hydatid liver disease. 

Patients with a splenic abscess usually are sick or septic, and 
they present with fever, left upper abdominal pain, and leuko- 
cytosis. A cystic splenic mass developing in a patient with pan¬ 
creatitis is likely to be a pancreatic pseudocyst. 

Benign splenic neoplasms (e.g., hemangioma, lymphangi- 
oma, hamartoma) may show single or multiple cystic spaces in 
the mass that rarely fulfill the criteria for a simple cyst. Splenic 
lymphoma may be manifested as ill-defined, hypoechoic masses 
with internal echoes on ultrasound or as low-density lesions 
with or without a thick rim on CT scans, mimicking a cystic 
lesion. 1 111 Cystic metastases to the spleen have been reported 
from melanoma and adenocarcinoma of the breast and ovary, 
but they usually occur in the setting of widespread metastatic 
disease and typically have a complex appearance. Isolated 
splenic metastases are rare. 

Splenic Infection and 
Inflammatory Disease 

Inflammation and infection of the spleen are manifested in 
three distinet patterns: generalized splenomegaly without dis- 
cerning focal lesions; solitary lesions; and a diffuse, miliary or 
macronodular pattern with or without splenomegaly. 10 Gener¬ 
alized splenomegaly is a nonspecific Ånding and can be found 
in a variety of diseases, including infeetions and inflammatory 
diseases (Box 105-3). Multiple splenic nodular lesions, usually 


BOX 105-3 COMMON CAUSES OF DIFFUSE 
SPLENOMEGALY 


Congestive splenomegaly 
Portal hypertension 
Splenic vein thrombosis 
Congestive heart failure 
Infectious and inflammatory diseases 

Acute infeetions (e.g., infectious mononucleosis) 
Chronic infeetions (e.g., miliary tuberculosis, malaria) 
Sarcoidosis 

Systemic lupus erythematosus 
Hyperplastic splenomegaly (i.e., hypertrophy) 

Hemolytic anemias (e.g., malaria, polycythemia vera) 
Infiltrative splenomegaly 
Lymphomas, leukemias 
Metastases 

Extramedullary hematopoiesis 

Storage diseases (e.g., Gaucher's disease, amyloidosis) 
Splenic neoplasms 
Lymphangiomatosis 
Hemangiomatosis 
Peliosis 


BOX 105-4 CAUSES OF SPLENIC NODULAR 
LESIONS* 


Fungal microabscesses 
Bacterial microabscesses 
Protozoal infeetions 
Tuberculosis 

Mycobacterium avium complex infection 

Pneumocystis jiroveci pneumonia 

Cat-scratch disease 

Sarcoidosis 

Gamna-Gandy bodies 

Hodgkin's lymphoma 

Non-Hodgkin's lymphoma 

Metastases 

*Splenic nodules are less than 2 cm in diameter. 


smaller than 2 cm in diameter, are commonly associated with 
nonbacterial infeetions, such as fungal and granulomatous 
infeetions. An abscess may be manifested as a solitary lesion. 
The presence of gas in a lesion, although rare, is pathognomonic 
of a pyogenic infection. 

SPLENIC NODULAR DISEASE 

Multiple, small, nodular splenic lesions are encountered in a 
wide variety of diseases (Box 105-4). These consist of bacterial, 
fungal, and protozoal infeetions; granulomatous diseases, 
including mycobacterial infeetions; and sarcoidosis and malig¬ 
nant neoplasms, such as lymphoma and metastases. Many 
patients with multiple splenic nodules have an established diag¬ 
nosis, such as lymphoma, metastases, or tuberculosis. In these 
cases, the nodules are presumed to represent the same disease, 
and pathologic confirmation is usually not necessary. Multior- 
gan involvement is typical, and similar changes are seen in the 
liver and other organs. 

If no diagnosis has been established and the splenic nodules 
are an isolated Ånding, the diagnosis can rarely be made on the 
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imaging findings alone. The different causes are often mani¬ 
fested in a clinically similar fashion, typically with splenomegaly 
and fever. The history and clinical presentation may narrow the 
differential diagnosis. Additional investigations, such as labora- 
tory tests (including tumor markers), tuberculosis testing, and 
bone marrow biopsies, may be indicated. When the underlying 
disease is successfully treated, the nodules usually resolve or 
become calcified granulomas. 

The imaging characteristics of the various nodular condi- 
tions are nonspecific and similar. The nodules are often 
numerous and are a few millimeters up to 2 cm in diameter. 
They are hypoechoic on ultrasound and hypoattenuating 
on CT. The lesions appear hypointense on Tl-weighted 
sequences and vary from hypointense to hyperintense on the 
T2-weighted sequences. The nodules usually do not enhance 
or may show ring enhancement after intravenous administra¬ 
tion of contrast material. Healed granulomas appear as scat- 
tered, discrete, small calcifications in an otherwise normal 
spleen. 

FUNGAL ABSCESS AND MICROABSCESS 

Fungal infections of the spleen typically occur in immunocom- 
promised patients with neutropenia. Acquired immunodefi- 
ciency syndrome (AIDS), chemotherapy, immunosuppressive 
agents, and lymphoproliferative disorders are the most common 
risk factors. 142 ' 144 Hepatosplenic fungal infection is fo und in 
approximately 7% of patients with acute leukemia, and these 
patients have a poor p rognosis. 143,144 Candida is the fungal 
organism most frequently encountered, followed by Aspergillus , 
Cryptococcus , and Histoplasma. 145 

When the host response improves, the focus of candidiasis 
becomes encapsulated and walled off by neutrophils and 
inflammatory cells. As a result, the findings on diagnostic 
imaging are often normal in patients with chronic disseminated 
candidiasis because the characteristic changes become visible 
only when the neutrophil count recovers. 146 ' 148 In an analogous 
case, the phenomenon of waning of focal hepatic and splenic 
lesions on imaging during neutropenia was described by 
Pestalozzi. 149 


No single imaging technique has proved to be specific and 
sensitive in patients with suspected or proven fungal infections, 
and only serial imaging may be able to detect hepatosplenic 
involvement. 148 Regardless of the imaging findings, a biopsy 
may be necessary to establish the final diagnosis because biood 
cultures are often falsely negative, particularly with Candida 
infections. 150 

Pathology 

On histologic examination, these lesions are poorly confined, 
containing pseudohyphae and yeast forms. On microscopic 
examination, the lesions are multilayered, consisting of an outer 
ring of fibrosis, a middle area of inflammatory cells, and a 
central area of necrosis. 147 

Clinical Findings 

The most common manifestation of systemic candidiasis is per- 
sistent fever not responsive to conventional antibiotics. 144 ' 148 
The clinical diagnosis of fungal infection is often difficult 
because the presenting symptoms may be similar to those of the 
patients primary disorder: fever and splenomegaly. Unex- 
plained clinical deterioration in an immunosuppressed patient 
should raise the suspicion of a disseminated fungal infection. 

Radiologic Findings 

The limitation of all imaging modalities in the diagnosis of 
hepatosplenic fungal disease is the inability to visualize fungal 
lesions during the neutropenic phase. It is important to con- 
sider repeating the studies after recovery of the neutrophil 
count, especially if the clinical suspicion is high and the patient 
is not responding to conventional antibiotic therapy. 151 

Different sonographic patterns of hepatosplenic candidiasis 
have been described. Multiple, small, hypoechoic nodules are 
the most common finding (Fig. 105-11A). 142 A less common 
appearance can be seen in the early course of infection and has 
been described as the wheel-within-a-wheel appearance (i.e., 
the target sign). It is caused by a peripheral hypoechoic zone of 
fibrosis, the first wheel, and an echogenic second wheel of 
inflammatory cells aro und a central echogenic nidus containing 
necrosis and fungal elements (Fig. 105-1 IB). 152,153 This type of 



Figure 105-11 Disseminated Candida infection in a patient with acute myelogenous leukemia. A. Transverse ultrasound image shows 
multiple, small, hypoechoic lesions in the splenic parenchyma. B. Sonogram with a high-frequency (5-12 MHz) linear transducer demonstrates a 
small, hypoechoic nodule with a central echogenic nidus. C. Contrast-enhanced CT shows numerous, subcentimeter, hypodense nodular lesions 
throughout the liver and spleen. 
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lesion may evolve into a bull’s-eye lesion, which histologically 
corresponds to inflammatory cells surrounded by fibrosis. Late 
in the disease with healing, lesions usually become small and 
hyperechoic with various degrees of posterior acoustic shadow- 
ing, with or without calcification, or they may disappear. 142,152 
The use of higher frequency, linear array transducers signifi- 
cantly improves lesion detection. 

On CT, fungal microabscesses are typically 5- to 10-mm, 
hypodense, nodular lesions (Fig. 105-1 IC). The detection rate 
is low (30%) on noncontrast scans. 15 " In the arterial phase 
(25-35 seconds), most lesions (70%) demonstrate an enhancing 
peripheral ring that typically disappears in the portal venous 
phase. 156 In the study by Metser and associates, 155 the detection 
rate of about 90% was not significantly different between the 
arterial phase and portal venous phase. Similar Åndings are 
typical for the liver and sometimes for the kidneys. 153 

Rudolph and colleagues 1 demonstrated another appear- 
ance in approximately 30% of patients. In the arterial phase, 
these lesions showed an inhomogeneous central enhancement 
surrounded by a double target ring consisting of a hypodense 
inner ring surrounded by a hyperdense outer ring. Over time, 
contrast enhancement is in a centrifugal direction, and the 
lesions appear smaller or disappear in the portal venous phase. 

MRI is superior to CT and ultrasound for identification of 
hepatosplenic fungal disease, with a reported sensitivity of 
100% and specificity of 96%.' 1 MRI is especially useful for 
following the course of infection during antifungal therapy and 
for evaluating the response to treatment. 145 

On MRI, in the acute phase of hepatosplenic fungal disease, 
the lesions are small, measuring less than 1 cm in diameter. 
They are mildly hypointense on the Tl-weighted images and 
markedly hyperintense on the T2-weighted images. 

In the subacute phase, the lesions tend to be mildly hyper¬ 
intense on both TI - and T2-weighted sequences. 151,153 A periph¬ 
eral ring of very low signal intensity is typical on all sequences 
in the subacute phase. 151 The central region of the lesions may 
demonstrate enhancement after gadolinium administration, 
with the peripheral ring continuing to have low signal intensity, 
making them more visible. The time for transformation from 
acute to subacute lesions is 2 weeks to 3 months. 145 

After successful antifungal treatment, the 1- to 3-cm lesions 
become irregular, and the central area disappears. The time to 
appearance of healed fungal foci on MRI ranges from 3 months 
to more than 1 year. 157 

" m T C -sulfur colloid liver-spleen, indium In 111-labeled leu- 
kocyte, and gallium Ga 67 scans usually are not helpful in 
detecting microabscesses because normal uptake of the radio- 
tracer obscures the small lesions. Results of 67 Ga scans are vari¬ 
able and may show multifocal areas of increased or decreased 
uptake in the spleen. 158 

FDG PET scans show increased 18 F-fluorodeoxyglucose 
uptake. This represents a promising imaging technique in 
patients at high risk for infections, although published data 
regarding fungal infections are still limited. 159 

TUBERCULOSIS 

Mycobacterium tuberculosis is an important health problem 
in developing countries; in Western countries, it is typically 
seen in immunocompromised patients. 160 Splenic tuberculosis 
usually occurs in the setting of disseminated, miliary infection 
and is manifested as multiple splenic nodules between 0.2 and 


1 cm in diameter. Macronodular presentation is rare. 16] In 
cases of disseminated, miliary pulmonary tuberculosis, splenic 
involvement has been fo und in 80% to 100% at autopsy. Associ¬ 
ated fmdings include lymphadenopathy and a hypoechoic 
pattern on ultrasound or central low attenuation on CT, which 
is more commonly seen in patients with Mycobacterium avium 
complex infection (Fig. 105-12). 162 

MYCOBACTERIUM AVIUM COMPLEX 
INFECTION 

Mycobacterium avium complex infections of the spleen, also 
called Mycobacterium avium-intracellulare infections, are typi¬ 
cally seen in immunocompromised patients, such as those with 
AIDS. Splenomegaly with multiple, low-attenuation nodules 
can be seen on imaging (Fig. 105-13). Associated fmdings, such 



Figure 105-12 Disseminated miliary tuberculosis. Contrast- 
enhanced CT demonstrates multiple hypodense nodules. Notice the 
associated para-aortic and retrocrural hypodense lymphadenopathy 
( arrow ). 



Figure 105-13 Mycobacterium avium complex infection. 

Longitudinal sonogram demonstrates splenomegaly with multiple, 
small, hypoechoic nodules. 
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as marked hepatic and splenic enlargement, diffuse jejunal wall 
thickening, and enlarged lymph nodes, suggest disseminated M. 
avium complex infection. 163,164 Patients with M. avium complex 
infection tend to have more homogeneous lymph nodes com- 
pared with those with tuberculosis, but a tissue diagnosis is 
mandatory. 

PNEUMOCYSTIS JIROVECI PNEUMONIA 

Pneumocystis jiroveci pneumonia, formerly known as Pneumo- 
cystis carinii pneumonia, is the most common opportunistic 
infection in patients with AIDS. Extrapulmonary involvement 
causes necrotizing granulomas. Intrasplenic P. jiroveci infection 
is often discovered incidentally in patients with AIDS undergo- 
ing diagnostic imaging for a fever of unknown origin. 165 When 
it is treated successfully, the nodules may enlarge and become 
progressively calcified in a rimlike or a punctate fashion. 166,167 
On ultrasound, the Åndings include splenomegaly with small, 
hypoechoic lesions with cystic components or tiny, highly 
reflective, nonshadowing foci or calcified granulomas (Fig. 105- 
14). 165 The nodules are hypodense on CT or manifested as calci¬ 
fied granulomas in the later stages of disease. 168,169 

CAT-SCRATCH DISEASE 

Cat-scratch disease is a self-limited infection by Bartonella 
henselae that occurs after being scratched by a domestic cat. It 
affects an estimated 22,000 people in the United States each 
year, and most are children and adolescents. 170 Hepatosplenic 
involvement is uncommon, but B. henselae infection should be 
considered in a patient with fever of unknown origin, abdomi- 
nal pain, and multiple hypodense lesions in the liver and 
spleen. 171,172 



Figure 105-14 Pneumocystis jiroveci pneumonia. Longitudinal 
ultrasound image demonstrates multiple, punctate calcifications after 
successful treatment. 


SARCOIDOSIS 

Sarcoidosis is a systemic disease of unknown cause charac- 
terized by formation of noncaseating, epithelioid granulomas. 
Sarcoidosis most commonly affects the lungs and intratho- 
racic lymph nodes, but any organ system can be involved. 173 
Splenomegaly, typically associated with hepatomegaly and 
abdominal lymphadenopathy, is usually mild and seen in 
25% to 60% of these patients. 174 ' 176 Massive splenomegaly 
(>18 cm long) is seen in approximately 6% of patients with 
sarcoidosis. 177 

Histologic evidence of liver and spleen involvement is seen 
in up to 77% at autopsy, but it is a relatively uncommon finding 
at diagnostic imaging. On imaging, splenic nodules are seen 
in 6% to 33% of patients with sarcoid. 174-176 In one study, these 
patients typically presented with hepatosplenomegaly, abdomi¬ 
nal lymphadenopathy, and symptoms such as abdominal pain, 
fatigue, and malaise. 7 In the same study, the nodules were not 
associated with advanced lung disease and did not indicate a 
change in chest radiographic stage. The infradiaphragmatic 
adenopathy in sarcoidosis tends to be small and discrete, and 
retrocrural adenopathy is uncommon in these patients com- 
pared with patients with lymphoma. There is, however, a sig- 
nificant overlap in appearance and distribution of the lymph 
nodes in lymphoma and sarcoidosis, and these criteria cannot 
be used for accurate disease characterization. 176 

The nodules in sarcoid are 0.1 to 3.0 cm in diameter. 1 
On ultrasound, the nodules have been described as hypoechoic 
to slightly hyperechoic or inhomogeneous. 177180 On CT, the 
nodules are hypodense relative to adjacent normal spleen after 
intravenous administration of a contrast agent (Fig. 105- 
15). 178,179 The nodules are hypointense on all MR sequences and 
hest seen on early-phase, gadolinium-enhanced, T2-weighted, 
fat-suppressed images or on Tl-weighted sequences. The 
nodules do not enhance after intravenous administration of 
contrast material on CT or MRI. 



Figure 105-15 Sarcoidosis. Contrast-enhanced CT obtained in the 
portal venous phase shows numerous hypodense nodules. 
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LYMPHOMA OR METASTATIC DISEASE 

Lymphomas—typically small cell lymphomas and mantie cell 
lymphomas and, less frequently, Hodgkins lymphoma—can 
be manifested with multiple, nodular splenic lesions or with 
a miliary pattern. Nodules resembling those found in sar- 
coidosis have been described in patients with Hodgkins lym¬ 
phoma. 42181 This finding is usually part of disseminated disease 
including lymphadenopathy. Isolated splenic lymphoma is 
rare. 14,42 

Metastatic disease to the spleen may be manifested as solitary 
or multiple nodules, rarely in a miliary pattern. This typically 
occurs in patients with advanced disease and widespread 
involvement of other organs. 

GAMNA-GANDY BODIES 

Gamna-Gandy bodies are siderotic nodules caused by focal 
organized hemorrhagic infarcts. They are typically seen in 
patients with congestive splenomegaly and sickle cell disease. 
They were also described in patients with hemolytic anemia, 
leukemia, lymphoma, or acquired hemochromatosis and in 
patients receiving multiple biood transfusions. 182,18 " The sider¬ 
otic nodules occur in 9% to 12% of patients with portal hyper¬ 
tension and are not related to the degree of splenomegaly. 182,184 
On histologic examination, the nodules are small, yellow or 
brown, fibrotic lesions containing hemosiderin and calcium 
and sometimes containing foreign body giant cells. 

Gamna-Gandy bodies are best seen by MRI as multiple, 3- to 
8-mm, markedly hypointense nodules on Tl-weighted and 
T2-weighted images. 182 The gradient recalled echo sequence is 
the most sensitive for detection of hemosiderin and these 
nodules. 182 184 Nodule conspicuity increases after gadolinium 
enhancement on the Tl-weighted, gradient recalled echo images 
(Fig. 105-16). Gamna-Gandy bodies do not enhance. 



Figure 105-16 Gamna-Gandy bodies in a patient with cirrhosis 
and portal hypertension. Portal venous phase, axial, Tl-weighted 
FAME (fast acquisition with multiphase enhanced fast gradient 
recalled echo with three-dimensional Fourier transformation) MR 
image after gadolinium enhancement demonstrates numerous, small, 
hypointense nodules throughout the spleen. 


Ultrasound is less accurate than MRI. In a study by Chan 
and associates, 185 ultrasound detected the nodules in 24 of 34 
patients, with a sensitivity of 70.6% and a specificity of 78.9%. 
Gamna-Gandy bodies appear as multiple, punctate, hypere- 
choic foci. 

Unenhanced CT may de teet Gamna-Gandy bodies as mul¬ 
tiple, faint, hyperdense nodules shown by the calcifications 
within them. 186 However, the nodules often are not detected 
on CT. 184 

PYOGENIC ABSCESS 

Epidemiology and Pathogenesis 

An isolated splenic abscess is a rare entity, with a reported inci- 
dence in autopsy series between 0.14% and 0.7%. 18 However, 
splenic abscesses are becoming more common as a result of an 
inereasing number of immunosuppressed patients, patients 
with AIDS, and injection drug abusers. 19 Pyogenic splenic 
abscesses are usually solitary and unilocular or multilocular, but 
they can also be multifocal. 

Most abscesses are caused by disseminated infeetion and are 
seen in patients with sepsis and septic emboli. 190,191 Less common 
routes are contiguous infeetion (e.g., infeeted panereatitis, peri- 
nephric abscess) and super infeetion after an underlying splenic 
injury (e.g., trauma, infaret). In approximately 20% of cases, no 
source or cause is discovered. 191 Roughly one third of patients 
have other concurrent extrasplenic abscesses. The reported 
mortality rate for splenic abscess in the literature is about 
10%. 191,192 Multiple splenic abscesses, gas-containing abscesses, 
and gram-negative bacillus infeetion are poor prognostic 
factors. 191 Depending on the underlying disease, a variety of 
microorganisms may be encountered, including gram-negative 
bacilli (e.g., Klebsiella pneumoniae), gram-positive cocci, fungi, 
polybacteria, and mycobacteria. 192,193 

Clinical Findings 

The most common clinical presentations in patients with 
splenic abscesses are fever (92%), left upper abdominal pain 
(77%), and leukocytosis (66%). 194 Other symptoms include left 
pleural effusion and splenomegaly. Diabetes, immunosuppres- 
sion, or immunodeflciency is often a contributing factor. 195 

Early diagnosis of a splenic abscess with identifkation of 
organisms and determination of sensitivity is essential for 
effeetive antibiotic treatment. In small abscesses, percutaneous 
diagnostic aspiration can be performed. For larger abscesses, 
percutaneous drainage procedures have become the treatment 
of choice, allowing preservation of the spleen. 4 5,196,197 Splenec- 
tomy is reserved for complicated cases. Complications of splenic 
abscesses include rupture and peritonitis with potential life- 
threatening results. 

Radiologic Findings 

The appearance of a splenic abscess depends on the stage of 
development. In the early phase, there is an ill-defined mass that 
later develops into a complex collection with septations and 
debris and that sometimes contains gas. 194 When a capsule has 
developed, the lesion becomes well defined. Splenic abscesses 
can be solitary and unilocular, solitary and multilocular, or 
multifocal. 187 The infeeting organism cannot be predicted on 
the basis of imaging appearances. 

The most frequent plain radiographic finding in splenic 
abscess is a left pleural effusion (42%), followed by an infiltrate 
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in the left lung base (20%) and splenomegaly. 191 A splenic 
abscess is rarely identified by extraluminal gas or air-fluid levels 
in the left upper quadrant on plain films. 

Ultrasound has a sensitivity of 75% to 98% in detecting a 
splenic abscess. 187 191,198 Sonography is especially useful as a 
screening examination for bedridden patients, for patients with 
renal impairment, and for evaluation of small splenic lesions. 
In some patients, the examination may be technically difficult 
because of overlying gas from the bowel or lung. The sono- 
graphic appearance of a splenic abscess depends on the stage of 
development, and a typical pattern is encountered in only 44% 
of cases. 1C In the early phase, there is an ill-defined, hypoechoic 
lesion mimicking a mass. Later, the abscess may develop into an 
anechoic cysts or a complex cystic lesion with septa, debris, and 
acoustic shadowing caused by gas (Fig. 105-17A). 194 When a 
capsule has developed, the lesion is typically well defrned with 
a thin, hyperechoic rim. 

On CT, a splenic abscess typically is manifested as a unilocu- 
lar or multilocular, hypodense collection or complex cystic 
lesion with an enhancing rim after intravenous administration 
of contrast material (Fig. 105-17B). CT can be diagnostic if the 
collection contains gas, but this is a rare finding. 196 

The advantages of CT are high sensitivity (92%-98%), non- 
invasiveness, and speed. 187,191 CT aids in differentiating unilocu- 
lar from multilocular abscesses, is excellent for exact localization, 
and provides better anatomic information about the perisplenic 
area. This information can then be used to guide further man¬ 
agement (Fig. 105-17C). CT may reveal concurrent areas of 
infection and can help detect the underlying source of disease. 


MRI is not often performed in the work-up of patients 
with splenic abscesses because CT is highly sensitive, and 
many patients are not clinically stable. Splenic abscesses are 
hypointense on the Tl-weighted images and mildly to mod¬ 
erately hyperintense on the T2-weighted images compared 
with the normal spleen; they demonstrate minimal to intense 
peripheral enhancement after intravenous administration of 
gadolinium. 51,124 

Nuclear medicine plays a limited role in the detection 
and localization of splenic abscesses. If the abscess is more 
than 2 cm in diameter, 99m Tc-sulfur colloid scans of the liver 
and spleen may demonstrate a nonspecific splenic filling 
defect. The 67 Ga scan and the m In-labeled leukocyte scan 
may show increased accumulation of radionuclide in the 
spleen. However, normal, inherent splenic activity on 67 Ga 
scans and m In-labeled leukocyte scans typically obscures an 
inflammatory focus within or near the spleen, resulting in 
a false-negative examination finding. A 67 Ga scan is nonspe¬ 
cific because tracer uptake is also seen in neoplastic lesions, 
particularly in lymphomas. 188 A 99m Tc-sulfur colloid scan of 
the liver and spleen before injection of m In-labeled leukocytes 
appears to improve detection and characterization compared 
with performing m In-tagged leukocyte scans alone. 1 8,199 FDG 
PET/CT is helpful in detecting a site of infection; however, 
its role in diagnosis of a focal splenic abscess has not been 
evaluated. 3,159 

Angiography is sometimes used for management of vascular 
complications. Intrasplenic mycotic aneurysms are rare and 
described only in case reports. If angiography is performed, 




Figure 105-17 Splenic abscess (methicillin- 
resistant Staphylococcus aureus) in a patient 
with endocarditis. A. Ultrasound demonstrates a 
complex cystic lesion with debris. B. Contrast- 
enhanced CT shows a large, unilocular, 
hypodense collection with a mildly enhancing rim. 
C. Contrast-enhanced CT after successful 
percutaneous pigtail drainage shows almost 
complete resolution. (Courtesy H. L. S. Go, MD, 
Alkmaar, The Netherlands.) 
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the abscess appears as a mass with attenuated vessels and a 
hypervascular rim. 

Splenic Infarction 

EPIDEMIOLOGY AND PATHOGENESIS 

Splenic infarction, the result of arterial or venous compromise, 
has many potential causes, including hematologic disorders, 
thromboembolic disease, vascular diseases, and trauma (Box 
105-5). Although splenic infarction is a relatively common 
finding, only a few larger series have been published, and most 
of the literature consists of case reports. 

The cause of splenic infarcts tends to vary with age. Patients 
younger than 40 years most often have an associated hemato¬ 
logic disorder, and those older than 41 years more often have 
an embolic event. 201 Overall, hematologic disorders, including 
sickle cell disease, are probably the most common cause of 
splenic infarction. 

Infarcts may be segmental or massive, involving the entire 
organ. Because the branches of the splenic artery are end arter¬ 
ies, occlusion leads to focal splenic infarction. 10 Complications 
of splenic infarction occur in 7% to 20% of patients and include 
abscesses, pseudocysts, hemorrhage, subcapsular hematoma, 
and rupture. 204 ' 206 

CLINICAL FINDINGS 

The most common manifestation is pain in the leff 
upper abdomen and fever. 207 Associated findings include pleu- 
ritic chest pain, referred pain to the left shoulder, and 


BOX 105-5 CAUSES OF SPLENIC INFARCTION 


Embolic sources 

Thromboembolic diseases 
Septic emboli 
Atherosclerosis 

Therapeutic transcatheter embolization 
Splenic sources 

Massive splenomegaly 
Hematologic diseases 
Sickle cell disease 

Myelofibrosis with myeloid metaplasia 

Polycythemia vera 

Neoplasms 

Leukemia 

Lymphoma 

Vasculitis 

Polyarteritis nodosa 

Systemic lupus erythematosus 

Rheumatoid arthritis (e.g., Felty's syndrome) 

Pancreatic disease 
Pancreatitis 
Storage disease 
Gaucher's disease 
Amyloid 
Splenic artery 
Trauma 

Acute splenic torsion 

Pancreatic masses causing splenic arterial occlusion or extrinsic 
compression 
Splenic vein 

Portal hypertension 
Splenic vein thrombosis 


leukocytosis. 201,202,207 However, 30% to 50% of patients remain 
asymptomatic. 07 208 Symptoms may develop when complica¬ 
tions occur, such as abscess formation or hemorrhage. 

PATHOLOGY 

All infarcts are initially hemorrhagic; over time, they become 
pale with hyperemic horders; and finally, they become fibrotic. 42 
On histologic examination, most infarcts caused by emboli have 
a wedge-shaped, pale appearance, with the base at the capsular 
surface. 14 In the course of healing, the infarcts may completely 
resolve or leave atrophic, fibrotic tissue with or without calcifi- 
cations. Small emboli may produce a miliary or nodular pattern, 
resulting in a spotted spleen. Infarcts in patients with massive 
splenomegaly or caused by an infiltrative process often do not 
have the typical wedge-shaped appearance. 

RADIOLOGIC FINDINGS 

The classic radiologic appearance of a splenic infarct is a wedge- 
shaped area with the base at the splenic capsule and the apex 
pointing toward the hilum (Fig. 105-18). However, the radio¬ 
logic appearance of splenic infarcts varies and includes a mul- 
tinodular or mottled appearance and a masslike appearance 
with irregular margins (Fig. 105-19). 20 In the subacute phase, 
when the infarct organizes, the affected area usually becomes 
better defined. In time, the changes may completely resolve, or 
the infarcted area may show atrophic changes with or without 
calcifications. 210 In rare cases, the entire spleen may undergo 
infarction, leaving only a thin rim of normal, enhancing paren- 
chyma along the outer margin because of preserved capsular 
vessels. 10,211 

The sonographic findings reflect the variable anatomic- 
pathologic manifestations, and a wide range of appearances can 
be seen, including single or multiple, wedge-shaped or round, 
and hypoechoic, anechoic, and hyperechoic lesions (Fig. 105- 
20A) . 208 In the acute phase, the infarct tends to be hypoechoic, 
peripheral, and wedge shaped or round. The lesion may become 
better defined during the course of several days. In the chronic 



Figure 105-18 Chronic splenic infarct. Contrast-enhanced CT 
demonstrates a classic wedge-shaped, peripherally nonenhancing, 
hypodense area. The base of the infarct is at the splenic capsule, and 
the apex points toward the hilum. Some volume loss and capsular 
retraction indicate a chronic infarct. 





1942 


SECTION XII Spleen 



Figure 105-19 Acute splenic infarct. A. Contrast-enhanced CT demonstrates a round infarct in a patient with a mycotic aneurysm of the celiac 
axis ( arrow ). Many similar lesions throughout the spleen were seen (not shown). B. Contrast-enhanced CT in a different patient demonstrates a 
mottled appearance of the splenic infarcts with associated perisplenic fluid. 




Figure 105-20 Subacute 
splenic infarct. A. The 

sonogram shows an ill-defined, 
hypoechoic area with the apex 
pointing toward the hilum. 

B. Contrast-enhanced CT at a 
comparable level demonstrates 
a nonenhancing, hypodense 
area. C. Axial-view, T2-weighted 
MR image shows a 
predominantly high signal 
intensity area in the same 
patient. 


stage, splenic infarcts appear as areas of increased echogenicity 
that represent fibrotic scar. 

Although the infarcts can sometimes be detected on noncon- 
trast CT scans, enhanced CT markedly improves visualization. 
On CT, the findings vary from the classic wedge-shaped, periph- 
erally nonenhancing, hypodense area (Fig. 105-20B) to the het- 
erogeneously hypodense, ill-defined, masslike lesion. 206,209,21 In 
the hyperacute phase, CT may show areas of mottled increased 


attenuation, representing hemorrhagic areas. In the subacute 
phase, infarcts tend to become better demarcated. In time, the 
findings vary and include complete resolution, persistent 
changes, and progressive volume loss with capsular retraction 
due to focal fibrosis. 206 

On MRI, the signal intensity of infarcted areas depends on 
the age of the infarct and the degree of the hemorrhagic com- 
ponent. 214 Acute and subacute infarcted areas usually appear as 
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diffuse low signal intensity on the Tl-weighted images and as 
inhomogeneously high signal intensity on the T2-weighted 
images (Fig. 105-20C). The area does not enhance after intra- 
venous administration of contrast material, although similar to 
what can be visualized on enhanced CT, capsular enhancement 
can be seen on MRI. 214,215 

An infarct is manifested as a focal area of diminished activity 
on splenic scintigraphy, but this is a nonspecific finding. 215 
No uptake of the radiotracer in the spleen may be observed 
with massive infarction. 216 Alternatively, a 99m Tc-labeled, heat- 
denatured red biood cell scan may be used to demonstrate 
viable splenic tissue that is not evident on CT, MRI, or 99m Tc- 
sulfur colloid scintigraphy. 21 

Angiography demonstrates wedge-shaped regions of de- 
creased perfusion or nonvisualization of the spleen in cases of 
complete infarction. 206 

The imaging findings of complicated splenic infarction 
include progressive liquefaction necrosis with outward expan- 
sion, subcapsular hemorrhage, splenic rupture with free biood 
in the peritoneal cavity, and locules of intraparenchymal gas, 
indicating a superimposed infection. 208,218 Intraparenchymal 
splenic gas may be fo und after therapeutic splenic embolization, 
and only 17% of these patients prove to have an infection. 219 

Nontraumatic Splenic Rupture 

Nontraumatic splenic rupture, also called spontaneous splenic 
rupture or pathologic splenic rupture, is a rare but potentially 
life-threatening condition. Nontraumatic splenic rupture has 
been described in a wide variety of medical conditions (Box 
105-6). The diseased spleen is often enlarged, and there is no 
history of trauma. However, insignificant activities, such as 
coughing, sneezing, or vomiting, have been described as pos- 
sible triggers in splenic rupture. Spontaneous rupture of a 
normal spleen is even more uncommon. 221 In patients with 
splenic disease, the spleen is more prone to rupture because of 
the altered consistency and the splenomegaly that extends the 
spleen below the rib cage. 222 Other than the apparent mecha- 
nism, the clinical, pathologic, and imaging Åndings are the same 
as those seen in traumatic rupture of the spleen (Fig. 105-21). 


BOX 105-6 CAUSES OF PATHOLOGIC 
SPLENIC RUPTURE 


Infection 

Infectious mononucleosis 

Malaria 

Abscess 

Splenic cyst 

Storage diseases 

Amyloid 

Sickle cell disease 
Splenic infarction 
Vasculitis 

Polyarteritis nodosa 

Systemic lupus erythematosus 

Rheumatoid arthritis (e.g., Felty's syndrome) 

Pancreatitis 

Splenic peliosis 

Angiosarcoma 

Leukemia 

Lymphoma 

Hemangioma 

Peliosis 


Splenomegaly 

There are numerous causes of diffuse splenic enlargement, and 
there are various ways of classifying splenomegaly (see Box 105- 
3). Splenomegaly can be categorized on the basis of pathogen- 
esis. Congestive splenomegaly is the result of portal hypertension, 
splenic vein occlusion, or congestive heart failure. Inflamma- 
tory splenomegaly develops in association with various infec- 
tions and inflammatory processes and results from an increase 
in the immune response with resultant lymphoid hyperplasia 
(e.g., infectious mononucleosis). Hyperplastic splenomegaly is 
caused by hypertrophy resulting from the removal of abnormal 
biood cells from the circulation (e.g., polycythemia vera). Infec¬ 
tious splenomegaly, the result of splenic filtering of blood- 
borne pathogens, may lead to microabscess formation (e.g., 
mycobacterial infection). Infiltrative splenomegaly is the result 
of engorgement of macrophages with indigestible materials 
(e.g., Gaucher’s disease, amyloidosis, malignant disease). 

On imaging, the average adult spleen is less than 11 cm long, 
less than 7 cm wide, and less than 5 cm thick. The spleen has 
an average weight of 150 g, with a range between 80 and 300 g. 
The normal spleen decreases in size and weight with advancing 
age. 223,224 On radiographs, splenomegaly can be detected as a 
soft tissue mass in the left upper quadrant, displacing the 
stomach medially and the splenic flexure of the colon inferiorly 
(see Fig. 105-1). Ultrasound, CT, and MRI are accurate in deter- 
mining the size and volume of the spleen. 225 22 The length of 
the spleen (on ultrasound in the right lateral decubitus posi¬ 
tion) can be used to accurately diagnose splenomegaly. 225,228 

Miscellaneous Disorders 

SICKLE CELL DISEASE 

Epidemiology and Pathogenesis 

Sickle cell disease, also called sickle cell anemia, is an autosomal 
recessive disorder affecting red biood cells. A mutation in the 
hemoglobin A (HbA) gene leads to formation of an abnormal 
hemoglobin molecule (HbS). Patients may be heterozygotes 



Figure 105-21 Spontaneous splenic rupture in a patient with 
malaria. Contrast-enhanced CT demonstrates a subcapsular 
hematoma (short arrows ) and a linear, hypodense parenchymal defect 
(long arrow). 
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Figure 105-22 End-stage 
spleen in a patient with 
homozygous sickle cell disease. 

A. Unenhanced CT shows a small 
and densely calcified spleen. 

B. 99m Tc-sulfur colloid scan of the 
liver and spleen demonstrates no 
uptake of the radiotracer, which 
is consistent with functional 
asplenia ( arrow). (Courtesy R. 
Attariwala, MD, PhD, Vancouver, 
Canada.) 



(i.e., sickle cell trait), with one normal HbA gene ( HBA1 or 
HBA2) and one abnormal HbS gene, or homozygotes, with two 
abnormal hemoglobin genes (HbSS). Carrier frequency of 
sickle cell disease varies significantly around the world, with 
high rates in areas with a high incidence of malaria. 229 It is 
believed that the high frequency of the HbS variant is main- 
tained in these populations by an increased resistance to malaria 
infection in heterozygous carriers. Sickle cell disease is the most 
common inherited biood disorder in the United States. About 
8% of the African American population are carriers, and the 
homozygous form of sickle cell disease affects approximately 1 
in every 396 African Americans. 230 Less common forms of sickle 
cell disease include sickle cell-hemoglobin C disease and sickle 
cell-p-thalassemia. 

When deoxygenated, the abnormal hemoglobin molecules 
form viscous polymers that aggregate with other hemoglobin 
molecules, distorting the red biood cells into an abnormal 
(sickle) shape. The tendency to form sickle cells is exacerbated 
by stressful conditions, such as illness, fever, cold temperature, 
and high altitude. The sickle shape results in less flexible red 
biood cells that obstruct the microcirculation, causing tissue 
hypoxia and infarction, which promote further sickling. Sickle- 
shaped red biood cells have a short life spån of only 10 to 
20 days, resulting in chronic anemia (i.e., sickle cell anemia). 
The complications of vascular occlusion are usually much 
more troublesome than the anemia, which is typically well 
tolerated. 231 

The spleen usually is affected in patients with sickle cell 
disease. The most common splenic complications are autospie - 
nectomy, splenic sequestration crisis, hypersplenism, massive 
splenic infarction, and splenic abscess. 2 2 In homozygous sickle 
cell disease, multiple infarcts during infancy usually result in a 
small, scarred, fibrotic spleen and complete loss of function, 
resulting in an end-stage spleen (i.e., autosplenectomy). By the 
age of 5 years, 94% of patients with homozygous sickle cell 
disease are asplenic. 1 In patients with heterozygous sickle cell 
disease, splenomegaly usually persists into adulthood. 

On histologic examination, the end-stage spleen is replaced 
by fibrosis with calcium and hemosiderin deposits. 42 On radi- 
ography, a small, heterogeneously dense spleen with punctate 
or amorphous calcifications can be seen. Patients with hetero¬ 
zygous sickle cell disease often present with splenomegaly and 
may demonstrate the sequelae of infarction. 

The spleen is usually small, making it more difficult to visu- 
alize, with diffuse enhanced echogenicity demonstrated on 
sonography. Sometimes, hypoechoic foci are seen on ultra- 
sound scans. 233 CT usually shows a small and densely calcified 


spleen (Fig. 105-22A). 231 The focal calcifications may be as small 
as 0.5 to 1.0 cm in diameter. MRI reveals diffuse, diminished 
signal intensity of the spleen relative to skeletal musculature 
on all sequences, representing calcifications and hemosiderin 
deposits. 2 Diminished or no uptake of radiotracer, indicating 
loss of function, is seen on 99m Tc-sulfur colloid scans of the liver 
and spleen (Fig. 105-22B). 

Intrasplenic areas of preserved normal splenic tissue are 
sometimes present in an otherwise small and fibrotic spleen, 
and they should not be mistaken for an abscess or mass. These 
areas are hypoechoic relative to the echogenic spleen on ultra- 
sound, are hypodense on CT, have the imaging characteristics 
of normal spleen on MRI, and demonstrate uptake of radio¬ 
tracer on 99m Tc-sulfur colloid imaging. 235 

Acute splenic sequestration is a life-threatening complica- 
tion of sickle cell disease; it typically occurs in infants and 
children with homozygous sickle cell disease. It represents 
sudden trapping of a large amount of biood in the spleen, 
resulting in sudden splenic enlargement. 229 A rapid fall in the 
hematocrit, hypovolemic shock, and death may occur within 
hours. 236 On histologic examination, the splenic sinusoids are 
clogged with sickle erythrocytes, and there are areas of infarc¬ 
tion, hemorrhage, and necrosis. 

On imaging, the spleen is larger than expected. An appar- 
ently normal size may indicate an enlarged spleen because most 
patients have small spleens. 2 " 1 The spleen is heterogeneous with 
multiple hypoechoic areas on ultrasound. CT shows an enlarged 
spleen with heterogeneous enhancement and hypodense areas 
that may be interspersed with areas of higher attenuation. MRI 
of the spleen demonstrates areas of high signal intensity on the 
TI- and T2-weighted sequences, which is compatible with 
hemorrhage. 236 

The loss of splenic function is the pathophysiologic basis for 
increased susceptibility to aggressive, generalized infections, 
occurring in 10% of patients with homozygous sickle cell 
disease. Infections caused by encapsulated bacteria, including 
Streptococcus pneumoniae , Haemophilus influenzae type b, and 
Salmonella , are an important cause of morbidity and death. 2 " 1 
A focal splenic abscess is a relatively uncommon complication. 
Salmonella was the most common causative organism identified 

• • 237 

in one series. 

SPLENIC INVOLVEMENT IN PANCREATITIS 

Epidemiology and Pathogenesis 

Splenic involvement in pancreatitis occurs in 1% to 5% of 
patients and includes splenic vein thrombosis, infarction, 
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intrasplenic pseudocyst, subcapsular hematoma, splenic 
rupture, and hemorrhage from splenic artery pseudoaneu- 
rysm. 238,239 Approximately 6% of patients with pancreatic pseu- 
docysts have splenic parenchymal involvement. 240 

Complications usually result from direct extension of a pan¬ 
creatic pseudocyst, caused by the digestive effects of pancreatic 
enzymes on splenic vessels or parenchyma, or from the liquefac- 
tion of splenic infarcts. 241 Most splenic parenchymal complica¬ 
tions of pancreatitis regress spontaneously and can be managed 
conservatively. 242 However, potential complications, such as 
splenic rupture, infection, and hemorrhage, are life-threatening 
events. 240 

Radiologic Findings 

CT is the most useful imaging technique for detection and 
follow-up of acute pancreatitis with or without splenic compli¬ 
cations. 24 " Imaging typically reveals pancreatitis and its sequelae. 
Subcapsular splenic fluid collections or hematomas appear as 
lentiform collections that hatten or indent the splenic contour 
(Fig. 105-23). The appearance of the fluid collections depends 
on the amount of necrosis, infection, and hemorrhage. 244 Evi- 
dence of fluid-fluid levels within a splenic pseudocyst favors the 
diagnosis of hemorrhage. Gas in a collection, although rare, 
confirms infection. Focal, wedge-shaped, or diffuse areas of 
decreased attenuation in the spleen are most likely to represent 
infarction. Portal vein thrombosis and pseudoaneurysms are 
typically detected with contrast-enhanced CT. 

Percutaneous drainage of collections within or around the 
spleen may be considered to prevent splenic rupture and to 
treat infection. However, percutaneous drainage of splenic 
pancreatic pseudocysts has been associated with significant 
complications. 240 

GAUCHER'S DISEASE 

Gaucher’s disease is inherited in an autosomal recessive manner. 
The lipid storage disease is caused by a lack of the enzyme glu- 
cocerebrosidase. 245 It is characterized by the deposition of 



Figure 105-23 Pancreatic pseudocyst. Contrast-enhanced CT 
demonstrates an oval collection involving the splenic hilum in a 
patient with pancreatitis. 


glucocerebroside in cells of the reticuloendothelial system. 
Three clinical subtypes have been described; type 1 is the most 
common. Gaucher’s disease often is manifested in childhood 
with hepatosplenomegaly, pancytopenia, and skeletal disease, 
although striking clinical variability occurs in the severity of the 
disease. Glucosylceramide accumulation in the liver and spleen 
leads to pancytopenia and massive hepatosplenomegaly in 
most cases. 

Histologic examination reveals a diffusely infiltrated spleen 
or focal clusters of glycolipid-laden macrophages (i.e., Gaucher 
cells). Fibrosis, infarction, and foci of extramedullary hemato- 
poiesis may also be present. 42 

Diagnostic imaging studies typically show massive spleno- 
megaly. Nodular changes and infarcts are often present. The 
nodules are 0.5 to 7 cm in diameter. 246 In a series of 46 patients 
with Gaucher’s disease studied by MRI, 100% had hepato¬ 
splenomegaly, 33% had splenic infarcts, and 30% had splenic 
nodules. 247 

On sonographic evaluation, most patients with Gaucher’s 
disease have multiple, discrete, hypoechoic lesions that corre- 
spond pathologically to focal, homogeneous clusters of Gaucher 
cells (Fig. 105-24A). 246,247 Some patients have discrete, hypere- 
choic lesions that are composed of Gaucher cells and fibrosis or 
infarction. 247 

CT is useful in depicting splenomegaly and the hypodense 
nodules (Fig. 105-24B, C). 246 On Tl-weighted MRI, the signal 
intensity of the spleen tends to be lower than for normal spleens 
because of the accumulation of glucocerebroside. 248,249 Nodules 
are isointense on Tl-weighted imaging and variably hypoin- 
tense or hyperintense on the T2-weighted images. 249 

HEMOSIDEROSIS 

Hemosiderosis, or iron overload of the spleen, is usually caused 
by secondary hemochromatosis. It is most commonly seen in 
transfusion-dependent patients. After hemolysis of the trans¬ 
fused erythrocytes, excess iron is deposited in the reticuloendo¬ 
thelial system of the liver, spleen, and bone marrow. 249,250 
Abnormal iron accumulation in the reticuloendothelial system 
does not damage the parenchymal cells of the affected organ; it 
is usually of little clinical significance. There is often associated 
splenomegaly, depending on the underlying disease. 251 

Splenic hemosiderosis should be differentiated from primary 
(idiopathic) hemochromatosis, an inherited autosomal reces¬ 
sive disorder. Primary hemochromatosis is characterized by 
inappropriately high iron absorption, resulting in progressive 
iron overload in the parenchymal cells. 252 Unless this condition 
is treated, it will lead to cellular and organ damage. The organs 
most commonly involved are the liver, causing cirrhosis and 
hepatic malignant neoplasms, and the heart and pancreas. The 
spleen usually is not affected or becomes involved only with 
advanced disease. 

Ultrasound has a limited role because diffuse excess iron in 
the liver and spleen usually does not change the echogenicity. 
The increased iron deposition may cause diffuse increased 
attenuation of the liver and spleen on noncontrast CT examina- 
tions. However, CT is of limited value in the evaluation of 
increased iron deposition in the liver because of its poor 
sensitivity. 

MRI is the most helpful imaging technique to detect and 
to quantify iron storage disease. 253 Iron causes increased mag¬ 
netic susceptibility, which leads to increased T2* decay due 
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Figure 105-24 Gaucher's disease. 

A. Splenomegaly and two irregular, nodular, 
hypoechoic lesions. B. Unenhanced CT shows 
splenomegaly but no focal abnormalities. 

C. Contrast-enhanced CT shows ill-defined, 
hypodense lesions. These nodular areas 
correspond to focal homogeneous clusters of 
Gaucher cells determined at histopathologic 
examination. (Courtesy M. Maas, MD, 
Amsterdam, The Netherlands.) 


to spin dephasing. The dephasing results in decreased signal 
intensity on MR images. In determining whether the signal 
intensity of the liver or spleen is abnormally low, muscle can 
be used as a control because skeletal muscle usually is spared. 
If the liver or spleen demonstrates signal intensity equal to 
or lower than that of skeletal muscle on the T2-weighted 
gradient-echo or T2-weighted spin-echo images (less sensi¬ 
tive), increased iron accumulation in the spleen can be sus- 
pected (Fig. 105-25). 250 ' 253 

The dual gradient-echo technique is also helpful in the visu- 
alization of T2* effects. The splenic parenchymal signal inten¬ 
sity decreases on the image with the longer echo time because 
of continued decay of the transverse magnetization. Hepatic 
iron overload is discussed in Chapter 89. 

THOROTRAST 

Thorotrast is the trade name of a colloidal suspension of 
thorium dioxide and dextrin. It was used as a contrast agent 
from the 1920s through the mid-1950s. Thorium dioxide is 
radioactive, predominantly emitting alpha particles with a bio- 
logic half-life of 400 years. 253 When it is used as an intravascular 
contrast agent, it is retained by the reticuloendothelial system 
and can be found in the liver, spleen, lymph nodes, and bone 
marrow years after it is administered. 

Its former use has been reported in relation to its long- 
term effects. The alpha radiation causes a wide range of 
complications, primarily of the liver, and the major causes 
of mortality are cirrhosis and hepatobiliary and hematologic 
malignant neoplasms. 254,255 Thorotrast increases the risk of 



Figure 105-25 Hemosiderosis in a patient with transfusion- 
dependent thalassemia. There is marked decreased signal intensity 
of the liver and spleen compared with the skeletal muscles on axial, 
gradient recalled echo, T2-weighted MRI. 


liver angiosarcomas, but this phenomenon has not been 
observed in the spleen, possibly because of the marked fibrosis 
and atrophy that typically develop. 

Splenic changes due to Thorotrast depend on the amount 
administered and exposure time. Thorotrast particles are 
phagocytosed by the reticuloendothelial cells, resulting in 
splenic pulp fibrosis and atrophy. Consequently, the spleen is 
small or has a normal size. 
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Abdominal radiographs show patchy, high-density, or punc- 
tate densities in the left upper quadrant. Sonography shows 
high-density areas in the liver, spleen, and abdominal lymph 
nodes. On CT, Thorotrast deposition in the spleen is demon- 
strated as homogeneous, high-density areas or punctate densi¬ 
ties with or without atrophy. Similar high-attenuation changes 
are usually seen in the liver and abdominal lymph nodes. On 
MRI, the deposits may be seen as low signal intensity areas or 
signal voids on all sequences. In one study, the Thorotrast 
deposits were not detected on MRI. 

Primary Malignant Lesions 

ANGIOSARCOMA 

Epidemiology and Pathogenesis 

Angiosarcoma, although rare, is the most common primary 
nonhematopoietic malignant tumor of the spleen (Table 105- 
3).257 259 jh e estimated annual incidence is 0.14 to 0.25 case per 
1 million persons. 258 ' 260 Angiosarcomas are aggressive tumors, 
usually manifested with widespread metastatic disease, and they 
have a poor prognosis, with most patients dying within a year 
of diagnosis. 260 The average age at presentation is older than 55 
years, although angiosarcomas have been reported in all age 
groups, including children. 61 No apparent gender predilection 
is demonstrated. 258,260 Unlike with angiosarcomas of the liver, 
correlation with exposure to toxins such as Thorotrast or vinyl 
chloride has not been documented. Rarely, angiosarcomas have 
been associated with previous chemotherapy for malignant 
lymphoma or radiotherapy for breast cancer. 257,262 

Clinical Findings 

The most common symptoms are abdominal pain (70%), fever 
(10%), fatigue, and weight loss. 257, 259,260 Splenomegaly is found 
in 70% of patients; spontaneous splenic rupture is relatively 
common at presentation and is reported in approximately 25% 
of patients. Anemia, thrombocytopenia, and coagulopathy 
are often encountered. Metastatic disease is common, usually 
widespread, and often rapidly progressive. The most common 
metastatic sites are liver, lungs, and bones. 258 

Special care should be taken before performing a percu- 
taneous biopsy of a possible angiosarcoma of the spleen 


105-3 Malignant Tumors of the Spleen 


Tumor Type 

Focal 

Multifocal 

Diffuse 

PRIMARY SPLENIC LESIONS 

Primary lymphoma 

+ 

+ 

<+) 

Angiosarcoma 

Hemangioendothelioma 

Littoral cell angiosarcoma 

SECONDARY SPLENIC LESIONS 

Secondary lymphoma 

(+) 

+ 

+ 

+ 

Non-Hodgkin's lymphoma 

+ 

+ 

+ 

Hodgkin's lymphoma 

+ 

+ 

<+) 

Leukemia 

(+) 

(+) 

<+) 

Metastases 

+ 

+ 

<+) 

Kaposi's sarcoma 

(+) 

+ 


+, Most common presentation; (+), uncommon presentation. 



or its metastases because of the high risk of massive 
hemorrhage. 263,264 

Pathology 

Macroscopic examination commonly reveals splenomegaly 
with hemorrhagic nodular changes. 258 The cut specimens typi- 
cally demonstrate multiple nodules of various sizes that are 
associated with hemorrhage, infarction, and necrosis. 257,258,260 
An unusual manifestation is a solitary mass. 257 2 " 9 The micro- 
scopic appearance of splenic angiosarcomas is varied, and dif- 
ferent growth patterns are observed, including sarcomatous 
solid, papillary, and epithelioid types. 260,262 Hemorrhage and 
necrosis are frequently identified within the tumor. 259,260,262 The 
main histologic features include irregular vascular channels 
lined by atypical endothelial cells. The well-differentiated areas 
appear as splenic sinus-like structures. 2 In the more poorly 
differentiated areas, the tumors have a sarcomatous appearance. 
The solid areas may resemble an undifferentiated spindle cell 
sarcoma. 258,260,262,265 With immunohistochemical techniques, it 
has been demonstrated that splenic angiosarcoma probably 
arises from the splenic sinus endothelial cells. 266 On occasion, 
the histologic features suggest a mixed origin from biood capil- 
laries and lymphatic endothelium. 267 

Radiologic Findings 

The usual imaging appearance of splenic angiosarcoma is an 
aggressive splenic mass or masses associated with metastatic 
disease. 257 Ultrasound examination often reveals splenomegaly 
and numerous, solid, ill-defmed masses with a heterogeneous 
architecture (Figs. 105-26 and 105-27). 259 Cystic areas are fre¬ 
quently encountered and probably represent necrosis, hemor¬ 
rhage, or vascular lakes/ Increased Doppler flow may be 
visualized in the solid areas and in the vascular lake areas (see 
Fig. 105-26B). 

On CT, the most common presentation is an enlarged spleen 
containing multiple, ill-defmed, hypervascular masses with het¬ 
erogeneous contrast enhancement and areas of necrosis (see 
Figs. 105-26C, D and 105-27B). 257,259 Intrasplenic, subcapsular, 
or perisplenic hemorrhage is another frequently encountered 
manifestation. 268,269 Calcifications are rare, but punctate and 
massive calcifications in a radial pattern have been reported. 257,270 

MRI usually demonstrates splenomegaly with heteroge¬ 
neous areas of increased and decreased signal intensity on the 
TI- and T2-weighted sequences, which is consistent with the 
presence of biood products and necrosis (see Fig. 105-27C, 
D). 271,272 Low signal intensity lesions on MR images have 
been determined to represent siderotic nodules. 2 3 Contrast- 
enhanced MRI demonstrates diffuse, heterogeneous, intense 
enhancement within the areas of the tumor, similar to the CT 
findings and corresponding to the pathologic changes (see Fig. 
105-27E) 257 > 259 ’ 268 ’ 271 ’ 272 

Angiography, occasionally performed for chemoemboliza- 
tion, demonstrates patchy accumulations of contrast material 
and irregular pooling of contrast material in the arterial and 
venous phases, which is consistent with vascular lakes (see Fig. 
105-27F). Tumor vessels usually are not present. In our expe- 
rience, early portal venous enhancement during angiography 
was observed, indicating arterial venous shunts. 

Differential Diagnosis 

The differential diagnosis includes benign lesions, such as hem- 
angiomas, hemangiopericytomas, abscesses, and littoral cell 
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Figure 105-26 Angiosarcoma of liver and spleen. A. Ultrasound demonstrates a normal-sized, inhomogeneous spleen with a few "cystic" 
areas. B. Color flow is demonstrated in some of these areas, consistent with vascular lakes. C and D. CT after intravenous administration of 
contrast material in the arterial phase (C) and portal venous phase (D) shows many irregular areas of enhancement in the liver and spleen and 
areas of relatively low attenuation in the spleen. Autopsy revealed multiple angiosarcomas involving the spleen and liver. It was not possible to 
determine whether the spleen or the liver was the primary site. 


angiomas, and malignant lesions, such as lymphomas, metasta¬ 
ses, Kaposi’s sarcomas, and hemangioendotheliomas. All have 
similar imaging findings. 257 259 

Secondary Malignant Lesions 

LYMPHOMA 

Epidemiology and Pathogenesis 

Lymphoma is a malignant proliferation of lymphocytes arising 
in lymph nodes (nodal) or in lymphoid tissue of various organs, 
including the spleen (extranodal). Lymphoma is the fifth most 
common malignant neoplasm in the United States. Non- 
Hodgkin s lymphoma (NHL) accounts for approximately 88%, 
and Hodgkin s lymphoma (HL) accounts for 12%. 275,276 Overall, 
NHL accounts for 5% of new cancers in men and 4% in 
women. NHL is responsible for approximately 5% of cancer 
deaths in the United States and is the leading cause of death 
from cancer in men between the ages of 20 and 39 years. The 


World Health Organization classification recognizes more than 
30 types of NHL, and there has been an increase in incidence 
and mortality rates of NHL worldwide during the past few 
decades. 277 

In general, the incidence of NHL increases with age. In con¬ 
trast, a bimodal peak of presentation is seen for HL, with a peak 
between the ages of 20 and 29 years, a plateau between 30 and 
55 years, and a second rise after 55 years. The incidence of 
lymphoma is higher among men than among women (1.5:1) 
for HL and NHL. 275 277 

There is an increased risk of lymphoma in immunocompro- 
mised patients, including patients with human immuno- 
deficiency virus infection (HIV) and post-transplantation 
patients. 278 ' 280 Before the era of highly active antiretroviral 
therapy (HAART), the relative risk of AIDS-related lymphoma 
was more than 100. 281 In the HAART era, the risk of AIDS- 
related lymphoma remains increased relative to that for the 
general population, although it is lower than in the pre-HAART 
era. AIDS-related lymphomas include NHL and HL, and they 
are usually highly aggressive. One of the diagnostic challenges 
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Figure 105-27 Angiosarcoma of the liver and spleen. A 62-year-old woman had a history of increasing upper abdominal pain on the left 
side, hepatosplenomegaly, pleural effusions, and coagulopathy. A. Ultrasound demonstrates a markedly enlarged spleen containing many 
ill-defined echogenic masses and hypoechoic areas. B. CT after intravenous administration of contrast material in the arterial phase shows a 
large, hypodense spleen with multiple areas of irregular enhancement and smaller similar lesions in the liver. C. Tl-weighted image (FAME 
technique) at the same level reveals an enlarged spleen with ill-defined areas of decreased signal intensity relative to the surrounding spleen and 
areas of increased signal intensity (presumably hemorrhage). Multiple, small, hypointense lesions in the liver are also seen. D. Gadolinium- 
enhanced, Tl-weighted MR image (FAME technique) at the corresponding level demonstrates an irregular central enhancement pattern and 
numerous enhancing lesions throughout the liver. E. The corresponding T2-weighted image (fast relaxation fast spin-echo = 3050/100 ms) 
demonstrates intrasplenic and intrahepatic masses with increased signal intensity. F. Pre-embolization angiogram during the early arterial phase 
shows splenomegaly, multiple hypervascular splenic masses, and vascular lakes. 


of lymphoma in HIV-infected patients is that splenomegaly and 
lymphadenopathy are frequently also encountered in immuno- 
compromised patients with nonmalignant conditions. The 
clinical and radiologic manifestations of AIDS-related lympho- 
mas vary and may mimic Kaposi’s sarcoma, mycobacterial 


infections, fungal infections, and immune reconstitution 
inflammatory syndrome (Fig. 105-28). 284 ' 288 

Splenic involvement is often observed in patients with malig¬ 
nant lymphomas, and lymphoma is the most common malig¬ 
nant disease that involves the spleen. Splenic involvement 
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Figure 105-28 Burkitt # s lymphoma in a 32-year-old man with AIDS. A. The sagittal sonogram demonstrates marked splenomegaly and 
parenchymal calcification. B. Enhanced helical CT scan during the portal venous phase demonstrates marked splenomegaly with inhomogeneous 
splenic texture and a calcification. The CT appearance suggests diffuse lymphomatous infiltration. 


usually occurs as part of a generalized systemic disease. Lym¬ 
phoma confined to the spleen, called primary splenic lym¬ 
phoma, is an uncommon manifestation that is encountered in 
less than 1% of patients; it usually is an NHL of B-cell 
origin. 289 293 

Routine staging for lymphoma includes laboratory investi- 
gations, bone marrow aspirate and biopsy, and cross-sectional 
imaging, including CT scans and often FDG PET imaging. 
Accurate staging is essential for patients with lymphoma in 
guiding their management and optimizing outcomes, and it 
includes evaluation of potential splenic involvement. 4 Staging 
laparotomy with splenectomy, done before the routine avail- 
ability of CT scanning, revealed splenic involvement in approxi- 
mately 45% of patients with HL. Approximately 30% to 40% 
of patients with known NHL have splenic involvement at 
presentation. 294 

In general, splenic size correlates with the risk of lympho¬ 
matous involvement, and the presence of massive splenomegaly 
indicates a high probability of splenic involvement. However, 
marked splenomegaly may occur without lymphomatous 
involvement, and conversely, a normal size and appearance of 
the spleen do not exclude lymphomatous involvement. 

Definitive diagnosis of malignant lymphoma requires histo- 
pathologic analysis. Accurate diagnosis of the many subtypes of 
NHL usually requires an evaluation of the tissue’s architecture. 
At minimum, this requires a core-needle biopsy and often 
requires an excisional biopsy. In HL, the malignant cells (i.e., 
Reed-Sternberg cells) are a minority of cells occurring in a 
background majority of polyclonal inflammatory cells, and 
tissue diagnosis is essential. With these caveats, in selected cases, 
percutaneous splenic biopsy can provide a diagnosis and pos- 
sibly avoid splenectomy in cases with no other sites of involve¬ 
ment amenable to biopsy. 264,298 ' 301 Splenectomy may still be 
beneficial for patients with primary splenic lymphoma to 
provide a diagnosis and partial treatment. 302 

Clinical Findings 

Lymphoma most commonly is manifested as a painless enlarge- 
ment of one or more peripheral lymph nodes. Fever, night 
sweats, and weight loss often accompany the lymphadenopa- 
thy. 289,290 Other nonspecific findings are abdominal pain, 


abdominal masses, and splenomegaly. Primary splenic lym¬ 
phoma may be manifested with left upper quadrant pain and 
splenomegaly. 303 Lymphomatous involvement of the spleen is 
usually confined within the splenic capsule, but extracapsular 
extension and local invasion into adj acent organs can occur. 
Nontraumatic splenic rupture in lymphoma is a rare presenta- 
tion. 3 The combination of splenomegaly, focal splenic 
lesions, and associated lymphadenopathy should raise the sus- 
picion of lymphoma (see Table 105-3). The prognosis depends 
on the histologic type and stage of the lymphoma. 

Pathology 

Classification of splenic involvement by lymphoma is based 
on the cell type and the architectural growth pattern. The 
white pulp is most commonly involved in primary and sec- 
ondary lymphomas, followed by the marginal zone and 
the red pulp. 06 Different macroscopic patterns of splenic 
involvement in lymphoma can be seen 1 : homogeneous enlarge- 
ment without masses 258 ; miliary masses (<5 mm) 259 ; multiple 
solid masses of various sizes 260 ; and a large, solitary mass 
(>5 cm). 2 HL is rarely extranodal in the immunocom- 

petent patient, whereas extranodal involvement is common in 
NHLs. Large cell lymphomas usually are manifested as solitary 
or multiple tumor masses. The miliary nodules are more often 
caused by small cell lymphomas, such as follicular lymphomas 
of the small cleaved and mixed cell types and mantie cell 
lymphoma. 262,265 Primary splenic lymphoma usually is mani¬ 
fested with a solid mass or masses, and it often represents 
NHL of B-cell origin. 292,303 When HL involves the spleen, it 
commonly is manifested as solitary or multiple tumor masses 
(Fig. 105-29). 262,308 

Radiologic Findings 

Radiography. Radiography plays a limited role nowadays. 
When splenomegaly is present, it can be demonstrated on plain 
films of the upper abdomen with elevation of the left hemidia- 
phragm, deviation of the stomach and splenic flexure of the 
colon, and displacement of the left kidney. 

Ultrasound. Although the specificity of ultrasound in detecting 
lymphomatous involvement of the spleen approaches 100%, the 
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Figure 105-29 Hodgkin # s lymphoma in a 42-year-old man. A. The sagittal sonogram reveals an enlarged spleen containing multiple 
ill-defined, hypoechoic lesions. B. The CT scan of the upper abdomen demonstrates multiple low-density masses. 



Figure 105-30 Malignant B-cell lymphoma in a 46-year-old man with subacute abdominal pain in the left upper abdomen. A. Focused 
sonography of the spleen demonstrates an anechoic peripheral area with some internal echoes. B. The enhanced helical CT scan during the 
portal venous phase shows a hypodense peripheral lesion and splenomegaly. Similar lesions were demonstrated in the liver (not shown). 


sensitivity is low (63%). This may be explained by a poor sen- 
sitivity in detecting diffuse involvement. 309,310 Sonography is 
possibly more sensitive than CT, especially in detecting inho- 
mogeneities or small, nodular infiltrates. 309,310 

Four different sonographic patterns are described in patients 
with lymphomatous involvement of the spleen corresponding 
with the pathologic findings 257 : diffuse involvement (37%) 258 ; 
focal, small nodular lesions (39%) 259 ; focal, large nodular lesions 
(23%) 260 ; and bulky, solid mass lesions (2%). 311 Diffuse involve¬ 
ment usually is manifested as splenomegaly with a normal 
echotexture. Focal lesions are hypoechoic and lack acoustic 
enhancement (see Fig. 105-29A). 311313 A diffuse, small, nodular 


pattern is predominantly visualized in cases of low-grade NHL 
and in HL. 311 On occasion, after central necrosis occurs with 
subsequent liquefaction, lesions may be manifested as anechoic 
masses with or without septations, mimicking cystic lesions of 
the spleen or even abscesses (Fig. 105-30A). 314-317 

Computed Tomography. CT is the established radiologic 
technique for staging of lymphomas. 318,319 New-generation 
multidetector CT scanners allow rapid imaging of the entire 
body during a single breath hold with a high spatial resolu¬ 
tion. Both nodal and extranodal involvement can be detected 
with CT. CT is used to evaluate tumor location and volume 
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Figure 105-31 B-cell non-Hodgkin # s lymphoma. A 74-year-old woman had a 2-month history of increasing general fatigue and low-grade 
fever. A. The enhanced CT scan during the portal venous phase shows an ill-defined, solitary, hypodense lesion in the inferior portion of the 
spleen. The spleen was moderately enlarged, and extensive para-aortic, paracaval, and abdominal lymphadenopathy is also visible. B. The 
enhanced CT scan of the upper abdomen 3 months after chemotherapy demonstrates marked improvement of the lymphadenopathy and 
decreased size of the splenic lesion. 


and to monitor response to therapy (Fig. 105-31). 320,321 CT 
also is helpful in planning surgical or percutaneous biopsy 
procedures and for planning radiotherapy. The most impor- 
tant limitation of CT is the inability to identify the involve- 
ment of disease in normal-sized lymph nodes and the 
relatively poor sensitivity in the detection of splenic, brain, 
and bone marrow infiltration. 322,323 Furthermore, CT is not 
able to evaluate disease activity in residual tissue after 
treatment. 324 

The combined use of FDG PET imaging and CT (hybrid 
PET/CT) offers the advantages of excellent anatomic resolution 
of CT and the biologic character ization pro vided by FDG PET 
The combination improves overall accuracy in staging of the 
disease. 325,326 

Splenomegaly with hypodense lesions may be observed on 
the noncontrast CT scan. However, intravenous administration 
of contrast material is usually required to demonstrate focal 
splenic involvement (Fig. 105-32). The physician should be 
careful when evaluating the images in the arterial phase because 
variable contrast enhancement of the normal spleen resulting 
from differential flow through the vascular sinuses and cords of 
red and white pulp is common. In almost all patients, this het- 
erogeneity resolves after 60 to 70 seconds. 32 29 

Different CT appearances of splenic lymphoma have been 
described 257 : normal size and appearance 258 ; enlarged with no 
focal defects 259 ; diffuse, miliary, hypodense lesions (Fig. 105- 
33) 260 ; multiple, focal masses of various sizes (see Fig. 107- 
29B) 261 ; and a solitary, large mass (>5 cm; Fig. 105-34). 303 The 
spleen may be bulky in patients with primary or secondary 
splenic lymphoma. The focal splenic masses caused by lym¬ 
phoma usually demonstrate minimal enhancement and have a 
hypodense appearance compared with the surrounding spleen 
(see Fig. 105-32). 

Rim-enhancing lesions with central necrosis may mimic 
splenic abscesses. Wedge-shaped, hypodense areas in patients 
with lymphoma and leukemia are sometimes observed and 
probably reflect secondary splenic infarction. 

Large masses demonstrating capsular involvement and peri- 
splenic infiltration into adjacent organs may be observed. 


Splenic calcifications after treatment of lymphoma are occa- 
sionally seen; calcifications before treatment of splenic lym¬ 
phoma are rare (Fig. 105-35; see also Fig. 105-28). 303,330 

Magnetic Resonance Imaging. MRI is superior to CT in assess- 
ing lymphomatous involvement of extranodal disease in the 
brain, spinal cord, and bone marrow. 331 However, MRI has the 
same limitations as CT in detecting lymphomatous involve¬ 
ment in normal-sized lymph nodes and in residual tumor 
masses after therapy. The main disadvantages of MRI compared 
with CT include higher costs, longer scan time, and respiratory 
artifacts. For staging of abdominal lymphomas, MRI with a 
T2-weighted, turbo spin-echo sequence demonstrated results 
similar to those of spiral CT in detecting lymphadenopathy and 
demonstrating focal abdominal organ lesions. 332 In an older 
study, MRI and ultrasound were better than CT in revealing HL 
infiltrates in the spleen. However, most lymphomatous involve¬ 
ment of the spleen by NHL was not revealed with any of these 
modalities, except when the size of the spleen was considered. 333 
With the development of new and faster imaging techniques 
and the addition of diffusion-weighted imaging, excellent 
results have been reported in staging of lymphoma with MRI. 

Lymphoma involving the spleen usually has TI and T2 
imaging characteristics similar to the normal splenic paren- 
chyma, making adequate staging challenging. If focal lesions are 
identified, they tend to have variable signal intensity on the 
TI- and T2-weighted images. Dynamic gadolinium-enhanced 
sequences usually are required for better evaluation of splenic 
lymphomatous involvement. 335 Tl-weighted, spoiled gradient- 
echo images immediately after administration of gadolinium 
and with a delay of approximately 20 seconds provide the best 
sensitivity. 336,337 Diffuse involvement may be demonstrated as 
splenomegaly with irregularly enhancing regions of high and 
low signal intensity. Local lesions can be demonstrated in the 
normal, enhancing spleen. Multifocal disease can be seen as 
many focal, hypointense lesions relative to the surrounding 
spleen. Nodular lesions may have low signal intensity on the 
T2-weighted images compared with the normal spleen, and this 
feature can be used to differentiate lymphoma from metastatic 
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Figure 105-32 Primary lymphoma of the 
spleen in a 60-year-old woman. The 

nonenhanced helical CT scan (A), CT scan during 
the portal venous phase (B), and CT scan 7 
minutes after intravenous injection of contrast 
material (C) demonstrate splenomegaly and an 
approximately 8-cm-diameter mass of decreased 
attenuation. Splenectomy revealed a large B-cell 
lymphoma. 



solid organ tumors because metastases rarely have low signal 
intensity on T2-weighted images (Fig. 105-36). 337,338 

Secondary cystic, necrotic, or hemorrhagic changes may be 
helpful in detecting splenic involvement on MRI. 339 The use of 
MR contrast agents, such as reticuloendothelial system-specific 
superparamagnetic iron oxide, appeared to be a promising 
approach for the evaluation of focal splenic lesions, as demon- 
strated in a few small series. 340,341 There is normal uptake of the 
superparamagnetic particles in the reticuloendothelial system, 
causing decreased signal intensity on T2-weighted images. 
There is no uptake of the superparamagnetic particles in the 
malignant cells, and these areas do not change in signal inten¬ 
sity, making them more conspicuous. 337,342 However, use of 
these specific contrast materials in general radiologic practice 
remains limited, and not much has been published recently. 

Nuclear Imaging. FDG PET is a functional imaging technique 
based on glucose metabolism in tissue. In most lymphomas, the 
involved tissue is hypermetabolie, with resultant inereased 
intracellular glucose accumulation. FDG PET demonstrates 
inereased uptake of the radiopharmaceutical in affeeted tissue 
(Fig. 105-37). 

FDG PET has had higher sensitivity and specificity than 
CT and all other imaging modalities in many comparative 
series. In several circumstances, FDG PET may change the 
primary staging, planning, and monitoring of therapy for 
lymphoma patients. 343 Whether FDG PET can change clinical 
management and consequently affeet survival (outeomes) is 


a subject of ongoing investigation. 44,145 FDG PET can be 
performed at the same time as CT imaging in the form of 
hybrid or fusion PET/CT. PET/CT already has become the 
preferred initial staging tool for patients with lymphoma at 
some institutions. 322 

Limitations of FDG PET are its lack of availability, high 
operating expenses, and false-positive and false-negative results 
for patients with lymphoma. For example, false-positive results 
may occur for metabolizing tissue such as muscle or inflamma- 
tory tissue, and indolent (low-grade) NHL may fail to take up 
FDG, yielding false-negative results. The role of FDG PET 
imaging in certain types of lymphoma, such as T-cell NHL and 
highly aggressive NHL, is still uncertain. 99m Tc-sulfur colloid 
and 67 Ga-citrate forms of scintigraphy have low sensitivity, 
specificity, and accuracy in detecting splenic lymphoma. 346 
Since the introduction of FDG PET, these two imaging modali¬ 
ties have played a limited role in the evaluation of splenic 
lymphoma. 347 

LEUKEMIA AND MYELOPROLIFERATIVE 
DISORDERS 

The spleen often is involved in myeloproliferative disorders and 
in acute and chronic leukemias. 265 Unlike lymphoma, these dis¬ 
orders mainly affeet the red pulp, although the white pulp even- 
tually maybe infiltrated. 262 Splenomegaly is often encountered, 
but the frequency and severity depend on the type and duration 
of the disease. Diffuse involvement and focal, solid lesions 
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Figure 105-33 Mantie cell lymphoma in a 70-year-old woman. 

Coronal, multiplanar reformat reconstruction CT scan during the late 
venous phase demonstrates massive splenomegaly displacing the 
surrounding organs. The spleen has an inhomogeneous, miliary 
appearance. 



Figure 105-34 Diffuse small cell lymphoma. CT demonstrates a 
hypodense mass with capsular invasion. There is lymphadenopathy 
surrounding the celiac axis and splenic artery. 


(solitary or multiple) have been described. Unlike lymphoma, 
the focal lesions are often hyperechoic on ultrasound. 349 Extra- 
medullary hematopoiesis may cause echogenic lesions in these 
patients. 5 Splenic rupture is an uncommon manifestation of 
leukemic disorders and may be caused by infiltration of the 
splenic capsule and trabecular framework or by infarction (Fig. 



Figure 105-35 Punctate calcifications throughout the spleen 5 
years after successful treatment of non-Hodgkin's lymphoma. 

Calcified lymph nodes (not shown) were also demonstrated in other 
locations. (Courtesy M. de Jonge, Amsterdam, The Netherlands.) 


105-38). 350,351 Fine-needle biopsy can be performed for defini¬ 
tive diagnosis. 298 ' 301 

METASTATIC DISEASE 

Epidemiology and Pathogenesis 

Splenic involvement by metastases is relatively uncommon and 
occurs with a frequency of 0.6% to 7.1% in autopsy series. 352,353 
Different types of splenic involvement can be encountered; 
patients most commonly present with solitary or multiple 
nodules. On occasion, a miliary pattern, diffuse infiltration of 
the parenchyma, serosal implants, or direct tumor invasion 
from adj acent organs is encountered. 262,352 Tumors that most 
commonly metastasize to the spleen are melanoma (34%), 
breast (12%), ovary (12%), colon (10%), and lung (9%). 353 In 
a study of an Asian population, the lung was the most common 
primary tumor site (21%), followed by the stomach (16%), 
pancreas (12%), liver (9%), and colon (9%). 352 Kaposi’s sarcoma 
can involve the spleen, usually in AIDS patients with dissemi- 
nated Kaposi’s sarcoma. Isolated metastases to the spleen 
are very rare, with approximately 40 cases reported in the 
literature. 352, 354,355 

Several theories have been proposed for the relatively 
uncommon occurrence of splenic metastases. The absence of 
afferent lymphatic vessels in the splenic parenchyma is the 
most likely explanation. 262,265,353 Hematogenous spread through 
the splenic artery is considered the most probable origin of 
metastases, and the frequency of splenic metastases is com- 
parable to that of the kidney. 353 Much less common pathways 
are metastases through the splenic vein in patients with portal 
hypertension and retrograde lymphatic spread from nodes in 
the splenic hilum. 353,356 

Implants on the serosal surface of the spleen are seen in 
patients with peritoneal carcinomatosis from ovarian cancer, 
gastrointestinal adenocarcinoma, and pancreatic cancer. The 
implants cause indentation and scalloping of the surface of 
the spleen with solid and cystic components, and these fea¬ 
tures are typically well demonstrated by CT (Fig. 105-39). 
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Figure 105-36 Lymphoma. 

Axial (A) and coronal 
(B) half-Fourier acquisition 
single-shot turbo spin-echo 
(HASTE) MR images demonstrate 
low signal intensity masses in the 
spleen of a 32-year-old pregnant 
woman with a low-grade 
lymphoma. (Courtesy D. 
Vanbeckevoort, MD, Leuven, 
Belgium.) 



Figure 105-37 Large B-cell 
lymphoma. Left, PET maximum 
intensity projection image 
demonstrates a large peripheral 
area of increased fluorine-18- 
deoxyglucose (FDG) uptake with 
a central hypometabolic region 
involving the spleen. Right, 
Corresponding CT image after 
intravenous administration of 
contrast material demonstrates a 
large, hypodense, necrotic mass 
involving the central spleen. 
(Courtesy R. Attariwala, MD, PhD, 
Vancouver, Canada.) 



Figure 105-38 Spontaneous splenic rupture. In a 69-year-old man 
with acute lymphoblastic leukemia, the enhanced helical CT scan 
demonstrates splenomegaly and multiple hypoechoic areas, 
subcapsular and pericapsular dense fluid, and free fluid around the 
liver. Laparotomy and splenectomy confirmed a ruptured subcapsular 
hematoma and diffuse leukemic involvement of the spleen. 



Figure 105-39 Splenic metastasis from colon cancer. In a 

56-year-old woman, enhanced helical CT scan shows large splenic 
lesions with capsular invasion and subcapsular and intrahepatic 
metastases. CT also demonstrated diffuse tumor infiltration of the 
abdomen, peritoneal and omental nodules, and subcapsular and 
intrahepatic metastases. Laparotomy confirmed these findings and 
showed a cecal adenocarcinoma. (Courtesy C. Keogh, MD, 
Vancouver, Canada.) 
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Psammomatous or dense calcifications can be seen in cases 
of metastatic mucinous adenocarcinoma. Pseudomyxoma peri- 
tonei, characterized by extensive spread of a mucin-secreting 
neoplasm along the peritoneal surfaces, often also involves 
the spleen. 

Direct tumor invasion of the spleen is uncommon. Spread 
may occur from adjacent organs, such as lymph nodes at 
the hilum, stomach, colon, pancreatic tail, or left kidney, or 
from tumors in the retroperitoneum (Figs. 105-40 and 
105-41). 357 



Figure 105-40 Direct invasion of the spleen by a pancreatic 
adenocarcinoma. In a 63-year-old man, the enhanced CT scan of the 
upper abdomen shows a partially solid and partially cystic mass 
involving the tail of the pancreas that is invading the spleen. 
Percutaneous biopsy from the pancreatic tail mass revealed a 
pancreatic adenocarcinoma. 



Figure 105-41 Direct invasion of the spleen by a pancreatic 
mucinous cystadenocarcinoma. In a 52-year-old woman, the 
enhanced CT scan of the upper abdomen demonstrates a septate 
cystic mass with some coarse calcifications involving the tail of the 
pancreas (not shown) that is invading and displacing the splenic 
hilum. A few small, hypodense lesions in the spleen are consistent 
with metastatic disease. 


Clinical Findings 

Splenic metastases usually are seen in patients with advanced 
disease and widespread involvement of other organs. Solitary 
splenic metastasis in the absence of other metastases is rare, and 
splenectomy may be beneficial in these isolated cases. 355,358,359 
Most splenic metastases do not cause symptoms and are found 
during routine staging. Splenomegaly is rarely encountered. 354 
Few patients are symptomatic, and they may present with an 
abdominal mass, left upper quadrant discomfort due to spleno¬ 
megaly, and acute pain due to splenic infarcts caused by tumor 
emboli. More often, patients present with symptoms of dis- 
seminated metastatic disease, such as anorexia and cachexia. 
When there is diffuse parenchymal involvement, the patient 
may present with hematologic abnormalities and thrombocy- 
topenia. Splenic rupture caused by nonhematologic malignant 
neoplasms is rare, with approximately 22 cases reported in the 
literature. 360 

Pathology 

Approximately 80% of splenic metastases can be identified 
macroscopically. 352,353 Different types of splenic involvement 
can be encountered, including solitary metastases, multiple 
metastases, metastases to the splenic capsule, and diffuse infil¬ 
tration of the splenic red pulp. 262,265,352 Most metastatic tumors 
are manifested as solitary or multiple nodules, and diffuse infil¬ 
tration is a rare phenomenon. 

Radiologic Findings 

Ultrasound. The sonographic appearance of splenic metastases 
varies. Focal lesions can be hypoechoic, mixed, or cystic, or they 
can have a target or halo appearance (i.e., echogenic lesion with 
hypoechoic rim). Approximately 50% of focal splenic metas¬ 
tases are hypoechoic; the larger lesions tend to be more complex. 
Hyperechoic metastases are rare but can be seen in patients with 
melanoma, nasopharyngeal carcinoma, and colon and gastric 
cancers (Fig. 105-42). 362,363 No correlation between the sono¬ 
graphic features of the metastases and the type of the primary 
tumor has been demonstrated. 361 

Computed Tomography. Splenic metastases are typically ill- 
defined, hypodense, rounded lesions (Fig. 105-43). Noncontrast 
scans are usually not helpful in depicting splenic metastases. 
In most cases, tumor conspicuity is best in the portal venous 
phase 60 to 70 seconds after intravenous administration of 
contrast material because of the normally inhomogeneous 
early enhancement pattern of the spleen. Splenic metastases 
occasionally may appear cystic or necrotic. 317 Cystic metastases 
may be unilocular or multilocular, and the septations and 
the periphery may show enhancement. 317,327 Differentiation 
of cystic metastases from true splenic cysts may prove 
difficult. 

Splenic metastases with calcifications are rare. Calcifications 
may be seen in metastases from a mucinous adenocarcinoma 
(Fig. 105-44). 364 

Magnetic Resonance Imaging. Splenic metastases are often 
isointense or slightly hypointense on Tl-weighted images and 
are usually slightly hyperintense on T2-weighted images. 
Metastases are rarely hypointense on T2-weighted images, 
and this faet can be used to differentiate splenic metastases 
from lymphoma. 337,338 Melanoma metastases may demonstrate 





105 Benign and Malignant Lesions of the Spleen 1957 



Figure 105-42 Hyperechoic splenic metastasis from melanoma. 

Ultrasound demonstrates multiple hyperechoic masses throughout 
the spleen. Multiple similar lesions were present throughout the liver 
(not shown). 


Figure 105-44 Splenic metastasis and peritoneal carcinomatosis 
from ovarian cancer. Noncontrast CT of the upper abdomen reveals 
an ill-defined mass containing a few small calcifications invading the 
hilum of the spleen. 




Figure 105-43 Splenic metastasis from lung cancer. The 

enhanced CT scan of the upper abdomen during the portal venous 
phase reveals an ill-defined, hypodense mass in the spleen 6 months 
after resection of a lung cancer (i.e., confirmed squamous cell cancer). 


high signal intensity on the Tl-weighted images because of 
the TI shortening effect of melanin. 365 MRI can easily detect 
necrotic or cystic components. The degree and characteristics 
of enhancement depend on the nature and type of the 
primary neoplasm. 338 Metastases are usually hypointense on 


Tl-weighted images after the administration of gadolinium. 
Early (20 seconds) dynamic gadolinium-enhanced imaging 
is essential because the metastases typically become isointense 
with the splenic parenchyma after approximately 30 seconds. 337 
After treatment, metastases usually demonstrate decreased 
enhancement and diminished signal intensity on T2-weighted 
images. The use of specific contrast agents (e.g., superpara- 
magnetic iron oxide) increases lesion conspicuity and 
decreases the threshold size for lesion detection. 342,366 However, 
the use of these agents remains limited in a general radiologic 
practice. 

Nuclear Scintigraphy. FDG PET is becoming the imaging 
modality of choice for the diagnosis and follow-up of malignant 
neoplasms, and growing evidence supports its use. 367,368 The 
strength of PET imaging is in detecting both nodal and extra- 
nodal metastases. FDG PET demonstrates focal increased 
uptake of the radiopharmaceutical in affected locations (Fig. 
105-45). The role and accuracy of FDG PET in diagnosis and 
staging of different malignant neoplasms are being studied, but 
the accuracy in detection of metastases to the spleen has not 
been evaluated. 369 The combined use of FDG PET imaging and 
multidetector CT (PET/CT) produces an integrated examina- 
tion for functional and anatomic imaging." PET/MR also 
combines functional imaging with the superb contrast resolu¬ 
tion of MR. 375 

Since the introduction of FDG PET, there is no longer a 
clinical use for 99m Tc-sulfur colloid and 67 Ga imaging to detect 
splenic metastases. 99m Tc-sulfur colloid scintigraphy has low 
sensitivity and specificity for screening of splenic metastases. 
When abnormalities are detected on these scans, focal defects 
are demonstrated in the spleen, but the Åndings are nonspecific. 
67 Ga imaging of splenic metastases is unreliable and of limited 
clinical use in detecting metastases. 
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Figure 105-45 Splenic metastases 
from a malignant melanoma as 
imaged by PET/CT. A. The 

nonenhanced CT scan of the upper 
abdomen demonstrates a hypodense 
area centrally in the spleen. 

B. The axial PET image demonstrates 
two areas of increased 
18 F-fluorodeoxyglucose (FDG) 
activity. C. The fused PET/CT image 
demonstrates the two FDG-avid 
lesions localized anatomically within 
the spleen. D. The maximum 
intensity projection image 
demonstrates the large and small 
(medial) splenic lesions and another 
lesion inferior to the largest lesion, 
which projects lateral to the kidney. 
(Courtesy Terence Z. Wong, MD, 

PhD, Duke University Medical 
Center, Durham, NC.) 
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Splenic Trauma 

The spleen is the most commonly injured organ in blunt 
abdominal trauma. 1,2 It receives 5% of the cardiac output, 
accounts for 25% of the total reticuloendothelial cell mass, and 
plays a major role in clearing the plasma antigens. Recognition 
of this fundamental role in the immune response during the 
last century has led to greater efforts to preserve the spleen after 
injury. Nonoperative management is now widely accepted in 
carefully selected, hemodynamically stable patients. Develop- 
ment of sophisticated and accurate diagnostic imaging tech- 
niques, such as multislice computed tomography (CT), has 
been a major driving force behind these changes. The accurate 
diagnosis of splenic injury has therefore assumed an increas- 
ingly important role in the evaluation of the traumatized 
patient. It is very difficult to exclude solid organ injury in 
patients with blunt abdominal trauma without CT. 4 CT greatly 
facilitates selection of patients who are treated nonoperatively 
by allowing accurate identification and characterization of 
splenic injuries as well as of other associated injuries. 5,6 Both CT 
and ultrasound are important in the immediate follow-up of 
these patients, although ultrasound may fail to demonstrate 
injury in the absence of hemoperitoneum. 10 

EPIDEMIOLOGY 

The spleen can be injured by various mechanisms, including 
blunt abdominal trauma, penetrating injuries, and iatrogenic 
and intraoperative accidents. Splenic injury accounts for 
approximately 25% of all solid abdominal organ injuries. 11 
Motor vehicle accidents and motor sports produce most splenic 
injuries, followed by direct blows and falis. 11 Associated injuries 
of the central nervous system, liver, kidney, and hollow viscera 
occur in 10% to 40% of blunt splenic injuries, and these may 
alter therapeutic options. 12 

Penetrating trauma of the chest or abdomen can also result 
in splenic injury. Whereas penetrating trauma may involve the 
spleen, the spleen is less frequently injured compared with the 
small and large intestine. Up to 40% of all splenectomies are 
performed for iatrogenic injury. The risk of splenic injury is 


highest during left hemicolectomy (l%-8%), open antireflux 
procedures (3%-20%), left nephrectomy (4%-13%), and expo- 
sure and reconstruction of the proximal abdominal aorta and 
its branches (21%-60%); most iatrogenic injuries result from 
excessive retraction and disruption of ligamentous attach- 
ments. 13 Penetrating iatrogenic splenic injuries during inter¬ 
ventional procedures involving the left kidney can occur 
because of the variable relationship of the spleen and the left 
kidney. 14 ' 16 Splenic injury is an uncommon complication of 
colonoscopy that may be unsuspected clinically but evident 
on CT scans. 17 ' 19 

CLINICAL FINDINGS 

The clinical diagnosis of splenic injury after blunt abdominal 
trauma can be difficult. As many as 40% of patients with sig- 
nificant intra-abdominal trauma may have no apparent signs 
or symptoms on their initial presentation to the emergency 
department. 22 In the setting of blunt abdominal trauma, 
non-CT criteria can identify only 12% of patients without 
intra-abdominal injuries and 22% of patients without major 
injuries. 4 Laboratory analysis in combination with physical 
examination findings can contribute significantly to the identi¬ 
fication of intra-abdominal injuries after blunt trauma. 23 
However, diagnostic clues can be masked in the presence of 
intracranial or spinal injury, shock, or intoxication. 22 24 26 One 
study has shown clinically significant findings on CT in 19% of 
trauma patients with no obvious signs of chest or abdominal 
injury. 2 

The patient’s complaints may include left upper quadrant 
tenderness or referred left shoulder pain (Kehr’s sign), which 
may be elicited best by placing patients in the Trendelenburg 
position. Rib fractures are found in 7% to 10% of patients with 
multiple trauma. 28,29 Hypotension and overt shock occur in 
approximately 30% to 40% of patients with splenic injuries, 
although this number continues to decline with advances in 
held resuscitation and transport. Signs of persistent intraperi- 
toneal hemorrhage or hemodynamic instability are clear indica- 
tions for surgery. Many surgeons continue to advocate the use 
of diagnostic peritoneal lavage (DPL) for the evaluation of 
splenic injuries, especially in the unstable or multiply injured 
patient. The relative value of DPL compared with CT continues 
to be debated; however, a major limitation of DPL is its lack of 
specificity as the injured organ may be difficult to identify and 
the grade of injury cannot be determined. 30 32 Care should also 
be exercised when DPL is performed before abdominal CT as 
the lavage fluid may reduce attenuation of hemoperitoneum 
because of dilution. 

PATHOPHYSIOLOGY 

The spleen is particularly susceptible to injury after blunt 
trauma because of its complex ligamentous attachments and 
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Figure 106-1 Splenic arterial anatomy. The arterial anatomy of the 
spleen follows a predictable segmental anatomy. The arterial branch 
vessels enter the spleen perpendicular to its long axis, as shown in 
this maximum intensity projection image from a CT angiogram. 


spongy parenchymal consistency. The spleen is firmly attached 
to the retroperitoneum by the lienorenal and phrenicolienal 
ligaments. It is also attached to the mobile colon and stomach 
by the gastrolienal and cololienal ligaments. 33 The spleen is 
divided into four or six segments by arterial supply, whereas the 
venous system is highly anastomotic and does not follow a 
predictable segmental anatomy. The arterial branch vessels 
enter the spleen perpendicular to the long axis, allowing seg¬ 
mental resection (Fig. 106-1). The spleen is enclosed within a 
thin capsule derived from the peritoneum. In pediatric patients, 
the splenic capsule is relatively thicker and contains more elastic 
and contractile elements. 34 

The spleen can be injured by sudden compression or con- 
trecoup mechanisms during rapid deceleration. In deceleration 
injuries, the mobility of the stomach and the transverse colon 
is transfer red to the spleen, which results in ligamentous- 
capsular avulsions or vascular injury to the pedicle or short 
gastric vessels. Blunt compression can occur from a direct blow 
or transmitted shock wave and usually results in parenchymal 
injuries and venous bleeding along segmental anatomic lines. 
With greater energy transfer, blunt injury does not respect seg¬ 
mental anatomy, and stellate fractures occur with extensive 
arterial and venous bleeding. 33 Injuries that result in parenchy¬ 
mal hematomas with an intact capsule are less common than 
was originally believed but may account for the 1% to 2% inci- 
dence of delayed splenic rupture. 35 

The sequelae of penetrating splenic injury depend on the 
wounding instrument and its trajectory. In contrast to blunt 
trauma, penetrating trauma does not respect segmental anatomy 
and tends to have more vascular disruption. Penetrating trauma 
also has a higher incidence of associated organ injury, including 


the gut, which typically necessitates exploration. An abnormal 
spleen is prone to injury by trivial trauma. 

The enlarged spleen is more prone to blunt injury and is 
exposed beneath the rib cage. Splenomegaly can result from a 
variety of disease States, including portal hypertension, biood 
dyscrasias, infection, and lymphoproliferative disorders. 

RADIOLOGIC FINDINGS 

Imaging of patients with abdominal trauma is secondary to 
initial resuscitation efforts and clinical evaluation. Although 
plain films are part of most standard trauma protocols, the 
appropriateness of cross-sectional imaging depends on the 
clinical situation. Hemodynamically unstable patients or indi- 
viduals with critical nonabdominal injuries that require imme- 
diate attention are not suitable candidates for CT and are 
typically evaluated by DPL or are explored immediately. 1 " 6 
However, in hemodynamically stable patients, imaging can play 
an invaluable role in detecting and staging splenic injury. 37 ' 39 
Imaging can also be useful in the follow-up and postoperative 
evaluation of these patients. 

Computed Tomography 

CT has become the “gold standard” for the diagnosis of splenic 
injuries after trauma. 40 ' 43 CT has an accuracy exceeding 95% in 
the detection of splenic injuries. However, these impressive 
results can be obtained only by use of meticulous CT technique. 
Streak artifacts from the patient’s arms, external wires and hard¬ 
ware, nasogastric tubes, and gastric distention or gastric air¬ 
fluid levels should be avoided or minimized. Contrast-enhanced 
multislice CT is the current method of choice for evaluation of 
trauma patients with suspected abdominal injury in most insti¬ 
tutions. Multislice CT scanning with bolus technique is pre- 
ferred to optimize injury detection and to minimize delay 
within the department. 39,44 ' 46 Multislice scanners with fast tube 
rotation minimize scanning time and motion artifact. 39,44,46 

Assessment of splenic injury should include evaluation for 
hematoma, extent of laceration, active extravasation of contrast 
material, and associated vascular injuries. 47 Splenic hematomas 
are hyperdense relative to the splenic parenchyma on unen- 
hanced CT and generally hypodense on contrast-enhanced CT. 
Splenic hematomas may be intraparenchymal, subcapsular, or 
perisplenic. Intrasplenic hematomas (Fig. 106-2) typically 
appear as hypodense areas within the splenic parenchyma after 
administration of contrast medium. 26,37,38,48 These intrasplenic 
hematomas may be nearly isodense in some cases, particularly 
after inadequate administration of contrast material. 26,49,50 

Splenic lacerations on CT appear as linear, low-attenuation 
foci that may not extend completely across the spleen (Fig. 106- 
3). Lacerations may be single, multiple, or stellate (Fig. 106-4). 
Splenic fractures (Fig. 106-5) are defined as lacerations that 
extend completely across the splenic parenchyma and com- 
monly involve the splenic hilum. Intraparenchymal lacerations 
become smaller and less dense with smoother margins over 
time. This healing may take weeks, and follow-up CT, particu¬ 
larly in the setting of an uncomplicated clinical course, is not 
helpful and does not affect management. 5153 Follow-up 
imaging after hospital discharge is not advocated by many 
centers. 52 ' 54 

Subcapsular hematomas follow the splenic contour and com- 
press the parenchyma. Subcapsular hematomas (Fig. 106-6) 
typically appear as crescentic fluid collections along the lateral 
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Figure 106-2 Intrasplenic hematoma. Hematoma is demonstrated 
as a low-density collection of biood ( arrows ), which can vary in 
attenuation from hypodense to isodense relative to the spleen. 



Figure 106-4 Complex splenic laceration. Linear foci of low 
attenuation (long arrows ) are consistent with lacerations. There is 
segmental ischemia in the anterior aspect of the spleen. A small 
perisplenic hematoma ( arrowhead) and a large hepatic laceration 
(short arrows ) are identified. 



Figure 106-3 Splenic laceration. Laceration ( arrow ) extends to the 
splenic hilum and is associated with traumatic pseudoaneurysm with 
dissection. Notice the small perisplenic hematoma. 



Figure 106-5 Splenic fracture. The lacerations traverse the splenic 
parenchyma (arrows). A small perisplenic hematoma is identified 
( arrowhead ). 


aspect of the spleen, which may be difficult to distinguish from 
perisplenic fluid (Fig. 106-7). These hematomas become less 
dense over time and may mimic free intraperitoneal fluid. 
However, mass effect on the splenic parenchyma and its location 
between the enhancing capsule and the parenchyma distin- 
guishes it from free fluid. Subcapsular hematomas usually 
resolve within 4 to 6 weeks. These hematomas are not associated 
with delayed splenic rupture and are not an indication for 
splenorrhaphy. 35 

Severe disruption of the splenic parenchyma results in a 
“shattered” spleen (Fig. 106-8). Vascular pedicle injuries usually 
result in significant hemorrhage and cardiovascular instability 
and are usually not referred for CT evaluation. These patients 
do have a characteristic CT appearance with nonenhancement 
of the caudal portion of the spleen and preservation of upper 
pole perfusion through the short gastric arteries. 47 Active 


hemorrhage appears as areas of irregular collection of contrast 
material that can be distinguished from adjacent clot by its 
density (Fig. 106-9). 37,55 Extravasated contrast material has a 
higher mean attenuation than hematoma (132 HU vs 51 HU). 56 
In general, contrast material extravasation has a higher likeli- 
hood of splenic hemorrhage at laparotomy. ,56 Laparotomy in 
these patients may be avoided by prophylactic embolization of 
the proximal main splenic artery. 43,57,58 

Splenic injuries may be subtle, and parenchymal or capsular 
lesions may not be directly visualized. The presence of peri¬ 
splenic high-attenuation fluid or clot, the so-called sentinel clot 
(Fig. 106-10), is a useful indicator of splenic injury. 2 4 " In one 
series, 20% of patients with surgically proven splenic injury 
demonstrated perisplenic clot as the principal Ånding. Another 
subtle sign of limited splenic injury is thickening of the anterior 
renal fascia and the left lateroconal fascia, presumably from 
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Figure 106-7 Larger subcapsular hematoma. Distinction between 
subcapsular and perisplenic fluid can be difficult. In this case, the 
large subcapsular component ( arrowheads) is compressing the splenic 
(S) parenchyma, but it is difficult to separate from perisplenic 
hematoma ( arrows ). Notice the biood lateral to the liver. 


Figure 106-9 Active extravasation of contrast material. There is 
active extravasation of contrast material from the site of splenic 
laceration (short arrow). Extravasation of contrast material can be 
distinguished from the perisplenic hematoma ( arrowheads) by its 
higher density. Notice the extension of the hemoperitoneum to the 
perihepatic space (long arrow). 






Figure 106-6 Subcapsular hematoma. The low-attenuation fluid 
collection is located along the lateral surface of the spleen and 
causes straightening of the lateral margin. The subcapsular hematoma 
follows the contour of the spleen. Coronal reformations can be 
particularly helpful for the assessment of the location of intra- 
abdominal free fluid in the setting of trauma. 


Figure 106-8 Shattered spleen. Severe splenic injury after blunt 
trauma resulted in fragmentation of the spleen (S). Several islands 
of enhancement are identified ( arrowhead ). These focal areas of 
enhancement may represent pseudoaneurysm formation, which can 
be a predictor of the need for endovascular or surgical intervention. 
Splenectomy was required in this patient. Associated injuries of the 
left kidney and right adrenal giand (arrow) also are identified. Streak 
artifact from the patient's arms along the abdomen degrades image 
quality. 
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Figure 106-10 The sentinel clot sign. Isolated, perisplenic, 
high-attenuation hematoma ( arrow ) indicates a high likelihood of 
splenic injury. The splenic laceration was not apparent. 



Figure 106-11 Delayed splenic rupture. Enhanced CT scan of a 
17-year-old patient who presented with worsening abdominal and left 
shoulder pain 1 week after being kicked in the abdomen. A low- 
attenuation splenic hematoma (H) and associated perisplenic fluid 
and hemorrhage (arrows) are identified. Splenectomy was required. 


dissection of hemorrhage through the splenorenal ligament to 
the retroperitoneal interfascial planes. 59 

Splenic artery pseudoaneurysm is a rare but life-threatening 
complication of splenic injury after blunt abdominal trauma. 
Davis and colleagues 60 reported well-circumscribed focal con- 
trast blush indicative of pseudoaneurysm formation in the CT 
of 8% of their adult patients with blunt splenic injury. Pseudo¬ 
aneurysm may also be diagnosed by ultrasound, but it has lower 
sensitivity than CT. 61,62 The current management of post- 
traumatic splenic artery pseudoaneurysm in adults and chil- 
dren diagnosed by CT or ultrasound is not well established and 
ranges from conservative treatment to immediate confirmation 
and embolization by angiography. 43, 60,63-66 A pseudoaneurysm 
may be distinguished from active extravasation of contrast 
material by examining the arterial and excretory phases of CT; 
pseudoaneurysm will become isodense to the adjacent vascular 
structures on delayed images, whereas active hemorrhage dem- 
onstrates no significant change in attenuation. Delayed CT may 
be obtained with reduced radiation setting without significant 
degradation of image quality. 67 

Significant intimal injury in the splenic artery may lead to 
splenic infarction. This unusual finding may be associated with 
splenic or other adj acent organ injury and may not be associ¬ 
ated with significant adj acent hemoperitoneum. 68 

Several case reports have described delayed splenic rupture 
after initial normal findings on CT scan. 69,70 It is hypothesized 
that these uncommon delayed ruptures may result from low- 
grade venous bleeding that eludes detection by initial clinical 
examination, imaging, and DPL. 71 This phenomenon should 
always be remembered by radiologists and trauma physicians, 
but it should not be viewed as a shortcoming of CT alone. CT 
scanning has been proved useful in the assessment of patients 
who present with delayed or remote rupture (Fig. 106-li). 70 
The degree of injury by the Splenic Injury Scale as proposed by 
the American Association for the Surgery of Trauma (see later 
for grading of splenic injury) as well as the presence of a pseu¬ 
doaneurysm must be closely evaluated. 70 Increase in the size of 
linear foci on follow-up scans should alert the clinician to the 
possibility of progression of laceration. A hyperdense focus 


within the injured parenchyma after intravenous administra¬ 
tion of contrast material may indicate pseudoaneurysm forma¬ 
tion. As discussed previously, the role of CT in follow-up of 
patients with splenic injury who are hemodynamically stable 
and are without evidence of biood loss has not been clearly 
established. Many institutions obtain follow-up CT within 48 
hours of the initial diagnosis to assess for possible progression 
of injuries. 6 However, most studies have shown that follow-up 
CT without a clear clinical indication is not necessary. 52,54,72,73 

Changes in splenic size on follow-up examinations should 
be interpreted carefully. Splenic enlargement has been observed 
in stable patients after blunt trauma, which is believed to rep¬ 
resent return to normal size after physiologic contraction. 
Goodman and Aprahamian 74 reported an average 25% increase 
in splenic volume on follow-up CT scans in trauma patients, 
with more than half of their patients manifesting an average 
increase in splenic volume of 56%. 

CT is equally useful in penetrating injuries, particularly stab 
wounds. CT can reveal commonly associated chest, diaphrag- 
matic, and intra-abdominal injuries (Fig. 106-12). The use of 
water-soluble oral and rectal contrast agents facilitates the 
detection of associated visceral injuries. Munera and coworkers 
emphasized the role of CT with triple contrast in evaluation of 
patients with gunshot wound injury who are not immediate 
exploratory laparotomy candidates. 75,76 However, this approach 
is controversial and not universally accepted. 7 8 

It is important to be aware of interpretive pitfalls in diag¬ 
nosis of splenic injury by CT. Splenic parenchymal enhance- 
ment in normal patients usually appears heterogeneous during 
the early phase of scanning and should be interpreted with 
caution in trauma patients (Fig. 106-13). Portal venous phase 
of enhancement optimizes splenic enhancement for evaluation 
of traumatic injury. Therefore, start of the scanning approxi- 
mately 65 seconds after the start of contrast material injection 
improves hepatic and splenic enhancement. Diminished splenic 
enhancement relative to liver has been reported in trauma 
patients without splenic injury, possibly related to adrenergic 
stimulation and splanchnic vasoconstriction, and should not 
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necessarily be interpreted as indicative of splenic injury or 
vascular compromise. 74 

Significant artifact from the patient’s arms or overlying 
support lines may simulate splenic injury or limit its evaluation. 
Close attention to patient positioning is mandatory, and its 
importance should be communicated to the trauma team. 
Respiratory motion artifact mimicking subcapsular hematoma, 
common with older scanners, is uncommon with the latest 
multislice scanners. Congenital splenic clefts are common and 
should not be mistaken for lacerations. Clefts typically are 
fo und along the medial surface of the spleen (Fig. 106-14), 



Figure 106-12 Penetrating splenic injury. CT scan of a 22-year-old 
woman who was stabbed in the anterior chest shows a low- 
attenuation splenic laceration (black arrow) and gas bubbles (curved 
white arrow) from gastric perforation. The prominent left hepatic lobe 
(L) is a variant that can abut the lateral margin of the spleen (S). 


whereas most lacerations originate from the lateral surface of 
the spleen.' However, neither of these generalizations is abso- 
lute, and at times, clefts may be difficult to distinguish from a 
laceration. 

Surgical and CT Classification of Splenic Injury. Splenic inju¬ 
ries have been anatomically classified by the Organ Injury 
Scaling Committee of the American Association for the Surgery 
of Trauma (Table 106-1) to reflect the impact of speciflc injuries 
on the patient’s therapy and outcome. The Organ Injury 
Scaling classification is based on the anatomic disruption of the 
spleen scaled 1 to 5. These represent increasingly complex inju¬ 
ries that affect surgical management. 81 This anatomic system, 
currently used by most trauma centers, is limited because it 
does not account for the presence and volume of hemoperito- 
neum or other organ injuries. Several CT-based grading systems 
have been created to incorporate this information. 5,33,82 A splenic 
injury grading system that takes these findings into consider- 
ation has been proposed by Mirvis and colleagues but awaits 
prospective trial. 40,43 

Mirvis and colleagues found that CT is accurate in identify- 
ing splenic injury but is not useful in predicting outcomes. CT 
grading of blunt splenic trauma has been found to be an unreli- 
able predictor of patient outcome by several other investigators 
also. 83 ' 85 Studies have shown that evidence of active hemorrhage 
on contrast-enhanced CT and traumatic splenic pseudoaneu- 
rysms and arteriovenous malformations indicate higher likeli- 
hood of failed conservative treatment. 55,86,87 Their influence 
on grading and patient outcome is being studied at several 
institutions.* Perhaps a common difficulty in such grading is 
the influence of nonanatomic factors, such as patient age, 


^References 37, 43, 56, 60, 65, 66, 86. 



Figure 106-13 Heterogeneous enhancement of the spleen. A. The spleen appears heterogeneous during the late arterial and early portal 
venous phases of enhancement. The heterogeneous enhancement mimics intraparenchymal hematomas in this patient with subcapsular 
hematoma. B. Image obtained during the portal venous phase of hepatic enhancement shows the splenic subcapsular hematoma, but the spleen 
is otherwise unremarkable. 
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Figure 106-14 Congenital splenic clefts. These commonly observed variants more typically involve the medial aspect of the spleen. When 
they extend across the spleen, they can be mistaken for splenic laceration or fracture. A. A low-attenuation cleft (arrow) is more prominent on 
the medial aspect of the spleen (S). B. A cleft (arrow) traverses the full thickness of the spleen (S). 


table American Association for the Surgery of 
106-1 Trauma Splenic Injury Scale (1994 Revision) 


Grade* 

Lesion 

Injury Description 

1 

Hematoma 

Subcapsular, nonexpanding, <10% of 
surface area 


Laceration 

Capsular tear, nonbleeding, parenchymal 
depth <1 cm 

II 

Hematoma 

Subcapsular, nonexpanding, 10%-50% 
of surface area; intraparenchymal, 
nonexpanding, <5 cm in diameter 


Laceration 

Capsular tear, active bleeding; 1-3 cm 
parenchymal depth that does not 
involve a trabecular vessel 

III 

Hematoma 

Subcapsular, >50% of surface area or 
expanding; ruptured subcapsular 
hematoma with active bleeding; 
intraparenchymal hematoma >5 cm or 
expanding 


Laceration 

Parenchymal depth >3 cm or involving 
trabecular vessels 

IV 

Hematoma 

Ruptured intraparenchymal hematoma 
with active bleeding 


Laceration 

Laceration involving segmental 
or hilar vessel producing major 
devascularization (>25% of spleen) 

V 

Laceration 

Completely shattered spleen 


Vascular 

Hilar vascular injury that devascularizes 
spleen 


*Advance one grade (up to grade III) for multiple splenic injuries. 
Modified from Moore EE, Cogbill TH, Malangoni MA, et al: Organ 
injury scaling. Surg Clin North Am 75:293-303, 1995. 


overall hemodynamic stability, and preparedness of the trauma 
center, regardless of the injury grade.* Marmery and associates 94 
incorporated vascular injury and active bleeding in a new 
grading system for the classification of splenic injury and 
showed its superiority over the American Association for the 
Surgery of Trauma system in predicting the need for angiogra- 
phy and embolization or splenic surgery in patients sustaining 
blunt splenic injury. Further prospective studies are required to 
validate these results. 

Ultrasound 

Ultrasound is the primary imaging modality of trauma patients 
in many centers outside the United States. Its use in the United 


^References 6, 40, 43, 57, 63, 72, 80, 88-93. 


States has also increased signifkantly during the past two 
decades, with 79% of level I trauma centers currently perform- 
ing focused assessment with sonography for trauma (FAST). 95 ' 97 
FAST has two significant advantages over CT: it can be per- 
formed at the bedside with hand-held devices and uses no 
ionizing radiation. The primary goal of FAST is detection of 
free intraperitoneal fluid. This is based on the assumption that 
significant intra-abdominal injury is unlikely without the pres- 
ence of free intraperitoneal fluid. Its reported sensitivity for 
detection of free intraperitoneal fluid ranges between 42% and 
98%. 10,97,99-101 Several studies have shown significant false¬ 
negative and false-positive rates in both adult and pediatric 
patients, casting doubt on the Utility of FAST. 1 8,9,1102-104 Investiga- 
tors have shown decreased sensitivity of FAST when patients 
are stable. 26,99,105,106 This may be related to operator dependence 
of ultrasound as well as lack of free intraperitoneal free fluid 
with less severe injuries. In addition, ultrasound has limited 
sensitivity for detection of retroperitoneal injuries. 103,107-109 Fur- 
thermore, patient obesity, subcutaneous emphysema, and 
limited acoustic window as well as isoechoic clot can limit its 
sensitivity. 110 

The detection of intraparenchymal and subcapsular lesions 
depends on the sonographic appearance of hemorrhage, which 
in turn is dependent on the age of the biood and frequency of 
the interrogating transducer. In the acute setting, lacerations 
and hematomas appear echogenic because of the presence of 
clotted biood. Both fresh and chronic hemorrhage can appear 
hypoechoic (Fig. 106-15). 111 Because the liver is usually less 
echogenic than the spleen, the left hepatic lobe that extends to 
the left upper quadrant of the abdomen and indents the spleen 
may simulate a subcapsular hematoma of the spleen sono- 
graphically (Fig. 106-16). Scanning should also include a general 
survey to detect hemoperitoneum within the abdomen. The 
detection of biood surrounding the gastrosplenic ligament, the 
“left butterfly” sign, has been reported to indicate hemorrhage 
within the lesser sac and should direct the sonographer to the 
possibility of splenic, gastric, or pancreatic injury. 111 Color 
Doppler study may help in detection of intrasplenic pseudoan- 
eurysm. 61 Contrast-enhanced sonography for the evaluation of 
splenic trauma has been reported to be more sensitive than a 
baseline sonogram, but its wide acceptance awaits larger 
trials. 62, 113-116 

The relatively lower accuracy of ultrasound compared with 
CT and DPL for detection of intra-abdominal injury suggests 
that this modality has a complementary rather than a 
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Figure 106-15 Ultrasound diagnosis of splenic injury. Correlative ultrasound scan of a 19-year-old with known splenic laceration, splenic cleft, 
and perisplenic fluid to diagnose splenic injury. A. An oblique coronal image obtained intercostally demonstrates hypoechoic perisplenic fluid (F) 
adjacent to the spleen (S). B. A companion oblique image illustrates the perisplenic fluid (F) and the known splenic cleft ( arrow ). The patient's 
CT-diagnosed splenic laceration was not observed sonographically. 


Figure 106-16 Splenic vein thrombosis. The patient has extensive 
splenic and hepatic lacerations and splenic vein thrombosis (arrow). 


competing role with CT and DPL. 96 ’ 117120 All patients with 
normal findings at the initial FAST should be observed for 
several hours to avoid missing of significant injuries. In addi¬ 
tion, serial ultrasound or CT examinations should be obtained 
in those with suspected significant injuries. 110,121,122 A principal 
role of ultrasound today is in the postoperative patient and 
for long-term follow-up of patients treated conservatively. 
Sequential sonograms can be used to document resolution of 
splenic parenchymal abnormalities and to monitor the volume 
of hemoperitoneum. 

Other Techniques 

The technetium Tc 99m sulfur colloid scan has been shown to 
be a sensitive albeit somewhat nonspecific test in splenic 
trauma. 123 Scintigraphy, however, no longer has a role in assess- 
ment of blunt abdominal trauma. Likewise, angiography is no 
longer appropriate as a screening modality but has been shown 


to be effective in identifying specific sites of injury determined 
by CT and provides access for therapeutic embolization of 
splenic bleeders. 124 

Plain film findings in traumatized patients are usually non¬ 
specific. Abnormal findings suggesting splenic trauma include 
posterior left rib or upper lumbar transverse process fractures, 
medial displacement of gastric air bubble, elevation of the left 
hemidiaphragm, and signs of hemoperitoneum. However, lack 
of abnormal findings on chest or abdominal films does not 
obviate the need for further diagnostic evaluation. 

COMPLICATIONS OF SPLENIC INJURY 

Complications of splenic injury depend on the mechanism of 
injury and the choice of therapy. In patients treated conserva¬ 
tively or with spleen-preserving surgery, the principal concern 
is rebleeding. Other sequelae include spontaneous splenic vein 
thrombosis, splenic abscess formation, pancreatitis, and intra- 
abdominal or thoracic splenosis. 1251 When splenectomy is 
required, typical postoperative complications include left lower 
lobe atelectasis, pneumonia, and pleural effusions. Subphrenic 
abscess, disseminated intravascular coagulopathy, and panere - 
atic injury are less commonly observed complications. 128 

The major concern in the postsplenectomy patient is the loss 
of splenic immune functions and the risk of overwhelming 
postsplenectomy sepsis. 129,130 The incidence of overwhelming 
postsplenectomy sepsis after trauma varies from 0.28% to 1%, 
and mortality is reported to be as high as 50% to 80%. 131,132 The 
syndrome of overwhelming postsplenectomy sepsis is charac- 
terized by the systemic symptoms of nausea, vomiting, and 
malaise that rapidly progress to coma, hypotension, and death 
within hours of the onset of symptoms. There is usually a sub- 
clinical focus of infection by encapsulated organisms, such as 
Streptococcus , Haemophilus , or Neisseria. In addition, postop¬ 
erative infectious complications are much more frequent in 
splenectomized patients. The risk of septicemia in asplenics has 
been estimated to be 140 times greater than in the general 
population. Patients undergoing splenectomy have longer hos¬ 
pital stays than those conservatively managed. 31,129,132 
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TREATMENT AND OUTCOME 

Recognition of the importance of preserving splenic function 
has led to a dramatic shift in surgical opinion and practice. 
Nonoperative management of splenic injury in pediatric 
patients is the norm and is successful in more than 90% of 
appropriately selected patients. 133,1 Although the nonoperative 
approach to pediatric splenic injury is well established, applica- 
tion of this practice to adult trauma patients is still evolving but 
gaining wider acceptance. 1135138 Although age older than 55 
years has been considered a criterion for operative manage¬ 
ment, Barone and coworkers 139 and Myers and colleagues 92 
reported a failure rate of 6% and 17% for nonoperative man¬ 
agement of patients older than 55 years, respectively. Grade of 
splenic injury rather than age was reported to play an important 
role in outcome by Nix and coworkers. 6 Success rates in adults 
have ranged from 27% to 90%. 137,138 Major criticisms directed 
toward nonoperative management include failure to detect 
associated injuries, such as bowel perforation or diaphragmatic 
disruption, and an increase in transfusion requirements. Some 
authors have suggested that the risk-benefit ratio for nonopera¬ 
tive management is exceeded by transfusion risks posed by 
administration of more than 2 units of biood or presence of a 
significant amount of hemoperitoneum on CT. 140,141 Patients 
should meet strict criteria for consideration of nonoperative 
treatment: low-grade and isolated splenic injury, hemodynamic 
stability, and mental alertness. 142 In this regard, CT evaluation 
may be useful in selecting patients who are inappropriate for 
nonoperative treatment and would benefit from early spleen- 
preserving surgery. Most patients (up to 85%) are now managed 
nonoperatively as some of the previous expert consensus con- 
traindications mentioned earlier (e.g., advanced age, fear of 
missing a hollow viscus injury, >2 units of packed red biood cell 
transfusion) are no longer completely valid. 143,144 

Splenic artery embolization has been shown to improve 
outcome of nonoperative management. 60,64,143,145 ' 149 Haan and 
associates 150 reported a splenic salvage rate of 87% by emboliza¬ 
tion. In their series, more than 80% of splenic injury grades 4 and 
5 were successfully managed nonoperatively. Patients older than 
55 years had outcome similar to that of the younger patients. 
Complications were seen in 16 of 140 patients, with bleeding and 
abscess representing the most frequent complications. A more 
recent study has shown similar outcome for main artery coil 
embolization versus selective or combined embolization tech- 
niques. 151 Higher splenic injury score, lower biood pressure, 
lower pH, and increased number of packed red biood cell trans¬ 
fusions are factors that favor an operation over embolization. 152 
However, successful transcatheter arterial embolization for 
splenic injury has been reported in hemodynamically unstable 
patients. 153 CT after embolization is indicated if there is abdomi- 
nal pain, hypotension, or signs of infection. Gelfoam used in 
embolization may appear as gas within the infarcted area. 1 

An important alternative to nonoperative management is the 
splenic salvage procedure, in which either a simple splenorrha- 
phy or more complex segmental resection with repair is per- 
formed. 33 These procedures have led to success rates of more 
than 95%. 140 

Splenic Surgery 

After splenectomy for traumatic lesions is excluded, most 
splenectomies are performed for control or evaluation of 


hematologic or neoplastic disease. Regardless of the reason 
for splenectomy, the principal surgical consideration is ade- 
quate mobilization of the spleen. Because of the intimate 
association of the stomach and colon with the spleen, inad- 
vertent injuries can occur intraoperatively, with postoperative 
abscess being the primary complication. Similarly, the panere - 
atic tail is usually found to extend into the splenic hilum and 
can be injured during splenectomy. The significant incidence 
of postoperative complications, including pancreatitis, panere - 
atic fistula, and pseudocyst, has led to considerable debate 
among surgeons as to whether the splenectomy bed should 
be routinely drained. Laparoscopic splenectomy, now practiced 
in many centers, has a lower morbidity and hospital stay com- 
pared with open splenectomy. 153 However, it poses certain 
technical challenges, such as management of the massive spleen, 
specimen extraction, and identification of remotely located 
accessory spleens. 158,159 Portal or splenic venous thrombosis is 
a more frequent complication of laparoscopic splenectomy and 
can be treated safely. 160 In one study, the incidence of portal 
or splenic venous thrombosis was shown to be around 20% 
at 1 week on Doppler ultrasound evaluation. The authors 
recommended ultrasonographic screening for portal or splenic 
venous thrombosis at postoperative day 7. 161 Multidetector CT 
angiography with volumetric and anatomic evaluation provides 
accurate and reproducible information for planning of lapa¬ 
roscopic splenectomy. 162 

The radiologic evaluation of the postsplenectomy patient is 
performed for evaluation of infection, hemorrhage, or panere - 
atic injury. Because of these indications and the usual limita- 
tions of ultrasound in the left upper quadrant, CT is the 
preferred modality. Adequate oral or rectal contrast material is 
important for evaluation of the splenectomy bed. The ability of 
CT to distinguish sterile postoperative collections from abscess 
is limited, and percutaneous aspiration is important. Sub- 
phrenic abscess (Fig. 106-17) can be difficult at times to distin¬ 
guish from pleural fluid collections. Percutaneous management 
of subphrenic abscess by CT guidance can be performed. 



Figure 106-17 Subphrenic abscess after splenectomy. A large, 
left, upper quadrant air-fluid collection (A) compresses the stomach in 
a patient after splenectomy for trauma. A large subphrenic abscess 
was drained at reoperation. 
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Imaging Abnormalities 
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Ultrasound 
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Increased Splenic Echogenicity: Diffuse 
Decreased Splenic Echogenicity: Diffuse 
Multifocal Hypoechoic Splenic Masses 
Echogenic Splenic Masses 
Solid Heterogeneous Splenic Masses 
Splenomegaly: Normal Echogenicity 
Splenomegaly: Hyperechoic Pattern 
Splenomegaly: Hypoechoic Pattern 


Computed Tomography 

Box 107-11. Focal Hypodense Lesion: Noncontrast Scan 
Box 107-12. Focal Hyperdense Lesion: Noncontrast Scan 
Box 107-13. Increased Splenic Density: Diffuse 


Magnetic Resonance Imaging 

Box 107-14. Multiple Splenic Hypointensities on 

Tl-Weighted Magnetic Resonance Images 
Box 107-15. Multiple Splenic Hyperintensities on 

T2-Weighted Magnetic Resonance Images 
Table 107-1. Multiple Splenic Calcifications 
Table 107-2. Solitary Splenic Calcification 
Table 107-3. Splenomegaly 

Table 107-4. Pattern Recognition of Common Splenic 
Lesions 


Imaging Abnormalities 


BOX 107-1 CONGENITAL SYNDROMES 
WITH SPLENOMEGALY 


Aase-Smith syndrome 
arAntitrypsin syndrome 

Anemia (e.g., thalassemia, sickle cell, pyruvate kinase deficiency) 

Chédiak-Higashi syndrome 

Cogan's syndrome 

Ethanolamniosis 

Farber's syndrome 

Felty's syndrome 

Fetal infection (e.g., herpes simplex, rubella, cytomegalovirus 
infection) 

Gaucher's disease, types I and III 
Gangliosidosis (e.g., GIVb, GM 2 ) 

Hepatic fibrosis and renal cystic disease 

Hyperlipoproteinemia 

Lipoatrophic diabetes 

Mucopolysaccharidosis 

Niemann-Pick disease 

Osteopetrosis 

Rubella syndrome 

Sea-blue histiocyte syndrome 

Vaquez-Osler syndrome 


BOX 107-2 SMALL SPLEEN 


Inflammatory bowel disease 
Hereditary hypoplasia 
After irradiation 
Infarction 

Polysplenia syndrome 
Sickle cell anemia 


Ultrasound 


BOX 107-3 INCREASED SPLENIC ECHOGENICITY: 
DIFFUSE 


Polycythemia 

Sarcoidosis 

Leukemia 

Tuberculosis 

Malaria 

Brucellosis 


BOX 107-4 DECREASED SPLENIC ECHOGENICITY: 
DIFFUSE 


Congestion from portal hypertension 

Leukemia 

Lymphoma 

Multiple myeloma 


BOX 107-5 MULTIFOCAL HYPOECHOIC SPLENIC 
MASSES 


Abscesses (e.g., pyogenic, fungal) 

Metastases 
Septic emboli 
Infarction 
Lymphoma 

Cysts (e.g., simple, epidermoid, hydatid, pancreatic) 
Lymphangiomatosis 

Granulomatous disease (e.g., tuberculosis, Mycobacterium avium- 
intracellulare infection, sarcoidosis, cat-scratch disease) 
Hamartoma, hemangioma 
Splenic artery aneurysm 

Disseminated Pneumocystis carinii (Pneumocystis jiroveci ) infection 


BOX 107-6 ECHOGENIC SPLENIC MASSES 


Hereditary spherocytosis 
I nfa ret (chronic) 

Hematoma 

Metastases 

Calcified granulomas 

Plasmacytoma 

Abscess with air bubbles 

Schistosomiasis 

Cholesterol crystals in simple cyst 
Hydatid "sand" in hydatid cyst 
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BOX 107-7 

SOLID HETEROGENEOUS SPLENIC 
MASSES 

Hematoma 

Abscess 

Infarct 

Angiosarcoma 

Hemangioma 


Hemangiosarcoma 

BOX 107-8 

SPLENOMEGALY: NORMAL 
ECHOGENICITY 


Congestion from portal hypertension 

Myelogenous leukemia 

Infection 

Sickle cell disease (early) 

Hereditary spherocytosis 

Hemolysis 

Still's disease 

Felty's syndrome 

Wilson's disease 

Polycythemia 

Myelofibrosis 


BOX 107-9 SPLENOMEGALY: HYPERECHOIC 
PATTERN 


Leukemias (i.e., acute lymphocytic, chronic lymphocytic, or myelog¬ 
enous after chemotherapy or radiation therapy) 

Lymphoma 

Malaria 

Tuberculosis 

Brucellosis 

Sarcoidosis 

Polycythemia 

Hereditary spherocytosis 

Portal vein thrombosis 

Dysgammaglobulinemia 

Myelofibrosis 

Hematoma 

Metastases 


BOX 107-10 SPLENOMEGALY: HYPOECHOIC 
PATTERN 


Noncaseating granulomatous infection 

Lymphoma 

Multiple myeloma 

Chronic lymphocytic leukemia 

Congestion from portal hypertension 


Computed Tomography 


BOX 107-11 FOCAL HYPODENSE LESION: 
NONCONTRAST SCAN 


Infarction 
Hematoma 
Dilantin therapy 
Abscess 
Metastases 

Congenital or traumatic cyst 
Echinococcal cyst 
Primary angiosarcoma 
Lymphoma 

Extramedullary hematopoiesis 

Hamartoma 

Lymphangiomatosis 

Hemangioma 

Fibroma 

Dermoid cyst 

Epidermoid cyst 

Granulomatous disease (e.g., tuberculosis, M. avium-intracellulare 
infection, sarcoidosis, cat-scratch disease) 


BOX 107-12 FOCAL HYPERDENSE LESION: 
NONCONTRAST SCAN 


Calcification 
Mucinous metastases 

Colon, stomach, or pancreas primary tumor 

Hydatid, healed Pneumocystis infection 

Acute hemorrhage (e.g., post-traumatic, spontaneous) 

Calcified hematoma 

Hemangioma complicated by rupture and hemorrhage 
Hemorrhagic acute infarct 

Complicated cysts attributable to intracystic hemorrhage or 
infection 


BOX 107-13 INCREASED SPLENIC DENSITY: 
DIFFUSE 


Hemochromatosis 
Sickle cell anemia 
Fanconi's anemia 
Hemosiderosis 


Magnetic Resonance Imaging 


BOX 107-14 MULTIPLE SPLENIC HYPOINTENSITIES 
ON TI-WEIGHTED MAGNETIC 
RESONANCE IMAGES 


I nfarets 
Metastases 
Calcified granulomas 
Gamna-Gandy bodies 
Cysts 

Hemangiomas 
Hamartomas 
Lymphoma 
Pyogenic abscess 
Amyloidosis 
Dilantin therapy 

Fungemia with multifocal abscess formation 
Flow void of arteriovenous malformation 
Sarcoidosis 
Peliosis 
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BOX107-15 MULTIPLE SPLENIC HYPERINTENSITIES 
ON T2-WEIGHTED MAGNETIC 
RESONANCE IMAGES 


I nfa rets 

Metastases 

Cysts 

Hemangiomas 
Hamartomas 
Pyogenic abscess 

Fungemia with multifocal abscess formation 

Echinococcal cysts 

Peliosis 

Lymphangioma 


107-1 Multiple Splenic Calcifications 


Common Conditions Uncommon Conditions 


Histoplasmosis 

Phleboliths 

Hemangiomas 

Tuberculosis 

AIDS—healed Pneumocystis 
infeetion 
Splenic artery 
atherosclerosis 
Splenic artery aneurysm 


Hematoma 
In fa ret 
Brucellosis 

Arm i I li fer armillatus infestation 

Echinococcal cyst 

Post-traumatic cyst 

Congenital cyst 

Hamartomas 

Hydatid cyst 

Sickle cell anemia 


107-2 Solitary Splenic Calcification 


Common Conditions Uncommon Conditions 


Splenic artery aneurysm 
Splenic artery atherosclerosis 
In fa ret 

Traumatic hemorrhagic cyst 
Hematoma 


Abscess 
Dermoid cyst 
Epidermoid cyst 
Hydatid cyst 
Tuberculosis 
Metastasis 
Hemangioma 
Phlebolith 


107-3 Splenomegaly 


Possible Disease Examples 


Neoplasms 


Congestive 

splenomegaly 


Infeetion 


Hemolytic 

anemias 


Extramedullary 

hematopoiesis 


Collagen-vascular 

diseases 

Storage diseases 


Miscellaneous 

conditions 


Lymphoma 

Leukemia (especially chronic myeloid) 
Metastases 

Fibroma, hamartoma, angiosarcoma 

Hemangioma, lymphangioma 

Heart failure 

Portal hypertension 

Cirrhosis 

Banti's syndrome 

Splenic vein occlusion 

Hepatitis 

Malaria 

Leishmaniasis 

Tuberculosis 

Typhoid 

Syphilis 

Echinococcosis 

Brucellosis 

Typhus 

Histoplasmosis 

AIDS 

Schistosomiasis 
Bacterial endocarditis 
Kala-azar 

Cytomegalovirus infeetion 

Hemoglobinopathies 

Hereditary spherocytosis 

Primary neutropenia 

Thrombotic thrombocytopenic purpura 

Osteopetrosis 

Myelofibrosis 

Polycythemia vera 

Hemochromatosis 

Felty's syndrome 

Systemic lupus erythematosus 

Juvenile rheumatoid arthritis 

Gaucher's disease 

Amyloidosis 

Diabetes 

Hemochromatosis 
Histiocytosis 
Niemann-Pick disease 
Gargoylism 
Hematoma 
Abscess 
Congenital cyst 
Post-traumatic cyst 
Sarcoid 


107-4 Pattern Recognition of Common Splenic Lesions 


Lesion 

TI 

T2 

Early Gd 

Late Gd 

Other Features 

Cyst 

1-0 

tt 

None 

None 

Well defined 

Hamartoma 

0 

0-t 

Heterogeneous, 

intense 

Homogeneous, isointense 

Usually >4 cm; arises from the medial surface of the 
midspleen 

Hemangioma 

1-0 

t 

Peripheral nodularor 
homogeneous 

Centripetal enhancement; 
retains contrast 

Usually <2 cm; lesions often flash fill on immediate 
post-Gd images, reflecting their small sizes compared 
with liver hemangiomas, which tend to be larger 

Metastases 

1-0 

0-t 

Focal lesions 
with minimal 
enhancement 

Isointense 

Metastases commonly become isointense by 1 min 
after Gd 

Lymphoma, 

focal 

1-0 

t-t 

Focal lesions 
with minimal 
enhancement 

Isointense 

Focal lesions often become isointense by 1 min after 

Gd; adenopathy usually present elsewhere 

Lymphoma, 

diffuse 

1-0 

0-t 

Focal lesions 
with minimal 
enhancement 

Isointense 

Lesions often become isointense by 1 min after Gd; 
adenopathy usually present elsewhere 


From Nagase LL, Semelka RC, Armao D: Spleen. In Semelka RC (ed): Abdominal-Pelvic MRI. New York, Wiley-Liss, 2002, pp 491-526. 

Gd, gadolinium; TI, Tl-weighted magnetic resonance image; T2, T2-weighted magnetic resonance image; T mildly decreased; 0, isointense; 
T, mildly inereased; TT, moderately to markedly inereased. 
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The peritoneum, subperitoneal space, and retroperitoneum are 
anatomic compartments frequently involved in pathologic 
processes that originate in the gastrointestinal tract. Because 
they represent the result of complex embryologic processes of 
organogenesis, rotation, folding, and fusion, the distribution 
of fluid collections resulting from such processes is often con- 
fusing. A working knowledge of the anatomic compartmen- 
talization of disease spread in the abdomen is essential to the 
understanding of imaging Åndings in a variety of pathologic 
conditions. 

This chapter focuses on the anatomy of the peritoneum, 
retroperitoneum, and subperitoneum as depicted by cross- 
sectional imaging methods. In normal individuals, the bound- 
aries of these anatomic regions are defined poorly or not at all. 
When pathologic processes produce intra-abdominal fluid col¬ 
lections, the patterns of fluid distribution are directly deter¬ 
mined by their relationships. The patterns of disease spread 
within the abdomen can be logically predicted from an under¬ 
standing of the folds of mesenchymal tissue that envelop the 


gut and the gut-derived solid viscera: the mesenteries. Most 
illustrations in this chapter feature the axial sections familiar to 
all practitioners of computed tomography (CT) and magnetic 
resonance imaging (MRI). In selected examples, however, the 
anatomic relationships are better displayed by coronal, sagittal, 
or volume rendered images. 

Embryology 

Embryology is the key to understanding all of the concepts 
presented in this chapter. This section provides an overview of 
the embryogenesis of the retroperitoneum and the mesenteries 
that form ligamentous attachments in the adult. 1 Some details 
are addressed in the sections on retroperitoneum and subperi¬ 
toneum that follow. 

UPPER ABDOMINAL EMBRYOGENESIS 

The Gut and Its Derivatives 

At about 3 weeks of fetal life, the lateral body plates (the meso- 
dermal tissue forming the external fetal surface) of the fetus curl 
up to enclose a small portion of the celomic cavity to form an 
intraembryonic celomic cavity (Fig. 108-1A). Near the umbili- 
cus, a portion of the yolk sac, which gives rise to the endodermal 
structures (the gut and all gut-derived solid organs), is enclosed 
and lined on all sides by fetal mesoderm. At this stage, there are 
well-demarcated right and lefl peritoneal spaces, divided by the 
mesenchyme suspending the gut from the ventral body wall 
(i.e., ventral mesentery), the gut and its surrounding mesen¬ 
chyme, and the mesenchyme suspending the gut from the 
dorsal body wall (i.e., dorsal mesentery). Maternal biood from 
the umbilical vein courses through the ventral mesentery to 
supply the fetus, and biood from the now paired dorsal aortae 
establish vascular channels to the gut and developing viscera 
through the dorsal mesentery. 

At about 4 weeks of fetal development, this symmetric 
arrangement is distorted. The liver begins to develop in the 
middle of the ventral mesentery, and it grows rapidly in all 
directions, bulging the contour of the right and leff ventral 
peritoneal space and extending superiorly inside the ventral 
mesentery until it encounters the septum transversum (i.e., fetal 
diaphragm), which is growing from the ventral to the dorsal 
wall of the fetus to separate the thoracic from the abdominal 
cavity. The broad, roughly oval line of contact between the 
ventral mesentery and the septum transversum is not lined by 
mesothelium, and it becomes the bare area of the liver in the 
adult (Fig. 108-IB, C). 

At the same time, the spleen and pancreas are beginning to 
grow within the leaves of the dorsal mesogastrium (Fig. 108- 
1D). The spleen generates just dorsal to the stomach, whereas 
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Figure 108-1 Embryogenesis of peritoneal spaces and ligaments. A. By the end of the third week of fetal development, the ventral body 
wall has fused, forming an enclosed abdominal cavity with the pinched-off primitive gut (G) in the center. The primitive gut is suspended 
within the abdomen by the dorsal (arrow) and ventral ( arrowhead ) mesenteries, which divide the cavity into symmetric right and left halves. 

B. Formation of the bare area of the liver. The line drawing of a sagittal view of an embryo from the left side shows the liver (L) within the ventral 
mesentery that is growing cephalad to encounter the mesoderm within the septum transversum (st). The surface of the liver in contact with the 
septum transversum ( arrows ) is not peritonealized and is known as the bare area. C. The line drawing depicts the rotation of the bare area 
into its adult position. As the septum transversum grows dorsally to separate the thorax from the abdomen, the bare area ( arrows ) shifts to a 
posterior position within the abdominal cavity. D. During the fourth week of fetal life, cords of tissue from the dorsal and ventral mesenteries 
grow rapidly, forming the liver, the spleen, and the tail off the pancreas. The liver ( arrowhead ) arises within the ventral mesentery. The spleen 
and the body and tail of the pancreas (arrow) grow from the dorsal mesentery. E. During the fifth week, the liver begins to grow rapidly and 
begins to occupy a large portion of the peritoneal space. Concurrently, the right peritoneal space expands toward the left, extending posterior 
to the stomach. F. The leftward expansion of the right peritoneal space causes the gastrosplenic ligament to billow laterally ( arrowheads). The 
tail of the pancreas (P) fuses with the dorsal mesenchymal tissue. A, Aorta; FL, falciform ligament; GHL, gastrohepatic ligament; GSL, 
gastrosplenic ligament; K, kidney; L, liver; S, spleen; SRL, splenorenal ligament; ST, stomach. 


the dorsal pancreas arises behind the duodenum. Part of the 
pancreas (i.e., the head and uncinate process in the adult) arises 
from a nest of cells within the ventral mesentery that ultimately 
rotates to join the dorsal pancreas later in fetal life. The all- 
enveloping mesenchyme continues to connect all of these devel- 
oping organs with the body wall and the gut, and it persists into 
adult life as the abdominal ligaments (Fig. 108-1E). The ventral 
part of the ventral mesentery, connecting the liver to the ante- 
rior body wall, becomes the falciform ligament, through which 
courses the umbilical vein (and its fibrous remnant, the liga- 
mentum teres, in the adult). The dorsal part of the ventral 
mesentery becomes the gastrohepatic and hepatoduodenal liga¬ 
ments, which together compose the lesser omentum. The gas¬ 
trohepatic ligament stretches between the lesser curvature of 
the stomach and the fissure for the ligamentum venosum. It 
contains the left gastric artery and vein and the lymph node 
group that drains the lesser curvature. The hepatoduodenal 
ligament, the caudal extension of the lesser omentum, contains 


the portal vein, hepatic artery, common bile duet, and hepatic 
lymph node chain. The most inferior edge of the lesser omentum 
forms the roof of the foramen of Winslow. 

The ventral part of the dorsal mesentery, connecting the 
stomach to the spleen, becomes the gastrosplenic ligament, 
identified by the short gastric arteries and veins that course 
within it (Fig. 108-1F). In the adult, the gastrosplenic liga¬ 
ment also forms the entirety of the greater omentum (i.e., 
gastrocolic ligament) and the cephalad portion of the trans¬ 
verse mesocolon (discussed later). These fat-filled structures 
are readily identified by their contained vessels, the gastro- 
epiploic in the greater omentum and the middle colic in 
the transverse mesocolon. The dorsal part of the dorsal mes¬ 
entery becomes the splenorenal (lienorenal) ligament, which 
contains the splenic vessels and connects the spleen with the 
tail of the pancreas. This latter mesenchyme fuses almost 
completely with the anterior renal fascia to become part of 
the retroperitoneum. 
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Figure 108-2 Formation of the gastrocolic ligament and 
transverse mesocolon. A. The leftward expansion of the right 
peritoneal cavity has elongated the gastrosplenic ligament caudally, 
forming an inferior recess of the developing lesser sac ( arrowheads ). 
Long arrow, small bowel mesentery; short arrow, transverse 
mesocolon. B. The posterior layer of the gastrosplenic ligament 
eventually fuses with the colonic mesentery to form the transverse 
mesocolon (arrow). The anterior and posterior layers of the 
gastrosplenic ligament also fuse to obliterate a portion of the right 
peritoneal space and in so doing form the gastrocolic ligament 
(arrowhead ). What remains of the expanded retrogastric portion of 
the right peritoneal space eventually becomes the lesser sac (LS). 

C, transverse colon; D, duodenum; I, small intestine, P, pancreas, 

ST, stomach; arrows, mesenteries of the colon and small intestine. 


Figure 108-3 Rotation and fusion of colon mesentery. A. The line 
drawing of an embryo early in fetal development shows the distal 
midgut and hindgut segments that become the adult colon. The most 
caudal portion, the rectum (R), retains its position in the pelvis. The 
descending colon (DC) and its attached dorsal mesentery rotate 
(■curved arrow) to cover the surface of the left kidney (LK). The more 
proximal portions, including the cecum (C) and ascending colon (AC), 
elongate and join the remainder of the midgut within the physiologic 
herniation through the umbilicus that occurs in about the sixth fetal 
week. When these segments return to the abdomen, they undergo a 
hairpin turn (arrow) so that the cecum is positioned in the right lower 
quadrant. B. After its relocation, the right colon and its attached 
mesentery rotate to cover the anterior surface of the right kidney (RK). 
The transverse colon (TC) and its mesentery (MES) face anteriorly at 
roughly the same level as the pancreas (P). 


During the fifth and sixth weeks of fetal life, the liver 
continues to grow rapidly and rotates into the right peritoneal 
space. Concurrently, the stomach undergoes a 90-degree 
clockwise rotation, such that its left side becomes ventral 
and its right side dorsal. This rotation pulis the dorsal meso- 
gastrium to the left, allowing room for the right peritoneal 
space to expand behind the stomach and in front of the 
pancreas. 

This part of the right peritoneal space becomes the lesser 
sac (i.e., omental bursa). The inferior margin of the gastro¬ 
splenic ligament elongates in a caudal direction to form a 
long inferior sinus. Later in fe tal life, the redundant apposed 
layers of this part of the gastrosplenic ligament fuse to form 
the greater omentum (Fig. 108-2). During this period (roughly 
week 6 of fetal development), the midgut has lengthened to 
the extent that its midportion projects into the umbilical 
cord (i.e., physiologic herniation). During the lOth week, it 
returns to the abdomen. The cecum ultimately undergoes a 
180-degree rotation (as viewed from above) to arrive at its 
normal location in the right lower quadrant. The ascending 
and descending colonic segments undergo further rotation 
such that their mesenteries fuse to the anterior renal fascia 
on each side (Fig. 108-3). On the right, the ascending colon 
rotates 90 degrees counterclockwise (as viewed from below) 
and normally becomes a fixed part of the retroperitoneum. 
On the left, the descending colon rotates 90 degrees clockwise 
(as viewed from below) to become a portion of the retro¬ 
peritoneum. The transverse colon and its mesentery spån 
the fetus from right to left, with a mesenteric surface facing 
ventrally. The posterior part of the gastrosplenic ligament 
then fuses with this surface to form the adult transverse 
mesocolon. 


LOWER ABDOMINAL AND PELVIC 
EMBRYOGENESIS 

Rectum , Urogenital Sinus , and Kidneys 

The rectum and urogenital sinus initially develop as part of one 
structure, the cloaca, the distal part of the hindgut. 2 As the fetus 
develops, the urorectal fold, a peritoneal sinus, divides the ante¬ 
rior urinary system from the posterior gut (Fig. 108-4A). In the 
adult, the caudal part of the urorectal fold fuses to become 
Denonvilliers’ fascia, but a sulcus of peritoneum persists in 
males and females, becoming the rectovesical pouch (i.e., pouch 
of Douglas). The rectum and perirectal fat are enveloped by an 
important fascial plane, the mesorectal fascia. 

The anterior (urinary tract) system has several connections 
that determine adult anatomic landmarks. Superiorly, the uro¬ 
genital sinus is connected to the umbilical stalk through the 
allantois, which undergoes fibrous degeneration to become the 
urachus in both sexes. Posteriorly, the midportion of the uro¬ 
genital sinus (which becomes the urinary biadder) receives the 
metanephric duet, or ureter. The inferior part of the urogenital 
sinus receives the paramesonephric duet and the mesonephric 
duet; further development of the sinus and the two duets it 
receives depends on gender differentiation. In the female 
embryo, the inferior parts of the paramesonephric duets fuse to 
become the uterus and upper vagina, and the part closest to the 
gonad becomes the fallopian tube. The mesonephric duet 
almost completely degenerates. The inferior aspect of the uro¬ 
genital sinus becomes the urethra, lower vagina, and vestibule, 
with associated Bartholins giands (Fig. 108-4B). 

In the male embryo, the paramesonephric duets degener¬ 
ate. The portion of the mesonephric duet closest to the gonads 
becomes the ductus deferens, and the part closest to the 
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Figure 108-4 Embryology of the pelvis. A. Sagittally oriented line drawing of the pelvis in a developing fetus before gender differentiation 
shows the urorectal sinus (urs), a fold of peritoneum that divides the cloaca into a posterior alimentary tract component, including the rectum 
(R), and an anterior urogenital component (ugs). The central portion of the urinary component is the biadder (B), which drains superiorly into 
the allantoic stalk, which becomes the urachus (ura). Inferiorly, the biadder is attached to the urogenital sinus (urs), which differentiates 
further according to gender. The biadder receives the ureter (ur), and the urogenital sinus receives the paramesonephric duet (pmd) and the 
mesonephric duet (md), both of which contribute to genital formation. B. In the female, the mesonephric duet is almost completely resorbed; its 
superior portion becomes the ligamentum teres (It). The central fused portion of the paramesonephric duets becomes the uterus (ut), and the 
more superior paired portions close to the ovaries (ov) become the fallopian tubes (ft). The inferior paramesonephric duet becomes the superior 
vagina (svag). The urogenital sinus in females differentiates into the inferior portion of the vagina (ivag) and urethra (ure). C. In males, the 
paramesonephric duet (pmd) is resorbed. The portion closest to the testis (tes) becomes the vas deferens, and the part near the urogenital sinus 
differentiates into the seminal vesicles (sv). The urogenital sinus becomes the prostate (pr) and penile urethra (ure), k, Kidney; vd, vas deferens. 


urogenital sinus develops into the seminal vesicles and ejacu- 
latory duet. Meanwhile, the urogenital sinus becomes the 
prostate, urethra, and associated giands (Fig. 108-4C). The 
remnant of this embryologic derivation is a fascial plane 
(i.e., umbilicovesical fascia) that envelops the extraperitoneal 
portion of the biadder and is continuous with the structures 
that were embryologically in communication with the biadder 
surface. These structures include the urachus (i.e., median 
umbilical ligament), the obliterated umbilical arteries (i.e., 
medial umbilical ligaments), and, in males, the ductus def¬ 
erens, seminal vesicles, and prostate. This fascia also covers 
the medial aspect of the ureters as they insert into the biadder 
base (see Fig. 108-15). 

Retroperitoneal Anatomy: Spaces 

The embryology previously discussed provides a rationale for 
the laminar nature of the retroperitoneum (Fig. 108-5). We 
consider four layers, proceeding from the outermost portion 
of the extraperitoneum (i.e., body wall and great vessels) to 
the innermost (i.e., anterior pararenal Space). The basic concept 
to be stressed is that pathologic fluid collections rapidly hil 
their space of origin and then extend into some nearby expand- 
able plane. If the origin of the fluid collection is within what 
was embryologically a mesentery (e.g., panereatitis within the 
dorsal mesentery), a common mode of extension is within 
the ligament to which it is attached (e.g., the gastrosplenic 
ligament). This method of extension is known as subperitoneal 
spread, as shown in Figure 108-5A. Alternatively, fluid col¬ 
lections may progress between the layers that make up the 
retroperitoneal lamina (e.g., between the anterior pararenal 
space and the perirenal space). This is known as interfascial 
spread, 3 9 and it provides potential communication between 
the upper abdomen and the pelvis (Fig. 108-5B, C). The 
remainder of this section provides clinical images of each 
form of spread, including examples of fluid and aggressive 
cellular collections. 


GREAT VESSELS 

The aorta and inferior vena cava course through an incom- 
pletely marginated space in front of the vertebrae and anterior 
psoas fascia and posterior to the root of the small intestinal 
mesentery. An incomplete lateral boundary is formed by the 
medial aspect of the anterior and posterior renal fasciae, but 
this is pierced by the renal artery and vein. Superiorly, the great 
vessel space is continuous with the middle mediastinum; infe¬ 
riorly, it extends between the abdominal portions of the ureters. 
Processes that begin in this space can extend easily into the 
perirenal fat or into the planes anterior and posterior to the 
perirenal space (Fig. 108-6). 10 Hemorrhage from ruptured 
aortic aneurysms is particularly likely to enter the posterior 
interfascial plane. Other processes, such as retroperitoneal 
fibrosis, tend to be restricted to the great vessel space, encom- 
passing the aorta and inferior vena cava and extending to 
involve both ureters in their abdominal course. 

TRANSVERSALIS FASCIA 

The transversalis fascia is the expandable plane that lines 
the inner surface of the entire abdominal wall. It forms the 
outermost layer of the retroperitoneum. It is continuous 
with the diaphragmatic fascia superiorly and with the deep 
pelvic fascia inferiorly, so that it provides a natural pathway 
for fluid collections to spread throughout the abdominal 
cavity. 

POSTERIOR FAT PADS 

There are two fat pads that provide a cushion for the kidneys; 
they are positioned in the posterolateral portion of the 
abdomen and extend into the upper portion of the pelvis. The 
larger of the two is a crescentic fat collection, the anterior part 
of which lies lateral to the ascending and descending colon; 
the posterior part lies on the posterior surface of the perirenal 
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Figure 108-5 The layers of the retroperitoneum and concepts of fluid distribution. A. The line drawing depicts the four major 
retroperitoneal layers. The outermost is the transversalis fascia (tf), which extends from the inferior diaphragmatic fascia to the deep pelvic fascia 
and surrounds all abdominal organs. Just deep to the transversalis fascia, there are two organless fat pads. The posterior fat pad (pfp) is located 
just anterior to the quadratus lumborum muscle (qlm). The larger posterolateral fat pad (plfp) cushions the kidney (K) and perirenal fat and the 
mesentery surrounding the descending colon (DC). Between the two is a cleft, which is a part of the inferior lumbar triangle; the cleft is an 
important passageway between the deep retroperitoneum and the transversalis fascia. Just internal to the fat pads are the perirenal spaces (prs), 
which contain the kidneys, adrenal giands, and abundant fat. They are bounded by expandable fascial planes anteriorly (arf) and posteriorly (prf). 
They are loosely attached medially to the great vessel space around the inferior vena cava (IVC) and aorta (A). In adults, the two perirenal 
spaces do not communicate directly. The innermost space, which is the anterior pararenal space (aps), is composed of the dorsal mesenteries 
that contain the ascending (AC) and descending colon (DC) laterally and the duodenum (D) and pancreas (P) medially. B. The concept of 
subperitoneal disease spread is delineated. The line drawing of an early embryo emphasizes that the mesenteries surround every structure in 
the abdomen, providing a potential means of communication by way of the abdominal ligaments (derivatives of the mesenteries); the falciform 
ligament (fl) connects the liver (L) with the anterior abdominal wall. The stomach (ST) and duodenum are connected to the liver by the 
gastrohepatic ligament (ghl) or lesser omentum. The dorsal mesentery, containing the spleen (SP) and pancreas, communicates ventrally through 
the gastrosplenic ligament (gsl) and dorsally by way of the splenorenal ligament (srl). C. The diagram shows the retroperitoneal compartments 
and interfascial planes and spaces. The anterior perirenal space (APS) contains the duodenum (not shown), the ascending and descending colon, 
and the pancreas. The perirenal space contains the adrenal giands (not shown) and the kidneys. The perirenal spaces are closed medially. 

The posterior pararenal space (PPS) contains fat and lymph nodes. The renal fascia and lateroconal fascia are laminated planes composed of 
apposed layers of embryonic mesentery. By dissection of these layers, rapidly accumulating fluid collections or infiltrating disease may spread 
within retroperitoneal fascial planes. The thickness of the interfascial planes is exaggerated to illustrate their potentially expansile nature; 
all three interfascial planes are potential spaces. The retromesenteric plane (RMP) is continuous across the midline ( bidirectional arrows). The 
retromesenteric plane, retrorenal plane (RRS), and lateroconal plane (LCF) communicate at the fascial trifurcation ( arrow ). The dorsal pleural sinus 
(DPS) may extend inferiorly to lie posterolateral to the PPS and the transversalis fascia (TF). ARF, Anterior renal fascia; PP, parietal peritoneum; 
PRF, posterior renal fascia. (C from Aizenstein RI, Wilbur AC, O'Neil FIK: Interfascial and perinephric pathways in the spread of retroperitoneal 
disease: Refined concepts based on CT observations. AJR Am J Roentgenol 168:639-643, 1997.) 


fat. This fat has been called the posterior pararenal space. Cuta- 
neous nerves pass through this fat, but it contains no organs 
and is rarely the primary site of pathologic processes. The 
smaller fat pad lies just anterior to the transversalis fascia near 
the quadratus lumborum muscle. Between the two fat pads is 
a cleft, through which fluid may pass from the deep retroperi¬ 
toneum outward to the transversalis fascia. Hernias containing 
fat or bowel can pass through this same cleft, which is a part 
of the inferior lumbar triangle (i.e., Petit’s triangle). It is 
common for severe pancreatitis to spread by this route, produc- 
ing inflammation or hemorrhage, or both, in the ipsilateral 


flank; this is the rationale for the Grey Turner sign of hemor- 
rhagic pancreatitis (Fig. 108-7). 14 

PERIRENAL SPACE 

There has been considerable interest in delineating the precise 
anatomy of the perirenal space and its enveloping fascia, and 
there is no universal agreement about its exact boundaries— 
whether its inferior part is open or closed to the pelvis 2128 and 
whether the spaces communicate across the midline. 29 In our 
view, rapidly expanding retroperitoneal fluid collections extend 
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Figure 108-6 Ruptured abdominal aortic aneurysm. Scans obtained at two different levels (A and B) show hemorrhage in the retromesenteric 
plane (RMP) and the retrorenal plane ( arrow). A, aortic aneurysm. 



Figure 108-7 Inferior lumbar triangle pathway. A. Section from a cadaver shows the posterior fat pad (pfp) just lateral to the psoas muscle 
(PM) and anterior to the quadratus lumborum muscle (qlm). The posterolateral fat pad (plfp), also called the posterior pararenal space, has been 
displaced in this subject by a hernia (curved arrow ) containing fat adjacent to the descending colon (DC). This inferior lumbar hernia occurs 
through the cleft between the two fat pads. B. Coronal CT section in a patient with severe pancreatitis shows pancreatic effusion from the 
deep retroperitoneal planes extending (curved arrow) through the inferior lumbar triangle pathway between the posterior fat pad (PFP) and the 
posterolateral fat pad (PLFP) to reach the transversalis fascia (TF). On the axial image (C), notice the preserved fat in the perirenal space (PRS), 
which divides the anterolateral retromesenteric plane (RMP) from the posterolateral retrorenal plane (RRP). 


into the interfascial planes, where they can freely spread into 
the pelvic extraperitoneum and across the midline (examples 
are discussed later). 

The embryology of the kidneys provides the explanation for 
the unusual appearance of the perirenal space. As the kidneys 
ascend from their pelvic origins, they are sheathed by a long, 
tapered cone of fat within the anterior and posterior renal 
fascia. 30 This space is thin at the diaphragm, typically most 
voluminous posterior to the lower renal pole, and thin again as 


it extends inferiorly toward the pelvis. Fluid collections, such as 
urinomas or localized hematomas, often gravitate toward 
the posteroinferior portion of the perirenal fat, which typically 
has the greatest volume. The lateral boundary of the perirenal 
space abuts the posterolateral fat pad, and its fusion with that 
space creates an expandable plane that extends behind and 
lateral to the kidney, the retrorenal plane. The laminar nature 
of this fusion plane was described by Raptopoulos and col- 
leagues 3 and conforms to clinical observations. The anterior 
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Figure 108-8 Retromesenteric and retrorenal escape planes. A. Photograph of a cadaver dissection prepared by injection of blue latex 
into the pancreatic parenchyma to simulate pancreatitis. The dissector retracts the descending colon (DC) and its mesentery (DCM) to expose 
the latex in the retromesenteric plane (RMP). This plane lies anterior to the left renal fascia (LRF) and just posterior to the pancreatic (P) tail. 

B. Cross section of a cadaver prepared as in A shows yellow latex filling the retromesenteric plane (rmp) anterior to the perirenal space (PRS), 
which contains the left kidney (LK) and adrenal (ad). Anterior to the latex collection lie the pancreas (P) and descending colon (DC) within the 
anterior pararenal space (APS), located above the spleen (SP). C. CT demonstrates retroperitoneal anatomy in a patient with pancreatitis. The 
effusion lies in the retromesenteric plane (RMP) anterior to the perirenal space (PRS) around the left kidney (LK). Anterior to the effusion is 
the anterior pararenal space (aps, identified by its contents), the descending colon (DC), and its mesentery, which is marked by the inferior 
mesenteric vein (IMV) that is near the pancreas (P). The small intestinal mesentery (SMBM) lies anterior to the anterior pararenal space. D. The 
CT section shows the symmetric arrangement of the intrafascial planes on the right in a patient with inflammation of the duodenum (D). The 
retromesenteric plane (RMP) lies anterior to the right kidney (RK) and surrounding fat in the perirenal space (PRS) and lies posterior to the 
ascending colon (AC) and its fat-filled mesentery in the anterior pararenal space (APS). In this example, fluid extends posteriorly between the 
posterolateral fat pad (PLFP) and the anterior pararenal space within the lateroconal plane (LCP) as well as posteriorly between the perirenal fat 
and the posterolateral fat pad in the retrorenal plane (RRP). The pancreas (P) and small intestinal mesentery (SMBM) are identified. E. Sagittal 
reformatted CT image of the fascial planes in a patient with severe necrotizing pancreatitis shows fluid expanding the retromesenteric plane 
(RMP). The plane lies anterior to the right kidney (RK) within the perirenal space (PRS). There is a smaller amount of fluid in the retrorenal plane 
(RRP) lying posterior to the perirenal space and anterior to the posterolateral fat pad (PLFP). Notice the long inferior continuation of perirenal fat 
and the transverse colon (TC). F. Sagittal reformatted CT image shows the retrorenal plane (RRP) lying behind the perirenal space (PRS) in 
another patient with pancreatitis. In this case, the fluid extends from the inferior diaphragmatic fascia beyond the level of the lower pole of the 
left kidney (LK). 


boundary of the perirenal space abuts the anterior pararenal 
space and produces a similar laminar plane (i.e., retromesen¬ 
teric plane) that also collects and distributes retroperitoneal 
effusions (Fig. 108-8). 

Each perirenal space contains the kidney, adrenal giand, 
proximal ureter, renal artery, and renal vein. The fascial lining 
of the perirenal space is incomplete where the renal vessels 
pass through it, and the entire medial boundary of the space 
is poorly defined. 38 The study by Kunin 39 established that there 


are well-structured pores within the perirenal fat, some of 
which course between one surface of the kidney and another 
(i.e., renorenal septa) and some of which communicate between 
the renal surface and the perirenal fascia (i.e., renofascial septa). 
The latter are responsible for the rapid egress of effusions 
(often urinomas 40 ) in the perirenal space into the retromes¬ 
enteric or retrorenal plane (Fig. 108-9) and for involvement 
of the renal surface with effusions of extrarenal origin, such 
as pancreatitis. 41 ' 43 
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Figure 108-9 Perinephric space. A. Diagram depicting the perinephric space at the level of the midpole of the right kidney shows a rich 
network of bridging septa ( arrows), arteries, veins, and lymphatics. The perirenal lymphatics communicate with the lymph nodes of the renal 
hilum, and these connect with the periaortic and pericaval lymph nodes. B. Renal pericapsular hematoma can spread along the perinephric 
bridging septa. The diagram of the left perinephric space shows a pericapsular hematoma extending along the perinephric bridging septa 
(arrows ) toward the interfascial planes. Tense fluid collections, such as large urinomas and hematomas, that would otherwise be constricted by 
an intact renal capsule or by perinephric septa may decompress along perinephric channels and retroperitoneal interfascial planes. C. Fat- 
suppressed magnetic resonance image demonstrates bridging septa of Kunin ( arrows ) in a patient with recent fornical rupture. D. Subcapsular 
hematoma of the right kidney is decompressing through the bridging septa ( white arrows ) into the posterior retrorenal plane ( red arrow). (A and 
B from Aizenstein RI, Wilbur AC, O'Neil HK: Interfascial and perinephric pathways in the spread of retroperitoneal disease: Refined concepts 
based on CT observations. AJR Am J Roentgenol 168:639-643, 1997.) 


ANTERIOR PARARENAL SPACE 

The anterior pararenal space is entirely composed of visceral 
structures and their mesenteries of origin. Medially, the com- 
ponents consist of the pancreas (with remnants of the ventral 
mesentery surrounding the head and uncinate process and the 
dorsal mesentery supporting the neck, body, and tail) and the 
duodenum. These structures fuse posteriorly with the perirenal 
space, typically at the level of the renal hila. In the midline, the 
fusion plane passes between the great vessel space and the root 
of the intestinal mesentery. This part of the retromesenteric 
plane provides communication between the left and right ret- 
roperitoneum, and it is the only anatomic site where a passage 
exists across the midline (see Fig. 108-12C). 

The lateral aspect of the pararenal space is formed by the 
ascending and descending colon and their attached dorsal mes¬ 
enteries. These mesenteries fuse to the anterior aspect of the 
perirenal fat just lateral to the fusion of the duodenum, and they 
create a single retromesenteric plane on each side. Laterally, they 
fuse to the posterolateral fat pads to form the lateroconal plane 
(Fig. 108-10). 

Retroperitoneal Anatomy: Planes 

RETROMESENTERIC AND 
LATEROCONAL PLAN ES 

The lateroconal planes are relatively small. They extend down 
the length of the ascending and descending colon just lateral to 



Figure 108-10 Ruptured renal pelvis. The retromesenteric plane 
(open arrow), lateroconal plane (solid arrow), and retrorenal plane 
(curved arrow) contain extraluminal contrast material because of the 
rupture of the left renal pelvis dueto blunt trauma. K, Perinephric space. 

the colonic lumen. The retromesenteric planes are major ro utes 
by which effusions are distributed in the extraperitoneal 
abdomen. They are especially important because they are the 
route of escape for common pathologic entities, such as pan- 
creatitis and colitis. On the left, the retromesenteric plane 
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Figure 108-11 Superior extent of the interfascial planes: left side. A. Blunt dissection of a cadaver prepared as shown in Figure 108-8A. The 
dissector's hånd passes posterior to the pancreas (not shown) and hilum of the spleen (SP) to lie immediately posterior to the stomach (ST) just 
below its junction with the esophagus (E). The dissector's gloved fingertip ( arrow ) lies on the left crus of the diaphragm (LC) and is covered by 
the nearly transparent phrenicoesophageal ligament (PEL). B. CT shows a section from a clinical case illustrating the superior extent of the 
intrafascial planes. In this patient with pancreatitis, fluid filis the retrorenal plane (RRP) and retromesenteric plane (RMP) surrounding the superior 
part of the perirenal space (PRS). The collection converges to its most superior location, just lateral to the left crus (LC), posterior and to the left 
of the esophagus (E), and posterior and to the right of the stomach (ST). This fluid defines the bare area of the stomach. C. The CT section was 
obtained in a patient who had a localized perforation of the tail of the pancreas during an interventional endoscopic procedure. Fluid and gas 
outline a portion of the retromesenteric plane (RMP) anterior to the perirenal space (PRS) containing the left kidney (LK). The anterior pararenal 
space is identified by the presence of the proximal descending colon (DC) and its mesenteric fat. TC, Transverse colon; ST, stomach. D. The CT 
section obtained 4 cm superior to that in C shows gas in the retromesenteric plane (RMP) adjacent to the left diaphragmatic crus (LC), outlining 
the bare area of the stomach (single arrow) and the bare area (double arrow) of the spleen (SP). A, Aorta; ST, stomach. 


extends superiorly to abut the left crus of the diaphragm just 
posterior to the gastroesophageal junction (Fig. 108-11). On the 
right, the superior extent is less well understood; clinical obser¬ 
vations suggest that the retromesenteric plane on the right (or 
possibly the superior part of the perirenal space 44,45 ) is directly 
continuous with the bare area of the liver (Fig. 108-12). 

Inferiorly, the retromesenteric plane is limited and extends 
over the surface of the kidneys medially as far as the 
dorsal mesentery. Proceeding inferiorly, this plane becomes 


progressively smaller as the perirenal space becomes thinner. 
Ultimately, it merges with the retrorenal plane below the cone 
of renal fascia to form the combined plane (Fig. 108-13). 

RETRORENAL PLANE 

Superiorly, the retrorenal plane extends to the inferior dia¬ 
phragmatic fascia. At the level of the kidneys and below, the 
retrorenal plane typically extends as far medially as the psoas 
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Figure 108-12 Superior extent of the intrafascial planes: right side. A. An oblique fluoroscopic image obtained during an interventional 
endoscopic procedure shows gas from a duodenal perforation outlining the retromesenteric plane (RMP) anterior to the right kidney (RK). B. The 
chest radiograph obtained immediately after the procedure shows a crescentic gas collection on the medial aspect of the right hemidiaphragm 
in the location of the bare area of the liver (bal). Gas in the retromesenteric plane (rmp) is discernible superior to the duodenal gas. C. CT 
section obtained in the same patient shows extensive gas filling the superior aspect of the retromesenteric plane (rmp). This gas continues 
anterior to the inferior vena cava (IVC) and extends to the left between the aorta (A) and superior mesenteric artery (sma) in the part of the 
retromesenteric plane created by fusion of the mesentery of the duodenum with the great vessels. This allows access of the right-sided plane to 
its counterpart on the left, anterior to the left kidney (LK) and behind the descending colon (DC). Some of the gas has dissected into the left 
retrorenal plane (rrp). P, Pancreas; PV, portal vein. D. The CT section obtained 4 cm superior to that in C shows gas outlining the bare area (bal) 
of the liver (L). The gas courses around the inferior vena cava (IVC) along the right diaphragmatic crus (rc). Some of the left-sided gas has 
ascended to the bare area (bas) of the spleen (SP). E. The CT section obtained 3 cm superior to that in D shows gas outlining the left portion of 
the bare area (Ibal). This gas outlines the left coronary ligament (Icl), the edge of the peritoneal reflection of the left perihepatic spaces. L, Liver; 
A, aorta. 
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Figure 108-13 Communication of the intrafascial planes with the pelvis. A. Blunt dissection of a cadaver prepared as shown in Figure 
108-8A. The descending colon (not shown) is being retracted on its mesentery (DCM), identified by its major vessel, the inferior mesenteric artery 
(IMA). Just anterior to the anterior renal fascia (ARF) lies the retromesenteric plane (rmp), which extends laterally as far as the colonic mesentery. 
The perirenal fat (held by the dissector) becomes progressively smaller inferiorly. Posterior to the posterior renal fascia (PRF) is the retrorenal 
plane (rrp). This plane extends medially as far as the psoas muscle (PM) and ureter (ur). Fluid collections tend to occupy the larger retrorenal 
plane and extend into the pelvis along the margin of the psoas muscle (PM). B. CT shows a section of the inferior aspect of the perirenal space 
(prs) in a patient with pancreatitis. Fluid in the retromesenteric plane occupies the space immediately behind the descending colon (DC) and its 
mesentery (DCM), identified here by the inferior mesenteric vein (IMV). Just posterior to the perirenal space and anterior to the psoas muscle 
(PM) is the retrorenal plane (rrp). It extends medially almost as far as the ureter (ur). Between the ureter and inferior mesenteric vein is the right 
gonadal vein (gv). The quadratus lumborum muscle (QLM) is identified. C. The CT section 15 mm inferior to that in B shows no perceptible 
perirenal fat. The retrorenal and retromesenteric planes have merged to form a combined plane (cp), which occupies the anterolateral surface 
of the psoas muscle (PM) lateral to the ureter (ur). Notice the extension of the fluid into the lumbar triangle cleft (curved arrow) medial to the 
posterolateral fat plane (plfp). 
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muscle (see Fig. 108-13A). In general, retrorenal collections do 
not extend medial to the ipsilateral ureter. As the retrorenal 
plane extends inferior to the cone of renal fascia, it joins the 
retromesenteric plane to become a combined plane that is situ- 
ated on the anterolateral surface of the psoas muscle, lateral to 
the ureter and medial to the iliac vessels. It continues into the 
pelvic extraperitoneum. 

PELVIC EXTRAPERITONEAL SPACES 
AND PLAN ES 

The urinary biadder, along with its embryologically derived 
attachments, is the central structure in the formation of 
the pelvic extraperitoneum. The biadder, urachus, obliterated 
umbilical vessels, and urogenital sinus derivatives are covered 
by umbilicovesical fascia. 46 This divides the pelvic extraperito¬ 
neum into a small-volume perivesical Space and a prevesical 
space that lies between the perivesical space and the transversa¬ 
lis fascia. In a way analogous to the structure of the perirenal 
space and fascia, the fascial lining of the prevesical space forms 
an expandable plane surrounding the biadder. As shown in 
Figure 108-14, the obliterated umbilical artery (i.e., medial 
umbilical ligament) contains a variable amount of periligamen- 
tous fat and is covered anteriorly and posteriorly by fascia. The 
anterior fascia forms the umbilicoprevesical plane and passes 
just posterior to the inferior epigastric artery; laterally, it fuses 
with the transversalis fascia near the inguinal ring. The poste¬ 
rior fascia forms the umbilicovesical plane and fuses laterally 
to the combined plane, typically positioned just medial to 
the obturator fossa. Large collections occupying both of these 
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Figure 108-14 Fascial planes of the extraperitoneal pelvis. The 

biadder (BL) occupies the anterior midline and is surrounded by 
perivesical fascia. Fascia surrounds the triangular fat around the 
medial umbilical ligaments, containing the obliterated umbilical artery 
(ua). Posterior to the periligamentous fat is the umbilicovesical fascia 
(uvf), which blends with the fascial plane around the biadder. Anterior 
to the fat in the root of the medial umbilical ligament is the 
umbilicoprevesical fascia (upf), which extends posterior to the inferior 
epigastric artery (iea). Laterally, this fascia blends with the combined 
fascial plane medial to the iliopsoas muscle (IPM) and can potentially 
extend posteromedially, medial to the internal iliac vessels near the 
piriformis muscle (PYM). Just anterior to the biadder is the obliterated 
allantois, the urachus (ur), which is surrounded by a variable quantity 
of fat. The umbilicoprevesical fascia divides in the midline to surround 
this structure. RM, Rectus muscle; tf transversalis fascia. 


posterior planes straddle the urinary biadder and resemble a 
molar tooth. 

Most fluid collections continue to extend through the pre¬ 
vesical space to involve the transversalis fascia. These can gain 
access to the combined plane lateral to the colon; from here, 
they extend posteriorly just medial to the obturator canal to 
involve the presacral fascia. Moreover, they can gain access to 
the inguinal canal to extend to the scrotum and to the femoral 
canal to progress to the lower extremity (Fig. 108-15). 

In summary, there exists a complex and voluminous network 
of fascia capable of transmitting pathologic fluid collections 
that arise anywhere in the abdomen to locations remote from 
the original site of the process. This network explains how, for 
example, pancreatitis can mimic appendicitis or diverticulitis 
can clinically and radiographically resemble ureteral obstruc¬ 
tion. Although fluid from pancreatitis remains the most 
common pathologic process to involve these planes, cellular 
spread of aggressive tumors can extend in an identical fashion. 
A diagrammatic summary of the spaces and planes in the ret- 
roperitoneum is shown in Figure 108-16. 

Subperitoneal Spaces: Ligaments 
and Mesenteries 

Pathologic fluid collections rapidly seek escape from their space 
of origin. The interfascial planes are major ro utes for such 
escape, but fluid also can extend within the mesentery that 
originally enfolded the diseased organ. This means of intrames- 
enteric spread is referred to as subperitoneal spread, and it 
represents extension within the abdominal ligaments. 47 

UPPER ABDOMINAL LIGAMENTS 

Most of the mesenteries that persist into adult life as ligaments 
are present in the upper portion of the abdominal cavity, in part 
because the ventral mesentery distal to the foregut is resorbed. 
Described in the following sections are the remnants of the 
ventral and dorsal mesenteries that supported the gut and the 
intramesenteric growth of the gut-derived solid viscera: liver, 
spleen, and pancreas. 

Falciform Ligament 

The falciform ligament is the remnant of the ventral part of the 
ventral mesentery. It contains the obliterated umbilical vein, 
and it is the structure in which large collateral veins are recruited 
in patients with advanced portal hypertension. It subdivides the 
peritoneal spaces over the surface of the liver, and it is occasion- 
ally a conduit for spread of intrahepatic neoplasms, such as 
aggressive hepatomas (Fig. 108-17). 

Gastrohepatic and Hepatoduodenal Ligaments 

The gastrohepatic and hepatoduodenal ligaments are remnants 
of the dorsal part of the ventral mesentery, between the gut 
and the liver, and they are known collectively as the lesser 
omentum. The gastrohepatic ligament extends between the 
lesser curve of the stomach and the fissure for the ligamentum 
venosum; it contains the left gastric artery, coronary vein, and 
part of the hep atic chain of lymph nodes. 48 It is an important 
means of spread of gastric cancer into the hilum of the liver, 
and gastric perforations occasionally extend between its leaves 
(Fig. 108-18). 
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Figure 108-15 Retroperitoneal fascial planes. A. CT section of a patient with traumatic biadder perforation shows a small amount of urine in 
the perivesical space (pvs) surrounding the biadder (B). In this patient, there is a larger fat plane than usual around the medial umbilical ligament 
(mul). There is fluid within the umbilicoprevesical fascia (upvf) anteriorly and the umbilicovesical plane (uvp) posteriorly. On the right, the 
collection extends posteriorly toward the internal iliac vessels lying on the piriformis muscle (Pym). Anteriorly, the lateral part of the fascia 
extends posterior to the internal epigastric artery (iea) to blend with the combined plane (cp) near the external iliac vessels (eia and eiv). The 
iliopsoas muscle (IPM), rectus abdominis muscle (RM), and urachus (ura) are indicated. B. CT section in a different patient with a pelvic fracture 
producing extraperitoneal biadder perforation shows another pattern of fluid distribution in the pelvic extraperitoneum. Contrast material from 
the biadder has extended into the umbilicoprevesical fascia (upf), which divides in the midline to surround the fat surrounding the median 
umbilical ligament or urachus (ur). The umbilicoprevesical fascia extends laterally behind the external iliac artery (eia) and enters the transversalis 
fascia (tf) lateral to the boundary of the rectus abdominis muscle (RM). C. CT section obtained 15 mm inferior to that in B shows contrast 
material in the umbilicoprevesical fascia (upf) extending into the combined plane (cp) on the anterior surface of the fat around the medial 
umbilical ligament (mul). On the right, fluid, but not contrast material, extends posteriorly ( arrows ) just medial to the iliac vessels and lateral to 
the perirectal fat as far as the presacral space (PS). D. The CT section in another patient with extraperitoneal biadder rupture due to blunt 
trauma with multiple pelvic fractures shows contrast material from the perforated biadder (B) extending into the umbilicovesical fascia (uvf) and 
the umbilicoprevesical fascia (upf). On the left, some of this contrast material has entered the combined plane (cp), tracking posteriorly. 

E. A CT section 15 mm inferior to that in D shows further accumulation of contrast material in the combined plane (cp). 









1996 SECTION XIII Peritoneal Cavity 


The hepatoduodenal ligament contains the portal vein, 
hepatic artery, common hepatic and central cystic duets, and 
nodes of the porta hepatis. 49 At one time, this part of the ventral 
mesentery contained the ventral panereas, which later in 
embryologic development rotated into the retroperitoneum. 
Pancreatitis recalls that embryologic connection and often 
extends into the liver through the porta hepatis. Because of this, 
intrahepatic portal vein thrombosis is a moderately common 
complication of acute pancreatitis (Fig. 108-19). 

Gastrosplenic Ligament, Greater Omentum, 
and Transverse Mesocolon 

The ventral part of the dorsal mesentery extends in the embryo 
between the greater curvature of the stomach and the spleen. 
When the right peritoneal cavity extends behind the stomach, 
this part of the dorsal mesentery is elongated so that a long, 
redundant surface extends inferiorly. The part of the dorsal 
mesentery closest to the spleen becomes the adult gastrosplenic 
ligament, and it can be recognized by the short gastric vessels 
that course through it. In cases of splenic vein thrombosis, 
the short gastric veins are routinely reeruited as collaterals. A 
major ro ute of escape for pancreatitis arising in the peripheral 
body and tail is into the gastrosplenic ligament. Large intra- 
ligamentous collections are frequently mistaken for lesser sac 
effusions but do not communicate with the peritoneal cavity 
(Fig. 108-20). 

The redundant portion of the gastrosplenic ligament forms 
two other ligamentous structures in the adult. The inferior 
portion fuses to form the gastrocolic ligament, or greater 
omentum. This structure is easily recognized by its contained 
gastroepiploic vessels, the veins of which dilate in the presence 
of splenic vein occlusion. The omentum also is the major site 
of implantation of processes involving the peritoneal cavity. 
Omental caking from ovarian, endometrial, or gastric primary 
cancers is commonly recognized (Fig. 108-21). 


The posterior and superior part of the redundant gastro¬ 
splenic ligament fuses to the anterior leaf of the dorsal 
mesentery of the transverse colon to form the transverse meso¬ 
colon. The middle colic vessels mark the location of this struc¬ 
ture; it provides a pathway for escape of pancreatitis that 
involves the midportion of the panereas. Greater curvature 
gastric uleers, benign or malignant, course down the transverse 
mesocolon to create gastrocolic fistulas (Fig. 108-22). The 
transverse mesocolon is also an important pathway of direct 
spread from tumors arising from the nearby panereas. 51 2 

Splenorenal Ligament 

The tail of the panereas arises in the splenorenal ligament. 
When the right peritoneal cavity creates the lesser sac, it also 
rotates the panereas and the ligament clockwise, and they 
become part of the retroperitoneum. Effusions in the splenore¬ 
nal ligament are difficult to distinguish from fluid in the ante¬ 
rior pararenal compartment. 

Root of the Intestinal Mesentery 

The small bowel mesentery is a broad fold of peritoneum con- 
necting the intestine to the posterior abdominal wall just ante¬ 
rior to the great vessel Space. 5 It is recognized by the superior 
mesenteric artery and its branches and by the superior mesen- 
teric vein and its tributaries. Mesenteric lymph nodes are readily 
observed on cross-sectional imaging. Pancreatitis occasionally 
extends into the root of the mesentery, but the mesentery is 
most commonly seen in patients with ascites, which outlines 
the mesenteric pleats. 

LOWER ABDOMINAL LIGAMENTS 

The sigmoid mesocolon contains the sigmoid and hemor- 
rhoidal branches of the inferior mesenteric artery and the large 
inferior mesenteric vein, which can be traced to its junetion 



Figure 108-16 Collection in the retrorenal plane extending from the pelvis to the diaphragm. A. CT section at the level of the inferior left 
hemidiaphragm shows a collection in the retrorenal plane (RRP) extending lateral to the psoas muscle (PM) behind the fat in the perirenal space 
(PRS) and left kidney (LK), to the left of the spleen (SP). B. A CT section inferior to that in A shows the collection in the retrorenal plane (RRP), 
which has expanded into the posterolateral fat pad (PLF). There is extension of the collection into the superior extent of the lateroconal plane 
(LCP). Also note the collection along the transversalis fascia (TF). C. Inferior to section B, collections in the lateroconal plane and along the 
transversalis fascia have merged into one collection containing a drainage catheter ( arrow ). 
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Figure 108-16, cont'd D. The CT section at the level of the true pelvic inlet shows the collection in the combined plane (CP), anterior to the 
iliopsoas muscle (IPM), extending between the sigmoid colon (SC) and its mesentery (SCM) and the iliac vessels (EIA), communicating with an 
extraperitoneal collection surrounding the rectum, the cranial portion of which is noted on this section (arrow). (Case courtesy Doug Kitchin, MD.) 

E. CT section from the same patient at the level of the acetabula shows collections extending medially into the extraperitoneal perirectal space 
(PS) surrounding the rectum (R). F. A sagittal reformatted image in the same patient shows the continuity of the retrorenal plane (RRP) extending 
from the left hemidiaphragm behind the perirenal space (prs) through the combined plane (cp) into the pelvic extraperitoneum. G. The line 
drawing depicts a sagittal view summarizing the retroperitoneal spaces and planes. Encircling the abdomen, the transversalis fascia (TF) provides 
an expandable plane available to fluid collections from any source. Internal to the transversalis fascia are the posterolateral fat pads (PLFP), or 
posterior pararenal spaces, which contain no viscera and rarely participate in pathologic processes. Internal to the posterior pararenal spaces are 
the perirenal spaces (PRS) surrounding the kidney (K) and adrenal giands. On the right, the perirenal space appears to be open to the bare area 
of the liver (dashed arrow). The boundary between the posterior pararenal and perirenal spaces creates an expandable plane, the retrorenal 
plane (RRP). Anterior to the perirenal spaces are the organs and mesenteries that compose the anterior pararenal space (APS). The boundary 
between these two spaces creates the retromesenteric plane (RMP). Below the cone of renal fascia, the retrorenal and retromesenteric spaces 
join to form the combined plane (CP) that extends to the pelvic extraperitoneum. BAL, bare area of the liver; D, duodenum; L, liver; P, pancreas. 
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Figure 108-17 Falciform ligament. The falciform ligament (fl) is 
outlined by ascites in this patient with hepatic failure. There is fluid in 
the left anterior perihepatic space (laps) and in the right subphrenic 
space (RSPS), which are separated by a remnant of the ventral 
mesentery, the falciform ligament. L, Liver; LPSS, left posterior 
subphrenic space; ST, stomach. 



Figure 108-18 The gastrohepatic ligament. Gastric cancer has 
produced an extensive lobular mass (M) that extends from the 
stomach (ST) to the gastrohepatic ligament (GHL), which is identified 
by the left gastric artery (LGA). A, Aorta; WC, inferior vena cava; 

RK, right kidney; P \/, portal vein; SP, spleen. 




Figure 108-19 Embryologic explanation of subperitoneal spread from the pancreas 
to the liver hilum. A. Line drawing of an embryo during early development shows the 
intramesenteric development of the ventral pancreas (VP) in the ventral portion of the 
mesentery, which contains the developing liver (cephalic to this image). This mesentery 
ultimately becomes the hepatoduodenal ligament (HDL) in the adult. As the fetus develops, 
the ventral pancreas rotates in the direction of the arrow, along with the duodenum (D), to 
fuse with the dorsal pancreas (DP). LK, Left kidney; RK, right kidney; SRL, splenorenal 
ligament. B. Somewhat later, the ventral pancreas (VP) is still attached to its mesentery 
(HDL) and is fused to the right side of the dorsal pancreas (DP). As the fetus develops 
further, both parts of the pancreas and the duodenum rotate in the direction of the arrow 
to fuse with the posterior surface of the retroperitoneum just anterior to the right kidney 
(RK). A, Aorta. C. After all rotations, a line drawing shows that the ventral pancreas (VP), 
now a part of the anterior pararenal space, retains its connection to the liver (L) through the 
HDL. D. Clinical case of pancreatitis shows extension of pancreatic fluid along the HDL into 
the hilum of the liver anterior to the portal vein (PV) as well as into the more superior 
gastrohepatic ligament (GHL). WC, inferior vena cava. 
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Figure 108-20 Subperitoneal spread into the gastrosplenic ligament. A. Line drawing 
of the ligaments in the upper abdomen shows the stomach (ST) attached through the 
ventral mesentery to the liver (L); this becomes the lesser omentum (LO) in the adult. The 
ventral part of the dorsal mesentery is called the gastrosplenic ligament (GSL), and it 
connects the greater curvature of the stomach to the spleen (SP). Its redundant inferior folds 
become the greater omentum (GO). The pancreas (P) lies in the dorsal part of the dorsal 
mesentery, most of which fuses to the dorsal body wall to become the splenorenal ligament 
(SRL). Effusions arising in the pancreatic tail can extend to any part of the dorsal mesentery. 
B. CT section in a patient with pancreatitis shows extension of the fluid collection into the 
gastrosplenic ligament (GSL), identified by the short gastric arteries ( arrows ) above the 
spleen (SP). A portion of this collection extends along the greater curvature of the stomach 
(ST). C. CT section in another patient with pancreatitis shows a large fluid collection within 
the gastrosplenic ligament (GSL) distorting the greater curvature of the stomach (ST). This 
collection is frequently misidentified as being in the lesser peritoneal sac. The spleen (SP) is 
identified on the right. 





Figure 108-21 The greater omentum. A. CT section through the upper part of the 
pelvis in a patient with widespread peritoneal metastases from an ovarian primary shows 
extensive soft tissue deposits in the greater omentum (go) in its characteristic location 
in the anterior abdomen. There are also deposits in the sigmoid mesocolon (smc) 
adjacent to the sigmoid colon (SC) just anterolateral to the uterus (U). B. CT section 
through the upper abdomen in a patient with gastric perforation into the greater and 
lesser peritoneal sacs shows contrast material within the lumen of the stomach (ST) that 
has leaked into the left peritoneal spaces to occupy the left anterior perihepatic space 
(LAP) and left posterior perihepatic space (LPP) on the surface of the left lobe of the 
liver (L). There is also contrast material in the left posterior subphrenic (or perisplenic) 
space (Ips) above the spleen (SP). Some dense contrast material has leaked into a space 
between the leaves of the greater omentum, filling the omental bursa (OB), part of the 
inferior recess of the lesser sac. C. CT section 15 mm inferior to that in B shows the 
communication between the inferior recess of the lesser sac (IR) and the contrast 
material collection within the greater omentum (OB). The right subphrenic space (RSS) is 
identified on the left. LAPS , Left anterior perihepatic space. 
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Figure 108-22 The transverse mesocolon. A. Coronal reformatted image in a patient with voluminous ascites shows the transverse mesocolon 
(TMC), identified by the middle colic vein (mcv), which subdivides the peritoneal spaces into supramesocolic and inframesocolic compartments. 

A zone of continuity is located centrally between the transverse mesocolon and the root of the small bowel mesentery (marked by the superior 
mesenteric vessels [sma and smv]). There is ascitic fluid in the right subphrenic (rs) and hepatorenal (hr) spaces in the right supramesocolic 
peritoneum; some fluid is also seen within the inferior recess of the lesser sac (IR). Fluid in the left anterior subphrenic space (las) outlines the 
greater omentum (go) and the phrenicocolic ligament (pcl) and communicates with the left paracolic gutter (LPG) in the inframesocolic 
peritoneum. Fluid in the pelvic portion of the inframesocolic space outlines segments of the descending colon (DC) and sigmoid colon (SC) and 
the fat-rich sigmoid mesocolon (smc). L, Liver. B. CT section illustrates extension of pancreatitis to the transverse mesocolon (tmc). The fluid 
collection (F) extends along the middle colic vein (mcv) to lie within the leaves of the transverse mesocolon. The transverse colon (tc) and 
pancreatic head (P) are identified. C. Coronal reformatted image in a patient with colon cancer shows extension of the primary tumor in the 
transverse colon (tc) through the transverse mesocolon (tmc) into the stomach (ST). D. Sagittal view of the same patient as in C shows the fistula 
( arrow) between the transverse colon (tc) and the stomach (ST) by means of the transverse mesocolon (tmc). 


with the splenic vein. Processes that begin in the sigmoid colon, 
such as diverticulitis, seep through the porous mesentery to 
distend the combined interfascial plane. The sigmoid mesentery 
is also one of the common locations for peritoneal seeding in 
gynecologic primary carcinomas. 

Peritoneal Spaces: Upper Abdomen 

The peritoneal cavity consists of a series of communicating but 
compartmentalized potential spaces that are not depicted on 
conventional radiologic studies or by cross-sectional imaging 


unless they are distended by fluid or air. The lining of the peri¬ 
toneal cavity and of the abdominal and pelvic organs contained 
therein is a mesothelial surface known as peritoneum. Perito¬ 
neal spaces are bounded by extensions of the ventral and dorsal 
mesentery, the ligaments (Fig. 108-23). The abdominal cavity is 
subdivided to some extent by the largest of these ligaments, the 
transverse mesocolon, which forms an upper (supramesocolic) 
and a lower (inframesocolic) compartment. 55 In the suprame¬ 
socolic compartment, the gut and its mesenteries effectively 
prevent communication between the right side of the peritoneal 
space and the left. 
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Figure 108-23 Supramesocolic peritoneal spaces. A. Line drawing of the supramesocolic peritoneal spaces shows the falciform ligament (fl) 
delimiting the right side of the left anterior perihepatic space (lap), formed when the lateral segment of the liver (L) grew to the left and distorted 
the peritoneum around it. The left posterior perihepatic space (Ipp) is always parallel to the lesser curvature of the stomach (ST), and it is limited 
posteriorly and on the right by the gastrohepatic ligament (ghl). Between the stomach and the diaphragm lies the left anterior subphrenic space 
(las), which extends posteriorly to surround the spleen (SP) in the left posterior subphrenic space (Ips). On the right, the right subphrenic space 
courses between the liver and right hemidiaphragm between the falciform ligament and the bare area of the liver (bal). The caudate lobe grows 
into the superior recess of the lesser sac (srls), deforming it into its characteristic boomerang shape. Posterior to the stomach lies the inferior 
recess of the lesser sac (iris), rss, Right subphrenic space. B. CT section similar in location to that in A in a patient with voluminous ascites shows 
the falciform ligament (fl) outlined by a large collection in the left anterior perihepatic space (LAP). There is only a tiny fluid collection in the left 
posterior perihepatic space (LPP), but ascites filis the left anterior subphrenic (LAS) and left posterior subphrenic (LPS) spaces. On the right, the 
liver surface is distorted by the tense collection in the right subphrenic space (rs), and there is a large volume of fluid in the hepatorenal (hr) 
space. A small volume of fluid is present in the superior recess of the lesser sac (srls). Notice the thin gastrohepatic ligament ( arrow) separating 
the left posterior perihepatic space from the superior recess. SP, Spleen; ST, stomach. 



Figure 108-24 Left perihepatic spaces. A. Coronal reformatted image in a patient with ascites shows fluid surrounding the lateral segment 
of the liver (L) in the left anterior (LAP) and posterior (LPP) perihepatic spaces. Fluid in the left anterior subphrenic space (LAS) outlines the 
gastrocolic ligament, or greater omentum (GO). The left-most extension of the transverse mesocolon attaches to the left hemidiaphragm to form 
the phrenicocolic ligament (PCL), which forms an incomplete barrier between the supramesocolic and inframesocolic portions of the peritoneum. 
The stomach (ST) and inferior recess of the lesser sac (IRLS) are identified, as is the spleen (SP). B. CT section in a patient with widespread 
calcified mucinous tumor implants throughout the peritoneum shows the intrahepatic extent of the left posterior perihepatic space (LPP). 
Metastases occur over the diaphragmatic surface of the right lobe in the right subphrenic space (RS). Also noted is the transverse mesocolon. 


LEFT-SIDED PERITONEAL SPACES 

In the following discussion, the peritoneal spaces are arbitrarily 
divided into a number of subspaces. Although left-sided spaces 
can communicate freely, clinically observed pathologic fluid 
collections frequently occupy one or more of the subcompart- 
ments, separated by fibrous adhesions. 

Perihepatic Space 

Two left perihepatic spaces are formed as the left lateral segment 
of the liver grows into and distorts the left peritoneal cavity. 


The anterior left perihepatic space extends over the surface of 
the liver, limited on the right by the falciform ligament. The 
posterior left perihepatic space (or gastrohepatic recess 56 ) 
extends between the lesser curvature of the stomach anterior 
to the gastrohepatic ligament and posterior to the left lobe of 
the liver. It can extend deeply into the liver parenchyma along 
Glissons capsule, and peritoneal processes can mimic primary 
intrahepatic disease. Fluid in the gastrohepatic recess is imme- 
diately anterior to fluid in the superior recess of the lesser sac 
(Fig. 108-24). 










2002 SECTION XIII Peritoneal Cavity 


Subphrenic Space 

Immediately to the left of the perihepatic Space is the anterior 
subphrenic Space, 5 which is bounded by the diaphragm ante- 
riorly and laterally and by the stomach posteriorly. Lateral to 
the stomach, the anterior subphrenic space communicates with 
the posterior subphrenic (or perisplenic) space. The perisplenic 
space almost completely surrounds the spleen, 58 except for a 
variable portion of splenic tissue lying within the splenorenal 
ligament. This bare area of the spleen prevents fluid from track- 
ing medially at the level of the splenic hilum. 59 Inferior to the 
tip of the spleen, the attachment of the left side of the trans- 
verse mesocolon to the left hemidiaphragm creates the phren- 
icocolic ligament, which almost completely effaces the posterior 
subphrenic compartment. It forms a relative barrier to fluid 
extension up the left paracolic gutter into the supramesocolic 
compartments. 60 

RIGHT-SIDED PERITONEAL SPACES 

Supramesocolic spaces on the right side of the abdomen are 
most influenced by the liver. A portion of the right peritoneal 
cavity, however, crosses behind the stomach through the epi- 
ploic foramen (or foramen of Winslow) and comes to lie to the 
left of the midline. 

Subdiaphragmatic Space 

The right subdiaphragmatic space is limited anteriorly by the 
falciform ligament and posteriorly by the hepatic bare area, 
which is broadest just below the junction of the inferior vena 
cava with the right atrium. 61 Collections in this space frequently 
deform the surface of the liver (Fig. 108-25). Of note, subhe- 
patic and subphrenic abscesses on the right side of the abdomen 
occur with a greater frequency than those on the left side 
owing to a shallower left paracolic gutter compared with its 
right-sided counterpart as well as flow limited by the phreno- 
colic ligament. 62 


Hepatorenal Space 

Just beneath the bare area, the right peritoneal space courses 
between the posterior surface of segment VI and the anterior 
renal fascia on its way to the epiploic foramen. This relatively 
small potential space is referred to as the hepatorenal fossa or, 
more commonly, Morison’s pouch. Collections frequently form 
here in patients recovering from upper abdominal surgery 
(often cholecystectomy) because it is the most dependent 
portion of the right supramesocolic spaces. 

Lesser Sac 

There are two components to the lesser sac (i.e., omental bursa), 
the name applied to the portion of the right peritoneal space 
that passes posterior to the gastrohepatic omentum and 
stomach. 63 ' 65 The caudate lobe of the liver distorts the right side 
of the peritoneum to form a boomerang-shaped superior recess 
(Fig. 108-26). The larger inferior recess is bounded anteriorly 
by the stomach, posteriorly by the anterior pararenal space, and 
inferiorly and to the left by the transverse mesocolon. The infe¬ 
rior recess communicates with a potential space lying inside the 
leaves of the greater omentum (Fig. 108-27). Although fluid in 
the lesser sac is most commonly caused by generalized perito¬ 
neal fluid entering through the epiploic foramen, inflammation 
from pancreatitis, cholecystitis, or gastric perforation may cause 
ascites localized to the lesser sac. 66 

Peritoneal Spaces: Lower Abdomen 
and Pelvis 

INFRAMESOCOLIC SPACE 

The inframesocolic compartment is divided into two unequal 
spaces by the small intestinal mesentery. The smaller right 
inframesocolic space is restricted inferiorly by the junction 
of the distal small bowel mesentery with the cecum, whereas 
the larger left inframesocolic space opens into the pelvis, 



Figure 108-25 Right perihepatic spaces. A. Coronal reformatted image in a patient with ascites shows fluid between the right hemidiaphragm 
and the liver (L) in the right subphrenic space (RS). This is continuous with fluid in the hepatorenal recess (HR) on the inferior surface of the liver, 
superior to the right kidney (RK) and fat in the perirenal space (PRS). The hepatorenal space is also called Morison's pouch. B. Sagittal 
reformatted image in another patient shows the continuity between the right subphrenic space (rs) and Morison's pouch (HR), which extends 
between the liver (L) and the right kidney (RK). Notice the posterior location of the bare area of the liver (BAL), in which no ascites is present. 
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Figure 108-26 The foramen of Winslow. A. In a patient with peritoneal biadder perforation from trauma, CT shows contrast material from CT 
cystography filling the right subphrenic space (RS) around the liver (L) and flowing into the hepatorenal recess (HR) between the liver and the 
perirenal space (PRS). Some of this contrast material has extended into the two compartments of the lesser sac. The denser collection lies within 
the superior recess of the lesser sac (SRLS), surrounding the caudate lobe (CL), and the more dilute collection is in the inferior recess of the 
lesser sac (IRLS), posterior to the stomach (ST). B. CT section 15 mm inferior to that in A shows hepatorenal recess fluid (HR) funneling into the 
superior recess of the lesser sac (SRLS) through the narrow foramen of Winslow (FW), which lies between the inferior vena cava (IVC) and the 
portal vein (PV). The aorta (A), caudate lobe (CL), and inferior recess of the lesser sac (IRLS) are identified. C. CT section in another patient who 
proved to have a perforated gastric ulcer shows dense contrast material leaking from the lumen of the stomach (ST) into the superior recess of 
the lesser sac (SRLS), defining its characteristic boomerang shape on the medial surface of the caudate lobe (CL). The liver (L) is identified. D. CT 
section in a patient with ascites shows the relationship between the collection in the left posterior perihepatic space (LPP) and the smaller 
collection in the superior recess of the lesser sac (SRLS). Between the two collections lies the gastrohepatic ligament ( arrows ). The aorta (A), liver 
(L), stomach (ST), and spleen (SP) as well as a tense collection in the left anterior perihepatic space (LAP) also are identified. 



Figure 108-27 Boundaries of the inferior recess of the lesser sac. A. Oblique coronal reformatted image in a patient with ascites shows the 
inferior recess of the lesser sac (iris) bounded by the stomach (ST) superiorly, the gastrocolic ligament (gel) on the left, and the transverse 
mesocolon (tmc) inferiorly. On the right, it is open to the superior recess of the lesser sac (srls), which empties into the hepatorenal recess (hr). 
The left anterior subphrenic space (las) and left paracolic gutter (Ipg) also are identified. B. Sagittal reformatted image in the same patient shows 
the inferior recess of the lesser sac (iris) bounded superiorly by the stomach (ST), posteriorly by the splenorenal ligament (srl), and inferiorly by 
the transverse mesocolon (tmc). L, Liver; lap, left anterior perihepatic space; LK, left kidney; P, panereas; SP, spleen; TC, transverse colon. 
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Figure 108-28 Intraperitoneal flow of ascites. The inframesocolic 
compartment is divided by the small bowel mesentery. The smaller 
right inframesocolic space (RIS) is restricted inferiorly by the junction of 
the distal small bowel mesentery with the cecum. Except where it is 
bounded by the sigmoid mesocolon, the larger left inframesocolic 
space (LIS) opens into the pelvis. The paracolic gutters are located 
lateral to the peritoneal reflections of the ascending colon (AC) and 
descending colon (DC). The right paracolic gutter freely communicates 
with the right supramesocolic spaces. The phrenicocolic ligament (PCL) 
forms a partial barrier between the left paracolic gutter and the left 
subphrenic space. L, Liver; TC, transverse colon. 


except where it is bounded by the sigmoid mesocolon (Fig. 
108-28). The paracolic gutters are located lateral to the peri¬ 
toneal reflections of the ascending and descending colon. The 
right paracolic gutter freely communicates with the right 
supramesocolic spaces, and the phrenicocolic ligament forms 
a partial barrier between the left paracolic gutter and the left 
subphrenic space. 



Figure 108-29 The pelvic peritoneum. The pelvic peritoneal 
spaces are depicted in a male patient with ascites. The large, medially 
positioned supravesical fossa (svf) is crossed on both sides by the 
medial umbilical ligaments (mul), which separate it from the inguinal 
spaces. The inguinal spaces are divided by the lateral umbilical fold, 
which contains the inferior epigastric artery (iea), into medial (mif) 
and lateral (lif) compartments. In women, the uterus separates the 
posteriorly located rectovesical pouch (rvf), also known as the pouch 
of Douglas, from the supravesical fossa. The urachus (ur) is identified. 

PELVIC PERITONEAL SPACES 

The most dependent portion of the peritoneal space in supine 
and erect positions is in the pelvis, and this anatomic feature 
explains the frequency of abscesses and peritoneal implantation 
of tumor in this region. In males, this cul-de-sac lies between 
the anterior mesorectal fascia and the posterior wall of the 
biadder. In females, the equivalent space lies between the uterine 
wall and the anterior mesorectal fascia. 67 Anteriorly, the pelvic 
peritoneum is indented by two folds. The medial umbilical 
folds, which contain the obliterated umbilical arteries, divide 
the peritoneum into medial and lateral compartments, and the 
inferior epigastric arteries divide the lateral compartment into 
medial and lateral inguinal fossae (Fig. 108-29). 
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Conclusions 


Traditionally, the abdominal cavity has been divided into a 
number of peritoneal, retroperitoneal, and extraperitoneal 
spaces. 1 Although it is useful for learning abdominal anatomy 
and appreciating the confmement of disease in a particular 
space, this classic approach affords limited understanding of 

2006 


the intra-abdominal spread of disease. Dissemination of 
disease between the retroperitoneum and the peritoneal 
cavity, between the subdivisions of the retroperitoneum, and 
within the subperitoneal spaces is difficult to conceptualize 
if the various spaces and compartments of the abdomen 
and pelvis are considered fixed, immutable, and isolated 
delineators of anatomy. Meyers and colleagues perceived that 
the abdominal cavity should be viewed rather as a continu- 
ous space that is punctuated by the abdominal mesenteries, 
ligaments, and fascia, which may confine disease or provide 
an avenue for its spread. 2 Biood vessels, lymphatics, and 
the biliary system also contribute to the spread of a number 
of benign and malignant processes. This holistic schema 
provides a rationale for understanding the dissemination of 
intra-abdominal disease focally and to areas distant from the 
site of origin. 

Hematogenous Spread 

MALIGNANT DISEASE 

Malignant neoplasms shed as many as 4 million cells per gram 
of tumor tissue into the bloodstream every day. Of these cells, 
more than 90% are cleared rapidly from the circulation. 8 9 
Despite this metastatic ineffkiency, the abdominal organs and 
gut (Fig. 109-1) are common sites of hematogenous metastases 
from intra-abdominal and extra-abdominal primary sites. 8,9 

Liver Metastases 

Because of its dual biood supply, the liver is a common site 
of metastatic disease. 10 The portal system conveys cancer cells 
from tumors of the colon, pancreas, stomach, and small bowel, 
whereas the systemic arterial system carries metastases from 
any site but most often from the lung and breast. The liver 
is particularly vulnerable to the deposition of metastases 
because of its architecture. Kupffer cells extend into the hepatic 
sinusoids and impede the passage of tumor cells. These cells 
then subendothelially extravasate, indent the hepatocytes, and, 
because of their position adjacent to the sinusoids, receive a 
rich mixture of arterial and portal biood. 11 1 In this favorable 
milieu, it is not surprising that metastases in the liver grow 
four to six times faster than those at other sites, that the liver 
is the second most common site of metastases (after lymph 
nodes), and that 25% of all patients who die of cancer have 
liver metastases. 12 

The radiographic appearance of liver metastases depends on 
the tumor type, its vascularity, and the degree to which neovas- 
cularization occurs. Well-established metastases derive most of 
their biood supply from the hepatic artery, and this faet is 
important for planning local hepatic chemotherapy or emboli- 
zation therapy. 10 
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Figure 109-1 Hematogenous metastases: imaging Spectrum. 

A. Contrast-enhanced MR scan shows multiple hepatic metastases 
from a small bowel neuroendocrine tumor. B. PET scan in a 
different patient shows multiple hepatic metastases from a small 
bowel adenocarcinoma. 



Gut Metastases 

The hollow viscera are important but less frequent sites of 
hematogenous metastases. Carcinoma of the breast or lung and 
melanoma are the most common primary tumors. On occasion, 
symptoms of bowel metastases, such as obstruction or hemor- 
rhage, may be the initial clinical manifestations of an occult 
primary neoplasm. 14 

The radiographic appearance of gut metastases depends on 
the primary tumor type, the degree of vascularity and rate of 
growth, and the tumor’s ability to induce desmoplasia. Hema¬ 
togenous metastases have a distinet predilection for the antimes- 
enteric border of the bowel 14 because tumor cells are trapped 
in the smallest capillaries, which are located on the antimesen- 
teric side of the gut. 15 The mesenteric vessels are larger at their 
entrance on the mesenteric border. 16 A mass, uleer, uleerated 
mass, or area of stenosis may be seen radiographically. 

INFECTION 

Portal Vein 

In the preantibiotic era, pyogenic liver abscesses were usually 
caused by portal vein pyemia resulting from appendicitis, diver- 
ticulitis, or pelvic inflammatory disease. In Western countries, 
portal vein pylephlebitis is now rare, and ascending biliary 
infeetions are the most common cause of pyogenic hepatic 
abscesses. 18 ' 20 

Approximately 10% of the world’s population are infeeted 
by Entamoeba histolytica , and 10% of these infeetions cause 
clinical disease. The portal vein remains the principal conduit 
for invasive amebiasis of the colon. The protozoa gain access to 
the portal venous system by invading the colonic mueosa, and 
they are then carried to the liver, where they obstruct small 
portal and arterial radicles, producing parenchymal infaretion 
and proteolysis with subsequent abscess formation. 21 

The portal vein also transmits the eggs of Echinococcus gran- 
ulosus to the liver. The eggs are dissolved by the digestive juices, 
and the released oncospheres pass through the duodenal mueosa 
into the portal circulation. In the liver, the eggs disintegrate or 
grow into a hydatid cyst (see Chapter 88). 21,22 


Schistosoma mansoni organisms are also carried to the liver 
through the portal vein. When the worm burden is sufficient, 
portal vein obstruction may occur, leading to portal hyperten¬ 
sion. Schistosomiasis is the most common cause of portal 
hypertension in the world. 21,22 

Systemic Arteries 

Before the 1980s, hematogenous dissemination of bacterial 
infeetions to the abdomen was becoming less frequent and less 
lethal. This pathway, however, is making a grim comeback in 
injection drug users, patients with acquired immunodeficiency 
syndrome (AIDS), and other immunocompromised persons. 23 
Pyogenic and nonpyogenic abscesses (as found in candidiasis, 
tuberculosis, and Pneumocystis jiroveci and Cryptococcus neo- 
formans infeetions) occur with greater frequency in these 
patients. 24 ' 28 

Lymphatic Spread 

Neoplasms of the bile duets, panereas, stomach, small bowel, 
and colon (Fig. 109-2) commonly invade adjacent lymphatics. 
Although a specific discussion of each malignant neoplasm is 
beyond the scope of this chapter, several fundamental principles 
apply. Lymphatic tumor emboli from primary bowel neoplasms 
are not always arrested in the nearest draining lymph node. 
Lymphatic obstruction of a more remote node may occur 
because of cellular impaction. This can cause retrograde tumor 
spread to an adjacent segment of gut or a more distant portion 
of the alimentary tract. This may explain the phenomenon 
of anastomotic recurrence of colon cancer, even though a 
no-touch technique and wide surgical margins are used during 
resection. 29 

Tumor-induced derangements of lymph flow produce a 
number of radiographic findings. In the colon, there may be 
edema of the bowel wall with mucosal thickening, loss of 
colonic haustra, and narrowing of the lumen. On computed 
tomography (CT) scans, inereased attenuation of the pericolic 
fat may be seen. 30 With disease progression, nodular tumor 
deposits accompany the edema, leading to thumbprinting in the 
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Figure 109-2 Lymphatic metastases: CT findings. A. Large necrotic carcinoma of the ascending colon with malignant ascites and 
retroperitoneal adenopathy. B. Sagittal reformatted image shows metastatic lymphadenopathy ( arrows) within the small bowel mesentery. 


colon and cobblestoning of the small bowel. These radiographic 
findings, which may simulate ischemic colitis and Crohns 
disease, respectively, indicate extensive lymphatic permeation 
and suggest that resection will probably not be curative. 6 Lym¬ 
phatic obstruction by tumor at the root of the small bowel 
mesentery may cause focal or diffuse thickening of the valvulae 
conniventes from lymphedema or tumor infiltration. When the 
lymphatics of the liver are obstructed, periportal lymphedema 
develops, which may cause zones of periportal lucency on CT 
scans and periportal hyperintensity on T2-weighted magnetic 
resonance (MR) images of the liver. 31 

Infection and inflammatory disease can also be spread 
through lymphatics. Patients with viral hepatitis often show 
spread of the hepatic inflammatory process to regional lymph 
nodes (see Chapter 89). 32 ' 34 

Biliary Spread 

INFECTION 

The biliary system is a major conduit for infectious disease. 35 
Asian cholangiohepatitis is the most common biliary tract 
disease in parts of China, Japan, and other countries of the Far 
East. Most affected persons harbor parasites of Clonorchis sinen- 
sis or Fasciola hepatica , which may obstruct the bile duets or act 
as a nidus for stone formation and chronic inflammation. These 
liver flukes migrate from the duodenum, through the ampulla 
of Vater, and on to any part of the biliary tract. 36 ' 38 

Ascaris lumbricoides affeets one fourth of the world’s popula¬ 
tion. Adult worms often migrate from the duodenum through 
the ampulla of Vater to lodge in the gallbladder, the biliary tract, 
or less commonly the pancreatic duet. Patients may present 
with acute cholecystitis or biliary obstruction. 8 42 Established 
liver infeetions, such as hydatid cysts, may erode through and 
rupture into the biliary system, and the expelled contents may 
cause obstructive jaundice (see Chapter 88). 43 

Ascending cholangitis is a pyogenic infection of the biliary 
tract and the most common cause of liver abscess in the 
Western world. It occurs in the clinical setting of obstruction 


and biliary stasis proximal to an obstructing stone, stricture, 
or neoplasm. 20 

Patients with AIDS are subject to a number of biliary and 
pancreatic duet abnormalities because of direct involvement by 
organisms such as Cryptococcus and Cryptosporidium , which 
also migrate from the duodenum through the ampulla. On 
radiographic evaluation, infection may produce an appearance 
similar to that of sclerosing cholangitis, papillary stenosis, or 
acute cholecystitis (see Chapter 80 ). 43 ' 49 

MALIGNANT DISEASE 

Hepatocellular carcinoma and cholangiocarcinoma uncom- 
monly seed the biliary tract. 42,50 

Peritoneal Spread 

INTRAPERITONEAL FLOW OF FLUID 

The peritoneal cavity contains a number of compartmentalized 
but communicating spaces (see Chapter 108). The peritoneal 
cavity can be divided into supramesocolic and inframesocolic 
spaces by the transverse mesocolon. Four intraperitoneal spaces 
are present in the supramesocolic portion of the abdomen: the 
suprahepatic and subhepatic spaces on the right and the sub- 
phrenic space and lesser sac on the left. The inframesocolic 
portion of the peritoneal cavity is divided into the right and left 
inframesocolic spaces by the small bowel mesentery. The large 
left inframesocolic space is open to the pelvis, except where it 
is bounded by the sigmoid mesocolon. The right inframesocolic 
space is smaller and caudally restricted by the junetion of the 
distal small bowel mesentery with the cecum. The most depen- 
dent portions of the peritoneal cavity are the lateral paravesical 
spaces and the pouch of Douglas (i.e., cul-de-sac in women and 
rectovesical space in men). The pelvis communicates with the 
supramesocolic space through the paracolic gutters, which lie 
lateral to the attachments of the peritoneal reflections of the 
ascending and descending colon. The right paracolic gutter is 
continuous with the right subhepatic and suprahepatic space 
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and diaphragm. On the left, the phrenicocolic ligament forms 
a partial barrier between the left paracolic gutter and the left 
subphrenic Space. 5154 

The natural flow of intraperitoneal fluid occurs along path¬ 
ways determined by the anatomic compartmentalization of the 
peritoneal cavity, intraperitoneal pressure, position of the 
patient, site of fluid origin, nature of fluid, speed of fluid accu- 
mulation, presence of adhesions or previous surgery, degree of 
biadder distention, and density of fluid (Fig. 109-3). 5,6,54 58 
Abscesses form and malignant cells grow where natural flow 
allows the affected ascitic fluid to pool. Fluid in the inframeso- 
colic space seeks the pelvis but may first seed the superior aspect 
of the sigmoid colon on the left and the medial aspect of the 
cecum on the right. In the pelvis, infected and malignant fluid 
hils the pouch of Douglas and then the lateral paravesical 
recesses. Pelvic fluid then ascends both paracolic gutters, driven 
by negative intra-abdominal pressure associated with respira¬ 
tion, volume considerations, and topographic anatomy of peri¬ 
toneal recesses. 5,54 The flow in the left paracolic gutter is modest 
and limited by the phrenicocolic ligament. Most flow occurs in 
the right paracolic space. Fluid in this gutter has access to 
Morisons pouch (the hepatorenal recess of the subhepatic 
space), the right subphrenic space, and potentially the lesser sac 
through the anterior subhepatic space and foramen of Winslow. 
The falciform ligament usually prevents fluid spread across the 
midline from the right to the left subphrenic spaces. 51 ' 58 

The most common sites of intraperitoneal abscess are the 
pelvis, the right subhepatic space, and the right subphrenic 
space. Similarly, the pouch of Douglas, the lower small bowel 
mesentery near the ileocecal junction, the sigmoid mesocolon, 
the right paracolic gutter, and the right subhepatic and sub¬ 
phrenic spaces are the most common sites for the growth of 
seeded peritoneal metastases. 6,15,50 ' 58 

POUCH OF DOUGLAS 

Malignant Disease 

The pouch of Douglas projects at the level of the lower second 
to fourth sacral segment in most people (Fig. 109-4). On barium 
studies, drop metastases to this pouch produce a nodular, 
serosal indentation or fixed parallel folds along the anterior 
aspect of the rectosigmoid junction. These changes, which clini- 
cally correlate with the classic Blumer shelf, reflect the coales- 
cence of tumor deposits with a dense fibrous reaction. This 
radiographic appearance can be simulated by endometriosis, 
inflammation of the seminal vesicles, prostate neoplasm or 
infection, scirrhous colon cancer, or radiation-induced 
changes. 5,6 

Infection 

Infected fluid naturally pools in the pouch of Douglas, often 
leading to abscess formation (Fig. 109-5). On plain radiographs, 
this fluid may be seen as a soft tissue density superior to the 
urinary biadder. Abscesses may also cause extrinsic distortion 
of the biadder dorne, compress the rectosigmoid junction, or 
posteriorly and superiorly displace the sigmoid colon. " 

PERIHEPATIC SPACES 

Malignant Disease 

Perihepatic dissemination of ovarian carcinoma is commonly 
seen on CT scans and is manifested as nodular, plaquelike, or 


sheetlike masses that may be calcified (Fig. 109-6). Free-floating 
ovarian carcinoma cells are removed from the peritoneum by 
lymphatic channels in the diaphragm, particularly on the right. 
The submesothelial lymphatic capillaries of the diaphragm 
penetrate the muscle to communicate with a similar plexus 
arising on the pleural surface. From these diaphragmatic lym- 
phatics, lymph drains to the cardiophrenic and mediastinal 
lymph nodes. Accordingly, a pelvic malignant neoplasm such as 
ovarian carcinoma can cause adenopathy at the cardiophrenic 
angle. Malignant ascites and peritoneal implants occur when 
these lymphatics are obstructed by tumor. 

Infection 

Right subphrenic and subhepatic abscesses occur two to three 
times more frequently than left subphrenic and perisplenic 
abscesses because of the faet that more right-sided surgical pro¬ 
cedures, such as cholecystectomy and appendectomy, are per- 
formed and because Morisons pouch acts as a sewer for the 
right paracolic gutter. Infected fluid on the right side does not 
extend to the left subphrenic space because it is blocked by the 
falciform ligament. 5, 60 62 

LEFT SUBPHRENIC SPACE 

Left subphrenic space (Fig. 109-7) abscesses most commonly 
result from perforated anterior gastric or duodenal bulb uleers 
or are a sequela of gastric, colonic, or splenic surgery. The nega¬ 
tive intra-abdominal pressure beneath the diaphragm preferen- 
tially draws infected material toward the diaphragm. The 
phrenicocolic ligament and falciform ligament prevent trans- 
coelomic spread of generalized peritonitis and tumor. 5,6,61 

LOWER SMALL BOWEL MESENTERY 

A series of peritoneal recesses is formed along the right side 
of the small bowel mesentery as the mesenteric ruffles extend 
from the root of the mesentery to support the small bowel 
loops. Disease-bearing fluid and cells Cascade from recess to 
recess toward the right lower quadrant and pool at the level 
of the distal ileum and cecum before overflowing into the 
pelvis. 15,63 

Malignant seeding down the small bowel mesentery (Fig. 
109-8) may be manifested as a mesenteric mass, stricture, spicu- 
lation, uleeration, or tethering of small bowel loops. If multiple 
adj acent recesses are affected, palisading of small bowel loops, 
in which narrowed loops are aligned in parallel configuration, 
may be seen on barium studies. 5,6,15,63 

SIGMOID MESOCOLON 

Infected and malignant fluid from the left inframesocolic space 
collects on the superior aspect of the sigmoid mesocolon (Fig. 
109-9). This may cause a serosal mass effeet on the superior 
aspect of the sigmoid colon on barium enema studies. 5,6 

Retroperitoneal Spread 

The retroperitoneum extends from the pelvic brim inferiorly to 
the diaphragm superiorly. It is bounded ventrally by the poste - 
rior parietal peritoneum and dorsally by the transversalis fascia. 
The anterior (Gerota) and posterior (Zuckerkandl) limbs 
of renal fascia divide the retroperitoneum into three major 
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Figure 109-3 Intraperitoneal spread of tumor: Spectrum of imaging findings. A. Gross peritoneal tumor implants are present in a patient 
with ovarian carcinomatosis. B. Fluid in the right inframesocolic space (1) cascades down the leaves of the small bowel mesentery, pools at 
the medial aspect of the cecum, and then overflows into the pelvis (2). Fluid in the left inframesocolic space (3) seeks the pelvis directly or is 
deposited on the superior aspect of the sigmoid mesocolon and then flows into the pelvis (4). Fluid in the pelvis may ascend the left paracolic 
gutter (5) but is stopped by the phrenicocolic ligament (PCL). Fluid in the right paracolic gutter (6) ascends to Morison's pouch (7) and then 
to the subphrenic space (8), where it is stopped by the bare area (BA) of the liver (L). There is potential communication with the lesser sac (LS) 
through the foramen of Winslow (9). AC, Ascending colon; DC, descending colon; R, rectum; S, stomach; SC, sigmoid colon; TC, transverse 
colon. C. Axial CT scan of a patient with carcinoma of the descending colon ( red circle ) and tumor implants in the greater omentum ( yellow 
circles) adjacent to the right colon. D. Coronal reformatted CT shows an omental cake resulting from metastases from an ovarian carcinoma. 

E. Sonogram showing malignant ascites (A) contains fine, low-level echoes with matting of the bowel loops ( arrows ) centrally and posteriorly. 

(B modified from Meyers MA: The spread and localization of acute intraperitoneal effusions. Radiology 95:547-554, 1970; and from Meyers MA: 
Metastatic seeding along small bowel mesentery: Roentgen features. Am J Roentgenol Radium Ther Nuel Med 123:67-73, 1975.) 
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Figure 109-4 Pouch of Douglas A. The pouch of Douglas (PD) is the most dependent portion of the peritoneal cavity and a common site for 
abscess formation and drop metastases. This sagittal diagram shows the anatomic relationships of this space and indicates the positions of the 
sacral segments of the spine (SI through S5). B. Sagittal T2-weighted MR image shows malignant fluid ( arrow ) resulting from a large ovarian 
neoplasm (T) distending the pouch of Douglas. (A from Meyers MA: Distribution of intra-abdominal malignant fluid. Am J Roentgenol Radium 
Ther Nuel Med 119:198-206, 1973. B courtesy of Rodney H. Reznek, MD, London, England.) 



Figure 109-5 Pouch of Douglas abscess. A. A gas-containing pouch of Douglas abscess (arrow) is demonstrated on this CT scan of a patient 
10 days after an appendectomy. B. The abscess has been successfully treated with a percutaneous drain introduced by a transgluteal approach. 
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Figure 109-6 Perihepatic spaces. A. Parasagittal diagram 
through the right lobe of the liver demonstrates the perihepatic 
spaces, the most common sites of abscess formation and 
peritoneal tumor localization in the right upper quadrant: 

1, anterior subhepatic; 2, posterior subhepatic (Morison's pouch); 

3, anterior subphrenic; 4, posterior subphrenic; arrows indicate 
surgical approaches to abscesses in the perihepatic spaces. B. The 
right subphrenic space ( black arrow), the left subphrenic space 
(white arrow), and the anterior subhepatic space ( dashed arrow) are 
depicted on this coronal Tl-weighted MR image in a patient with 
ascites. C. The lymphatic drainage of the liver and perihepatic 
spaces is demonstrated on this sagittal diagram. Notice the 
presence of many lymphatics that traverse the diaphragm. (A from 
Meyers MA: Dynamic Radiology of the Abdomen: Normal and 
Pathologic Anatomy, 5th ed. New York, Springer-Verlag, 2000, pp 
57-130. C from Woodburne RT, Burkell WE: Essentials of Human 
Anatomy. New York, Oxford University Press, 1988, pp 407-508.) 
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Figure 109-7 Left subphrenic space: anatomy and pathology. A. Sagittal diagram through the left lobe of the liver demonstrates the 
boundaries of the left subphrenic space, lesser sac, left coronary ligament, and lesser omentum. B. Cystic metastasis to the left subphrenic space 
(arrow) has resulted from carcinoma of the ovary. (A from Meyers MA: Dynamic Radiology of the Abdomen: Normal and Pathologic Anatomy, 

3rd ed. New York, Springer-Verlag, 1988, pp 49-90.) 



Figure 109-8 Mesenteric seeding of tumor. A. Malignant seeding down the small bowel mesentery from a gastric carcinoma is causing 
obstruction and spiculation of the valvulae conniventes ( arrows ) on the mesenteric side of the jejunum. B. Coronal reformatted CT image shows 
a carcinoid tumor infiltrating the root of the small bowel mesentery (arrow). 


compartments: the anterior pararenal space, the perirenal space, 
and the posterior pararenal space (Fig. 109-10). 64-66 

ANTERIOR PARARENAL SPACE 

The anterior pararenal space contains the retroperitoneal por¬ 
tions of the alimentary tract: the pancreas; the ascending and 
descending colon; and the second, third, and fourth portions of 
the duodenum. Consequently, it is the site of a large number of 
infectious, neoplastic, and inflammatory disorders, including 
appendicitis, diverticulitis, pancreatitis, and carcinoma. Fluid 
collections and gas in the anterior pararenal space tend to 


remain on the right or left side, but they may involve both sides 
if they originate from the pancreas because that organ straddles 
the space across the midline. Concurrent disease in both ante¬ 
rior pararenal spaces most commonly occurs in patients with 
pancreatitis. 64 ’ 65 ’ 67 ’ 68 

The anterior pararenal space is anatomically continuous 
with the bare area of the liver (Fig. 109-11), the root of the small 
bowel mesentery, and the transverse mesocolon, and it provides 
a pathway for widespread dissemination of gastrointestinal 
disease. Fluid in the anterior pararenal space can flow inferiorly 
around the caudal border of the renal fascia and then extend 
posteriorly to involve the posterior pararenal space. At this level, 
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the lateroconal fascia may disappear as a distinet boundary, 
permitting direct communication with the properitoneal fat 
stripe. The inflammatory process may track to the lateral 
abdominal wall, which accounts for Grey Turner’s sign of 
panereatitis. 64,69 

PERIRENAL SPACE 

The perirenal Space lies within the anterior (Gerota) and 
posterior (Zuckerkandl) renal fasciae and contains the kidney, 
adrenal giand, and fat. The left kidney is intimately related 
to the distal transverse and proximal descending colon. 70,71 



Figure 109-9 Drop metastases: carcinoma of the stomach 
metastatic to the sigmoid mesocolon. A barium enema study shows 
narrowing and spiculation of the mueosa of the sigmoid colon. 


The lienorenal ligament, phrenicocolic ligament, transverse 
mesocolon, and peritoneal reflections of the descending colon 
merge near the anterior aspect of the left kidney. The right 
kidney lies adj acent to the descending duodenum and hepatic 
flexure of the colon. The root of the transverse mesocolon 
and peritoneal reflections of the ascending colon also lie in 
this area. Advanced renal infeetions and neoplasms may break 
through fascial boundaries and invade the adjacent bowel. 
Similarly, large neoplasms of the colon may invade the 
kidneys. 70 ’ 71 

There is evidence of potential communication across the 
midline between the two perirenal spaces anterior to the lower 
aorta and inferior vena cava at the level of L3 to L5. This 
accounts for certain patterns of distribution of hemorrhage 
after abdominal aortic aneurysm rupture. When the disease 
process originates in the kidney, however, contralateral exten- 
sion of fluid is impeded by fibrous septa and by the narrowness 
of the potentially communicating channel. 72 

POSTERIOR PARARENAL SPACE 

The posterior pararenal Space contains primarily fat. Accord- 
ingly, it is usually involved secondarily by disease processes 
rather than being a primary site of disease. Perforations of the 
sigmoid colon and rectum may gain access to the posterior 
pararenal space. 73 In panereatitis, fluid may extend direetly into 
this space from the anterior pararenal space inferiorly. 64 
However, most fluid collections seen posterior to the kidney in 
panereatitis are caused by separation of the two laminae of the 
posterior limb of renal fascia. 

Collections in the posterior pararenal space usually result 
from spontaneous retroperitoneal hemorrhage or from disease 
in contiguous musculoskeletal structures. The posterior para¬ 
renal space continues anteriorly as the properitoneal fat line, 
and disease in this space may obliterate the line. 64,65 


Transversalis 



space 

Figure 109-10 Retroperitoneal anatomy. Axial diagram of the abdomen at the level of the kidneys demonstrates the anatomy of the 
retroperitoneum. The anterior pararenal space contains the retroperitoneal portions of the alimentary tract: ascending colon, descending colon, 
duodenum, and panereas. The perirenal space contains the kidneys and lies between the Gerota fascia and the fascia of Zuckerkandl. The 
posterior pararenal space contains fat. (Modified from Meyers MA: Acute extraperitoneal infeetion. Semin Roentgenol 8:445-464, 1973.) 
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Figure 109-11 Hepatic bare area and anterior pararenal space: spread of hemorrhage. Communication between the bare area of the liver 
and the anterior pararenal space is illustrated in this patient who developed a spontaneous right renal bleed while being treated with 
anticoagulant drugs. A. Hemorrhage from a fractured right kidney is present in the bare area of the liver ( yellow arrow). Blue arrow, Pleural 
effusion. B. The renal fracture is identified (arrow), and there is biood in the perinephric space and anterior pararenal space. Note the slitlike 
inferior vena cava. C. The anterior pararenal space is continuous with the bare area of the liver, explaining the findings in B. This sagittal drawing 
depicting the right retroperitoneal spaces also shows the perirenal space, containing the right kidney and adrenal giand, and the posterior 
pararenal space, which communicates with the inferior aspect of the anterior pararenal space. D. The diagram shows the posterior view of the 
bare area of the liver. LCL, Left coronary ligament; FL, falciform ligament; hv, hepatic veins; RCL, right coronary ligament. (C from Meyers MA: 
Acute extraperitoneal infection. Semin Roentgenol 8:445-464, 1973. D from Arenas AR, Sanchez LV, Albillos JM, et al: Direct dissemination of 
pathologic abdominal processes through perihepatic ligaments: Identification with CT. RadioGraphics 14:515-537, 1994.) 


Subperitoneal Spread 

The subperitoneal space is a large, unifying, anatomically con¬ 
tinuous potential space that connects the peritoneal cavity with 
the retroperitoneum (Fig. 109-12). This space is formed by 
the subserosal areolar tissue that lines the inner surfaces of 
the peritoneum and the musculature of the abdomen and 
pelvis. It contains the branches of the vascular, lymphatic, and 
nervous systems that supply the viscera. The subperitoneal 


space extends into the peritoneal cavity and is invested between 
the layers of the mesenteries and ligaments that support and 
interconnect the abdominal and pelvic organs. As such, it 
provides one large continuous space in which infectious, neo- 
plastic, inflammatory, and hemorrhagic disease may spread in 
many directions.* 


^References 2-4, 6, 7, 65-68, 74, 75. 
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Figure 109-12 Subperitoneal spaces. Frontal diagram of the posterior parietal wall of the upper abdomen shows the planes of peritoneal 
reflections that constitute the major ligaments and mesenteries of the subperitoneal space. Anatomic continuity between intraperitoneal 
structures and between extraperitoneal and intraperitoneal sites is established along the bare areas at the roots of origin of the supporting 
ligaments and mesenteries. (From Meyers MA, Oliphant M, Berne AS, et al: The peritoneal ligaments and mesenteries: Pathways of 
intraabdominal spread of disease. Radiology 163:593-604, 1987.) 

TRANSVERSE MESOCOLON 

The transverse mesocolon is the linchpin that unites the various 
subperitoneal spaces and is a major conduit for focal and 
distant spread of disease. On the right, the transverse meso¬ 
colon is continuous with the duodenocolic ligament; on the 
left, it is continuous with the phrenicocolic ligament; and 
centrally, it communicates with the small bowel mesentery 
(Fig. 109-13). 2 47 

The dissemination of fluid and enzymes in pancreatitis typi- 
fies the role of this space in disease spread. The inflammatory 
changes of pancreatitis can spread to the transverse colon and 
stomach (both intraperitoneal organs) by the gastrosplenic liga¬ 
ment, lesser sac, and gastrocolic ligament; to the left kidney (a 
retroperitoneal organ) by the splenorenal ligament; to the liver 
and gallbladder (intraperitoneal organs) by the hepatoduodenal 
ligament; and to the right lower quadrant by the root of the 
small bowel mesentery. 2 ' 4,67,68,75 

Because the transverse mesocolon inserts on the taenia 
mesocolica, pancreatic processes carried by this ligament pref- 
erentially affect the inferior border of the transverse colon. 74,75 
Fixation of the inferior margin and pseudosacculation of the 
superior (uninvolved) margin of the transverse colon may be 
seen on barium enema studies in patients with pancreatic 
disease. Colon neoplasms and diverticulitis can invade the 
transverse mesocolon and subsequently spread to the pancreas. 2 4 

GASTROCOLIC LIGAMENT AND 
GREATER OMENTUM 

The gastrocolic ligament connects the greater curvature of the 
stomach to the transverse colon (Fig. 109-14). It is formed by 


fusion of the four layers of peritoneum that invest the stomach. 
These layers descend a variable distance to form the greater 
omentum and then fuse at the level of the colon. 

The potential space between the middle layers of the greater 
omentum forms the inferior recess of the lesser sac. In most 
adults, partial fusion of the middle layers prevents the lesser sac 
from extending below the transverse colon. The greater 
omentum consists of a trabecular framework of vessels with 
various amounts of adipose tissue, lymphatics, or macrophages. 
It has been called the abdominal policeman and is frequently 
involved by infectious and neoplastic processes. 76 ' 79 

On the left, the gastrocolic ligament is continuous with 
the gastrosplenic ligament. On the right, it ends at the gas- 
troduodenal junction, near the hepatoduodenal ligament. 
Carcinoma of the transverse colon can invade to the greater 
curvature of the stomach, and gastric neoplasms can spread 
to the superior aspect of the transverse colon by the gastro¬ 
colic ligament. 74,75,79 

GASTROHEPATIC LIGAMENT 

The gastrohepatic ligament is part of the lesser omentum. It 
joins the gastroesophageal junction and lesser curvature of the 
stomach to the liver at the fissure of the ligamentum venosum 
superiorly and the porta hepatis inferiorly. Beneath the dia- 
phragm, the esophagus is invested by the gastrohepatic ligament 
on the right and the gastrophrenic ligament on the left. The 
gastrohepatic ligament contains the left gastric artery, coronary 
vein, and left gastric lymph node chain. The subperitoneal 
fat of the gastrohepatic ligament continues into the liver as 
Glissons capsule. Lymph nodes and biood vessels seen in the 
gastrohepatic ligament by CT should be smaller than 8 mm in 
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Figure 109-13 Transverse mesocolon: anatomic relationships and planes of disease spread. A. Frontal diagram shows the relationships of 
the transverse mesocolon (TM). The transverse mesocolon is continuous with the root of the small bowel mesentery (SBM), the splenorenal 
ligament (SRL), and the phrenicocolic ligament (PCL). B. Sagittal diagram through the transverse colon demonstrates preferential spread of 
pancreatic disease through the transverse mesocolon (TM) inferiorly along the taenia mesocolica-taenia libera (TL) haustra toward the taenia 
libera-taenia omentalis (TO) row. This constitutes the inferior border of the transverse mesocolon. C. Fluid surrounds the middle colic vessels 
(arrows ) of the transverse mesocolon in this patient with pancreatitis. D. Sagittal reformatted image shows inflammatory pancreatic fluid traversing 
the transverse mesocolon to spread (arrow) to the transverse colon. (A from Okino Y, Kiyosue H, Mori H, et al: Root of the small-bowel mesentery: 
Correlative anatomy and CT features of pathologic conditions. RadioGraphics 21:1475-1490, 2001 ; modified from Meyers MA: Dynamic Radiology 
of the Abdomen: Normal and Pathologic Anatomy, 5th ed. New York, Springer-Verlag, 2000, pp 131-264. B from Meyers MA, Volberg F, Katzen B, 
et al: Flaustral anatomy and pathology: A new look. II. Roentgen interpretation of pathologic alterations. Radiology 108:505-512, 1973.) 
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Figure 109-14 Gastrocolic ligament: normal anatomy and pathology. A. Sagittal diagram through the transverse colon demonstrates 
preferential spread of disease from the stomach, through the gastrocolic ligament, and along the taenia omentalis (TO)-taenia mesocolica (TM) 
haustral row. This constitutes the superior border of the transverse colon. The taenia libera (TL) is indicated. B. Barium enema in a patient with 
Crohn's disease demonstrates a fistula ( arrows ) from the transverse colon to the greater curvature aspect of the stomach by way of the 
gastrocolic ligament. C. Direct invasion ( arrows ) of the superior aspect of the transverse colon along the gastrocolic ligament occurs from a 
scirrhous carcinoma of the stomach. D. Sagittal reformatted image shows gastric cancer invading through the gastrocolic ligament into the 
superior aspect of the transverse colon ( arrow ). (A from Meyers MA, Volberg F, Katzen B, et al: Haustral anatomy and pathology: A new look. II. 
Roentgen interpretation of pathologic alterations. Radiology 108:505-512, 1973.) 


diameter. Nonenhancing structures larger than 8 mm suggest 
adenopathy; if they enhance, varices should be considered. 80 

Gastric cancers often spread first to the lymph nodes in the 
gastrohepatic ligament (Fig. 109-15). The left gastric nodes also 
receive direct lymphatic drainage from the distal esophagus, 


and neoplasms in this region may produce gastrohepatic liga¬ 
ment adenopathy. Because the gastrohepatic ligament is con- 
tiguous with the hepatoduodenal ligament, adenopathy may 
occur in the porta hepatis and the peripancreatic area from 
spread of a gastric neoplasm. Direct spread of fundal gastric 
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malignant neoplasms into the left hepatic lobe occurs by means 
of this ligament and Glissons capsule. 4 Infectious, inflamma- 
tory, and autoimmune disorders of the liver often cause ade- 
nopathy in the gastrohepatic and gastroduodenal ligaments. 
Lymphoma and carcinoma of the breast, lung, and esophagus 
may spread to the same ligament. 

HEPATODUODENAL LIGAMENT 

The hepatoduodenal ligament is formed at the free edge of the 
gastrohepatic ligament and connects this portion of the perito- 
neal cavity with the right anterior pararenal space. It extends 
from the junction of the first and second portions of the duo- 
denum to the porta hepatis and contains the biood vessels and 



Figure 109-15 Spread of gastric cancer into the gastrohepatic 
ligament. Coronal reformatted CT image shows tumor invasion of the 
gastrohepatic ligament (black arrow). Peritoneal tumor implants (white 
arrows) are identified. 


lymphatics that supply the liver, gallbladder, and biliary tree as 
well as the common bile duet to its insertion into the ampulla 
of Vater. Any hepatic or biliary process adjacent to the liver 
hilum, including the anterior portion of the caudate lobe, can 
spread by the hepatoduodenal ligament and subsequently 
extend to the gastrohepatic ligament, gastrocolic ligament, duo- 
denocolic ligament, transverse mesocolon, and falciform liga¬ 
ment. Pancreatic neoplasms invade the porta hepatis by this 
ligament. 81 ' 86 

DUODENOCOLIC LIGAMENT 

The duodenocolic ligament is the right margin of the transverse 
mesocolon. It provides a pathway for disease spread between 
the descending duodenum and the junction of the ascending 
and transverse colon. 81,87 

GASTROSPLENIC LIGAMENT 

The gastrosplenic ligament is formed by the left lateral exten- 
sion of the peritoneal layers of the greater omentum and con¬ 
nects the greater curvature of the stomach with the splenic 
hilum. It contains the left gastroepiploic and short gastric 
vessels. The gastrosplenic ligament provides a pathway for 
spread of disease between the pancreatic tail, the spleen, and the 
stomach. Carcinoma of the stomach may spread to the splenic 
hilum along this ligament. Similarly, carcinoma of the pancre¬ 
atic tail can spread to the stomach by invading first the splenic 
hilum and then the stomach by the gastrosplenic ligament. 
Because the pancreatic tail horders this ligament, this is a fairly 
common site of pseudocyst formation (Fig. 109-16). Benign 
gastric uleers may penetrate into the spleen bythis ligament. 4,6,88 

SPLENORENAL LIGAMENT 

The splenorenal ligament invests the pancreatic tail and affords 
communication between the anterior pararenal space, which 
contains the panereas, and the perirenal space, which contains 
the kidney. Although panereatitis (Fig. 109-17) and carcinoma 



Figure 109-16 Gastric cancer spread to the 
spleen by means of the gastrosplenic ligament. 

Coronal (A) and axial (B) images. The 
subperitoneal space of the gastrosplenic ligament 
( arrows ) is serving as a conduit of tumor spread in 
this patient with adenocarcinoma of the greater 
curvature of the stomach. 
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Figure 109-17 Inflammation of pancreatitis spreading from the pancreas to the left kidney by means of the splenorenal ligament: MRI 
and CT findings in the same patient. A. CT shows fluid inferior to the pancreatic tail that extends into the left perirenal space ( arrow). 

B. Fat -suppressed, axial, T2-weighted MR image shows high signal intensity fluid (arrow) lateral to the left kidney in the perirenal space. 


of the pancreas can commonly spread through this ligament, 
renal disease seldom involves the pancreatic tail. 2 

PHRENICOCOLIC LIGAMENT 

The phrenicocolic ligament is the left lateral extension of the 
transverse mesocolon. It acts as the suspensory ligament of the 
spleen, reflects the anatomic splenic flexure of the colon, and is 
directly continuous with the splenorenal ligament and trans - 
verse mesocolon. It can transmit neoplastic and inflammatory 
disease between the pancreas and the colon, the left kidney, and 
the spleen. 2 ' 6,67,68 

SMALL BOWEL MESENTERY 

The small bowel mesentery occupies a major portion of the 
peritoneal cavity as it suspends the small bowel, and it represents 
an enormous potential space for disease spread. 2 ' 4,63,67,68 Seeded 
neoplastic or infectious material associated with free intraperi- 
toneal fluid cascades along the mesenteric leaves in the inframe- 
socolic space and is deposited on the medial aspect of the cecum 
on the right, on the superior border of the terminal ileum, and 
on the superior aspect of the sigmoid mesocolon on the left. 5,6 

The subperitoneal space of the small bowel mesentery is 
continuous with the bare area of the ascending colon and the 
transverse mesocolon (Fig. 109-18). The leaves of the small 
bowel mesentery continue as the posterior peritoneum, overly- 
ing the posterior abdominal wall. The connective tissue in the 
small bowel mesentery merges with the subperitoneal tissue 
of the retroperitoneum. The subperitoneal tissue continues 
without interruption inferiorly, from the right lower abdomen 
over the pelvic musculature and along the lateral pelvic side- 
walls. Because this space potentially communicates with the 
broad ligament, it provides a pathway for bidirectional disease 
spread between the abdomen and the pelvis. 2 

SIGMOID MESOCOLON 

The mesocolon or mesentery of the sigmoid colon provides a 
major avenue for spread of disease between the abdominal 
cavity and the pelvis. It is directly continuous with the posterior 
bare area of the colon, the bare area of the rectum, and, in 


females, the broad ligament. Diverticulitis usually spreads into 
and is confined by the sigmoid mesocolon. Carcinoma of the 
sigmoid colon may spread to the ovary hematogenously or 
through the mesocolon and then along the broad ligament. 2 ' 4,7 
Similarly, ovarian neoplasms or tubo-ovarian abscesses may 
directly spread by the broad ligament to the sigmoid mesocolon 
and subsequently involve the sigmoid colon. 2 

BROAD LIGAMENT 

The broad ligaments pass from the margins of the uterus to the 
lateral walls of the pelvis and together with the uterus form a 
septum across the lesser pelvis, dividing it into two parts. The 
anterior part contains the biadder and uterocystic recess; the 
posterior part includes the rectum, cul-de-sac, terminal ileum, 
and part of the sigmoid colon. These ligaments enclose the 
subperitoneal space, which includes the uterus, ovaries, fallo- 
pian tubes, arteries, nerves, lymphatics, and distal ureters as 
they enter the biadder. On the right side, communication with 
the base of the cecum and right inferolateral termination of the 
small bowel mesentery provides subperitoneal continuity for 
bidirectional spread of disease between the female pelvic organs 
and the retroperitoneal and peritoneal organs of the abdomen. 
On the left, the broad ligament communicates with the sigmoid 
mesocolon. Tumors of the cecum, appendicitis, Crohn’s disease 
abscesses, and drop metastases can spread to the right ovary by 
this pathway. Similarly, an ovarian neoplasm or tubo-ovarian 
abscess may spread to the cecum and terminal ileum. 

FALCIFORM LIGAMENT AND 
LIGAMENTUM TERES 

The ligamentum teres is located in the free edge of the falciform 
ligament and anchors the liver anterosuperiorly to the abdomi¬ 
nal wall. Infections and malignant neoplasms in the porta 
hepatis can penetrate the falciform ligament when they extend 
along the fissure of the ligamentum teres. The superficial lym¬ 
phatics of the liver also traverse the falciform ligament, provid- 
ing additional pathways of disease spread. The ligamentum 
teres, gastrohepatic ligament, and hepatoduodenal ligament are 
continuous, deep to the porta hepatis near the left portal 
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Figure 109-18 Small bowel mesentery: conduit of 

disease. A. Drawing of the anatomy near the root of the 
small bowel mesentery (RSBM). The root of the small bowel 
mesentery is contiguous superiorly to the hepatoduodenal 
ligament (HDL) along the superior mesenteric vein (SMV), 
anteriorly to the transverse mesocolon (TM), and 
posterolaterally to the ascending mesocolon and descending 
mesocolon (DM). The gastrocolic trunk (GT) is a landmark of 
the junction between the transverse mesocolon and the root 
of the small bowel mesentery. The inferior mesenteric vein 
(IMV) is a landmark of the descending mesocolon and joins 
the superior mesenteric vein or splenic vein on the left side 
of the root of the small bowel mesentery. The drawing also 
identifies the inferior pancreaticoduodenal artery (IPDA), 
inferior pancreaticoduodenal vein (IPDV), portal vein (PV), and 
splenorenal ligament (SRL). B. The diagram depicts the 
spread of pancreatic disease to the lesser sac (1), transverse 
mesocolon (2), root of the small bowel mesentery (3), 
duodenum (4), and retroperitoneum (5). C. CT shows fluid 
(arrow ) in the subperitoneal space of the small bowel 
mesentery in this patient with pancreatitis. (A from Okino Y, 
Kiyosue H, Mori H, et al: Root of the small-bowel mesentery: 
Correlative anatomy and CT features of pathologic 
conditions. RadioGraphics 21-.1475-1490, 2001.) 


CORONARY LIGAMENT AND BARE AREA 

The right coronary ligament suspends the right lobe of the liver 
from behind and together with the left coronary ligament 
defines the margins of the bare area of the liver. The bare area 
of the liver is continuous with the anterior pararenal space. 4,64,65 
The inferior vena cava lies within the bare area of the liver, and 
fluid in the anterior pararenal space can extend ventrally to the 
inferior vena cava (see Fig. 109-11), close to the epiploic 
foramen. 24,89 

Extraperitoneal Spread 

ILIOPSOAS MUSCLE ROUTE 

Intraperitoneal and retroperitoneal disease can penetrate fascial 
boundaries and spread into the extraperitoneal space and its 
major muscles, the psoas and iliacus. These muscles are quite 
long and provide a pathway for disease spread from the level of 


the pancreas to the level of the thigh and lesser trochanter. 
Carcinoma of the colon, pancreatitis, appendicitis, Crohn’s 
disease with fistula formation, diverticulitis, ischiorectal abscess, 
periureteral abscess, renal abscess, traumatic perforation of the 
rectum, and foreign body perforation of the gut can potentially 
involve the psoas muscle and extend into the extraperitoneal 


SACROSCIATIC NOTCH ROUTE 

Pelvic neoplasms arising from the rectosigmoid, prostate, 
uterus, and cervix can involve the extraperitoneal pelvic 
compartment and gluteal regions by intrinsic involvement 
of the piriformis and the obturator internus muscles or 
their surrounding fascial planes. Direct compression of the 
sciatic or sacral nerve may cause pain, simulating a cauda 
equina lesion. Similarly, hematoma or abscess fluid may 
spread from the pelvis to the gluteal region and vice 
versa. 90,92 
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The piriformis muscle can spread disease through the 
greater sciatic foramen onto the greater trochanter. The obtu- 
rator internus muscle can be a disease conduit as it courses 
through the lesser sciatic foramen to insert on the greater 
trochanter. 91,95 

OBTURATOR FORAMEN ROUTE 

Infections and hernias may spread through the obturator 
foramen into the groin and legs and onto the lesser 
trochanter. 

ABDOMINAL WALL ROUTE 

The spread of infection in the abdominal wall is facilitated by 
copious fat and long muscle groups that contain few impeding 
fasciae. Abdominal wall disease may result from direct spread 
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Ascites is the pathologic accumulation of fluid in the peri¬ 
toneal cavity. It is a common clinical Ånding that can be 
associated with a large number of diseases. In some disorders, 
peritoneal fluid represents a complication or late manifesta¬ 
tion of disease, whereas in others, it is the first clinical 
expression of the disease process. For this reason, early detec- 
tion and characterization of ascites and other peritoneal fluid 
collections are important. 
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Pathophysiology 

The causes of ascites are protean and are listed in Box 110-1. 
The imaging features that can help differentiate the various 
causes are listed in Table 110-1. Although ascites may merely 
reflect generalized third-space fluid loss in conditions such as 
congestive heart failure, chronic renal disease, and massive fluid 
overload, it is more commonly related to intra-abdominal 
factors that produce peritoneal fluid more rapidly than it can 
be absorbed. 1 ' 4 Cirrhosis and neoplasm are the two most 
common causes of ascites in the Western world. Tuberculosis 
and cirrhosis are the predominant causes worldwide. 4,5 

Clinical Findings 

A small amount of ascites is often asymptomatic, but as the 
amount of fluid increases, the patient develops a sense of full- 
ness, discomfort, and abdominal distention. With tense ascites, 
the patient may experience respiratory distress, nausea, vomit- 
ing, anorexia, fever, or pain. Weight gain usually accompanies 
the fluid accumulation, unless it is associated with alcoholism, 
neoplasm, or poor nutrition, in which case the patient’s weight 
may remain stable or drop. 4 

The physical diagnosis of ascites is difficult, unless there is 
at least 1.5 to 2 L of fluid in the peritoneal cavity. 6 Physical 
examination reveals abdominal distention, with bulging flanks 
that are duli to percussion or a fluid wave. As little as 300 to 
400 mL of fluid can be demonstrated by placing the patient 
on hånds and knees and producing a duli sound by percussion 
over the dependent abdomen (i.e., the puddle sign). Umbilical 
hernias, penile or scrotal edema, and pleural effusion are indi- 
rect signs of ascites. Flank dullness is the most sensitive sign, 
and a fluid wave is the most specific sign of ascites on physical 
examination. 2 

Diagnostic Paracentesis 

Diagnostic paracentesis is indicated for any patient who devel¬ 
ops ascites for the first time and for patients with chronic 
ascites who develop fever, encephalopathy, or abdominal pain. 8 
Paracentesis for small volumes should be performed under 
sonographic guidance with an 18- or 20-gauge, plastic-sheathed 
catheter to avoid injury to the liver, spleen, or gut. With massive 
ascites, a blind tap can be performed 2 to 3 cm beneath the 
umbilicus in the midline to reduce the chance of bleeding 
along the linea alba or at a left-sided McBurney point to avoid 
injuring an enlarged liver or spleen. 2 4 Fluid should be analyzed 
for protein, lactate dehydrogenase, amylase, biood cell count 
with differential, bacteriologic and cytologic tests, pH, and 
triglycerides. 2,4,8 
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Types of Peritoneal Fluid Collections 

TRANSUDATES 

Transudates are clear and colorless fluid collections with a 
protein content less than 2.5 g/dL and specific gravity less than 
1.016. They are most commonly seen in patients with cirrhosis, 
long-standing heart failure, constrictive pericarditis, chronic 


BOX 110-1 CAUSES OF ASCITES 


PORTAL HYPERTENSION RELATED 

Cirrhosis 

Alcoholic hepatitis 
Fulminant hepatic failure 
Heart failure 

Constrictive pericardial disease 
Budd-Chiari syndrome 
Hepatic veno-occlusive disease 
Liver metastases 

PERITONEAL DISEASES 

Carcinomatosis from ovarian, colon, gastric, pancreatic, hepatic, 
and other neoplasms 
Mesothelioma 
Tuberculosis 
Fungal infections 
Pyogenic infections 
Peritonitis 
Sarcoidosis 
Vasculitis 

Eosinophilic gastroenteritis 
Whipple's disease 

MISCELLANEOUS CAUSES 

Myxedema 
Pancreatic ascites 
Chylous ascites 

Hemoperitoneum due to trauma or tumor hemorrhage 
Ruptured ovarian cyst 
Nephrotic syndrome 
Malnutrition 

Protein-losing enteropathy 
Hypoalbuminemia 
Meigs 7 syndrome 

Ovarian hyperstimulation syndrome 


renal failure, hypoproteinemia, anasarca, and Budd-Chiari 
syndrome. 2,4,8 ' 10 

EXU DATES 

Exudates are fluid collections with a density greater than 1.016 
and a protein content greater than 2.5 g/dL. They are often yel- 
lowish but may be hemorrhagic in patients with metastatic 
peritoneal infiltration, infection, tuberculosis, or pancreatitis. 
An ascitic fluid-to-serum lactate dehydrogenase ratio greater 
than 0.6 suggests malignant disease. A polymorphonuclear leu- 
kocyte count greater than 500/mm 3 suggests infection or pan¬ 
creatic ascites, and a mononuclear cell count larger than 500/ 
mm 3 is commonly seen with tuberculosis. 11 A pH less than 7.35 
also indicates tumor, infection, or pancreatitis. A fluid amylase 
value greater than 1000 U/L and a protein value greater than 
3 g/dL are usually associated with pancreatic ascites. 12 

HEMORRHAGIC ASCITES 

Hemorrhagic ascites usually occurs in the setting of hepatic or 
splenic trauma resulting from an accident (Fig. 110 -1 A), surgery, 
or biopsy. Sanguineous ascites is usually caused by malignant 
disease but may occur in patients with tuberculosis or chronic 
pancreatitis. 

PUS 

Pus is often present in the peritoneal cavity in patients with 
acute peritonitis. It is most often seen in young patients with 
pneumococcal or hemolytic streptococcal peritonitis. When 
peritonitis is caused by a perforated viscus (Fig. 110-IB), appen- 
dicitis, diverticulitis, or tubo-ovarian abscess, signs and symp¬ 
toms are typically impressive, but the amount of intraperitoneal 
fluid is relatively small. The presence of more than 500 
leukocytes/mm 3 is indicative of infected ascites. 9,13 

CHYLOUS ASCITES 

Chylous ascites is a collection of yellowish white, milky fluid 
that results from obstruction or disruption of lymph flow 


Imaging Features of Benign and Complicated Ascites 


Imaging Modality Features Suggesting Benign Transudate Features Suggesting Complicated Ascites 


Ultrasonography 


Computed 

tomography 


Magnetic 

resonance 

imaging 


Anechoic collection 
Compressible collection 
Follows contours of gut and solid organs 
Bowel loops freely float in fluid to center of 
abdomen 

Seen first in cul-de-sac and Morison's pouch 
Uniform low attenuation (0-20 HU) 

Bowel loops freely float in fluid to center of 
abdomen 

Low signal intensity on Tl-weighted image 
Very high signal intensity on T2-weighted 
image 

Bowel loops freely float in fluid to center of 
abdomen 


Internal echoes (may represent biood, crystals, infection, tumor) 

Fluid does not conform to available spaces but displaces gut and solid 
organs 

Loculation (may represent tumor, infection, adhesion, inflammation) 


Loculation (may represent tumor, infection, adhesion, inflammation) 

High fluid attenuation (>30 HU suggests biood but may have 
hemoperitoneum with fairly normal attenuation) 

Delayed contrast enhancement (may indicate tumor or infection) 

TI relaxation shorter with exudates due to protein, tumor, or biood 
Acute biood (<48 hr) has low signal intensity on TI - and T2-weighted 
images due to deoxyhemoglobin 
Intermediate-age biood (2-7 days) has high signal intensity on Tl- 
weighted image and low signal intensity on T2-weighted image due to 
methemoglobin 

Delayed contrast enhancement (may indicate tumor or infection) 
Loculation (may represent tumor, infection, adhesion, inflammation) 
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Figure 110-1 Types of ascites. A. Laparoscopy 
demonstrating a post-traumatic hemoperitoneum. 
B. Pus in the peritoneal cavity resulting from a 
perforated viscus. C. Pseudomyxoma peritonei. 


through the cisterna chyli and thoracic duet. 4,9 The milky 
appearance results from the presence of fat (mainly triglycerides 
in amounts greater than 400 mg/dL) and small amounts of 
cholesterol and phospholipid. Triglyceride levels may treble 
after a fatty meal. The causes of chylous ascites include blunt, 
penetrating, and surgical trauma; malignant infiltration of the 
cisterna chyli by lymphoma or carcinoma of the panereas, 
stomach, colon, or ovary; left subelavian vein thrombosis; and 
tuberculous lymphadenitis. Cirrhosis, nephrotic syndrome, 
protein-losing enteropathy, congenital lymphatic disorders, 
chronic lymphocytic leukemia, sarcoidosis, and extremely high 
right-sided heart pressure that alters lymph flow are less 
common causes of chylous ascites. 3,14 ' 16 The discovery of milky 
ascites in an adult mandates a careful search for malignant 
disease, particularly lymphoma. 17 

NEONATAL ASCITES 

Neonatal ascites may result from posterior urethral valves, per¬ 
forated biadder, or urethral atresia that produces urine ascites. 
Ileal atresia, ileal perforation, ileal volvulus, ischemia, cardiac 
failure, and infeetions can also result in neonatal ascites. 18 

PSEUDOMYXOMA PERITONEI 

Pseudomyxoma peritonei is characterized by the massive accu- 
mulation of gelatinous, mueinous material in the peritoneal 
cavity (Fig. 110-1C), mesentery, and omentum. 19 It is produced 
by metastatic parietal and visceral peritoneal implants that are 
seeded after rupture of benign or malignant mucin-secreting 
tumors of the appendix or ovary. Less commonly, mueinous 


tumors of the panereas, stomach, colon, uterus, bile duet, 
urachus, omphalomesenteric duet, or panereas cause pseudo¬ 
myxoma peritonei. 3 

BILE ASCITES 

Bile ascites can develop after trauma, cholecystectomy, biliary 
tract surgery, hepatic surgery, liver biopsy, and percutaneous 
biliary drainage. These collections typically occur in the right 
or the left supramesocolic spaces. 

PANCREATIC ASCITES 

Virtually all patients with clinically significant panereatitis have 
peripancreatic fluid collections, most of which resolve within 6 
weeks (see Chapter 96). These collections most often occur in 
the lesser sac and anterior pararenal space. Fluid accumulation 
in the greater peritoneal sac usually occurs in the setting of 
severe panereatitis “burning” the peritoneum, in trauma, or 
after surgical resection. 20,21 The cause of pancreatic ascites in all 
cases is disruption of the pancreatic duet. Endoscopic retro¬ 
grade panereatography is diagnostic in these cases. 21, Pancre¬ 
atic ascites should be part of the differential diagnosis of every 
patient with chronic ascites who has a history of panereatitis, 
aleoholism, or abdominal trauma. 

URINE ASCITES 

Urine ascites usually follows a biadder tear or injury to another 
portion of the collecting system after direct trauma, seat belt- 
caused injury, or use of instrumentation. Most urinomas 
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accumulate in the retroperitoneum rather than in the peritoneal 
cavity. 3 

CEREBROSPINAL FLUID ASCITES 

Cerebrospinal fluid ascites and pseudocyst formation account 
for 4.5% of all ventriculoperitoneal shunt complications. This 
type of ascites occurs when the peritoneal cavity fails to absorb 
the fluid or when lymphatic disruption diminishes return of 
fluid to the bloodstream. If the collection elicits an infectious 
or inflammatory response, adhesions may develop and cause 
encystation of the cerebrospinal fluid. 3 

Pathways of Fluid Distribution 

A number of factors determine the distribution of fluid in the 
peritoneal cavity: volume; peritoneal pressures; position of the 
patient; region of origin; rate of fluid accumulation; presence 
of adhesions; density of the fluid; and peritoneal, mesenteric, 
and omental ligaments and reflections. 23 ' 35 The pathways of 
intraperitoneal fluid distribution are summarized in Figure 
110-2. Briefly, fluid in the inframesocolic Space seeks the pelvis: 
on the right, through the leaves of the small bowel mesentery, 
and on the left, through the medial side of the rectosigmoid. 



Figure 110-2 Common pathways of intraperitoneal fluid spread. 

Fluid in the right inframesocolic space (1) cascades down the leaves 
of the small bowel mesentery, pools at the medial aspect of the 
cecum, and then overflows into the pelvis (2). Fluid in the left 
inframesocolic space (3) seeks the pelvis directly or is deposited on 
the superior aspect of the sigmoid mesocolon and then flows into the 
pelvis (4). Fluid in the pelvis may ascend the left paracolic gutter (5) 
but is stopped by the phrenicocolic ligament (PCL). Fluid in the right 
paracolic gutter (6) ascends to Morison's pouch (7) and then to the 
subphrenic space (8), where it is stopped at the bare area (BA) of the 
liver (L). There is potential communication with the lesser sac (LS) 
through the foramen of Winslow (9). AC, ascending colon; DC, 
descending colon; R, rectum; S, spleen; SC, sigmoid colon; TC, 
transverse colon. 


After fluid filis the pouch of Douglas, which is the most depen- 
dent portion of the peritoneal cavity, it filis the lateral paravesi- 
cal recesses and then ascends the paracolic gutters. On the left, 
its cephalad extent is limited by the phrenicocolic ligament. 
Fluid in the right paracolic gutter, which structure represents 
the main communication between the upper and lower abdom- 
inal compartments, reaches Morison’s pouch and subsequently 
the right subphrenic space. 34,35 This is discussed more fully in 
Chapter 108. 

Radiologic Findings 

CHEST RADIOGRAPHY 

Elevation of the diaphragm, with or without sympathetic 
pleural effusions (i.e., hepatic hydrothorax), is seen in patients 
with massive ascites. The cause of the ascites can sometimes be 
suggested by the chest radiograph. With chylous effusions, a 
superior mediastinal mass with tracheal deviation may be seen; 
pericardial calcification or effusion and mediastinal adenopathy 
are also helpful signs. 3,36,37 

In patients with hiatal hernia, massive ascites can cause a 
mediastinal pseudotumor as fluid passes through the esopha- 
geal hiatus into the posterior mediastinum. 38,39 This pseudotu¬ 
mor is caused by the faet that the stomach remains covered by 
peritoneum to the level of the gastroesophageal junetion, 
regardless of where this point lies. Sometimes, the ascites may 
enlarge the hernial sac out of proportion to the size of the 
gastric pouch and cause dysphagia and produce a retrocardiac 
mass visible on barium studies. Cyclic negative intrathoracic 
pressure created during respiration may provide an alternative 
route for clearance of peritoneal fluid through defeets in the 
tendinous diaphragm/ 7,40 

PLAIN ABDOMINAL RADIOGRAPHY 

Plain radiographs are insensitive for the diagnosis of ascites and 
have been replaced by cross-sectional imaging. More than 
500 mL of fluid is usually required for ascites to be diagnosed 
on plain radiographs. 3,41,42 

Indirect signs of ascites on plain radiographs are often 
nonspecific or helpful only in the presence of massive peri¬ 
toneal fluid: diffuse abdominal haziness, bulging of the flanks, 
indistinet psoas margins, poor definition of the intra- 
abdominal organs, erect-position density inerease, separation 
of small bowel loops, and centralization of floating gas con- 
taining small bowel.’ 4,42 The direct signs of ascites are more 
reliable and specific. In 80% of patients with ascites, the lateral 
liver edge is medially displaced from the adjacent thoracoab- 
dominal wall (i.e., the Hellmer sign). Obliteration of the hepatic 
angle (visible in 80% of normal patients) is a close corollary 
to the Hellmer sign and is related to the faet that fluid in 
the superior mesocolic space accumulates around the margins 
of the liver (e.g., Morison’s pouch). 3,41 ' In the pelvis, fluid 
accumulates in the rectovesical pouch, then spilis into the 
paravesical fossae. This fluid produces symmetric densities on 
both sides of the biadder, producing a dog’s ear or a Mickey 
Mouse appearance, which is another good sign of ascites. 41 
Another direct sign of ascites is medial displacement of the 
cecum and ascending colon and lateral displacement of the 
properitoneal fat line. This sign is present in more than 90% 
of patients with significant ascites. 















2028 


SECTION XIII Peritoneal Cavity 



Figure 110-3 Ascites: sonographic findings. A. The sonogram of transudative ascites (A) in a patient with cirrhosis of the liver shows anechoic 
fluid and an echogenic liver. B. Mural thickening of the galIbladder ( arrowhead ) is seen in this patient with cirrhosis and ascites (A). Gallbladder 
wall thickening in the presence of ascites suggests benign disease. Normal mural thickness in the presence of ascites suggests malignant 
disease. C. The sonogram shows malignant ascites in a patient with carcinomatosis due to gastric cancer. Notice the echogenic fluid (A) and 
bowel loops ( arrows ) that are tethered posteriorly. Normally, these loops should be freely flowing. D. Peritoneal implants ( arrows) are present in 
this patient with carcinomatosis. 


BARIUM STUDIES 

When the peritoneal fluid is malignant, barium studies may 
reveal metastatic serosal implants, mechanical small bowel 
obstruction, or the fixed colon sign, in which no change in 
colon position or course is observed on pre-evacuation and 
postevacuation radiographs. Large fluid collections in the lesser 
sac may simulate a large retrogastric mass on an upper gastro- 
intestinal examination. 

ULTRASONOGRAPHY 

Real-time sonography is the easiest and most sensitive tech- 
nique for detection of ascitic fluid. 45 49 Volumes as small as 5 to 
10 mL can be routinely visualized. Small amounts of fluid are 
commonly seen in the cul-de-sac of normal women during all 
phases of the menstrual cycle. 50 

On sonographic examination, uncomplicated ascites appears 
as a homogeneous, freely mobile, anechoic collection in the 


peritoneal cavity that demonstrates deep acoustic enhancement 
(Fig. 110-3A, B). Free ascites does not displace organs but typi- 
cally insinuates itself between them, contouring to organ 
margins and demonstrating acute angles where the fluid horders 
the organ. The fluid compresses with increased transducer pres¬ 
sure and shifts with a change in the patient’s position. 51 ' 56 

Benign ascites can occasionally cause perplexing sonographic 
artifacts. Perihepatic ascites may cause apparent discontinuity 
in the diaphragm as a result of reflection of the sound beam at 
the liver-fluid interface. 57 Echogenic hepatic pseudotumors can 
be seen in patients with a nodular liver surface. In this artifact, 
a focal concavity of the liver surface can act as an acoustic lens 
and transmit sound in a fashion analogous to the way in which 
a posterior wall of a cyst does. 53,58 Other sources of confusion 
are the appendices epiploica of the colon, which can be mis- 
taken for mesenteric or peritoneal metastatic implants. 

The smallest amounts of fluid tend to collect in Morisons 
pouch and around the liver as a sonolucent band. Fluid may 
collect anteriorly, as a result of the capillary effect of the narrow 
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space between bowel loops and viscera. 34,35,54 In a study of 
patients with ascites from liver disease, 92% had ascites around 
the liver, 77% in the pelvis, 69% in the paracolic gutters, and 
63% in Morisons pouch. 52 Although the pouch of Douglas is 
the most common location for the fluid accumulation of ascites, 
an overdistended biadder may obscure and displace the fluid to 
the peritoneal reflection adjacent to the uterine fundus—the 
so-called triangular fluid cap. 54 In doubtful cases, changes in 
position produce significant alterations in the location, shape, 
and size of the fluid. Small amounts of intraperitoneal fluid are 
readily identifled in the cul-de-sac, pouch of Douglas, and Mor- 
ison’s pouch. With more fluid, ascites can be identifled in the 
paracolic gutters. 45,52,54 

With massive ascites, the small bowel loops have a char- 
acteristic polycyclic, “lollipop,” or arcuate appearance as they 
are arrayed on either side of the vertically floating mesentery. 
The intraluminal gas content and amount of mesenteric fat 
determine whether the small bowel loops float. In emaciated 
patients, the entire small bowel mesentery and gut may sink 
because of the paucity of mesenteric fat. 45,52,54 The transverse 
colon and sigmoid colon usually float on top of the fluid 
because of the nondependent position of their gas content 
when the patient is supine. The ascending colon and descend- 
ing colon do not float because they are fixed in the retro- 
peritoneum. 54,56 In some patients with massive ascites, the right 
kidney may also be displaced anteriorly and laterally because 
fluid in the right paracolic gutter exploits the lack of peri¬ 
toneal attachment between the right renal fascia and liver or 
diaphragm. 59 

Certain sonographic patterns suggest that the ascites may 
be an infected, inflammatory, or malignant exudate (Fig. 
110-3C, D): coarse internal echoes (i.e., biood), fine internal 
echoes (i.e., chyle), multiple septa (i.e., tuberculous peritonitis 
or pseudomyxoma peritonei), loculation or atypical fluid 
distribution, matting or dumping of bowel loops, and thick- 
ening of interfaces between the fluid and adj acent struc- 
tures. 54, 55,59-63 Absence of these findings does not entirely 
exclude an exudate because these complicated fluid collec¬ 
tions may fulfill the sonographic criteria for transudates in 
one fourth of cases. 54,55,60,61 

In malignant ascites, the bowel loops do not float freely but 
may be tethered along the posterior abdominal wall or plastered 
to the liver or other organs, or they may be surrounded by locu- 
lated fluid collections. Bowel loops are considered matted or 
infiltrated if they cannot be moved apart with compression by 
the transducer or if they fail to separate with fluid despite 
changes in the patient’s position. 51 

Loculated ascites usually indicates a malignant process or 
one associated with adhesions and bowel strictures. 51,60 Locu¬ 
lated ascites usually has rounded or bulging contours, is not 
compressible with increased probe pressure, does not conform 
to the margins of organs, and shows no movement with changes 
in the patient’s position. 51 

Another sign of malignant ascites is the presence of con- 
cordant fluid collections in the greater and lesser peritoneal 
sacs. 64 The significance of this finding is discussed in the 
section on computed tomography (CT). On sonographic evalu- 
ation, these fluid collections produce a butterfly- or wing¬ 
shaped lucency separated by the lesser omentum or gastrocolic 
ligament. 65 

The presence or absence of gallbladder wall thickening is 
another predictor of benign or malignant ascites (see Fig. 


110-3B). Most patients (95%) with carcinomatous peritonitis 
have a gallbladder wall less than 3 mm thick. 64, 66,67 Mural thick¬ 
ening of the gallbladder (>3 mm) is associated with benign 
ascites in 82% of cases. 64,66,67 This thickening of the gallbladder 
is primarily a reflection of cirrhosis and portal hypertension. 
Benign, transudative ascites frequently accompanies these 
disorders. 68 

The sonographic appearances of pseudomyxoma peritonei 
vary: an exudate with numerous echoes; highly echogenic 
masses containing numerous scattered cystic spaces; large intra¬ 
peritoneal, septate, cystic-appearing masses; numerous thick- 
walled, multiseptate, fluid-filled masses; scalloping of the liver 
edge; and multiple rounded, echodense masses, which may cast 
a shadow resulting from calcification. 54,69,70 

The sonographic appearance of bilomas is nonspecific, and 
needle aspiration is essential to confirm the diagnosis. Bilomas 
are usually anechoic collections that are located adj acent to 
hepatic or biliary structures, demonstrate acoustic enhance- 
ment, and have sharp margins. 3,54 

The appearance of cerebrospinal fluid ascites is also nonspe¬ 
cific. A small amount of free intraperitoneal fluid is a normal 
finding in patients with a ventriculoperitoneal shunt and sug¬ 
gests normal shunt function. Its absence does not indicate mal- 
function. However, a localized fluid collection in association 
with the tip of the shunt tube is pathologic and implies 
malfunction. 3, 54,71 

The sonographic appearance of hemorrhage is highly vari¬ 
able and depends on the frequency of the transducer. Fresh 
hemorrhage imaged with 2.25- and 3.0-MHz transducers is 
typically anechoic with increased sound transmission. 72 At 5.0, 
7.5, and 10.0 MHz, the clot is intensely echogenic. This echo- 
genicity is transient and usually disappears within 96 hours, as 
the clot undergoes hemolysis. As the clot organizes, internal 
echoes are generated that disperse evenly throughout the fluid 
or layer dependently. Chronic hematomas often have coarse 
dumps of highly echogenic material. With time, the clots may 
become completely anechoic seromas. 3,54 

Although the sonographic findings of hematomas are non¬ 
specific, in the appropriate clinical setting of trauma, acute 
anemia, biood loss, or pelvic pain, certain findings can be most 
instructive. For example, the presence of highly echogenic 
material in the cul-de-sac may be helpful in diagnosis of pelvic 
hemoperitoneum because most other pelvic fluid collections 
are predominantly anechoic, with low-level echoes. 59,72 

COMPUTED TOMOGRAPHY 

Ascites is well demonstrated by CT. Small amounts of ascitic 
fluid localize in the right perihepatic space, the posterior sub- 
hepatic space (i.e., Morisons pouch), and the pouch of 
Douglas. 64 When larger amounts of ascites are present, the fluid 
accumulates in the paracolic gutters, causing progressive cen- 
tralization of bowel loops. 45 The fluid may accumulate in a 
triangular configuration within the leaves of the small bowel 
mesentery or adjacent to bowel loops. 73 A massive amount of 
fluid distends the peritoneal spaces. 

It is usually difficult to characterize the nature of a peri¬ 
toneal fluid collection on the basis of CT density, 74 but several 
general rules are helpful. 75 Simple ascites appears as a low- 
density collection of fluid (Fig. 110-4A) with an attenuation 
value ranging from 0 to 30 Hounsfield units (HU). The density 
of the ascitic fluid increases with increasing protein content 
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Figure 110-4 Ascites: CT features. A. Benign, transudative ascites (A) in a patient with cirrhosis and portal hypertension. A recanalized 
umbilical vein ( straight arrow) and varices in the gastrohepatic ligament ( curved arrow) can be seen. B. Hemoperitoneum and the sentinel clot 
sign are demonstrated in a patient with splenic trauma and active extravasation of contrast material (arrow). Note the higher density peritoneal 
fluid adjacent to the spleen (64 HU) and lower density fluid (36 HU) adjacent to the liver C. Complicated ascites from an infection or tumor can 
cause retraction and a stel I ate appearance ( arrows ) of the mesentery. This patient had carcinomatosis from colon cancer. D. CT of a patient with 
ovarian cancer shows fluid associated with an omental cake (arrows), indicating carcinomatosis. The omental cake is caused by complete 
replacement of the omental fat by tumor. E. Coronal multiplanar reconstruction image shows omental cake (straight arrows), liver metastases 
(arrowhead), and ascites (curved arrow) in a patient with metastatic colon cancer. F. Fluid is identified in the lesser sac (star) and the greater 
peritoneal cavity. This finding and the abnormal enhancement and thickening of the peritoneum (arrow) suggest carcinomatosis in this patient 
with ovarian cancer. 
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and with exudates. 3,32 Similarly, acute intraperitoneal hemor- 
rhage can often be distinguished from other fluid collections 
because it has an attenuation value greater than 30 HU 74 
(Fig. 110-4B). The CT characteristics of biood within the 
peritoneal cavity change in a matter of hours or days, in 
contrast with intracerebral bleeds, in which lysis of biood 
and consequently CT density evolve during days or weeks. 
These temporally dramatic changes are related to the impres- 
sive fibrinolytic activity of the peritoneum. High-density biood 
implies that the bleeding is recent or rapid and mandates 
careful observation of the patient. 1,76 Several caveats are war- 
ranted in interpreting high-attenuation fluid. Delayed enhance- 
ment of ascites may follow infusion of a large dose of contrast 
medium for delayed hepatic CT scanning. 

Chylous ascites attributable to traumatic or neoplastic dis- 
ruption of the cisterna chyli has an attenuation value less than 
0 HU. 1 The presence of intraperitoneal and extraperitoneal 
water-density fluid (i.e., chyle) suggests chylous ascites in a 
trauma patient because most water-density abdominal fluid 
collections are confmed to one peritoneal compartment. 76,79,80 
However, it is usually difficult to characterize the underlying 
cause of ascites on the basis of CT density. 74,75 

After the CT diagnosis of ascites has been established, it is 
important to determine the cause. A number of CT features 
suggest neoplasia. Hepatic, adrenal, splenic, or lymph node 
lesions associated with masses arising from the ovary, gut, or 
pancreas are suggestive of malignant ascites. However, these 
tumors are often advanced and clinically evident before the 
onset of ascites. Peritoneal seeding from ovarian, gastric, pan- 
creatic, or colon metastases may produce nodular soft tissue 
masses along the peritoneal surface or along the liver capsule. 81,82 
Sometimes, the peritoneum shows thickening or abnormal 
enhancement, but these later Åndings are nonspecific (Fig. 
110-4C, D). Omental and mesenteric masses are also commonly 
seen in carcinomatosis (Fig. 110-4E, F). 

Patients with malignant ascites tend to have proportional 
fluid collections in the greater and lesser sacs, whereas in 
patients with benign transudates, the fluid is seen primarily in 
the greater sac and not in the lesser omental bursae. 62,64 Simi¬ 
larly, benign fluid collections resulting from disease in struc- 
tures that border the lesser sac (e.g., pancreatitis, posterior 
penetrating gastric ulcer) tend to remain confmed to the lesser 
sac. 8 The foramen of Winslow is more a potential than a widely 
patent avenue of communication between these peritoneal 
bursae. 62,83,84 

In malignant ascites, the small bowel may be tethered along 
the posterior abdominal wall (see Fig. 110-5C) or have a stellate 
appearance. Normally, gas-filled or contrast-filled gut should be 
able to reach the anterior abdominal wall and float freely and 
centrally in benign ascitic fluid. 67,85 ' 87 As observed sonographi- 
cally, gallbladder wall thickening is another useful sign of benign 
ascites. 

On CT scans, pseudomyxoma peritonei may be manifested 
as scalloping of the liver edge, as large low-attenuation fluid 
collections that appear to have multiple cysts, or as low-density 
masses with calcification. A sterile, nonhemorrhagic biloma 
has a nonspecific appearance and an attenuation value less 
than 20 HU. These bilious collections cannot be specifically 
distinguished from cysts, pseudocysts, loculated ascites, or 
abscess. Urine ascites also has a nonspecific CT appearance 
on unenhanced scans. Intravenously administered contrast 
medium often accumulates in these collections. Cerebrospinal 


fluid ascites also has a nonspecific appearance, and infection 
usually cannot be excluded on the basis of CT appearance 
alone. 33 

MAGNETIC RESONANCE IMAGING 

Transudates have long TI and T2 relaxation times (Fig. 110-5A, 
B). Exudates demonstrate intermediate to short TI values and 
long T2 values. The TI relaxation time of fluid decreases with 
increasing protein content. Although magnetic resonance 
imaging (MRI) offers potential for differentiating various types 
of abdominal fluid collections, it is not sufficiently specific to 
obviate paracentesis. 32 

MRI is another method for detecting peritoneal fluid and in 
several studies was shown to be superior to CT in detecting 
peritoneal tumors and carcinomatosis (Fig. 110-5C, D). 
MRI sequences used included Tl-weighted, fast spin-echo 
T2-weighted, immediate and delayed gadolinium-enhanced, 
breath-hold, and fast multiplanar sequences with fat saturation. 
A 2% barium solution is given orally to provide an effective 
source of stabilized water and bowel distention that facilitates 
depiction of serosal and adjacent peritoneal tumors. 9193 

Differentiation of Ascites 

DIFFERENTIATION OF ASCITES FROM 
PLEURAL FLUID 

In patients with small pleural effusions or ascites, it may be 
difficult to determine whether the fluid is supradiaphragmatic 
or subdiaphragmatic. Four useful signs have been described on 
CT and ultrasound studies. 40,94 ' 100 

Bare Area Sign 

The right lobe of the liver is directly attached to the posterior 
abdominal wall and diaphragm by the coronary ligament, 
without intervening peritoneum. Intraperitoneal fluid cannot 
accumulate posterior to the liver (Fig. 110-6). If fluid is iden- 
tified dorsal to the liver and medial to the attachment of the 
right superior coronary ligament, it must lie in the posterior 
sulcus of the pleural Space. The spleen also demonstrates a 
bare area that maintains a constant relation to the superior 
ventral aspect of the left kidney, specifically Gerotas fascia. 
This bare area is about 2 cm long and is usually seen on 
two adj acent CT sections. It is postulated that the point of 
reflection of the splenorenal ligament at the bare area is cor- 
related anatomically with the intermediate ridge of the 
spleen. 100 

Diaphragm Sign 

Fluid “inside” the diaphragm is ascites, whereas fluid “outside” 
the diaphragm is pleural effusion." 

Displaced Crus Sign 

The diaphragmatic crura represent focal muscle thickenings 
near the midline. If the crus is displaced away from the spine 
by an abnormal fluid collection, the fluid is pleural in origin. 
Ascites lies lateral and anterior to the crus. 97 

Interface Sign 

The location of a fluid collection can also be suggested by its 
interface with the liver. The apparent interface between ascites 
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Figure 110-5 Ascites: MR features. Coronal Tl-weighted (A) and T2-weighted (B) scans of the upper abdomen show benign fluid in Morison's 
pouch (MP), left paracolic gutter (LG), and left subphrenic space (LSS). C. Image of a patient with fibrolamellar hepatoma of the left lobe shows 
ascites and enhancing Glisson's capsule implants ( arrows ), indicating peritoneal spread of disease. D. Coronal T2-weighted image shows 
pseudomyxoma peritonei displacing the gut superiorly. (D courtesy Dr. Rodney H. Reznek, London, England.) 


and the liver is sharp and well defined. The interface between 
pleural fluid and the liver is ill defined. This unsharpness in part 
reflects volume averaging at curved surfaces (e.g., the dia- 
phragm) and is influenced by slice thickness. 98 

DIFFERENTIATION OF ASCITES FROM 
SUBCAPSULAR FLUID 

Subcapsular hepatic and splenic collections typically conform 
to the shape of the organ capsule. Subcapsular hepatic collec¬ 
tions are confined by the falciform ligament and may extend 
medially to the attachment of the superior coronary ligament. 
Medial extension of intraperitoneal fluid collections is stopped 
by the coronary ligament. On real-time ultrasound studies, sub¬ 
capsular collections move with the involved organ during 
respiration, whereas the organs “glide” within intraperitoneal 
fluid. 55 


Treatment 

The rationale for treatment of cirrhotic ascites is to reduce the 
risk for development of complications, such as spontaneous 
bacterial peritonitis, and to improve the patient’s overall appear- 
ance, energy expenditure, and sense of well-being. 4,10 Respira- 
tory compromise resulting from compression of the diaphragm, 
anorexia caused by gastric distention, and abdominal discom- 
fort from distention can be improved with therapy. 4 Because 
these complications occur almost exclusively in patients with 
moderate to marked ascites, patients with small amounts of 
fluid usually require no specific treatment. Depending on the 
method and aggressiveness of therapy, the treatment of ascites 
is associated with several potentially serious side effects: acid- 
base and electrolyte abnormalities, hepatic encephalopathy, 
renal insufflciency, hypovolemia, and a variety of complications 
associated with the Le Veen peritoneovenous shunt. 4 
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Figure 110-6 Differentiating ascites from pleural fluid. A. The bare area (BA) sign is demonstrated on this transverse sonogram, which shows 
pleural fluid posterior to the bare area of the liver. Ascites would not be present in this area because it is excluded from the peritoneum. RLL, 
Right lower lobe of lung. B. Diaphragm sign. An axial MR scan shows high signal intensity pleural fluid (arrow) outside the diaphragm (D) 
posterior to the bare area (BA) of the liver. A, Intraperitoneal fluid. C. Displaced crus sign. An axial MR image shows a siiver of high signal 
intensity fluid (arrow) separating the spine from the left hemidiaphragm. D. Interface sign. The interface between pleural fluid and liver (arrow) is 
less distinet than that between ascites and liver. 


DIURETICS 

Sodium restriction (20 to 30 mEq/day), water restriction (in the 
presence of hyponatremia), diuretics, and spironolactone con- 
stitute the standard medical management for ascites and are 
effeetive in 95% of patients. 4 Therapeutic paracentesis should 
be reserved for patients who need rapid symptomatic relief of 
tense ascites. 101,102 

THERAPEUTIC PARACENTESIS 

Early reports stressed the dangers of large-volume paracentesis: 
hepatic encephalopathy, renal insuffkiency, decreased cardiac 
output, hypovolemia, and hyponatremia. Later studies sug- 
gested that large-volume paracentesis of up to 5 L is tolerated 
well by most cirrhosis patients. 102 " 106 

TRANSJUGULAR INTRAHEPATIC 
PORTOSYSTEMIC SHUNT 

The transjugular intrahepatic portosystemic shunt (TIPS) 
procedure has become inereasingly popular in the short- 
term and long-term treatment of patients with refractory 
ascites (Fig. 110-7). 107110 This procedure is described in 
Chapter 82. 



Figure 110-7 Ascites: therapy. Transjugular intrahepatic 
portosystemic shunt (TIPS) has become the first-line treatment for 
refractory massive ascites that fails medical management. 

SURGICAL SHUNTING 

The peritoneovenous shunt is the best surgical alternative for 
the less than 5% of patients with medically intractable ascites. 
First introduced by Le Veen, the shunt funetions as a mega- 
lymphatic that returns the ascitic fluid to the central venous 
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system. One end of the shunt lies in the peritoneal cavity; 
the efferent limb lies in the superior vena cava near the 
entrance of the right atrium. Later shunts (e.g., Denver, Cordis- 
Hakim) include a pumping mechanism to increase flow or 
to clear partially occluded shunts. Beneficial effects of these 
shunts include increased cardiac output, renal biood flow, 
glomerular filtration rate, urinary volume, and sodium excre- 
tion and decreased plasma renin activity and plasma aldo- 
sterone concentration. 111 iLi 


Despite these apparent benefits, there is no indication that 
the peritoneovenous shunt improves survival of patients. These 
shunts are associated with a complication rate of 74% and a 
mortality rate of 24%. 113 Sepsis, shunt malfunction, and dis- 
seminated intravascular coagulation are the major complica- 
tions. This procedure should be reserved for patients who 
are truly refractory to medical management and the TIPS 
procedure. 114 
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Anatomy 

The mesentery is a part of the peritoneal lining that extends 
from the posterior peritoneum and suspends bowel loops . The 
mesentery is composed of two thin layers of fibrofatty tissue, 
which surrounds and contains the vascular and lymphatic 
structures supplying either the small bowel or colon. The 
purpose of the peritoneum and mesentery is to provide a 
smooth and frictionless surface between the solid organs. 1 The 
mesentery can be further divided according to whether it sus¬ 
pends small intestine or colon. The small bowel mesentery is 
obliquelv placed in the peritoneal cavitv and extends from the 

ligament of Treitz in the left upper quadrant to the terminal 


ileum and ileocecal valve in the right lower quadran t. The trans¬ 
verse mesocolon extends from the pancreas and suspends the 
transverse mesocolon. The root of the transverse mesocolon 

passes across the second portion of the duodenum and the 

head, bodv, and tail of the pancreas. The plane of the transverse 

mesocolon can be identified bv following the middle colic 

vessels. 

T he greater omentum is the continuation of the dorsal 

mesogastrium inferiorlv from the greater curvature of the 

stomach. This extends inferiorlv and doubles back anterior to 

the transverse colon and then continues posteriorlv as the trans¬ 

verse mesocolon . The descending and ascending portions of the 
greater omentum usually fuse to form a four-layer vascular 
peritoneal fold (Fig. 111-1). 

The peritoneal cavity is divided primarily by the transverse 
mesocolon into the s upramesocolic and inframesocolic com- 
partments. The peritoneal folds in the supramesocolic com- 
partment consist of the falciform, coronary, gastrohepatic, 
hepatoduodenal, greater omentum, gastrosplenic, splenorenal, 
and phrenicocolic ligaments. The falciform ligament divides the 
subphrenic space into the right and left subphrenic spaces . The 

phrenicocolic ligament extends from the splenic flexure to 
the diaphragm and limits the cranial extent of the left paracolic 
gutter. The inframesocolic compartment is subdivided by the 
small bowel mesentery into the right and the larger left portion 
extending deep into the pelvis. The left inframesocolic space is 
limited in the lower left pelvis by the sigmoid mesocolon. 

All the ligaments of the peritoneal cavity consist of fused 
peritoneal layers and form the subperitoneal space, which is a 
continuous potential space that connects the intraperitoneal 
compartment to the retroperitoneal compartment. The sub¬ 
peritoneal space also extends to the solid viscera. Thus, any 
disease process that involves the subperitoneal space can spread 
bidirectionally to involve either the peritoneal compartment or 
the retroperitoneum and may involve the abdominal organs. 

In most patients, there is sufficient macroscopic fat on com- 
puted tomography (CT) to identify the small bowel mesentery, 
transverse mesocolon, and sigmoid mesocolon. Mesenteric fat 
has Hounsfield unit measurements of fat elsewhere and mea- 
sures between -100 and -160 HU. 

Primary Neoplasms 

Primary tumors arising from the peritoneum are rare and are 
usually of mesenchymal origin. 

DESMOID TUMORS 

These tumors are related to benign but locally aggressive fibro- 
blast proliferation or fibromatosis. 3 The morbidity associated 
with these tumors is related to their locally aggressive behavior 
with involvement of adjacent organs. They are uncommon, 
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Figure 111-1 Schematic diagram of the anatomy of the greater 
omentum. L, Liver; St, stomach; C, colon; P, pancreas; D, duodenum; 
S, small intestine. 



Figure 111-2 Desmoid tumor. Desmoid tumor ( arrow ) in the 
mesentery with radiating strands in the mesenteric fat. 


occurring in 2 to 4 per million people per year, and do not 
show the features of neoplasia. The cause is unknown, but 
there is an association with pregnancy and estrogen adminis¬ 
tration. They can occur either sporadically or in association 
with familial adenomatous polyposis. Familial adenomatous 
polyposis is an inherited syndrome characterized by innumer- 
able polyps predominantly occurring in the colon. Gardner’s 
syndrome is now considered to be a part of familial adenoma¬ 
tous polyposis, and both these conditions have a mutation of 
the APC gene. 

Desmoid tumors can occur in 5% to 25% of patients with 
familial adenomatous polyposis. 4 About half of the abdominal 
desmoids occur intra-abdominally, and the other half are fo und 
in the abdominal wall. 4 Nearly one third of abdominal des¬ 
moids cause pain. Abdominal desmoids can involve the abdom¬ 
inal wall, mesentery, or retroperitoneum (Figs. 111-2 and 
111-3). Many of these tumors are often associated with prior 
surgery, such as colectomy, and can recur at the surgical site. 
Surgery is thought to stimulate desmoid tumor growth. 5 The 
most common site for mesenteric desmoids is at the base of the 
small bowel mesentery. Tumors can vary in size and range from 
a few centimeters to extremely large lesions. Desmoids are pseu- 
doencapsulated lesions despite their relatively well defrned gross 
appearance. On microscopic examination, they demonstrate 
infiltrative margins. Progressive growth may lead to bowel, ure- 
teric, or vascular obstruction and occasionally fistulas. 6 CT is 
an excellent imaging study to evaluate desmoid tumors and 
their relation to surrounding structures and in the follow-up of 
patients who undergo conservative medical therapy. Desmoid 
tumors are typically poorly enhancing solid lesions. They can 
usually be distinguished from postoperative fibrosis by the lack 
of mass effect of the fibrosis. On ultrasound, these appear as 
well-demarcated solid masses (Fig. 111-4) containing low to 
mid-level echoes. On magnetic resonance imaging (MRI), they 



Figure 111-3 Desmoid tumor. Desmoid tumor ( arrows ) involving 
the abdominal wall. 


are of low TI and low T2 signal intensity (Fig. 111-5) with no 
or poor enhancement. 8 

MALIGNANT PERITONEAL MESOTHELIOMA 

Malignant peritoneal mesothelioma (MPM) is a rare but aggres¬ 
sive tumor that arises from the serosa lining the pleura and the 
peritoneum. 9 MPMs account for only 10% to 15% of all meso- 
theliomas. 9 These may occur either alone or in conjunction 
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Figure 111-4 Desmoid tumor. Desmoid tumor ( arrows ) is a 
hypoechoic mass on ultrasound. 


with pleural mesothelioma. Most patients have a history of 
exposure to asbestos. 10,11 There is also a long latent period 
between exposure and appearance of peritoneal mesothelioma, 
typically 30 years after the exposure to asbestos. There is a slight 
male predominance, less than that of pleural mesotheliomas. It 
has been postulated that the patients with MPM have to have a 
higher cumulative exposure to asbestos than that of the patients 
with pleural mesothelioma. 12 

Peritoneal mesotheliomas can be classified into diffuse versus 
localized mesothelioma. The diffuse type is aggressive as 
opposed to the localized form, which has a better prognosis 
with surgery. 

Peritoneal mesotheliomas can be classified into epithelial, 
sarcomatoid, and mixed types on the basis of histologic fea¬ 
tures. There is great variability in the histologic appearance, 
making the diagnosis difficult. Sarcomatoid histology is associ- 
ated with a poor prognosis. 1 " Immunohistochemical staining 
has been proved to be of great benefit in differentiating MPMs 
from secondary tumors affecting the peritoneum. 14 MPMs 



Figure 111-5 Desmoid tumor. Desmoid tumor ( arrows ) involving the mesenteric fat on axial TI (A), axial T2 (B), coronal single-shot fast 
spin-echo (C), and postcontrast fat-saturated (D) sequences. 
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produce large amounts of hyaluronic acid and stain with col- 
loidal iron. In contrast, MPMs do not stain positive for the 
presence of mucin. Symptoms are nonspecific and include 
abdominal distention, pain, and malaise. Fifty-five percent of 
patients fail to demonstrate evidence of asbestosis on chest 
radiographs. 

CT is the most useful test in the initial evaluation of patients 
with increasing abdominal girth and pain. The nodules and 
masses in mesothelioma enhance with intravenous administra¬ 
tion of contrast material. These can be manifested as sites of 
peritoneal thickening, infiltration, or nodularity (Fig. 111-6). A 
sheetlike pattern of growth with thickened appearance to the 
mesentery and bowel wall can also be seen. Bowel loops may be 
fixed from these infiltrative changes. Calcification is rare in 
MPMs. They can be associated with variable amounts of ascites. 
Scalloping or mass effect on adjacent organs is typically seen. 
On MRI, the nodules are of low TI signal intensity and inter- 
mediate to high T2 signal intensity (Fig. 111-7). 15 The perito¬ 
neal nodules can also be seen on dynamic or diffusion-weighted 
imaging. 16 Positron emission tomography (PET) has a limited 
role in exact anatomic evaluation of MPMs. 1 All the imaging 
modalities are limited in their detection of peritoneal nodules 


less than 0.5 cm. Peritoneal mesothelioma is associated with 
poor survival; median survival time is 8 to 12 months after 
diagnosis. 

CT is of help in evaluating for a primary tumor elsewhere in 
the gastrointestinal or genitourinary tracts, breast, and pan- 
creas. The differential diagnosis includes metastatic disease, 
primary papillary serous carcinoma of the peritoneum, lym- 
phoma, and granulomatous disease. The presence of marked 
and enlarged lymphadenopathy favors lymphoma or metastatic 
disease as the most likely diagnosis. Similarly, calcification of 
the peritoneal thickening makes MPMs less likely. 

The mesenteric infiltration results in a characteristic stellate 
and fixed appearance. 

PRIMARY PERITONEAL SEROUS CARCINOMA 

Primary peritoneal serous carcinoma is a rare malignant neo- 
plasm that typically occurs in postmenopausal women. This is a 
primary tumor of the peritoneum, but the cell origin is thought 
to be the extraovarian mesothelium with mullerian potential. 18 

According to the Gynecologic Oncology group, for a diag¬ 
nosis of primary peritoneal serous carcinoma to be made, the 



Figure 111-6 Mesothelioma. A. Patient with peritoneal mesothelioma demonstrating an implant (arrow) along the posterior liver. B. Infiltration 
with masses ( arrows ) along the mesentery. C. Axial PET/CT demonstrating FDG-avid masses ( arrows ) along the small bowel mesentery. 

D. Coronal PET/CT demonstrating diffuse peritoneal ( arrows ) involvement. 
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Figure 111-7 Peritoneal mesothelioma on MRI. Axial Tl-weighted (A) and axial T2-weighted (B) images demonstrating infiltrative mass ( arrow) 
involving the mesentery and omentum. 



Figure 111-8 Primary peritoneal papillary serous carcinoma. A. Peritoneal involvement along the liver ( arrows ). B. Pelvic peritoneal 
involvement with calcifications (arrows). 


ovaries should be normal in size or enlarged from a benign 
process, and the involvement of the extraovarian sites should 
be greater than ovarian involvement. 19 The prognosis and treat - 
ment are similar to those of serous ovarian carcinoma. Calcifi- 
cation can be seen with this tumor and can help differentiate 
MPM from this tumor (Fig. 111-8). The CT and the pathologic 
appearance of primary peritoneal serous carcinoma is similar 
to that of carcinomatosis from serous ovarian cancer. Assess- 
ment for primary ovarian masses should be performed to 
exclude peritoneal carcinomatosis from ovarian cancer. Psam- 
momatous calcifications can be seen in up to 30% of cases. 20 

WELL-DIFFERENTIATED 
PAPILLARY MESOTHELIOMA 

This is a rare subtype of mesothelioma that is clinically distinet 
from MPM. These tumors are seen typically in younger women 
and are not associated with asbestos exposure. 21 They may be 


detected and removed incidentally. These tumors tend to be 
small (Fig. 111-9). There is very little written about these tumors 
in the radiologic literature. These tumors can be manifested as 
calcifications of the peritoneal surface without associated mass 
but can also be multiple peritoneal nodules. 22 ”" The clinical 
course tends to be indolent after surgery. However, these tumors 
should be observed because of the small risk for development 
into MPMs. 24 

MULTICYSTIC PERITONEAL MESOTHELIOMA 

This is another rare subtype of peritoneal mesothelioma occur- 
ring predominantly in young and middle-aged women along 
the pelvic peritoneal surface. There is no association to asbestos 
exposure in these patients. A higher incidence of prior abdomi- 
nal surgery or pelvic inflammatory disease is seen in these 
patients. 5 This tumor is composed of cysts that vary in size and 
are separated by septations or fibrous tissue. 2 ' It can appear as 













111 Mesenteric and Omental Lesions 2041 



Figure 111-9 Papillary mesothelioma. Incidental ly diagnosed small 
papillary mesothelioma (arrow) within the small bowel mesentery. 


a multicystic mass, multiple unilocular cysts adjacent to each 
other, or a unilocular cystic mass/ On ultrasound, this tumor 
appears as a multiloculated lesion containing anechoic cystic 
spaces separated by echogenic septations. They can surround 
the ovaries, and the ovaries may appear entrapped within the 
cystic mass. On CT, this appears as a well-defined, noncalcified 
multiloculated cystic mass with enhancing internal septations. 
Fifty percent of these tumors tend to locally recur after surgical 
resection. 

There is a slight risk for transformation into a malignant 
mesothelioma, and long-term follow-up should be performed 
in these patients. 28 

DESMOPLASTIC SMALL ROUND CELL TUMOR 

This is a rare but extremely aggressive tumor that typically 
occurs in adolescents and young adults and more commonly in 
men. The most common clinical complaint is abdominal dis- 
tention. The prognosis is poor, and the 3-year survival is less 
than 30%. 29 CT shows multiple large solid intraperitoneal 
masses (Fig. 111-10) without an apparent primary site. The 
tumor predominantly involves the omentum and paravesical 
space. Areas of central low attenuation may correspond to hem- 
orrhage or necrosis. Ascites and hepatic metastases are associ- 
ated Åndings. There is both hematogenous and intraperitoneal 




Figure 111-10 Desmoplastic small round cell 
tumor. Patient with desmoplastic small round cell 
tumor ( arrows ) demonstrated in the abdomen on 
axial CT (A), in the pelvis on axial CT (B), and in 
the abdomen on axial PET/CT (C). 
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spread that can be seen with this tumor. Retroperitoneal and 
paratesticular involvement has been reported with this tumor. 
Malignant ascites is frequently seen with these tumors. They 
tend to be of low TI and high T2 signal intensity and demon- 
strate heterogeneous contrast enhancement. 1 

ADENOMATOID TUMOR 

This is a very rare tumor that is typically discovered incidentally. 
Adenomatoid tumor can occur in conjunction with the multi- 
cystic mesotheliomas. 30 It is typically small and characterized 
by epithelioid cells. 1 

OTHER PRIMARY MESENCHYMAL TUMORS 

Tumors may arise from the mesenchymal structures and may 
be of fatty, vascular, lymphatic, or neurogenic tissue origin. 

Tumors of fatty origin can range from benign lipoma to the 
malignant liposarcoma. Benign lipoma is usually a well-defmed 
homogeneous lesion containing tissue of fat attenuation on CT. 
Liposarcomas can be ill-defined heterogeneous lesions with a 
variable soft tissue component (Fig. 111-11). The diagnosis of 
liposarcoma 31 can be made on CT if this mass contains fat 
interspersed with the soft tissue component or areas of 
enhancement. 

Hemangiomas can occur in the mesentery. These are further 
divided into cavernous, capillary, and venous types. Cavernous 
hemangiomas containing large vascular sinusoids are the most 
common type of hemangioma to occur in the mesentery. 
They are typically of soft tissue attenuation and may contain 
phleboliths within them. 32,33 Hemangiopericytomas can also 
occur in the mesentery and are typically large, vascular masses 
(Fig. 111-12). 

Lymphangiomas are benign tumors of lymphatic origin. 
These can be either congenital tumors or benign tumors of 


mesenchymal origin. They are typically multiloculated cystic 
masses with thin enhancing walls (Fig. 111-13). It can be dif- 
ficult to differentiate them from cystic mesotheliomas. 3 

Tumors of neurogenic origin are typically benign and are 
more common in the retroperitoneum than in the mesentery. 
On CT, these tumors are solid low-attenuation masses (Fig. 
111-14) that show minimal contrast enhancement. 35 They are 
of low TI signal intensity and intermediate to high T2 signal 
intensity and show minimal contrast enhancement. They may 



Figure 111-12 Hemangiopericytoma. Vascular hemangiopericytoma 
in the mesentery ( arrows ). 




Figure 111-11 Liposarcoma. Liposarcoma with mixed appearance 
of solid nodules and fatty components. 


Figure 111-13 Mesenteric lymphangioma. Axial CT demonstrating 
a multicystic mass consistent with a mesenteric lymphangioma (arrow). 
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Figure 111-14 Neurofibroma. Axial CT demonstrating a low- 
attenuation, homogeneous mass involving the retroperitoneum and 
mesentery consistent with a neurofibroma ( arrows). 


Figure 111-15 Fibrosarcoma. Axial CT demonstrating a 
heterogeneously enhancing fibrosarcoma in the mesentery (arrows). 

show a tubular or elongated pattern. Uncommonly, they may 
show malignant degeneration. 

Leiomyomatosis peritonealis disseminata is a rare entity 
characterized by multiple smooth muscle tumor nodules 
throughout the peritoneum. This is typically found in young 
women with uterine fibroids and detected incidentally. 1 

Sarcomas are more common in the retroperitoneum com- 
pared with the mesentery. The tumors often arise in the retro¬ 
peritoneum and extend into the peritoneum. They are typically 
large at the time of diagnosis (Fig. 111-15) and can show areas 


Figure 111-16 Peritoneal carcinomatosis. Patient with metastatic 
colon carcinoma who has small peritoneal nodules ( arrows ) from 
peritoneal metastases. 


of central low attenuation related to necrosis or hemorrhage. 
Malignant fibrous histiocytoma is the most common peritoneal 
sarcoma. 


Secondary Tumors 

The intra-abdominal spread of metastatic disease can occur by 
(1) direct extension along the mesentery and ligaments, (2) 
intraperitoneal seeding, (3) lymphatic extension, and (4) hema- 
togenous dissemination. 36 

Direct extension occurs most commonly in gastrointestinal 
and pancreatic tumors and can involve the various ligaments 
surrounding the site of primary tumor. Intraperitoneal seeding 
is related to the movement of malignant cells within ascitic 
fluid, thereby being deposited in the peritoneal cavity. Lym¬ 
phatic dissemination is most commonly seen with lymphoma. 
Hematogenous metastases typically occur on the antimesen- 
teric border of the bowel loops by distal embolization. This is 
commonly seen in melanoma and breast and lung carcinoma. 


PERITONEAL CARCINOMATOSIS 

Peritoneal carcinomatosis is usually seen in tumors arising from 
the gastrointestinal tract, pancreas, melanoma, breast, lung, 
and ovary. Any of the four mechanisms listed before can seed 
the peritoneum, and this can cause peritoneal carcinomatosis. 
A variable amount of fluid exists in the peritoneal cavity. This 
circulates from the superior abdomen caudally to the pelvis 
and then back again to the superior abdomen. Both gravity 
and respiration play a role in the fluid circulation within the 
peritoneal cavity. Peritoneal carcinomatosis is manifested on 
CT as nodularitv to the peritoneum (Fig. 111-16), which can 
progress to peritoneal masses. When the primary tumor is 
mucinous, such as in appendiceal or ovarian tumors, diffuse 
peritoneal involvement with cystic implants can be seen (Fig. 
111-17). This is called pseudomyxoma peritonei. Detection of 
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Figure 111-17 Metastatic mucinous appendiceal carcinoma. Axial CT demonstrating mucinous implants causing scalloping of the liver and 
spleen ( arrows ) with thin calcifications (A) and with mucinous implants causing mass effect ( arrows ) on bowel loops (B). 


peritoneal carcinomatosis is difficult, especially when the 
nodules are subcentimeter in size. Peritoneal nodules can often 
mimic unopacified small bowel loops. Accurate assessment for 
peritoneal carcinomatosis requires adequate bowel opacifica- 
tion and the intravenous administration of contrast material. 
The nodules create mass effect on the organs adj acent to them. 
They can cause scalloping of the liver and spleen; they can 
cause mesenteric infiltration and thickening, leading to a stel- 
late mesentery; and they can involve the surface of the bowel, 
causing bowel wall thickening and potentially bowel obstruc¬ 
tion. Common sites of involvement include the right hemidia- 
phragm, right paracolic gutter, cul de sac, and omentum. 

CARCINOID TUMOR 

These are rare tumors and represent only 2% of all gastrointes- 
tinal tumors. However, carcinoid tumors are the second most 
common small bowel neoplasm and account for 25% of all 
small bowel masses. 38 They are derived from the enterochro- 
rnaffin cells; 85% of all carcinoid tumors are fo und in the gas- 
trointestinal tract. Carcinoid tumors of the gastrointestinal 
tract are most frequently fo und in the appendix (50%) and then 
in the small intestine, primarily the ileum. Metastatic adenopa- 
thy involving the mesenteric nodes is seen with small bowel 
carcinoids. There is intense desmoplastic reaction surrounding 
the mesenteric mass, 39 which can cause radiating strands from 
the mesenteric mass, rigidity and fixation of the small bowel 
loops, and sometimes kinking of small bowel loops (Fig. 111- 
18). The mesenteric fibrosis may also involve mesenteric vascu- 
lature and potentially cause mesenteric ischemia. Calcification 
within the mesenteric mass is seen in 70% of the cases. On MRI, 
the mesenteric mass is of low TI signal intensity and intermedi- 
ate T2 signal intensity and demonstrates evidence of contrast 
enhancement. 

LYMPHOMA 

Lymphoma can involve the mesentery, manifested as either 
enlarged adenopathy or less commonly peritoneal lymphoma- 
tosis. Mesenteric involvement by adenopathy is common in 
non-Hodgkins lymphoma, occurring in nearly half of these 
patients (Fig. 111-19). The classic appearance on CT is that of 
confluent masses that surround the superior mesenteric artery 



Figure 111-18 Carcinoid tumor. Axial CT in a patient with 
metastatic carcinoid tumor of the small bowel to the mesenteric 
nodes ( arrow). This metastatic node causes a desmoplastic reaction 
with radiating strands into the mesentery. 


and vein, producing the sandwich sign. 40 There is usually associ- 
ated retroperitoneal adenopathy. Many other disease conditions 
can be manifested with enlarged mesenteric adenopathy, includ- 
ing metastatic disease and reactive adenopathy from granulo- 
matous infections, acquired immunodeficiency syndrome 
(AIDS), Crohns disease, and Whipple’s disease. 

Peritoneal lymphomatosis is much less common and can 
mimic peritoneal carcinomatosis (Fig. 111-20) and tuberculous 
peritonitis. 41 Ascites is commonly seen. Bowel involvement by 
lymphoma is also often seen as bowel wall thickening or aneu- 
rysmal dilation of the bowel. Mesenteric and retroperitoneal 
enlarged adenopathy is also seen. Peritoneal lymphomatosis is 
typically seen in high-grade aggressive lymphomas, including 
small cell, large cell, and lymphoblastic lymphoma. This can 
mimic aggressive carcinomas. 
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Inflammatory and Infiltrative 
Diseases 

PANCREATITIS 

Acute pancreatitis is an acute and diffuse inflammation of the 
pancreas. This can range from mild acute pancreatitis to severe 
acute pancreatitis. Mild acute pancreatitis occurs in 75% to 80% 
of patients and is characterized by pancreatic interstitial edema 
and inflammation, which spontaneously resolves without com- 
plications. Severe acute pancreatitis is seen in a minority of 
patients and can be characterized by pancreatic or retroperito- 
neal fat necrosis and systemic distant organ failure. In the 
majority of cases, imaging is not necessary. In one third of 



Figure 111-19 Lymphoma. Patient with lymphoma involving the 
jejunum with lymphadenopathy ( arrows ) extending into the small 
bowel mesentery. 


patients with pancreatitis, the pancreas may be normal on CT. 
In the other patients with mild acute pancreatitis, thickening 
and peripancreatic fat stranding and nodularity can be seen 
(Fig. 111-21). CT with intravenous administration of contrast 
material is of help in patients with severe acute pancreatitis and 
in patients with fevers and leukocytosis. The enhanced CT can 
help assess the extent of pancreatitis and the presence of peri¬ 
pancreatic fluid collections, hemorrhage, pancreatic or retro- 
peritoneal necrosis, and pancreatic abscess formation. In these 
patients, the early use of CT has been shown to be beneficial to 
assess the severity and for follow-up. Peripancreatic fluid col¬ 
lections can dissect through the peritoneum and track along 
ligaments. They can be seen near the splenic hilum, in the gas- 
trohepatic ligament, along the transverse mesocolon, and along 
the small bowel mesentery. The colon cutoff sign is seen when 
the fluid and inflammatory changes track to the transverse 
colon through the transverse mesocolon, causing an abrupt 
change in the caliber of the colon at the anatomic junction of 
the transverse and descending colon. 

DIVERTICULITIS 

Diverticulosis of the colon is a common Ånding at CT. Diver- 
ticulitis of the colon develops in 15% to 30% of all patients with 
diverticulosis. 42 This is characterized by thickening of the 
colonic wall with poor visualization of haustral folds and 
pericolonic fat stranding (Fig. 111-22). Diverticulitis can also 
cause colonic perforation, pericolonic abscess formation, fistula 
formation to adjacent structures, and colonic or ureteral 
obstruction due to the inflammatory changes. 43 These cases 
account for approximately one fifth of cases, and surgery may 
be required instead of conservative treatment. CT provides a 
noninvasive method to assess the extent of diverticulitis and 
presence of complications and has become the imaging test of 
choice in diverticulitis. CT also provides a road map for percu- 
taneous drainage procedures for abscess collections. On occa- 
sion, perforated colonic neoplasms, pelvic inflammatory disease, 
endometriosis, and appendicitis can be confused with diver¬ 
ticulitis. Continued follow-up after resolution of acute symp¬ 
toms is recommended to exclude a primary colonic malignant 
neoplasm. 



Figure 111-20 Peritoneal lymphomatosis. Axial CT (A) and coronal PET/CT (B) demonstrate peritoneal lymphomatosis (arrows). The imaging 
appearance is similar to that of peritoneal carcinomatosis. 
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Figure 111-21 Pancreatitis. A. Axial CT at the time of acute pancreatitis demonstrates hazy soft tissue ( arrow ) surrounding the pancreas and 
extending into the root of the mesentery. B. Axial CT obtained 2 months later demonstrates evolution of the changes of pancreatitis with a more 
solid appearance (arrow). 



Figure 111-22 Diverticulitis. Axial CT in a patient with diverticulitis 
with stranding along the sigmoid colon ( arrows). 


Figure 111-23 Crohn's disease. Axial CT in a patient with Crohn's 
disease. CT demonstrates a thickened small bowel loop (arrow) 
surrounded by normal-appearing small bowel loops. 



CROHN'S DISEASE 

Crohn’s disease, a chronic granulomatous inflammatory disease 
of the gastrointestinal tract, can occur anywhere from the 
mouth to the anus. This is of unknown etiology and has a 
characteristic relapsing and remitting course involving discon- 
tinuous portions of the gastrointestinal tract. The small bowel 
and typically the distal ileum are the most commonly affected 
sites. CT Åndings include segmental bowel wall thickening, sub- 
mucosal edema, and mucosal hyperenhancement in the acute 
phase. 44 CT can also show areas of bowel stenosis or narrowing 
with prestenotic dilation, fibrofatty proliferation surrounding 
the affected segment (Fig. 111-23), fistulization to adjacent 
structures, and abscess formation. The fibrofatty proliferation 


can result in a marked increase in the amount of fat surround¬ 
ing an affected bowel loop or in increased density of the fat due 
to inflammation. Fistulization can occur to adjacent bowel 
loops but occasionally can occur to the skin. Internal fistuliza¬ 
tion can occur in 15% to 40% of patients with active disease. 
Enlarged mesenteric adenopathy, especially involving the ileo- 
colic nodes, can be seen in Crohn’s disease. CT can be beneficial 
in assessing complications and monitoring therapy. 

MR enterography is being increasingly used in young adults 
with Crohn’s disease. The advantages of MRI include repeated 
imaging without unnecessary radiation; real-time imaging to 
assess fixed small bowel loops; and diffusion-weighted imaging, 
which can highlight areas of restricted diffusion thought to be 
arising from acute inflammation. 45,46 
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MESENTERIC PANNICULITIS OR 
SCLEROSING MESENTERITIS 

This has various names, including retractile mesenteritis, 
mesenteric lipodystrophy, and xanthogranulomatous mesen¬ 
teritis. 4 It is a rare condition of unknown etiology that is char- 
acterized by mesenteric inflammation, fibrosis, and variable 
amounts of fat necrosis. This is often associated with other 
inflammatory conditions, such as retroperitoneal fibrosis, scle- 
rosing cholangitis, Riedel thyroiditis, orbital pseudotumor, and 
more recently along the Spectrum of the immunoglobulin G4- 
elevated sclerosing disorders. 48 This has a wide age range with 
the peak incidence in the sixth and seventh decades and a 
male-to-female ratio of 1.8 to 1. Criteria for diagnosis require 
exclusion of pancreatitis, inflammatory bowel disease, and 
extra-abdominal fat necrosis, such as Weber-Christian disease. 
This typically involves the small bowel mesentery, especially at 
the root of the mesentery. 

Common clinical symptoms include abdominal pain, 
weight loss, fever, nausea, vomiting, intestinal obstruction, and 
mesenteric ischemia. This condition may be manifested pre- 
dominantly in one of three ways: mesenteric panniculitis, which 
is characterized by chronic inflammation and subtle increased 
density of the mesenteric fat; mesenteric lipodystrophy, which 
is characterized by fat necrosis; and retractile mesenteritis, 
which is characterized by fibrosis. Patients may present with all 
three manifestations. 

On upper gastrointestinal and barium enema examinations, 
there is displacement of the bowel loops by a mesenteric mass, 
with the jejunal mesentery being most commonly involved. The 
bowel loops may be dilated, fixed, or narrowed, but complete 
obstruction is rare. On CT, the Åndings can vary from slightly 
increased density of the mesenteric fat to a spiculated soft tissue 
mass (Figs. 111-24 and 111-25). The soft tissue masses in this 
condition can cause intestinal obstruction and can infiltrate 
around mesenteric vessels to cause ischemia. There may be a 
small rim of fat preserved around the vessels called the fat ring 



Figure 111-24 Sclerosing mesenteritis. Axial CT in a patient with a 
carcinoid tumor of the small bowel and incidental detection of 
haziness in the mesentery ( arrows ). This was proved to be sclerosing 
mesenteritis. 


or halo sign, which may help in the diagnosis. On occasion, the 
area of mesenteritis can show areas of central calcification. Dif- 
ferential diagnosis includes carcinoid metastases to the mesen¬ 
tery and lymphoma. The Ånding of increased density of 
mesenteric fat on CT has a wide differential and is presented in 
Box 111-1. 

TUBERCULOSIS 

Tuberculous peritonitis occurs in less than 4% of patients with 
tuberculosis and has been described as the sixth most common 
site of extrapulmonary tuberculosis. 49 This is most commonly 
due to hematogenous dissemination, but ruptured involved 
bowel, nodes, or fallopian tubes may occasionally be the cause. 
As many as 80% of the cases of abdominal tuberculosis are now 
associated with underlying immuno de Aciency. 50 

This has been classiAed further into the wet, Axed and 
Abrotic, and dry plastic types. The wet type is the most common 
presentation (90%) and consists of large amounts of ascites 
(free Aowing or loculated). The Axed Abrotic type is the next 
most common and is characterized by omental and mesenteric 
masses with Axed and matted bowel loops. The dry type is 
characterized by a Abrous thickening of the peritoneum and 
caseous lymph nodes. 50 There is often overlap between these 
three types. 

The lymphadenopathy is typically found in the mesenteric 
and peripancreatic locations rather than retroperitoneally 
because of involvement of the small bowel and liver. The classic 
appearance is of rim-enhancing centrally necrotic nodes, likely 
related to caseous necrosis. The ascites is typically of high atten- 
uation ranging between 20 and 45 HU due to the high cellular 
and protein content. Other Åndings that support the diagnosis 
include hepatosplenomegaly with focal hepatic and splenic 
lesions, peritoneal enhancement, and bowel involvement. 
Assessment of the bowel, especially in the ileocecal region, may 



Figure 111-25 Sclerosing mesenteritis. Axial CT demonstrating 
sclerosing mesenteritis in another patient with mesenteric mass with 
multiple calcifications (arrows). 
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BOX 111-1 MISTY MESENTERY: DIFFERENTIAL 
DIAGNOSIS 


MESENTERIC EDEMA 

Hypoalbuminemia 
Portal hypertension 
Cirrhosis 

Nephrotic syndrome 

Heart failure 

Constrictive pericarditis 

Portal vein thrombosis 

Superior mesenteric vein thrombosis 

Superior mesenteric artery thrombosis 

Budd-Chiari syndrome 

Vasculitis 

Trauma 

Neoplasm 

Surgery 

LYMPHEDEMA 

Inflammation 

Neoplasm 

Surgery 

Radiation therapy 
Congenital malformation 

INFLAMMATION 

Pancreatitis 

Appendicitis 

Diverticulitis 

Inflammatory bowel disease 
Tuberculosis 
Amyloidosis 
Mesenteric panniculitis 

HEMORRHAGE 

Trauma 

Bowel ischemia and infarction 
Anticoagulation 

NEOPLASMS 

Non-Hodgkin's lymphoma 
Mesothelioma 
Carcinoid tumor 
Pancreatic carcinoma 
Colon carcinoma 
Ovarian carcinoma 
Breast carcinoma 
Melanoma 

Gastrointestinal stromal tumor 


further help with the diagnosis. Early diagnosis and treatment 
are crucial because of the high mortality rates. 50 

WHIPPLE'S DISEASE 

Whipple’s disease is a rare multisystem infection caused by a 
gram-positive bacillus, Tropheryma whipplei. It affects multiple 
organs. There is abnormal accumulation of lipid-laden macro- 
phages, which contain bacterial elements that stain with the 
periodic acid-Schiff method. These macrophages accumulate 
mainly in the submucosa of the small bowel. Clinical symptoms 
include weight loss, abdominal pain, arthralgias, and steator- 
rhea. Small bowel fold thickening is noted along with enlarged 
low-attenuation mesenteric nodes. The fold thickening is likely 
to be related to a combination of macrophage deposition and 
dilated lymphatics from nodal involvement. Enlarged low- 
attenuation mesenteric nodes, which can cause lymphatic stasis 


and secondary bowel thickening, are typically seen. Enlarged 
nodes can be seen in the peripancreatic, retroperitoneal, and 
occasionally mediastinal locations. 

The low attenuation of these nodes is characteristic 
for Whipple’s disease. 51 The differential diagnosis for low- 
attenuation nodes includes metastatic disease, such as treated 
testicular cancer, treated lymphoma, and tuberculosis. 

AMYLOIDOSIS 

Systemic amyloidosis is caused by the extracellular deposition 
of amyloid in an abnormal fibrillar form in multiple organs. 
This may occur as a primary process or secondary to a number 
of chronic diseases and can occur in multiple myeloma. Clinical 
symptoms and signs include bowel obstruction, pseudo- 
obstruction, hepatomegaly, and macroglossia. The amyloid 
deposition can lead to bowel wall thickening and rarely to mes¬ 
enteric and omental soft tissue infiltration. Discrete nodules 
and coarse dystrophic calcification within the involved perito- 
neum can be seen on CT. Mesenteric and retroperitoneal 
lymphadenopathy can also be seen." 

EXTRAMEDULLARY HEMATOPOIESIS 

Extramedullary hematopoiesis refers to conditions in which 
there is a compensatory response to decreased hematopoiesis 
(as in myelofibrosis) or in the presence of a hemoglobinopathy 
(such as thalassemia). The predominantly affected regions are 
the liver, spleen, and paraspinal soft tissues. Rarely, the mesen- 
tery and peritoneum may be involved. On CT, this is manifested 
as large soft tissue masses within the mesentery and perito¬ 
neum, with minimal mass effect on adj acent structures such as 
the bowel. 5 Differential diagnosis includes lymphoma. 

TRAUMA AND HEMORRHAGE 

Mesenteric hemorrhage is unusual but can be seen in blunt 
abdominal trauma, aneurysm rupture, anticoagulation, and 
thrombocytopenia. Acute hemorrhage can be dense (between 
50 and 60 HU) on noncontrast CT, 55 which can decrease in 
attenuation during 2 weeks. Barium studies may demonstrate 
displacement of bowel loops and bowel wall thickening if there 
is bowel wall hemorrhage. On ultrasound, there can be a variety 
of appearances, depending on the age of the hemorrhage. Simi- 
larly, on MRI, there can be a variety of appearances on the basis 
of the age of the hemorrhage. Most acute hemorrhages have a 
high TI signal intensity. Approximately 50% of the significant 
hemorrhages that occur with anticoagulation occur intra- 
abdominally and can involve bowel wall, retroperitoneum, and 
the abdominal wall. 

MESENTERIC EDEMA 

Mesenteric edema can be caused by conditions including sys¬ 
temic hypoalbuminemic States, such as cirrhosis or nephrotic 
syndrome, and lymphatic or venous obstruction. The typical 
finding on CT is diffuse increased hazy density of the fat of the 
mesentery and indistinctness of vessels within the mesentery. 
The term misty mesentery , used by Mindelzun and colleagues, 2 
is often the sign of underlying mesenteric disease and is associ- 
ated with an increase in the density of the fat in the mesentery. 
This is a nonspecific sign and can be seen in mesenteric edema, 
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hemorrhage, trauma, inflammation, and tumor involvement as 
shown in Box 111-1. Careful assessment of the larger mesenteric 
veins for venous thrombus and venous obstruction related to a 
mass should be performed. In systemic conditions causing the 
mesenteric edema, subcutaneous and bowel wall edema can 
also be seen. 

MESENTERIC CYSTS 

Cystic lesions in the mesentery may be duplication cysts, 
enteric cysts, lymphangiomas, pseudocysts, teratomas, and 
mesothelial cysts. 56,57 These are frequently congenital and 
benign lesions. 

Lymphangiomas are multilocular cystic lesions with rim 
enhancement. The different locules may contain complex fluid. 
These can be adherent to adjacent bowel, necessitating bowel 
removal at the time of resection. Pseudocysts can be seen in 
patients with a prior history of pancreatitis (Fig. 111-26). They 
can be unilocular or multilocular and have a distinet wall. The 
wall typically shows contrast enhancement. They can demon- 
strate echogenic debris on ultrasound. Enteric duplication cysts 
also typically have thick walls (Fig. 111-27) compared with 
enteric cysts, which have a thin wall. Benign cystic mesothelio- 
mas are also in the differential. 

Omentum 

The anatomy of the omentum is discussed earlier. The omentum 
also contains vessels and lymphatics along with areolar tissue, 
just like the other peritoneal folds. In addition to storing fat, the 
omentum plays an important role in walling off infeetions and 
seavenges inflammatory and neoplastic cells in the peritoneal 
cavity. The arterial supply is from branches of the celiac axis, 
and the venous drainage is through the splenic and superior 
mesenteric veins into the portal vein. Whereas the greater 



Figure 111-26 Pseudocyst. Axial CT demonstrating a pseudocyst 
(Ps, arrow) near the panereas (P). 


omentum helps minimize the spread to transdiaphragmatic 
lymph channels, this may inerease the spread to the portal cir- 
culation and liver. 

RADIOLOGIC FEATURES 

Plain abdominal radiographs rarely depict omental disease. In 
cases of large omental masses, secondary signs related to dis- 
placement of bowel loops may help make the diagnosis. Indirect 
evidence of omental infiltration on barium enema studies may 
be inferred by mass effeet, tethering of folds, or luminal nar- 
rowing, especially along the superior border of the transverse 
colon. 

Ultrasound may be of help in patients with large omental 
masses, but distinguishing smaller masses from bowel loops 
may be difficult. Ultrasound is also operator dependent, making 
reproducibility and assessment of response difficult. 

The most commonly used imaging modality in assessment 
of omental and peritoneal disease is CT. With the advent of 
multidetector CT (MDCT), thinner slices and rapid speed of 
imaging have improved detection of small omental and perito¬ 
neal nodules. Optimal bowel contrast opacification is critical in 
imaging of patients with suspected omental and peritoneal 
disease. Lack of intra-abdominal fat may make the visualization 
of the omental disease difficult. 

The normal greater omentum is routinelv identified as a 

homogeneous fat-attenuating structure anterior to and lateral 

to the transverse colon . This should be distinguished from the 
more centrally located small bowel mesentery. The omentum is 
typically affeeted secondarily in disease processes such as peri¬ 
toneal carcinomatosis and can be involved in inflammatory 
processes that affeet the peritoneum and the adjacent organs. 
Primary omental disease is rare and may be seen with omental 
cysts, segmental infaretion, torsion, and primary omental 
tumors. 



Figure 111-27 Enteric duplication cyst. Axial CT demonstrating a 
thick-walled enteric duplication cyst ( arrows ). 
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PRIMARY NEOPLASMS 

Primary omental neoplasms are rare and can include tumors of 
mesenchymal origin, such as lipoma/liposarcoma, lipoblas- 
toma, fibroma/fib rosar coma, and leiomyoma/leiomyosarcoma. 58 
Teratomas and hemangioblastomas of the omentum have also 
been described. Symptoms occur late in the course of disease 
and are nonspecific and may be related to abdominal bloating 
and pain. Approximately 33% of omental masses are malignant. 
The CT appearance for omental masses is often nonspecific. 
The presence of fat within the mass may further narrow the 
differential diagnosis to masses that contain fat, such as lipoma, 
lipoblastoma, and liposarcoma, and other non-neoplastic con- 
ditions, such as panniculitis, focal infarction, and torsion. 

METASTATIC DISEASE AND LYMPHOMA 

Metastatic disease is the most common cause of omental lesions. 
The metastatic cells can implant on the surface of the omentum 
and invade through the loosely bound basement membrane to 
proliferate in the omental fat. Omental infiltration favors a 
diagnosis of tumor involvement and usually indicates perito¬ 
neal involvement. The classic “omental cake” is from complete 
replacement of the omentum by tumor involvement (Fig. 111- 
28). On CT, a thick soft tissue mass is seen renlacing the entire 

omentum and is located anterior to the transverse colon . This 

soft tissue mass can extend down into the pelvis also. The early 
manifestations of omental involvement on CT can begin as 
small areas of nodularity and fat stranding. Detection of small 
omental implants has improved with MDCT but still remains 
a challenge. Assessment for secondary signs of peritoneal 
involvement, such as ascites, may also be of help. 

Ovarian cancer is the most frequent cause of metastatic 
disease to the omentum. Omental involvement is found at the 
time of initial laparotomy and is almost universally present at 



Figure 111-28 Omental cake. A xial CT demonstratina omental 
cake ( arrows ) in a patient with metastatic ovarian cancer. 


autopsy. Although an abnormal-appearing omentum in a 
patient with ovarian cancer is strongly indicative of metastatic 
disease, a normal-appearing omentum on CT does not exclude 
involvement. 59 Tumors that commonly spread to the omentum 
include carcinomas of the colon, stomach, pancreas, breast, and 
endometrium and adenocarcinomas of unknown primary site. 58 
Melanomas, sarcomas, and lymphomas can also involve the 
omentum. Calcified omental masses generally indicate tumors 
of mucinous origin, such as ovarian and colon tumors. Leio- 
myosarcomas typically tend to produce large, well-defmed soft 
tissue masses in the omentum with areas of central necrosis. 

INFLAMMATORY DISEASES 

Pancreatitis 

Inflammation from pancreatitis typically involves the peripan- 
creatic fat, adjacent retroperitoneum, and lesser sac and can 
extend to involve the small bowel mesentery. In severe cases, the 
inflammation may extend to the colon and greater omentum. 
Omental changes, such as stranding and infiltration phlegmon- 
ous changes, pseudocyst and abscess formation, and occasion- 
ally ascites, can occur. 

Tuberculosis 

The CT appearance of tuberculous peritonitis can be indistin- 
guishable from that of peritoneal carcinomatosis with omental 
nodularity, caking, and ascites. Centrally low attenuation, 
enlarged nodes may help narrow the differential diagnosis. 
Hepatosplenomegaly is an associated finding seen in tubercu¬ 
losis. In patients with risk factors, tuberculous peritonitis should 
be considered because of the high mortality associated with this 
condition. 

Panniculitis 

Idiopathic panniculitis is inflammation of the fat in the 
omentum. The CT Åndings include increased density and 
stranding surrounding the omentum. The changes are identical 
to those observed in the small bowel mesentery, where they are 
more common. 

MISCELLANEOUS CONDITIONS 

A variety of other processes affect the omentum. These include 
traumatic hematoma, omental hernias, omental infarction, and 
torsion. Primary segmental infarction often involves the free 
edge of the right lateral omentum. Right lower quadrant 
pain mimicking appendicitis or cholecystitis can be the present - 
ing symptom. This typically involves young adults (20 to 40 
years old), and men are affected twice as commonly as women. 
The diagnosis on CT is suggested by the presence of focally 
infiltrated omental fat in the right lower quadrant with a 
normal-appearing appendix and gallbladder and associated 
complex intraperitoneal fluid. Omental torsion can be sug¬ 
gested in patients with acute abdominal pain if the CT Åndings 
show a fatty mass with fine concentric or swirling lines in the 
anterior abdomen. 

In summary, peritoneal and omental disease may show a 
wide Spectrum of Åndings on imaging studies. CT and MDCT 
are currently the most effective radiologic imaging modalities 
for detection and characterization of pathologic processes 
involving these areas. The speciAc feature and distribution of 
disease can often lead to a precise diagnosis. 
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Abdominal hernias are commonly encountered in clinical prac- 
tice, and they account for approximately 750,000 operations per 
year in the United States. 1 Most herniations involving the ante¬ 
rior abdominal wall or groin can be easily diagnosed by inspec- 
tion and palpation. In these cases, the radiologic examinations 
are useful for preoperative demonstration of the hernias con- 
tents and associated complications, such as bowel obstruction 
or ischemia. Diagnostic radiology is the principal means of 
detecting the internal, diaphragmatic, and other nonpalpable or 
unsuspected hernias. 1 

Multidetector computed tomography (MDCT) can show 
several features of hernias that are critical to diagnosis and 
management: the precise anatomic site of the hernia sac; the 
shape of the sac and its connections; the contents of the sac; 
the hernia cuff and surrounding wall; and complications of the 
intestinal, vascular, omental, and mesenteric wall and cavity of 
the hernia sac. The multiplanar capabilities of MDCT offer 
exquisite detail of the anterior abdominal and pelvic wall. It can 
identify wall hernias and their contents, detect postoperative 
complications, and characterize hematomas, abscesses, and 
neoplasms. 

This chapter describes the clinical and radiologic features of 
various abdominal herniations. In many instances, small and 
reducible hernias are discovered incidentally during gastroin- 
testinal barium studies or CT of the abdomen performed to 
investigate unrelated conditions. 2 Asymptomatic hernias do 
not warrant surgical repair, but their presence should always be 
brought to the attention of the patient and the referring physi- 
cian. If intestinal obstruction attributable to an incarcerated 


hernia develops at a future time, it can then be treated without 
undue delay while the underlying cause is sought. 

Hernia Classification 

Abdominal hernias can be classified as three major types. Inter¬ 
nal hernia denotes protrusion of gut through a peritoneal or 
mesenteric aperture of omentum, mesentery, or peritoneal liga¬ 
ment, leading to its encapsulation within another compartment 
of the otherwise intact abdominal cavity. An external hernia 
(i.e., abdominal wall hernia) is caused by prolapse of an intes¬ 
tinal loop, omentum, or mesentery through a defect in the wall 
of the abdomen or pelvis. Diaphragmatic hernias, in which gut, 
omentum, or mesentery herniates into the chest, are usually 
considered a separate category. 

The responsible hernia orifice is often a preexisting anatomic 
structure, such as the epiploic foramen of Winslow, inguinal 
canals, or esophageal hiatus. Pathologic defects of congenital, 
postsurgical, or traumatic origin are also potential sites of 
herniation. Mobile segments of the small or large bowel are 
usually the content of abdominal hernias, but the greater 
omentum and various other viscera or pelvic organs are occa- 
sionally involved. 

The nomenclature used for specific hernias indicates the 
anatomic location of their orifice rather than the nature of the 
protruding organ. The classification is therefore based on topo- 
graphic distribution of the relatively common types of hernias 
(Box 112-1). 

Hernias 

INTERNAL ABDOMINAL HERNIAS 

The autopsy incidence of internal hernias is in the range of 
0.2% to 0.9%. 2,4 They are becoming more common with 
increasing use of bariatric surgery and liver transplantation. 
Figure 112-1 shows their typical location. 2 Internal hernias 
may remain clinically silent if they are easily reducible, but 
the larger ones often cause vague epigastric discomfort, 
colicky periumbilical pain, and recurrent episodes of intes¬ 
tinal obstruction. Physical examination may reveal a palpable 
mass of herniated loops with localized tenderness. In these 
patients, the correct diagnosis can be made if barium study 
or CT of the abdomen is performed during the symptomatic 
periods. Otherwise, the hernia may not be recognized after 
it is reduced spontaneously or after bowel decompression 
with a nasogastric tube. 

By far, the most common presentation of an incarcerated 
internal hernia is acute small bowel obstruction. In a large series 
of patients who underwent operation for bowel obstruction, the 
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BOX 112-1 CLASSIFICATION OF HERNIAS 


INTERNAL ABDOMINAL HERNIAS 

Paraduodenal 

Foramen of Winslow 

Pericecal 

Intersigmoid 

Transmesenteric 

Retroanastomotic 

EXTERNAL ABDOMINAL OR PELVIC HERNIAS 

Abdominal wall 
Umbilical 
Ventral 
Spigelian 
Lumbar 
Incisional 

Pelvic walls and groin 
Inguinal 
Femoral 
Obturator 
Sciatic 
Perineal 

DIAPHRAGMATIC HERNIAS 

Esophageal hiatus 
Foramen of Bochdalek 
Foramen of Morgagni 
Acquired defects 


underlying causes proved to be internal hernia (4.1%), external 
hernia (17.5%), neoplasms (18%), or adhesions (32%). 8 

Each type of internal hernia has specifk radiologic features 
(Table 112-1), which are described later in this chapter. As a 
general rule, barium studies and CT show certain diagnostic 
hallmarks shared by various internal hernias, including abnor¬ 
mal location of an intestinal segment in susceptible regions, 
such as the lesser sac; encapsulation and crowding together of 
several small bowel loops within the confines of the peritoneal 
cavity; stasis of contrast material in the lumen and dilation of 
more proximal bowel; and apparent fixation of the herniated 
loops, preventing their separation or dislodgment during fluo- 
roscopic manipulations or by changing the position of the 
patient. 2,4 

Preoperative radiologic diagnosis or a high index of suspi- 
cion for an internal hernia is important because at laparotomy, 
spontaneous reduction or inadvertent traction of the herniated 
loops may cause it to be overlooked. The usual abdominal 
exploration is inadequate for evaluating all peritoneal fossae 
and mesenteric defects that could serve as potential sites of 
herniations. 2 4 

Paraduodenal Hernia 

Paraduodenal hernias are the most common type of intra- 
abdominal herniation, and they account for 53% of the reported 
cases. 2,9 ' 13 They are more common in men than in women, with 
a ratio of about 3:1. Approximately 75% occur on the left and 
involve the paraduodenal fossa of Landzert. This peritoneal 
pocket is observed at 2% of autopsies. It is located just lateral 
to the ascending, or fourth, segment of the duodenum, beneath 
a peritoneal fold elevated by the inferior mesenteric vein and 
ascending left colic artery. Small bowel loops enter the sac from 
behind, where the duodenum emerges from its fixed retroperi- 
toneal position. They protrude farther posteriorly and to the 
left, essentially herniating into the descending mesocolon and 
distal portion of the transverse mesocolon. 2 4 



Figure 112-1 Abdominal and pelvic hernias. A. The drawing 
(coronal view) shows the locations and directions of internal hernias of 
the upper and lower abdominal peritoneal cavity: foramen of Winslow 
hernia (A), left paraduodenal hernia (B), right paraduodenal hernia (C), 
transmesenteric hernia (D), pericecal hernia (E), transomental hernia (F), 
and intersigmoid hernia (G). B. The drawing (superior view) shows the 
locations of internal hernias, pouches, and fossae of the pelvic cavity in 
a female patient: supravesical hernia (H), hernia through the broad 
ligament (I), vesicouterine pouch (1), Douglas (rectouterine) pouch (2), 
and perirectal fossa (3). (From Kudo M: Operation for uterus. In Takeda 
Y [ed]: Anatomy for Obstetric and Gynecologic Surgery, Tokyo, 1999, 
Medical View, pp 38-67; Asanuma Y: Pancreas and spleen. In Matsuno 
S, Hatakeyama K, Kanematsu T [eds]: Comprehensive Anatomy for 
Gastroenterological Surgery: Small Intestine, Anorectal Disease, Colon, 
Liver, Gallbladder, Biliary Tract, Pancreas and Spleen, Tokyo, 1999, 
Medical View, pp 108-144; Kuwahara M: Anatomical precautions of 
adjacent organs. In Yoshida O [ed]: Anatomy for Urologic Surgery, 
Tokyo, 1998, Medical View, pp 114-133.) 

Twenty-five percent of paraduodenal hernias develop on the 
right side of the abdomen and typically involve the mesenteri- 
coparietal fossa of Waldeyer. This abnormal pocket in the 
jejunal mesentery is found at 1% of autopsies. Its orifice is 
located immediately behind the superior mesenteric artery and 
inferior to the transverse segment of the duodenum; however, 
the peritoneal pocket itself extends to the right and downward, 
directly in front of the posterior parietal peritoneum. Accord- 
ingly, the right paraduodenal hernia can be viewed as small 
bowel herniation into the ascending mesocolon. 4,9 

The clinical manifestations of paraduodenal hernias 
range from intermittent and mild digestive complaints to acute 
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Clinical and Imaging Findings for Internal Hernias 


Hernia Type 

Subtype 

Incidence* 

Characteristic 

Clinical Findings 

Radiography and 
Barium Studies 

CT Findings 

Key Vessel 

Left paraduodenal 

Congenital, 

40% of all 

Postprandial pain, 

Encapsulated 

Clustered dilated 

IMV in the 


normal aperture 

hernias, 

75% of 

paraduodenal 

hernias 

may date back to 
childhood 

cluster of the 
jejunum in 

LUQ, lateral to 
the ascending 
duodenum; 
may have mass 
effeet, i ndentin g 
the posterior 
wall of stomach 
or displacing 
the transverse 
colon inferiorly 

small bowel 
loops between 
the stomach 
and panereas, 
behind the 
panereas itself, 
or between 
transverse colon 
and left adrenal 
giand 

neck of the 
hernia sac 
with anterior 
upward 
displacement 
of the IMV 

Right 

Congenital, 

13% of all 

Postprandial pain, 

Encapsulated 

Encapsulated 

SMA displaced 

paraduodenal 

normal aperture 

hernias, 

25% of 

paraduodenal 

hernias 

may date back to 
childhood 

loops lateral 
and inferior to 
the descending 
duodenum; 
associated with 
small bowel 
nonrotation 

loops lateral 
and inferior to 
the descending 
duodenum; 
associated with 
small bowel 
nonrotation 

anteriorly 

Pericecal 

Congenital or 
acquired, 
abnormal 
aperture 

13% 

RLQ pain, differential 
diagnosis of 
appendicitis; 
high incidence of 
occlusive symptoms 

Clustered small 
bowel loops 
(usually distal) 
posterior and 
lateral to the 
cecum in the 
right paracolic 
gutter 

Clustered small 
bowel loops 
(usually distal) 
posterior and 
lateral to the 
cecum in the 
right paracolic 
gutter 

None 

Foramen of 

Congenital, 

8% 

Symptoms of proximal 

Circumscribed 

Loops in the lesser 

None; vessels 

Winslow 

normal aperture 


obstruction 
because of mass 
effeet on stomach; 
symptom onset 
often preceded by 
changes in intra- 
abdominal pressure 
(i.e., parturition, 
straining); relief 
of symptoms with 
forward bending 

loops medial 
and posterior 
to the stomach; 
differential 
diagnosis of 
cecal volvulus 

sac between the 
liver hilum and 
IVC 

stretched 
through the 
foramen of 
Winslow 

Intersigmoid 

Type 1: 
congenital, 
normal aperture 
Types 2 and 

3: acquired, 

abnormal 

aperture 

6% 

None 

U- or C-shaped 
cluster of small 
bowel posterior 
and lateral to 
the sigmoid 
colon 

U- or C-shaped 
cluster of small 
bowel posterior 
and lateral to 
the sigmoid 
colon 

None 

Transmesenteric 1 

In children: 
congenital, 
abnormal 
aperture 

In adults: usually 
acquired, 
abnormal 
aperture 

8% 

Two typical patient 
populations: children 
and postsurgical 
adults 

In adults, less 
vomiting because 
fewer secretions 
in proximal gastric 
pouch, onset more 
acute 

Variable, air 
within gastric 
remnant; may 
simulate a left 
paraduodenal 
hernia 

Small bowel 
lateral to the 
colon; displaced 
omental fat with 
small bowel 
direetly abutting 
the abdominal 
wall 

None 

Retroanastomotic 1 

Acquired, 

abnormal 

aperture 

5% 

Usually within the 
first postoperative 
month; less vomiting 
because fewer 
secretions in the 
proximal gastric 
pouch 

Variable 

Variable 

None 


*lncidences for the first six types are from Meyers 112 ; they are historie data but are the only major source available. Incidences for these first six 
types of internal hernias total only 93% because the perivesical hernias reported 112 are not true internal hernias, so they were not included in 
this review. 

f Probably more transmesenteric and retroanastomotic internal hernias currently because of the number of liver transplantations and gastric 
bypass operations being performed throughout the United States during the past decade. The 5% refers to the incidence after Roux loops 
were used during surgery for reasons other than liver transplantation or gastric bypass. 

IMV, Inferior mesenteric vein; WC, inferior vena cava; LUQ, left upper quadrant; RLQ, right lower quadrant; SMA, superior mesenteric artery. 
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intestinal obstruction. Recurrent periumbilical cramps or post- 
prandial epigastric pain and distention are frequently experi- 
enced before the onset of incarceration. 2,9 Contrast examinations 
of the gastro intestinal tract are most likely to provide the correct 
diagnosis during symptomatic periods. After the hernia is 
reduced spontaneously, however, results of barium studies 
tend to be negative, and the patient may be mislabeled as 
psychoneurotic. 

The characteristic radiographic features of left paraduodenal 
hernias have been described by several investigators. 2,4,5,912 A 
circumscribed, ovoid mass of multiple jejunal loops occupies 
the left upper quadrant immediately lateral to the ascending 
duodenum (Fig. 112-2). The hernia indents the posterior gastric 
wall and depresses the distal transverse colon. Fluoroscopy and 
serial radiographs reveal a separation of encapsulated loops 
from the remaining small intestine. Dilation of the involved 
segments and stasis of barium may also be evident. Because the 
duodenum is retroperitoneal and the herniated proximal jejunal 



Figure 112-2 Left paraduodenal hernia. A. Graphic illustration of 
a left paraduodenal hernia depicts loop of small bowel prolapsing 
(■curved arrow) through Landzert's fossa, located behind inferior 
mesenteric vein and ascending left colic artery ( straight arrow). 
Herniated bowel loops are therefore located lateral to the fourth 
portion of the duodenum. B. Axial CT scan shows a closed loop 
obstruction of a short segment of proximal jejunum ( arrows). The 
mural thickening and mesenteric edema suggest superimposed 
ischemia. (A from Martin LC, Merkle EM, Thompson WM: Review of 
internal hernias: Radiographic and clinical findings. AJR Am J 
Roentgenol 186:703-717, 2006. Reprinted with permission from the 
American Journal of Roentgenology.) 


loops enter the fossa of Landzert posteromedially, only one loop 
of distal small intestine exits through the hernia orifice. The 
inferior mesenteric vein and ascending left colic artery lie in the 
anteromedial border of the left paraduodenal hernia. 2,4,9 These 
findings are best appreciated during laparotomy, but CT scans 
of the upper abdomen may help demonstrate them before 
operation. 

Right paraduodenal hernias are manifested as a similar ovoid 
gro uping of several small bowel loops just lateral and inferior 
to the descending duodenum (Fig. 112-3). They are usually 
more massive and fixed than those on the left side. Afferent and 



Figure 112-3 Right paraduodenal hernia. A. Graphic illustration of 
right paraduodenal hernia shows loop of small bowel prolapsing 
(arrow) through Waldeyer's fossa, behind superior mesenteric artery 
and inferior to third portion of duodenum (asterisk). B. Axial CT scan 
shows a cluster of jejunal loops (arrow) in a closed loop obstruction. 
Note the poor mural enhancement and edema in the adjacent 
mesentery, indicating ischemia. (A from Martin LC, Merkle EM, 
Thompson WM: Review of internal hernias: Radiographic and clinical 
findings. AJR Am J Roentgenol 186:703-717, 2006. Reprinted with 
permission from the American Journal of Roentgenology.) 
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efferent intestinal loops pass through the hernia orifice, where 
they are closely apposed and narrowed. 2,4,5,7,13 Lateral radio- 
graphs are particularly useful for demonstrating the retroperi- 
toneal displacement of the hernia contents. Barium enema 
examination shows that the ascending colon lies lateral to a 
right paraduodenal hernia, and the cecum retains its normal 
position. 

The superior mesenteric artery and its ileocolic branches are 
situated in the anterior wall of the right paraduodenal hernia 
sac. The passage of herniated loops behind these vessels causes 
arteriographically detectable changes. 2 The jejunal arteries, 
which normally arise from the left side of the superior mesen¬ 
teric artery, abruptly reverse direction to the right and course 
behind the parent vessel to supply the herniated loops in the 
fossa of Waldeyer. 

Operative techniques for the correction of paraduodenal 
hernias are described elsewhere. 9 Preoperative diagnosis and 
demonstration of their radiographic anatomy assist the surgeon 
to better understand the extremely confusing laparotomy ånd¬ 
ings. Blind division of the hernia sac should be avoided because 
it carries the risk of injury to the vital mesenteric vessels con- 
tained within its wall. It may create a mesenteric defect that 
could later serve as a potential site for an iatrogenic internal 
hernia. 2,4 

Foramen of Winslow Hernia 

The lesser sac communicates with the greater peritoneal cavity 
through the epiploic foramen of Winslow. This small opening 
can serve as a pathway for protrusion of viscera into the lesser 
sac, where 8% of all internal hernias occur. 2, 4-7,14 The small 
intestine is the herniated segment in 60% to 70% of cases. The 
terminal ileum, cecum, and ascending colon are involved in 
about 25% to 30%. The transverse colon, gallbladder, and 
omentum account for the remainder. Predisposing factors 
include an enlarged foramen of Winslow and excessively mobile 
intestinal loops because of a long mesentery or persistence of 
the ascending mesocolon. Herniation into the lesser sac may be 
provoked by a sudden increase in intra-abdominal pressure, like 
that experienced while lifting heavy weights or during parturi- 
tion. An elongated right lobe of the liver can also be a contribut- 
ing factor by directing the mobile intestinal loops toward the 
foramen of Winslow. 

This type of internal hernia usually affects middle-aged 
patients and is manifested as progressive upper abdominal pain 
and acute onset of small bowel obstruction. Physical examina¬ 
tion usually reveals localized tenderness and distention in the 
epigastric regions. A helpful sign is the relief of pain with 
forward bending or in the knee-chest position. 

Several radiologic features of hernias through the foramen 
of Winslow are characteristic: 

1. Plain radiographs of the abdomen show bowel loops con- 
taining gas within the lesser sac medial and posterior to 
the stomach, usually in conjunction with markedly dilated 
proximal small intestine. The right iliac fossa may appear 
empty if the cecum and ascending colon are the herniated 
segments. 2,4,5 

2. Upper gastro intestinal examination demonstrates dis¬ 
placement of the stomach to the left and anteriorly 
because of extrinsic compression by the mass of herniated 
loops in the lesser sac. The first and second portions of 
the duodenum may be compressed and deviated to the 
left side. 


3. Small bowel series show dilation and hyperperistalsis 
of the intestinal loops that indicate distal mechanical 
obstruction. Serial radiographs and fluoroscopy can 
localize the site of obstruction to the right upper abdomen, 
corresponding to the anatomic location of the foramen 
of Winslow between the duodenal bulb and the hilum of 
the liver. 

4. If the herniation involves the cecum and ascending 
colon, barium enema examination may reveal a 
tapered narrowing or obstruction near the hepatic 
flexure. 2,4 

5. CT scans of the abdomen show an aberrant position of 
the bowel loops between the liver, the stomach, and the 
pancreas (Fig. 112-4). CT is the optimal imaging tech- 
nique to demonstrate the presence and content of hernia- 
tions involving the lesser sac. 5 ' 7,14 

6. Gallbladder herniation into the lesser sac can be diag- 
nosed when the opacified gallbladder appears elongated 
and its fundus is malpositioned on the left, indenting 
the gastric antrum or body of the pancreas. Manual 
compression of the epigastrium can reduce the hernia 
if the foramen of Winslow is widely patent. Gallbladder 
strangulation and perforation in the lesser sac may 
occur if the condition is not diagnosed and treated 
promptly. 15 

Besides the foramen of Winslow, there may be other open- 
ings for herniation into the lesser sac. For instance, a defect in 
the gastrohepatic ligament forming the anterior wall of the 
lesser sac may follow partial gastrectomy. A congenital or 
acquired defect may also be present in the transverse mesocolon 
or gastrocolic ligament, which constitutes the floor of the lesser 
sac. The intestinal loops can prolapse through these openings 
to occupy the lesser sac or reenter the greater peritoneal cavity 
by the foramen of Winslow. 2,4,16,17 

Pericecal Hernia 

Four peritoneal fossae located in the ileocecal region as well as 
congenital and acquired defects in the mesentery of the cecum 
or appendix may lead to development of a pericecal hernia. 2,4 5 
The various other terms used to classify these hernias (e.g., 
ileocolic, retrocecal, ileocecal, paracecal) appear to have limited 
practical value for radiologic differential diagnosis and surgical 
management. 

In a collective review of 467 cases of internal hernia, 13% 
involved the ileocecal region. 2 The clinical manifestations are 
usually intermittent episodes of colicky right lower abdominal 
pain associated with small bowel distention, nausea, and vomit- 
ing. Chronic incarceration may produce symptoms compatible 
with periappendiceal abscess, regional enteritis, or intestinal 
obstruction caused by adhesions. 

In most cases, an ileal segment herniates through a defect in 
the mesentery of the cecum and occupies the right paracolic 
gutter. The correct diagnosis may be suggested on plain radio¬ 
graphs of the abdomen (Fig. 112-5), provided the unusual rela- 
tionship of the ileum to the cecum is recognized in association 
with small bowel obstruction. More useful are delayed radio¬ 
graphs of a small bowel series or a barium enema examination 
with retrograde opacifkation of the terminal ileum. Careful 
fluoroscopic evaluation and filming in lateral and oblique pro- 
jections are particularly valuable for the demonstration of the 
fixed position of the herniated ileal loop posterolateral to the 
cecum. 


2058 SECTION XIII Peritoneal Cavity 


Figure 112-4 Foramen of Winslow hernia. 

A. Graphic illustration of foramen of Winslow 
hernia shows bowel about to prolapse ( arrow) 
into lesser sac, behind hepatoduodenal 
ligament, the free edge of the lesser omentum. 

B. CT scan shows small bowel ( arrows ) 
herniated into the lesser sac, causing a closed 
loop obstruction. C. Scan obtained several 
hours later shows that these loops have 
become ischemic and hemorrhagic. (A from 
Martin LC, Merkle EM, Thompson WM: Review 
of internal hernias: Radiographic and clinical 
findings. AJR Am J Roentgenol 186:703-717, 
2006. Reprinted with permission from the 
American Journal of Roentgenology.) 


A 





Intersigmoid Hernia 

Intersigmoid hernias involve the intersigmoid fossa, a perito¬ 
neal pouch located between the two loops of the sigmoid 
colon and its mesentery. This pocket is found at 65% of 
autopsies. 2,4,5,18 

Intersigmoid hernias are usually reducible and are an inci¬ 
dental finding during laparotomy. Radiologic diagnosis is best 
made on barium enema studies in which retrograde filling of 
the small bowel has been achieved. The examination typically 
shows a portion of jejunum or ileum to be encapsulated between 
the sigmoid loops (Fig. 112-6). 

In this context, two similar entities deserve a brief mention: 

1. In transmesosigmoid hernias , a defect involving both layers 
of the sigmoid mesentery allows herniation of the small 
bowel loops toward the left lower abdomen, posterolateral 
to the sigmoid colon. The hernia ring is usually a long slit 
whose fibrous edge is bound by branches of the inferior 
mesenteric vessels. 2,19 

2. In intramesosigmoid hernia , a congenital defect may be 
present in only one of the constituent leaves of the 
sigmoid mesentery. The small bowel loops passing 
through this oriflce are incarcerated in a hernia sac, which 
is formed by separation of medial and lateral leaves of the 
mesosigmoid. 4,18 

Radiologic differentiation of these three types of hernias 
involving the mesosigmoid is often difficult, and in terms of 
their ultimate surgical management, it is irrelevant. 

Transmesenteric Hernia 

Approximately 5% to 10% of all internal hernias occur through 
defects in the mesentery of the small bowel. They have no limit - 
ing sac, but their functional significance is similar to that of true 
internal hernias. 4,19 ' 23 


Almost 35% of transmesenteric hernias affect the pediatric 
age group, in which they constitute the most common type of 
internal herniation. The underlying mesenteric defects are 
usually 2 to 5 cm in diameter and located close to the ligament 
of Treitz or the ileocecal valve. 2,4 A causal relationship to prena- 
tal intestinal ischemic accidents seems likely because such mes¬ 
enteric apertures and associated hernias are frequently found in 
infants with atretic bowel segments. In adults, however, most 
mesenteric defects are probably the result of previous gastroin- 
testinal operations, abdominal trauma, or intraperitoneal 
inflammation. 2,4,24 

In the absence of a limiting hernia sac, a considerable length 
of small intestine may protrude through the mesenteric aper- 
ture. Volvulus may further complicate the process and cause 
rapid strangulation and intestinal gangrene. 20 24 Patients present 
with severe periumbilical cramps accompanied by hyperactive 
bowel sounds and progressive distention. A tender abdominal 
mass, representing the Gordian knot of herniated intestine, may 
be palpable. Plain radiographs of the abdomen demonstrate a 
mechanical small bowel obstruction and occasionally show a 
single, distended closed loop (Fig. 112-7). Small bowel exami¬ 
nation may disclose a constriction around the closely approxi- 
mated afferent and efferent limbs of the herniated intestine. The 
superior mesenteric arteriogram shows abrupt angulation and 
displacement of the visceral branches as they pass through the 
mesenteric defect to supply the herniated loops. 22 These find¬ 
ings signal a surgical emergency, although clinical and radio¬ 
logic differentiation of the mesenteric hernia from other closed 
loop obstructions (e.g., small bowel volvulus or entrapment 
beneath peritoneal adhesions) may be impossible. 

Defects in the mesenteric attachments of the colon are also 
the potential sites of internal herniation. For example, a con¬ 
genital or postsurgical opening in the transverse mesocolon 
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Figure 112-5 Pericecal hernia. A. Diagram of a pericecal hernia 
shows a loop of ileum prolapsing (arrow) through cecal mesenteric 
defect, behind and lateral to the cecum, into right paracolic gutter. 

B. CT scan shows small bowel loops ( arrows ) lateral to the proximal 
ascending colon. (A from Martin LC, Merkle EM, Thompson 1/1/M: 
Review of internal hernias: Radiographic and clinical findings. AJR Am 
J Roentgenol 186:703-717, 2006. Reprinted with permission from the 
American Journal of Roentgenology.) 


permits small bowel loops to herniate into the lesser sac. 2,4 A 
somewhat similar situation can be present in cases of congenital 
persistence of descending mesocolon. A defect in this structure 
may allow small bowel herniation into the left paracolic gutter, 
causing medial displacement of the descending colon. 

Transomental Hernia 

Approximately 1% to 4% of internal hernias occur through 
defects in the greater omentum. 2,4,8 Fewer than 100 cases have 
been reported from observations made at surgery or autopsy. 
The hernia orifice is usually a slitlike opening up to 10 cm long, 
located in the periphery of the greater omentum. Most have a 
congenital origin, but trauma and inflammation may also 
produce omental perforations or weak areas. These defects can 
subsequently serve as potential sites for transomental hernia¬ 
tion of the small intestine (Fig. 112-8) and other mobile seg¬ 
ments, such as the cecum or sigmoid colon. The clinical and 
radiologic findings are almost identical to those of transmesen- 
teric hernias. 1 



Figure 112-6 Intersigmoid hernia. A. Illustration of an intersigmoid 
hernia shows bowel protruding (arrow) through defect in sigmoid 
mesocolon to lie posterolateral to sigmoid colon itself. B. A small 
knuckle of ileum has herniated into the intersigmoid fossa, leading to 
small bowel obstruction. Notice the small bowel feces sign of the 
obstructed loop (arrows). (A from Martin LC, Merkle EM, Thompson 
1/1/M: Review of internal hernias: Radiographic and clinical findings. 

AJR Am J Roentgenol 186:703-717, 2006. Reprinted with permission 
from the American Journal of Roentgenology.) 

Retroanastomotic Hernia 

Retroanastomotic hernias are a well-recognized and prevent- 
able complication of gastrointestinal surgery. They usually 
develop after partial gastrectomy and gastrojejunostomy. About 
75% of cases involve incarceration of the efferent jejunal 
segment in the retroanastomotic space, which is created during 
antecolic or retrocolic anastomosis. 2,4,26 The herniation is usually 
from right to left, so that the efferent jejunal loop or an exces- 
sively long afferent segment occupies the left upper quadrant of 
the abdomen. Less commonly, the ileum, the cecum, or the 
omentum is also involved. 27 

Approximately half of these hernias occur in the first post¬ 
operative month, and the others occur within 1 year or several 
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Figure 112-7 Transmesenteric hernia. A. Coronal, 
reformatted CT scan shows a closed loop 
obstruction (c/rc/e) with clustering of small bowel 
loops and the small bowel feces sign. B. In a 
different patient, the obstructed loops converge at 
the mesenteric defect ( arrow). 




Figure 112-8 Transomental hernia. A. A group of ischemic small bowel loops ( arrows ) shows poor enhancement and mesenteric edema due 
to a strangulating transomental hernia. B. Note the clustering of small bowel loops (c/rc/e) at the origin of the hernia. 


years after surgery. 4 The presenting symptom is cramping 
abdominal pain, and the signs are those of high small bowel 
obstruction. The herniated loops are occasionally palpable as a 
tender mass in the left upper abdomen. These nonspecific find- 
ings may be mistaken for gastric outlet obstruction caused by 
stomal edema, dumping syndrome, or postoperative pancreati- 
tis. Delay in establishing the correct diagnosis may lead to stran¬ 
gulation of the herniated loops; the associated mortality rate is 
up to 30% for surgically treated cases and almost 100% if the 
problem is not corrected. 2 4,26 

Radiologic diagnosis of a retroanastomotic hernia requires 
careful fluoroscopic evaluation of the gastrointestinal tract after 
administration of barium or water-soluble contrast medium. 
The examination reveals that the site of obstruction is not the 
gastric stoma but is more distal in either of the anastomotic 
limbs. Gradual opacification of the partially obstructed efferent 
loop discloses its abnormal position lateral and posterior to the 
gastrojejunostomy (Fig. 112-9). The herniated segments of 
jejunum appear clumped or fixed in the left upper abdomen, 
usually associated with some degree of dilation and stasis. 2,4,27 


The diagnosis of afferent loop hernia, which occurs primar- 
ily after an antecolic anastomosis, is more difficult. The clinical 
fmdings include persistent epigastric pain and tenderness, non- 
bilious vomiting, and elevated serum amylase level. Contrast 
studies of the upper gastrointestinal tract show patency of the 
anastomosis and the efferent loop; however, opacification of the 
herniated afferent limb may not occur or may be delayed. CT 
scans or sonograms of the upper abdomen usually disclose the 
obstructed afferent loop as a fluid-filled and markedly dis- 
tended tubular structure. 28 Scintigraphy is another diagnostic 
method for this entity. Radionuclide agents excreted by the 
biliary tract into the duodenum permit visualization of the 
dilated afferent loop and the site of obstruction. 30 

Like any other symptomatic internal hernia, hernias involv- 
ing the retroanastomotic Space also require surgical correction. 
However, this iatrogenic hernia should be prevented during 
initial gastric operation by the use of a short afferent loop 
and the closure of the retroanastomotic space with sutures 
placed between the jejunal mesentery and the transverse 
mesocolon. 2,4,26,27 
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Figure 112-9 Retroanastomotic hernia. The diagram shows a 
retrocolic Roux-en-Y gastric bypass procedure. The arrow indicates a 
loop of small bowel protruding posterior to the enteroenterostomy, in 
keeping with a retroanastomotic internal hernia. (From Martin LC, 
Merkle EM, Thompson WM: Review of internal hernias: Radiographic 
and clinical Tindings. AJR Am J Roentgenol 186:703-717, 2006. 
Reprinted with permission from the American Journal of 
Roentgenology.) 


ABDOMINAL WALL HERNIAS 

Herniations through the walls of the abdominal cavity develop 
in approximately 1.5% of the population and usually involve 
specific sites of congenital weakness or previous surgical 
incision. 1 An outpouching of the peritoneum forms a hernia 
sac, which surrounds the protruding parts of the greater 
omentum, intestine, or other abdominal organs. The presenting 
symptoms are variable and depend on the size, location, and 
content of the hernia. 

Umbilical Hernia 

In infants and children, a patent umbilical ring is a common 
site of herniation. It often is manifested as a soft, asymptomatic 
bulge that tends to disappear spontaneously. In some instances, 
however, the development of umbilical tenderness and obstruc- 
tive symptoms caused by incarceration necessitate surgical 
repair. The congenital entity known as an omphalocele is not a 
true umbilical hernia because the bowel loops never return to 
the peritoneal cavity during gestation in this disorder. 

In adults, umbilical hernias occur predominantly in women 
with a history of multiple pregnancies and in patients with 
obesity or with increased abdominal pressure resulting from 
ascites and chronic bowel distention (Fig. 112-10). The hernia 
contents are usually the greater omentum and various segments 
of the small or large intestine. Adhesions often develop between 
the protruding viscera and the peritoneal sac and cause diges¬ 
tive symptoms and other complications. 7,8 

The clinical diagnosis of an incarcerated umbilical hernia 
should be suspected when a patient presents with intestinal 
obstruction and umbilical tenderness, even if there is no obvious 
bulge on the surface. Radiographs of the abdomen usually show 
the distended bowel loops and a tumor-like density, the umbili¬ 
cal hernia. A coned-down lateral or cross-table view of the 
anterior abdominal wall using low peak kilovoltage can be 



Figure 112-10 Types and locations of hernias. Herniations 
through the walls of the abdominal cavity usually involve specific sites 
of congenital weakness or previous surgical incision. 


helpful in detecting the presence of omental fat or bowel loops 
in the umbilical hernia. Barium studies of the small or large 
intestine can show obstruction or protrusion of gut in the 
umbilical region. Ultrasound and CT studies of the abdomen 
establish the diagnosis when they demonstrate a “knuckle” of 
bowel protruding through an umbilical defect. 

Ventral Hernia 

The term ventral hernia encompasses several types of hernia¬ 
tions through the anterior and lateral aspects of the abdominal 
wall (Fig. 112-11). Most occur in the midline and emerge 
through the aponeurosis forming the linea alba. They are 
referred to as epigastric or hypogastric hernias, depending on 
their location above or below the umbilicus, respectively. The 
hernia aperture is often a small, firm defect that allows portions 
of the greater omentum, properitoneal fat, or a bowel loop to 
protrude anteriorly. 1, Incarceration and strangulation of the 
contents may occur frequently and produce symptoms out of 
proportion to the objective findings. The severity of abdominal 
pain may simulate a perforating peptic ulcer. The pain of a 
ventral hernia, however, is aggravated by exertion and associ- 
ated with focal tenderness of the abdominal wall. 

Lateral ventral hernias often occur spontaneously, but they 
frequently involve a site of previous abdominal surgery, lapa- 
roscopy, peritoneal dialysis, or stab wound. They are discussed 
later in conjunction with other incisional hernias. As a general 
rule, the radiologic features of various ventral hernias are 
similar to those of umbilical hernias. Barium studies demon¬ 
strate distended bowel loops proximal to a narrowing or 
obstruction in close relationship to a locally tender part of the 
abdominal wall. CT, magnetic resonance imaging (MRI), or 
sonography can reveal the defect and associated herniation in 
the ventral wall of the abdomen." 1 
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Figure 112-11 Ventral hernia. A. The longitudinal 
sonogram shows a ventral herniation of omental fat ( arrows). 
B. Sagittal, reformatted image in a different patient shows 
herniated small bowel and mesentery (arrows). 




Spigelian Hernia 

Spigelian hernias are uncommon. They occur in the anterolat- 
eral aspect of the lower abdomen, along the semilunar line 
formed by fibrous union of the rectus sheath with the aponeu- 
roses of the transversus abdominis and oblique abdominal 
muscles. The underlying cause is a congenital weakness in the 
posterior layer of transversalis fascia, through which the viscera 
prolapse between the lateral abdominal wall muscles as an 
interparietal or interstitial herniation. 135 3 

Spigelian hernias are notoriously difficult to diagnose clini- 
cally because of their deep anatomic location and insidious 
development. Patients usually present with a prolonged history 
of intermittent lower abdominal pain and intestinal obstruction 
associated with a slight swelling or a vanishing anterolateral 
mass located midway between the umbilicus and the symphysis 
pubis. These hernias occur with almost equal frequency in 
males and females; they can be bilateral and associated with 
o ther ventral or inguinal hernias. 

The usual contents of a spigelian hernia include the 
omentum and short segments of the small or large intestine. 
Barium enema or small bowel examination can be useful in 
establishing the diagnosisT 6 However, CT is the best imaging 
technique for visualizing the hernia defect involving the lateral 
border of the rectus sheath as well as interstitial protrusion 
of the omentum or intestinal loops (Fig. 112-12). 5 7 3 9 Sono- 
graphic diagnosis can be made when there is a complex 
mass in the anterolateral wall of the lower abdomen, showing 
an echogenic component resulting from omental herniation 
or acoustic shadowing by the air-containing loops of incar- 
cerated bowel. 37 

Lumbar Hernia 

Two areas of relative weakness in the flank can be sites of 
herniation. The superior lumbar space of Grynfeltt-Lesshaft 
is an inverted triangle bound by the 12th rib superiorly, the 
internal oblique muscle anteriorly, and the erector spinae 
muscle posteriorly. 1,40 41 The inferior lumbar triangle (i.e., Petit’s 
triangle) is bordered inferiorly by the iliac crest, anteriorly by 
the external oblique muscle, and posteriorly by the latissimus 
dorsi muscle. 42,43 

Approximately 300 cases of lumbar hernia have been 
reported in the literature, and most involve the larger superior 
lumbar space. The contents usually include a bowel loop, 



Figure 112-12 Spigelian hernia. CT shows herniated small bowel 
through a peritoneal defect at the lateral border of the left rectus 
muscle (arrow), which was a prior laparoscopic port site. 


retroperitoneal fat, kidney, or, less frequently, other viscera. 
These hernias tend to enlarge gradually and cause symptoms 
ranging from chronic low back pain to intestinal obstruction. 
Bowel incarceration occurs in approximately 25% of these 
hernias and may lead to strangulation in about 10% of cases. 
The spontaneous and the post-traumatic types of lumbar 
hernias occur more frequently on the left side and in middle- 
aged men. The clinical manifestation as a soft, bulging mass 
in the flank may be mistaken for a lipoma or hematoma. Plain 
radiographs of the abdomen are often noncontributory, but 
barium studies can be useful when the bowel loops are con- 
tained within the hernia (Fig. 112-13). Certain articles indicate 
that CT can best delineate the precise location and content 
of lumbar hernias. 5 - 7,40 - 43 
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Figure 112-13 Lumbar hernia. CT shows the descending colon and 
mesentery herniating (arrow) posterolaterally through the left inferior 
lumbar space or Petit's triangle. 


Figure 112-14 Incisional hernia. The CT scan performed 1 year 
after laparotomy shows a knuckle of transverse colon (arrow) 
protruding beneath a healed midline incision. 


Incisional Hernia 

Incisional hernias develop in approximately 5% of patients and 
represent a significant iatrogenic problem, given the faet that 
almost 3 million abdominal operations are performed annually 
in the United States. These hernias tend to occur during the first 
4 months after surgery, a critical period for the healing of tran- 
sected muscular and fascial layers of the abdominal wall. Their 
progressive enlargement is usually manifested within the first 
postoperative year, but 5% to 10% remain clinically silent for 
several years before they are detected. 1,3,5 

The most common sites of involvement are along midline 
and paramedian incisions, although any surgical scar carries the 
potential risk of this complication. The clinical symptoms and 
physical findings of an incisional hernia depend on the size and 
rigidity of the underlying defeet and on the extent of visceral 
protrusion. The properitoneal fat or the edge of the greater 
omentum is often the initial contents of a small incisional 
hernia, producing vague abdominal discomfort and localized 
tenderness of the healed scar. At a more advanced stage, a per- 
sistent bulging mass resulting from incarcerated bowel loops 
may be seen. 

Approximately 10% of incisional hernias cannot be detected 
on physical examination. In obese patients, for example, the 
abundant subeutaneous fat can prevent palpation of a deeply 
seated peritoneal defeet and the protruding viscera. The clini¬ 
cal diagnosis may also be difficult in patients with severe 
abdominal pain and distention or in the presence of a keloid 
or thick panniculus. The herniated segments occasionally 
dissect and are hidden between the muscular and the fascial 
layers of the abdominal wall. These interparietal or interstitial 
hernias often are manifested as localized swelling and tender¬ 
ness adjacent to the surgical scar, but their actual content 
and internal orifice are seldom palpable. Under these circum- 
stances, radiologic studies play a crucial role in establishing 
the correct diagnosis. 3,5,34,44 ' 47 

In patients with nonspecific abdominal pain and intermit- 
tent obstructive symptoms, a careful fluoroscopic evaluation of 
the gastrointestinal tract with barium may reveal a clinically 
occult or unsuspected incisional hernia. It is crucial that areas 


with old surgical scars be viewed in profile while the patient 
strains. This maneuver assists in detection of reducible hernias 
that may otherwise be overlooked. 46 CT can best show small 
defeets in peritoneal and fascial layers of abdominal wall 
through which the omentum or a knuckle of intestine pro- 
trudes into the subeutaneous fat. 3,31 It can also disclose isch- 
emic changes caused by strangulated bowel loops, a sign of a 
surgical emergency (Fig. 112-14). Sonographic detection of an 
incisional hernia is also possible by visualization of a bowel loop 
causing acoustic shadowing within the disrupted abdominal 
wall layers beneath a healed scar. 

Most incisional hernias are ventral, but other potential sites 
should be considered in patients who previously had abdominal 
surgery. For example, an acquired lumbar hernia may be present 
in the area of flank incision for nephrectomy. 41 A parastomal 
herniation of the omentum or intestine may also occur where 
the distal bowel loop has tunneled through the abdominal wall 
(Fig. 112-15). In a similar manner, postcholecystectomy patients 
can develop intermittent bowel herniation beneath the right 
subeostal incision. These hernias may not be appreciated during 
physical examination but are easily detectable on barium studies 
or abdominal CT. 3, 5,7,44 

PELVIC AND GROIN HERNIAS 

Almost 75% of all abdominal hernias occur in the groin and 
account for more than a half-million operations per year in the 
United States. 1 Most are inguinal hernias that are easy to 
diagnose by inspection and palpation. Radiologic studies are 
performed primarily for preoperative delineation of the herni¬ 
ated viscera and associated complications or when the clinical 
findings are equivocal because of the deep location of a pelvic 
wall herniation. 

Inguinal Hernia 

In its most common type, known as indirect inguinal hernia, 
the peritoneal sac containing bowel loops protrudes through 
the inguinal canal and emerges at its external ring. This hernia 
occurs predominantly in males and can extend along the 
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Figure 112-15 Peristomal hernia. A. Axial CT image demonstrates portions of the ascending colon (large arrow) along the posterolateral 
aspect of the patient's colostomy (small arrow) in a peristomal hernia. B. Coronal, reformatted CT image shows portions of the hepatic flexure of 
the colon (arrow) in the hernia. 


spermatic cord into the scrotum (Fig. 112-16). In females, the 
hernia follows the course of the round ligament of the uterus 
into the labium majus. 1,34 

The development of indirect inguinal hernia has a congenital 
basis. During embryologic migration of the testis, a peritoneal 
sac called the processus vaginalis accompanies testicular descent 
into the scrotum; in females, it follows the round ligament. In 
both sexes, this peritoneal communication is normally obliter- 
ated before birth; however, about one third of infants and 15% 
of adults have a patent processus vaginalis on one or both sides. 
This allows the subsequent development of an inguinal hernia 
when abdominal viscera are pushed into the open sac. 34,37 

The contents of indirect inguinal hernias usually include 
small bowel loops or mobile colon segments such as the sigmoid 
colon, cecum, and appendix. The other viscera and pelvic 
adnexa are less frequently involved. The term sliding inguinal 
hernia is used when partially retroperitoneal organs, such as the 
urinary biadder, distal ureters, or ascending or descending 
colon, are included in the herniation. Their preoperative dem¬ 
onstration is important because retroperitoneal structures con- 
stitute the wall of the hernia sac and may be injured during its 
surgical repair. The biood vessels supplying the herniated seg¬ 
ments of ascending or descending colon course in the posterior 
wall of sliding hernias and are subject to inadvertent trauma if 
an incorrect surgical approach is used. 

Indirect inguinal hernias account for 15% of intestinal 
obstructions; only neoplasms (32%) and adhesions (18%) are 
more common causes. 8 The symptoms of an incarcerated or 
strangulated hernia include bowel distention associated with 
painful and often tense swelling in a groin or the scrotum. 
Radiographs of the abdomen obtained with the patient supine 
can indicate the correct diagnosis by showing the convergence 
of distended intestinal loops toward the inguinal region and a 
soft tissue density or gas-containing mass overlying the obtura- 
tor foramen on the affected side. Barium examination of the 
small or large bowel typically shows a tapered narrowing or 
obstruction of the intestinal segment as it enters the hernia 
orifice. Every attempt should be made to reduce the hernia 


manually under fluoroscopy and to clearly visualize the afferent 
and efferent loops of protruding intestine. It is important to 
recognize that diverticulitis, appendicitis, and primary or meta- 
static tumors may occur within the hernia sac. 47 ' 50 CT and ultra- 
sound examinations of the groin can also provide useful 
diagnostic information on the hernia contents and on its dif¬ 
ferentiation from other masses involving the groin or scrotum 
(see Fig. 112-16). 32,34 

The direct inguinal hernia is a less common type of groin 
hernia that occurs mostly in men and seldom in women or 
children. It represents visceral protrusion directly through the 
lower abdominal wall in a weak area medial to the inferior 
epigastric vessels. This hernia appears as a small bulge in the 
groin. It rarely becomes incarcerated because of its short and 
blunt aperture. It can be differentiated from indirect hernias, 
which have an elongated, oblique course through the inguinal 
canal and frequently extend into the scrotum. 

Simultaneous occurrence of direct and indirect inguinal 
hernias in the same groin is unusual. In these cases, the separa¬ 
tion of the two adjacent hernia sacs by the inferior epigastric 
vessels creates a bilocular appearance. This entity is therefore 
referred to as a saddlebag, a pantaloon, or combined inguinal 
hernia . 1,34,51 

Two other varieties of abdominal herniations occur: 

1. In Littres hernia , a Meckel diverticulum protrudes into 
the hernia sac. This usually occurs in the right inguinal 
region but may also be associated with other ventral or 
pelvic hernias. 1 2 

2. Richters hernia contains only a part of the bowel wall 
circumference as a localized outpouching (Fig. 112-17). 
The intestinal lumen remains patent, and no obstructive 
symptoms are produced despite intense pain and tender- 
ness caused by incarceration of the bulging bowel wall 
into a postoperative or postlaparoscopic defect. 

Femoral Hernia 

Herniation into the femoral canal occurs predominantly in 
women and accounts for about one third of groin hernias in 
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Figure 112-16 Inguinal hernia. A. Coronal, reformatted CT image shows a nonobstructing, right inguinal hernia containing small bowel 
( arrow). B. An axial image shows the herniated segment of ileum (arrow). C. Coronal, reformatted CT image reveals an obstructing, right inguinal 
hernia containing a small segment of ileum (arrow). D. Sagittal sonogram in a different patient demonstrates an inguinal hernia containing fat, 
fluid, and gut (arrow). E. Barium enema examination demonstrates herniation of the distal ileum into the right scrotum (small arrow). There is 
herniation of the sigmoid colon into a left inguinal hernia (large arrow). 


women. The incidence in men is three to four times lower, and 
children are rarely affected. 56 The hernia contents are usually 
properitoneal fat, edge of the omentum, or loop of small bowel 
(Fig. 112-18). They can displace or narrow the femoral vein and 
descend along the saphenous vein. However, the neck of a 
femoral hernia always remains below the inguinal ligament and 
lateral to the pubic tubercle. 

Femoral hernias are often difficult to diagnose clinically 
because of the deep location of the femoral canal and the abun- 
dance of overlying adipose tissue. Nevertheless, they are 8 to 12 
times more prone to incarceration and strangulation than are 
inguinal hernias because of the firm and unyielding margins of 
the femoral ring. The correct radiologic diagnosis can therefore 
be important. 7,58 ' 60 


Obturator Hernia 

The site of this uncommon herniation is the obturator canal 
(Fig. 112-19) in the superolateral aspect of the obturator 
foramen. It is an obliquely oriented, fibro-osseous tunnel mea- 
suring about 2 to 3 cm long and 1 cm in diameter, through 
which the obturator nerve and vessels course. 

Approximately 80% to 90% of obturator hernias occur in 
elderly women, probably because of enlargement of the obtura¬ 
tor canal after pregnancies and aging. They are more common 
on the right and usually contain an ileal loop, but other viscera 
or pelvic adnexa may also be involved. 1,34,60 The protruding 
structures are often incarcerated in the canal or in the space 
between the pectineus and the obturator muscles. Most patients 



2066 SECTION XIII Peritoneal Cavity 


Figure 112-17 Incarcerated 
Richter # s hernia. A. Double-contrast 
colon examination shows a funnel- 
shaped traction deformity involving 
the inferior border of the sigmoid 
loop ( arrows ). B. CT of the lower 
pelvis reveals a small left inguinal 
hernia containing the air-filled 
outpouching of sigmoid wall (arrow). 
C. Another section 2 cm caudad 
shows a fatty mass within the hernia 
sac (arrow), representing an 
incarcerated epiploic appendage 
that pulled the adjacent sigmoid 
wall. 




Figure 112-18 Femoral hernia. An 

obstructing right femoral hernia (large arrows) 
is identified on the coronal (A), axial (B), and 
sagittal (C) CT images. Notice the relationship 
to the inguinal canal (B, thin arrow). 
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Figure 112-19 Obturator hernia. Pelvic CT reveals a small knuckle 
of ileum in a hernia ( arrow ) deep to the right pectineus and anterior 
to the right obturator internus muscles. 


present with acute or recurrent bowel obstruction and a tender 
mass in the obturator region detected on rectal or vaginal exam- 
ination. About half the patients experience pain radiating along 
the medial aspect of the thigh when the leg is extended or 
abducted (i.e., Howship-Romberg sign) because of obturator 
nerve compression by the hernia. 

The radiologic diagnosis of obturator hernia should be con- 
sidered whenever abdominal radiographs or barium studies 
show bowel obstruction together with a fixed loop containing 
some gas or contrast medium in the obturator region. CT of 
the pelvis is most valuable in revealing the hernia as a soft tissue 
mass or opacified loop that protrudes through the obturator 
foramen and extends between the pectineus and the obturator 
muscles. 61 ' 63 

Sciatic Hernia 

The greater sciatic notch is bordered by the lateral margin of 
the sacrum and the inferior border of iliac bone. The sacrotu- 
berous ligament converts this semiarcuate structure into the 
greater sciatic foramen. This opening is the pathway for the 
sciatic nerve, the gluteal vessels and nerves, and the piriformis 
muscle. It also represents a potential site of herniation of the 
pelvic or abdominal viscera into the subgluteal region. 5,64 ' 66 The 
lesser sciatic foramen, a small slit located farther caudally, is less 
prone to this complication. 

About 50 cases of sciatic hernia have been reported, with 
most involving the distal ureter or a loop of the small bowel. 64,66 
Clinical manifestations are usually lower abdominal cramps, 
urinary symptoms, pain radiating to the dorsal aspect of the 
thigh or leg, and a palpable, tender mass in the gluteal region. 
Plain radiographs of the abdomen are seldom helpful, but 
excretory urography can disclose the characteristic curlicue 
appearance of herniated distal ureter. Barium studies of the 
small bowel or colon and CT scans may be used to show a bowel 
loop that has herniated through the sciatic foramen and extends 
laterally into the subgluteal region (Fig. 112-20). 

Perineal Hernia 

Herniations involving the pelvic floor are uncommon and 
occur mainly through the urogenital diaphragm. Defects in the 
levator ani or coccygeus muscle can lead to more posterior 
perineal hernias. 60,67 

Most patients with perineal hernias are women older than 
50 years. Causal factors include acquired weakness of the pelvic 



Figure 112-20 Sciatic hernia. A small knuckle of ileum (arrow) is 
identified behind the right acetabulum. There is no associated 
obstruction. 



Figure 112-21 Diaphragmatic hernias. Cross-sectional drawing 
depicts the common locations of Morgagni, Bochdalek, and hiatal 
hernias. Several elements are indicated: juxtacaval fat (arrow), foramen 
of Bochdalek (green), esophageal hiatus (pink), and foramen of 
Morgagni (yellow). (From Gaerte SC, Meyer CA, Winer-Muram HT, 
et al: Fat-containing lesions of the chest. RadioGraphics 22:S61-S78, 
2002 .) 


floor caused by increased abdominal pressure from pregnancy, 
obesity, or ascites; local inflammatory processes; and postsurgi- 
cal defects after abdominoperineal resection or transperineal 
prostatectomy. Clinical findings usually consist of a perineal or 
gluteal mass, which may cause discomfort when sitting. Barium 
enema or small bowel examination can be used to demonstrate 
the protruding loop adj acent to the anus or in one of the but- 
tocks. 60,67 CT scans can also depict the hernia sac and its con- 
tents in the ischiorectal fossa. 68 

DIAPHRAGMATIC HERNIAS 

Diaphragmatic hernias (Fig. 112-21) are classified as four types: 
esophageal hiatus, Morgagni, Bochdalek, and traumatic. Esoph¬ 
ageal hiatal hernias are discussed in Chapter 28. 
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Foramen of Morgagni Hernia 

Foramen of Morgagni hernias usually contain the omentum 
and transverse colon (Fig. 112-22) and occasionally contain 
the stomach and small bowel, surrounded by their peritoneal 
sac. They protrude through the retrosternal foramen of Mor¬ 
gagni, which is wider than normal because of a natural weak- 
ness of the sternocostal muscle bundles. About 90% of cases 
occur on the right side. In adults, these hernias are usually 
asymptomatic.' 

Foramen of Bochdalek Hernia 

Foramen of Bochdalek hernias occur through the lumbocostal 
trigone of Bochdalek. In these cases, there is defective closure 
of the pleuropulmonary hiatus (Fig. 112-23). In neonates, these 
hernias are conspicuous in size and often need surgical repair. 
In adults, these hernias are small and usually result from 
hypoplasia of the lumbocostal muscle bundles surrounding 
Bochdalek’s foramen. They are usually found incidentally in 



Figure 112-22 Foramen of Morgagni hernia. CT scan shows a 
retrosternal hernia that includes the omentum and colon ( arrow). 

Notice the fanlike disposition of the mesenteric vessels [dashed arrow). 


asymptomatic patients. MDCT is useful in determining the 
extent of the diaphragmatic defect and the contents of the 
hernia sac. This canal is a communication between the thoracic 
cavity and the retroperitoneal Space. These hernias are more 
common on the left than on the right. 

Traumatic Hernias 

Diaphragmatic disruption can develop from blunt trauma (e.g., 
auto accidents, falis, crush injuries, bout of hyperemesis) or 
penetrating trauma (e.g., bullet and knife wounds, repair of 
hiatal hernia). Rupture occurs in 0.8% to 1.6% of all blunt 
trauma and represents 5% of all diaphragmatic hernias but 90% 
of all strangulated diaphragmatic hernias. 68 ' 71 

The left hemidiaphragm is injured three times more com- 
monly than the right in traumatic diaphragmatic hernias. 
Organ herniation occurs in 32% to 58% of cases and most often 
involves, in descending order, the stomach, colon, small bowel, 
omentum, spleen, kidney, and pancreas. 68 ' 71 The most frequent 
injuries associated with diaphragm rupture in auto accidents 
include laceration of the liver and spleen, rib and pelvic frac- 
tures, and pulmonary contusion. Bergqvisfs triad includes rib 
fractures, spine or pelvic fractures, and diaphragmatic rupture. 

The reported accuracy of CT in the detection of these hernias 
is variable, with a sensitivity ranging between 61% and 100% 
and specificity between 77% and 100%. 68 71 Coronal and sagittal 
reformatting of the volumetric MDCT data may be helpful in 
establishing the diagnosis but is not always definitive and can 
be misleading. 

Several signs are helpful in identifying traumatic rupture: 
diaphragm discontinuity, segmental nonrecognition of dia¬ 
phragm, intrathoracic herniation of abdominal contents, collar 
sign, elevated abdominal organs, thickened diaphragm, thoracic 
fluid abutting intra-abdominal organs, dependent viscera sign, 
hemothorax and hemoperitoneum, and extravasation of con- 
trast material at level of diaphragm. The dependent viscera sign 
(Fig. 112-24) is contact of the upper third of the liver on the 
right or the stomach or bowel on the left with the posterior ribs. 
The collar or hourglass sign is focal constriction of the stomach 
or liver at the site of herniation through the diaphragm. Abrupt 
discontinuity of the diaphragm may be visible with or without 
herniation of viscera. The absent diaphragm sign is lack of 
visualization of the diaphragm in an area where it does not 



Figure 112-23 Foramen of Bochdalek hernias. A. Small bowel (arrow) is seen herniated in this right foramen of Bochdalek hernia. B. The left 
kidney and perinephric fat are contained in this left foramen of Bochdalek hernia (arrow). 
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Figure 112-24 Traumatic diaphragmatic hernias: the dependent viscera sign. A. In a 32-year-old man with left-sided diaphragmatic rupture, 
an axial CT scan shows discontinuity of left hemidiaphragm ( arrows indicate extent of diaphragmatic tear) with gastric and left renal herniation. 
The stomach lies dependent on left posterior ribs, which is a positive dependent viscera sign. B. In a 32-year-old woman with ruptured right 
hemidiaphragm, an axial CT scan shows the right lobe of the liver dependent on right posterior ribs ( black arrows), which is the dependent 
viscera sign. A partial, waistlike constriction ( white arrow) —the collar sign—is visible along anterior surface of right lobe of liver and is attributable 
to partial hepatic intrathoracic herniation. (A and B from Bergin D, Ennis R, Keogh C, et al: The "dependent viscera" sign in CT diagnosis of 
blunt traumatic diaphragmatic rupture. AJR Am J Roentgenol 177:1137-1140, 2001. Reprinted with permission from the American Journal of 
Roentgenology.) 


contact and is normally seen. Active extravasation of contrast 
material at the level of the diaphragm and asymmetric thicken- 
ing of the diaphragm also suggest injury. Elevation of the hemi¬ 
diaphragm alone is not specific to diaphragmatic rupture 
because it can be the result of eventration, phrenic nerve injury, 
or preexisting paralysis. 68 " 71 

This diagnosis is often difficult, and traumatic hernias often 
go undetected for days or even years because of subtle changes 
on chest radiographs, nonsurgical management of thoracic or 
abdominal injuries, and diversion of attention to more immedi- 
ate life-threatening injuries. Other diagnostic difficulties arise 
because left-sided defects may be covered by omentum; right- 
sided defects may be sealed by the liver; positive pressure ven¬ 
tilation may prevent herniation of abdominal contents into the 
thorax until mechanical ventilation is discontinued; and atelec- 
tasis, pleural effusion, lung contusion, or phrenic nerve paraly¬ 
sis may mask the tear. Onset of symptoms may be so long 
delayed that the traumatic event is forgo tten. 68 " 71 

Anterior Abdominal Wall 

The muscles and fascial layers of the anterior abdominal wall 
provide containment, support, and protection for the intraperi- 
toneal contents and are involved in movement and breathing. 
These structures usually receive little attention in cross-sectional 
imaging, but they can be involved in a wide variety of congeni- 
tal, inflammatory, neoplastic, and iatrogenic processes. In CT 
and MRI, routine imaging protocols are usually adequate to 
evaluate abdominal wall lesions; ultrasound examinations must 
be tailored to the evaluation of the anterior abdominal wall 
through the use of high-frequency (5-7.5 MHz) transducers 
with short focus. All of these techniques provide excellent ana- 
tomic detail for the evaluation of anterior abdominal wall 
disease. 

ANATOMY 

The anatomy of the anterior abdominal wall can be discussed 
in two regions. The anterior wall of the abdomen and upper 


pelvis is a relatively simple, multilayered structure, whereas the 
fascial planes, spaces, and structures of the lower pelvis are more 
complex. These anatomic relationships dictate the origin and 
spread of disease processes. 

In general, superficial to deep dissection of the anterior 
abdominal wall exposes skin, subcutaneous fat, superficial 
muscle fascia, one or more muscles, deep muscle fascia, properi- 
toneal fat, and the peritoneum. 72 The rectus muscle is present 
on either side of the midline linea alba, which runs from the 
xiphoid process to the symphysis pubis (Fig. 112-25). Along its 
superior aspect, the rectus abdominis muscle is surrounded by 
the aponeurosis of the three flank muscles. Approximately 
halfway between the umbilicus and the symphysis pubis, the 
aponeurosis of the internal oblique muscle and the transversus 
abdominis muscle no longer contribute to the posterior aspect 
of the rectus sheath. This transition, marked by the arcuate line, 
leaves the rectus invested posteriorly only by the thin transver¬ 
salis fascia from the arcuate line to the pubic symphysis. The 
lateral abdominal muscles (from superficial to deep) include the 
external oblique, internal oblique, and transversus abdominis 
muscles, and they are separated from the rectus by the linea 
semilunaris. Asymmetry of abdominal wall muscles is common 
and often results from congenital variation or postoperative 
atrophy. The properitoneal fat stripe is frequently evident on 
plain radiographs. Ascites causes a shift of this lucency away 
from the adjacent colon, whereas inflammatory lesions of the 
peritoneal cavity or abdominal wall can obliterate it. 

An anatomic model analogous to the retroperitoneal spaces 
around the kidneys has been advanced to simplify the under- 
standing of the extraperitoneal spaces surrounding the biadder. 74 
The umbilicovesical fascia originates at the umbilicus and 
spreads as a fan-shaped structure around the urachus, obliter- 
ated umbilical arteries, and biadder to terminate in the fascial 
layers of the deep pelvis. In this way, the umbilicovesical fascia 
is analogous to Gerota’s fascia, creating a prevesical Space ante¬ 
rior to the umbilicovesical fascia (like the anterior pararenal 
space) with a perivesical space between this fascia and the 
biadder (like the perirenal space). The analogy to the perirenal 
spaces is completed by noticing that the biadder, urachus, and 
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Figure 112-25 Anterior abdominal wall anatomy. A. Axial CT image of the normal anatomy of the abdominal wall: external oblique muscle 
(white arrow), internal oblique muscle ( red arrow), transversus abdominis muscle ( yellow arrow), linea semilunaris muscle ( blue arrow), and rectus 
abdominis muscle ( black arrow). B. Coronal CT image of the normal anatomy of the abdominal wall: aponeurosis ( white arrow) and linea alba 
(red arrow). 


obliterated umbilical arteries lie in the perivesical Space, parallel 
to the kidneys, ureters, and adrenal giands in the perirenal 
space. The prevesical space represents a large potential space. 
Fluid collections in this space can be confined to the low pelvis, 
where this compartment is also known as the retropubic space 
or the space of Retzius. Larger collections, however, quickly 
track upward and laterally into the properitoneal space. Fluid 
in the prevesical space can also enter the rectus sheath below 
the level of the arcuate line, probably at perforations in the 
transversalis fascia of the inferior epigastric vessels. The peri¬ 
vesical space, however, is confined closely aro und the biadder. 74 

CONGENITAL LESIONS 

Urachal Abnormalities 

The urachus is an extraperitoneal tubular structure that courses 
from the umbilicus to the biadder dorne. It is the obliterated 
remnant of the allantois and perhaps of a portion of the cloaca. 
This three-layered cord is lined with transitional epithelium 
supported by a layer of biood vessels and lymphatics enclosed 
by a muscle layer. Dissections of fetuses have shown that at or 
before birth, the urachus has involuted into a fibrous cord or is 
patent as a 1-mm tube extending from the biadder dorne. This 
lumen is usually quickly obliterated. 76 

Four congenital lesions of the urachus are known: patent 
urachus, urachal cyst, urachal sinus, and vesicourachal diver- 
ticulum. 7 Patent urachus is evident in the first moments or 
days of life. The umbilical cord may be thickened and tense 


from urine reflux, and an umbilical hernia may be present. 
Urine leaks from the umbilicus when it is ligated. Numerous 
series have reported an association between patent urachus and 
lower urinary tract obstruction (14%-50% of cases), but it is 
not clear whether urethral obstruction is the direct cause of 
patent urachus. 75 The diagnosis is confirmed by analyzing the 
expressed fluid for urea and creatinine, by observing a color 
change at the umbilicus when dye is injected into the biadder, 
or with fistulography performed by cannulating the opening at 
the umbilicus. 75 Voiding cystourethrography may demonstrate 
the communication, and it offers the additional benefit of 
excluding a lower obstruction. 

If only a portion of the urachus remains unobliterated, a 
urachal cyst occurs. It frequently becomes apparent in adults as 
an enlarging mass, a sensation of fullness, or infection. These 
lesions require cross-sectional imaging for detection because 
there is no communication with the biadder or umbilicus. 78 CT 
or ultrasound offers the immediate advantage of cyst puncture 
and drainage for diagnostic purposes. A course of percutaneous 
drainage and antibiotic therapy is beneficial preoperatively to 
reduce infectious complications at surgery. 79 Untreated infected 
cysts usually drain to the anterior abdominal wall, but they may 
spontaneously rupture into the peritoneal cavity. Definitive 
therapy requires complete excision with resection of a cuff of 
biadder dorne. 80,81 

A urachal sinus is likely the result of an infected urachal cyst 
that dissects and drains to the umbilicus or, less commonly, 
to the biadder. These lesions are manifested with umbilical 
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drainage or urinary tract infection. Other communicating 
tracts may exist if a remnant of the omphalomesenteric duet 
allows a connection to the bowel lumen, mesentery, or perito- 
neal Space. Fistulography is useful for delineating the course of 
the tracts, and complete excision is required. 

Omphalomesenteric Duet Abnormalities 

Rarely, anomalies of the omphalomesenteric duet are mani¬ 
fested as periumbilical processes. This tubular structure con- 
nects the umbilicus to the gut in early embryonic development 
and is usually obliterated by the lOth week of gestation. A 
variety of malformations can arise if part or all of this com- 
munication from the gut to the umbilicus remains open. 
Incomplete closure of the deep end of this structure leads to the 
development of Meckel’s diverticulum, which is the most 
common omphalomesenteric abnormality. Rarely, a patent duet 
allows free communication from the ileum to the umbilicus. 
This lesion can be easily differentiated from patent urachus by 
noticing the nature of the discharge and by performing fistu¬ 
lography. If only the superficial end of the duet is patent, an 
omphalomesenteric sinus is present, which is manifested with 
mueoid discharge. A polypoid mass of small bowel mueosa may 
be present. 82 If both ends of the duet close but the midportion 
is not obliterated, an omphalomesenteric (vitelline) cyst forms 
and mueoid secretions from the intestinal lining accumulate. 75 

Prune-Belly Syndrome 

Prune-belly syndrome, also known as Eagle-Barrett syndrome, 
is a constellation of absence of the anterior abdominal wall 
muscles, cryptorchidism, and dilation of ureters and biadder; it 
has no known cause. 83,84 The manifestations vary; the most 
profoundly affeeted infants die at or shortly after birth of pul- 
monary hypoplasia resulting from oligohydramnios (i.e., Pot- 
ter’s syndrome). Milder cases are treated by repair of undescended 
testes or vesicoureteral reflux. Milder cases may have only slight 
wrinkling of the anterior abdominal wall or diastasis of the 
rectus musculature. 83 CT easily demonstrates the defeets in the 
anterior abdominal wall and the genitourinary abnormalities. 

FLUID COLLECTIONS 

Hematoma 

Hematomas of the anterior abdominal wall frequently involve 
the rectus sheath, although lateral collections do occur (Fig. 
112-26). 73 These hematomas originate from tears in muscle 
fibers or biood vessels and may be spontaneous or related to 
trauma, surgery, anticoagulation, straining, coughing, or iatro- 
genic causes such as needle biopsy or aspiration. 85,86 Pain, biood 
loss, ecchymosis, and abdominal mass may suggest the correct 
diagnosis, but clinical signs are often absent or nonspecific. Pain 
or fever may suggest the presence of abscess or other acute 
intra-abdominal process, and an accurate diagnosis is required 
to avoid unnecessary intervention. 86 

Rectus sheath hematomas above the arcuate line are simple 
to diagnose because of their location and configuration. Trans¬ 
verse images demonstrate ovoid expansion of the rectus sheath. 
Longitudinal images show a spindle-shaped lesion. 86 Below the 
arcuate line, these collections extend into the prevesical Space 
to displace and to compress the pelvic viscera. 87 Other diagno¬ 
ses, such as urinoma, abscess, or lymphocele, must be consid- 
ered for pelvic fluid collections. Conversely, urinomas, abscesses, 
or lymphoceles starting in the prevesical space can mimic a 



Figure 112-26 Lateral abdominal wall hematoma. A hematocrit 
effeet (white arrow) is identified. Notice that active extravasation of 
contrast material (red arrow) is present. 


rectus sheath hematoma if they track cranially. The subfascial 
hematoma from cesarean section is also a prevesical hematoma, 
located between the uterus and the anterior abdominal wall. 
Because the surgical approach is different, this lesion must be 
differentiated from a biadder flap hematoma, which arises 
between the lower uterine segment and the biadder. 88 

Arterial puneture in the femoral sheath with subsequent 
hematoma formation has the potential to involve the anterior 
abdominal wall. The femoral sheath is contiguous superiorly 
with the transversalis fascia, and hematomas formed in the 
femoral sheath can expand rapidly to hil the prevesical space. 
These hematomas can extend into the rectus muscles or lateral 
abdominal wall muscles. 18 Biood can also track direetly from 
the groin into the lateral abdominal wall, primarily along the 
transversalis fascia and transversus abdominis muscle. 8 In 
any case of retroperitoneal, extraperitoneal, or abdominal wall 
hematoma, clinical signs and symptoms are poorly localized 
and underrepresent the hematoma. CT is useful for docu- 
menting the full extent of the lesion, and changes over time 
are readily apparent. Continued bleeding requires surgical 
intervention. 91 

The CT, ultrasound, and MRI appearances of biood vary 
with the age of the clot, the hematocrit of the patient, and, in 
the case of CT or MRI, the use of contrast material, which alters 
the appearance of surrounding muscle. 85 On CT scans, biood is 
commonly hyperdense and heterogeneous. The hyperdensity is 
within areas of clot and is surrounded by lower attenuation 
collections of serum. Dependent layering of cellular elements 
in a hematoma can be demonstrated by CT or ultrasound (see 
Fig. 112-26). 85 The MRI appearance of biood is highly variable 
and can frequently be indistinguishable from tumor or abscess. 92 

Urinoma 

Biadder rupture usually occurs in the setting of blunt abdomi¬ 
nal trauma, often with pelvic fracture. Penetrating and iatro- 
genic injuries to the biadder are occasionally encountered. 
The distended urinary biadder can rupture into the intraperi- 
toneal space because of tears along the dorne of the biadder. 
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Extraperitoneal biadder rupture can be confined solely to the 
perivesical space or can extend into the prevesical space of 
Retzius or into the scrotum, thigh, penis, or retroperitoneum. 93 
Urinomas from biadder rupture are part of the differential diag- 
nosis of anterior abdominal wall fluid collections. CT can fre- 
quently demonstrate these collections, but cystography is 
superior for urethral injury and remains required whenever 
biadder rupture or urethral injury is suspected. 93,94 

Abscess and Cellulitis 

Focal inflammatory lesions of the anterior abdominal wall can 
be postoperative, post-traumatic, or spontaneous (i.e., associ- 
ated with diabetes mellitus or immunosuppression). They can 
also represent extension of an intra-abdominal process, such as 
abscess or Crohns disease. ' 6 Often, these lesions occur in 
postoperative or critically ill patients, with concomitant sepsis. 
Like hematomas, abdominal wall abscesses are difficult to fully 
delineate by clinical means. CT, MRI, and ultrasound have been 
advocated as methods for evaluation of abdominal wall infec- 
tions. 73,95,96 The goals of any cross-sectional examination for this 
indication are fourfold. First, the inflammatory lesion must be 
carefully localized. Whereas a subcutaneous abscess may 
respond to simple incision and drainage, deeper lesions may 
require more aggressive therapy. Second, evidence for underly- 
ing causative factors, such as Crohns disease, infected or perfo- 
rated tumor, or intra-abdominal abscess, should be sought. In 
this regard, ultrasound has a significant limitation because of 
the difficulty of recognizing bowel or mesenteric lesions. 96 
Third, cellulitis or phlegmon without a well-defined fluid col- 
lection must be differentiated from frank abscess because anti- 
biotic therapy alone is inadequate to cure an abscess. Fourth, 
percutaneous drainage should be offered in appropriately 
selected cases. CT remains the imaging procedure of choice for 
inflammatory lesions of the abdominal wall because it accu- 
rately delineates intraperitoneal and retroperitoneal associated 
processes and offers appropriate planning information and 
guidance for drainage. 95 

Smaller abdominal wall abscesses are usually ovoid or spindle 
shaped. As they enlarge, they become progressively more mass- 
like. They may displace structures such as liver, spleen, or 
biadder and can be mistaken for intraperitoneal or retroperito¬ 
neal collections. 95 CT or ultrasound usually resolves the fluid 
components necessary to differentiate abscess from cellulitis 
(Fig. 112-27). In general, cellulitis and phlegmon have ill- 
defined margins, with the exception of any margin sharply 
defined by a fascial plane. 95 

Necrotizing fasciitis is a rare form of aggressive soft tissue 
infection usually seen in diabetics or alcoholics. This entity 
is usually caused by an underlying infection of the lower 
genitourinary tract or soft tissues of the perianal region, and 
most infections are centered in the pelvis, 97 although necro¬ 
tizing fasciitis has also been reported in other locations. It 
can arise spontaneously or from blunt or penetrating trauma, 
surgery, venous stasis, or decubitus ulcers. 98 Thrombosis of 
small subcutaneous arteries is seen on pathologic examina¬ 
tion, and the resultant ischemia likely allows the aggressive 
infection to occur. 97 Soft tissue gas has been emphasized as 
the radiologic hallmark of this disorder, 98 but gas alone is 
not sufficient for the diagnosis to be made because soft tissue 
gas may result from fistulas, drains, penetrating injury, or 
molecular oxygen from hydrogen peroxide wound irrigation. 
Most patients with necrotizing fasciitis are toxic at the time 



Figure 112-27 Abdominal wall abscess. An abscess ( arrow) 
involves the rectus abdominis muscles in this postoperative patient. 
Notice the inflammatory changes in the subcutaneous fat. 


of presentation and require aggressive antibiotic therapy and 
surgical débridement. Mortality rates of 20% to 50% have 
been reported. 9 Another unusual form of abdominal wall 
infection is actinomycosis. This infection usually involves the 
abdominal wall by direct inoculation at trauma, extension 
from an infected intra-abdominal source, or blood-borne 
infection. Although these lesions are responsive to penicillin, 
they mimic neoplasm. The correct diagnosis is often not made 
until surgical biopsy. 100 

NEOPLASMS 

Primary Malignant Neoplasms 

Primary malignant neoplasms of the anterior abdominal wall 
are uncommon. They include sarcomas, desmoid tumors (i.e., 
tumors of mesenchymal origin), and urachal carcinoma. Sarco¬ 
mas are further subtyped histologically as rhabdomyosarcomas, 
fibrosarcomas, leiomyosarcomas, liposarcomas, synovial sarco¬ 
mas, malignant schwannomas, malignant fibrous histiocyto- 
mas, and poorly differentiated sarcomas. 101,102 Desmoid tumors 
represent a low-grade, nonmetastasizing variant of fibrosar- 
coma, and they have a unique tendency to arise in musculoapo- 
neurotic planes. They are locally aggressive tumors and may 
involve bowel loops or biadder deep to the tumor or adj acent 
ribs or pelvic bones. 101102 Their histologic appearance, local 
invasiveness, and predilection for recurrence have inspired their 
other name of aggressive fibromatosis. Desmoid tumors most 
often occur in women of childbearing age and sometimes arise 
in a preexisting surgical scar. 101 103 Desmoid tumors arise fre- 
quently in the colectomy scar of patients with Gardner’s syn- 
drome and may be accompanied by desmoid tumors of the 
mesentery or paraspinous musculature. 104 

Differentiation of desmoid tumors from the various sarco¬ 
mas is often not possible unless distant metastatic disease is 
present. 73 Desmoids are frequently well defined. 105 Fibrous 
tumors are often hypoechoic sonographically and hyperdense 
compared with muscle on CT studies, particularly on postcon- 
trast scans. 105 ' 107 MR scans show the expected low signal inten- 
sity of fibrous tissue on TI- and T2-weighted images, and the 
multiple imaging planes available with MR scanning may have 
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Figure 112-28 Abdominal wall metastatic malignant neoplasm. A. Longitudinal sonogram demonstrates a hypoechoic metastasis ( cursors ) 
within the subcutaneous fat of the anterior abdominal wall from a gastric carcinoma. B. Enhancing abdominal wall metastasis (arrow) from colon 
cancer. 


some advantage in showing the origin and extent of these 
lesions. These lesions require wide excision, and preoperative 
evaluation of the extent of the lesion is invaluable for surgical 
planning. 107 

Urachal carcinoma is a rare lesion, usually arising in the 
juxtavesical segment of the urachus. Classic clinical features 
include the passage of biood or mucus in the urine. These 
lesions are most commonly adenocarcinoma (94%), and they 
usually occur in males (75%). 108 The lesion is frequently calci- 
fied; it deforms the biadder apex and may shift the ureters 
laterally. 108 

Metastatic Disease 

Although subcutaneous metastatic deposits are usually clini- 
cally evident, they may be overlooked, particularly in the 
obese patient. These soft tissue lesions are usually well visu- 
alized because of the naturally homogeneous background 
provided by subcutaneous fat. CT, ultrasound, or MRI can 
demonstrate these lesions, and changes in these metastases 
over time can be used as one marker of response to che- 
motherapy (Fig. 112-28). 109 Typical primary lesions that cause 
subcutaneous metastases include melanoma and lung, renal, 
and ovarian cancer. 73 Direct spread of a variety of intra- 
abdominal malignant neoplasms to the abdominal wall is 
also common. A unique, iatrogenic form of spread to the 
abdominal wall is occasionally seen in patients with indwell- 
ing drains placed to manage malignant obstruction of the 
biliary tract. 110 Rarely, percutaneous biopsy can seed subcu¬ 
taneous metastasis. 111 Gastric cancer has a peculiar predilection 
to produce an isolated metastasis near the umbilicus. This 
probably represents a form of peritoneal metastasis rather 
than nodal spread. 112 

Benign Lesions 

A variety of benign tumors of the abdominal wall can be mani¬ 
fested as soft tissue masses. These lesions, discovered inciden- 
tally, include lipomas, neurofibromas, and other mesenchymal 
tumors. 7 " On occasion, endometriomas can occur in the ante¬ 
rior abdominal wall, incorporated in a surgical scar, typically in 
the setting of prior cesarean section. These hormonally respon- 
sive lesions can be painful at the time of menses and can be 
easily missed with pelvic ultrasound if the near held is not care- 
fiilly examined. 113 


MISCELLANEOUS CONDITIONS 

Vascular Lesions 

Small, subcutaneous biood vessels are frequently evident on 
abdominal CT scans; however, an increase in the size or number 
of these vessels (usually veins) should raise suspicion of an 
intra-abdominal venous abnormality. Veins are recognized by 
their intense enhancement and tubular or serpiginous configu- 
ration on multiple, contiguous images. Abdominal wall venous 
collateral vessels may occur in the setting of systemic venous 
occlusion or portal hypertension, and the appearance of the 
collateral vessels alone often does not lead to a definitive diag- 
nosis. Patients with portal hypertension usually have a large 
number of associated Åndings that lead to the correct diagnosis, 
including retroperitoneal, mesenteric, perisplenic, or para- 
esophageal varices and cirrhotic hepatic changes. 113 " 115 One spe- 
cific collateral vessel, the recanalized umbilical or paraumbilical 
vein, is highly specific for portal hypertension. 1 115 This vessel 
drains the portal venous system from the leff portal vein along 
the falciform ligament into the anterior abdominal wall, termi- 
nating in many paraumbilical systemic veins, causing caput 
medusae. 

Vascular Grafts 

Surgically placed arterial grafts are easily identified in the sub¬ 
cutaneous tissues by CT, ultrasound, or MRI. 3 Axillary-femoral 
bypass grafts are oriented parallel to the long axis of the body 
along the lateral abdominal wall, whereas femoral-femoral 
grafts cross the lower abdomen just above the symphysis pubis. 
Patency of these grafts is usually apparent by palpation but can 
be confirmed by Doppler ultrasound. 73 

Other Implanted Devices 

Chronic ambulatory peritoneal dialysis is performed on patients 
in renal failure by sequentially infusing fluid into the peritoneal 
cavity and removing it to allow removal of toxins and regulation 
of electrolytes. This technique requires the placement of a cath- 
eter that crosses the anterior abdominal wall. Leaks, hernias, or 
fluid collections at the catheter entry site are optimally demon- 
strated by CT (Fig. 112-29). It is beneficial to infuse dialysate 
mixed with an iodinated contrast agent to enhance visualization 
of the configuration of the peritoneal lining at the catheter 
site. 115 
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Figure 112-29 CSFoma: CT features. There is a fluid collection 
( arrow ) in the subcutaneous fat of the anterior pelvic wall due to 
malposition of ventriculoperitoneal shunt tube (red arrow). 



Figure 112-30 Trocar deformity. Anterior abdominal wall trocar- 
associated hernias (red arrow) are seen causing small bowel 
obstruction (yellow arrow) with the small bowel feces sign. 


Other devices, such as infusion ports, chemotherapy reser¬ 
voirs, and cardiac pacemakers, are commonly seen with cross- 
sectional imaging. Unless the device was placed recently, the 
presence of gas or fluid around the implant should raise suspi- 
cion of infection. 

Calcifications 

Hypercalcemic States, dermatomyositis, idiopathic calcinosis, 
Ehlers-Danlos syndrome, injection granulomas, and epider- 
molysis bullosa can cause subcutaneous calcification. 115 These 
can be precisely located by CT. 

Subcutaneous Gas 

Although most cases of subcutaneous gas are caused by trauma 
or surgery, infection and ruptured viscus must also be consid- 
ered. 1 2 3 4 5 * 7 " These collections are well localized on CT scans, and 
underlying pathologic conditions, including fistulas to bowel 
and abscesses, also can be evaluated. 115-117 


Laparoscopic Injuries 

Laparoscopic surgery is being used for an increasing number of 
indications in the abdomen and pelvis. This surgery requires at 
least four holes in the abdominal wall created by a trocar. Each 
one of these holes can lead to the formation of a permanent 
defect (Fig. 112-30), which can serve as a pathway for future 
herniation. 118120 

Condusions 

Cross-sectional imaging provides an excellent, noninvasive 
means of evaluating pathologic processes of the anterior 
abdominal wall. Specific observations on the nature, loca¬ 
tion, extent, and underlying causes of these lesions can be 
made, therapy planned and instituted, and follow-up 
accomplished. 
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The complex anatomy of the gastrointestinal tract and the peri- 
toneal cavity arises from mueh simpler origins. The transition 
from the primitive straight tubular alimentary canal to the elon- 
gated and tortuous gut (and its accessory organs) suspended by 
mesenteries and encased by peritoneal reflections can readily be 
explained by a well-defmed series of events. Although these 
processes are summarized individually, these multiple events 
often occur simultaneously with complex interactions. 
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Early Development 

After fertilization, the zygote rapidly undergoes repeated mitotic 
divisions that result in an inereased number of cells. This occurs 
without a corresponding inerease in the cell mass. 

Approximately 3 days after fertilization, a solid ball of cells 
(i.e., morula) develops. The next day, central cavities appear, 
which separate the cells into the trophoblast (from which part 
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of the placenta develops) and the embryoblast. Two days later, 
endometrial implantation begins. 

During the second week of development, the spherical mass 
of cells hattens into a bilaminar disk. A primitive yolk sac also 
develops. During the third week, the embryonic disk rapidly 
develops into the embryo (i.e., gastrulation). The cells differen- 
tiate into the three classic germ cell layers: endoderm, meso- 
derm, and ectoderm. 

The endoderm gives rise to the lining epithelium of the 
respiratory and gastrointestinal tracts as well as the glandular 
elements of the liver and pancreas. From the mesoderm arise 
the smooth muscle of the gastrointestinal tract, the connective 
tissues, and their associated biood vessels. Biood cells and their 
progenitors, striated muscle, bone, cartilage, and the reproduc- 
tive and genitourinary tract are also mesodermal in origin. The 
ectoderm is the source of the epidermis and the nervous system. 

Clefts appear within the lateral aspects of the developing 
intermediate mesodermal layer, forming the intraembryonic 
celom. These open laterally into the yolk sac. They lie between 
and separate the more dorsal somatic mesoderm from the 
ventral splanchnic mesoderm. 1 The somatic mesoderm, in asso¬ 
ciation with the ectodermal layer, forms the embryonic body 
wall (i.e., somatopleure); the splanchnic mesoderm, along with 
the endoderm, forms the embryonic gut (i.e., splanchnopleure) 
(Fig. 113-1). 

As the lateral margins of the embryonic disk move ventrally 
and medially, they begin to pinch off the yolk sac and the more 
laterally placed intraembryonic celom. Continued growth by 
the somatopleure and its eventual midline fusion complete the 
encompassment of the intraembryonic celom with formation 
of a cylindrical body cavity. The more centrally placed splanch¬ 
nopleure also starts to close ventrally, partially separating the 
primary yolk sac into the gut and the secondary yolk sac, which 
is separated by the yolk stalk (Fig. 113-2). 

A primitive alimentary tube is formed within the larger sur- 
rounding body cavity. The dorsal mesentery and its visceral 
peritoneum are derived from the splanchnopleure. Most of the 
ventral mesentery, also derived from the splanchnopleure, 
degenerates with time, leaving a large embryonic body cavity 
(i.e., celom). 2 



Figure 113-1 Embryologic development: early fourth week. 

Cross section through the midportion of an embryo early in the fourth 
week shows infolding of the somatopleure as it begins to encase the 
intraembryonic celom. This eventually encompasses the body cavity. 
The splanchnopleure's contribution to the formation of the midgut is 
evident. 


Division of the Intraembryonic Celom 
and Formation of the Diaphragm 

During the fourth to sixth weeks of development, the large 
common intraembryonic celomic cavity is partitioned into 
pleural, pericardial, and peritoneal spaces. By the fourth week, 
a large pericardial cavity is connected to the peritoneal cavity 
by two smaller pericardioperitoneal canals. The pressure of the 
developing head causes the heart and pericardial cavity to be 
displaced caudally and ventrally. The pericardioperitoneal 
canals exit from the pericardium along its dorsal aspect to enter 
the peritoneum. 

As the lung buds develop, they grow into the paired pericar¬ 
dioperitoneal canals. This produces two pairs of ridges. The 
cranial pair gives rise to the pleuropericardial membrane that 
eventually separates the primitive pericardial cavity into defini¬ 
tive pericardial and pleural spaces. The more caudal pair gives 
rise to the pleuroperitoneal membrane. This plays an important 
role in the development of the diaphragm. As the lung buds 
grow superiorly and the liver and peritoneal Space expand infe- 
riorly, these membranes become more prominent. They attach 
themselves to the abdominal wall along their dorsal and lateral 
margins. Their free edges project into the pericardioperitoneal 
canals. 

During the sixth week, the free edges of the dorsolateral 
pleuroperitoneal membrane fuse with the midline dorsal mes¬ 
entery of the esophagus, forming part of the primitive medi- 
astinum at this point. The anterior half of the primitive 
diaphragm is formed by the septum transversum, which arises 
in the third week as a condensation of mesoderm. By the 
fourth week, it has thickened to form an incomplete division 
anteriorly between the pericardium and the peritoneal cavity 
(Fig. 113-3). 

Between weeks 6 and 12, many changes take place in the 
relative contributions of these structures to the diaphragm that 
exists at birth. The large dorsolateral component formed by the 
pleuroperitoneal membranes decreases in size. Myoblasts from 
the abdominal wall migrate into the peripheral aspects of the 
membranes. These contribute to the growth of the diaphragm 



Figure 113-2 Embryologic development: late fourth week. 

The cross section is similar to that in Figure 113-1, but it shows 
development at the end of the fourth week. The envelopment of the 
intraembryonic celom is almost complete. The yolk sac has separated 
into a more definitive yolk stalk and midgut. 
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I I Mesentery of the esophagus 
I I Pleuroperitoneal membranes 

Figure 113-3 Embryologic development: fifth week. Diagram of a 
5-week embryo as seen from below. The relative contributions of the 
septum transversum, esophageal mesentery, and pleuroperitoneal 
membranes change with further development. 


and eventually give rise to the costophrenic sulci. Myoblasts also 
grow into the primitive dorsal esophageal mesentery, forming 
the diaphragmatic crura. 

In addition to its complex formation, the diaphragm mark¬ 
edly shifts in position. In the fourth week, the septum trans¬ 
versum is at the level of the third to fifth cervical somites. 
The myoblasts and associated nerve innervation also arise 
from these levels. From the fourth to the sixth weeks, the 
dorsal part of the embryo grows rapidly, causing an apparent 
descent of the diaphragm. The mesenchyme of the septum 
transversum contributes its own myoblasts to the diaphragm, 
maintaining its original C3-C5 innervation. In its definitive 
State, the diaphragm lies at the level of the thoracolumbar 
junction while maintaining its phrenic nerve, midcervical 
innervation. 

Anomalies of Diaphragmatic 
Development 

DIAPHRAGMATIC HERNIA 

If the pleuroperitoneal membrane fails to close entirely, a patent 
canal may persist between the pleural and the peritoneal cavi- 
ties. If this dorsally and laterally placed canal is still present at 
the reduction of the physiologic herniation of the midgut at 
week 10 (discussed later), the returning bowel may herniate 
through this patent foramen of Bochdalek into the chest. This 
occurs most frequently on the left side. 2 

FORAMEN OF MORGAGNI HERNIA 

A natural weakness in the anteromedial portion of the dia¬ 
phragm (i.e., retrosternal) is caused by the passage of the supe- 
rior epigastric vessels. Herniation of omentum or intestines 
may occur at this site, and it occurs most frequently on the 
right side. 3 


EVENTRATION 

Defective muscle development of the dorne of the diaphragm 
may lead to structural weakness and subsequent ballooning. 
Only a thin, aponeurotic sheet of tissue is then present. Abdom- 
inal contents may bulge into the thoracic cavity, simulating a 
difficult to differentiate eventration from a true herniation. 

Normal Liver Development 

During the fourth week of development, the caudal portion of 
the foregut develops a ventral bud called the primordial hepatic 
diverticulum. This endodermal liver bud enlarges and grows 
into and between the two layers of the ventral mesentery. More 
superiorly, it grows in contact with and into the mass of mes¬ 
enchyme, the septum transversum. The ventral liver bud divides 
into cranial and caudal portions within the mesentery. The 
cranial portion gives rise to the liver and intrahepatic bile duets; 
the caudal portion forms the gallbladder and cystic duet. 4 

The cranial liver bud further divides into right and left lobes, 
which are initially of equal size. The right lobe eventually 
becomes mueh larger than the left. The distal branches of the 
right and left lobe cords undergo canalization to become the 
definitive main right and left hepatic duets. The intrahepatic 
biliary tree is thought to arise from the hepatic parenchyma. 
These cords of tissue extend along the randomly created pattern 
of portal vein tributaries (discussed later). Consequently, the 
pattern of intrahepatic bile duets is variable. 

The mature liver has two ligaments that represent remnants 
of embryologic vascular channels. These are the ligamentum 
teres (i.e., round ligament) within the falciform ligament and 
the ligamentum venosum. These develop from the vitelline 
and umbilical veins, respectively. The paired vitelline veins 
drain the yolk sac, pass through the developing liver and septum 
transversum, and empty into the right side of the primitive 
heart (i.e., sinus venosus). The vitelline veins within the liver 
create a meshlike network of vascular channels that become 
the hepatic sinusoids. Some of the lining cells of the sinusoids 
later differentiate into macrophages (i.e., Kupffer cells), the 
reticuloendothelial component of the liver. 5 The segments of 
the vitelline veins proximal and distal to the sinusoids become, 
respectively, the hepatic veins and the hepatic portion of the 
portal vein. 6 

The paired umbilical veins drain the placenta and chorion. 
They pass through the septum transversum, contributing mini¬ 
mally to hepatic sinusoidal development, and then empty into 
the sinus venosus. The entire right umbilical vein and a segment 
of the left proximal (cephalad) to the liver atrophy. A large 
venous channel, the ductus venosus, arises from the hepatic 
sinusoidal network and carries biood from the distal (caudal) 
left umbilical vein into the sinus venosus, bypassing the liver. 
Eventually, the lumen of the ductus venosus is obliterated, and 
the structure becomes the ligamentum venosum. The distal 
portion of the left umbilical vein migrates medially to the liver 
edge, and its lumen closes. It then becomes the round ligament 
(i.e., ligamentum teres). This ligament, which connects the liga¬ 
mentum venosum to the umbilicus, is encased within the most 
anterior portion of the ventral mesentery, the falciform liga¬ 
ment (Fig. 113-4). 7 

The mesenchymal septum transversum contributes to the 
ventral mesentery that surrounds the liver and gallbladder. 
The fibrous tissues of the liver, including Glissons capsule, 
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Figure 113-4 Falciform ligament and bare area of liver. CT of the 

upper abdomen shows a large amount of ascites (A) outlining the 
falciform ligament (straight arrows). Along the posterior aspect of the 
right lobe, there is a region not surrounded by the fluid: the bare 
area (curved arrows). This represents the portion of the liver that 
developed in contact with the septum transversum and that is not 
covered by the peritoneum. 


embryonal hepatic hematopoietic tissues, and the Kupffer cells 
lining the sinusoids, are also derived from the septum 
transversum. 7 

The membranous ventral mesentery is a double-layered 
structure that encloses the liver and gallbladder to become 
their visceral peritoneum. The cephalic portion of the devel- 
oping liver directly contacts the septum and therefore is not 
enveloped by the ventral mesentery. This region, devoid of 
peritoneum, is known as the bare area (see Fig. 113-4). The 
visceral peritoneum reflects off the liver onto the undersurface 
of the diaphragm as the coronary ligaments outlining this 
region. 

Abnormal Liver Development 

ATYPICAL SEGMENTATION 

Variations of lobulation sometimes occur. A bipartite liver 
results from an exaggerated separation of the lobes, which may 
represent congenital absence of the medial segment of the left 
lobe. 8 

Absence of the right lobe may result from maldevelop- 
ment of the portal vein or the primordial hepatic diverticu- 
lum proper. 9,10 A portal venous abnormality may account 
for an absent left lobe. Multilobar livers—as many as 16— 
may be seen. 7 Hepatic anomalies are discussed further in 
Chapter 85. 

ATYPICAL LOCATION 

Hepatic lobes can develop in the thorax. They may undergo 
torsion when they have a separate mesentery. 11 Heterotopic liver 
tissue may also be found within structures that share a common 
embryologic development: gallbladder, pancreas, umbilical 
cord, and gastrohepatic ligament. 


Normal Gallbladder and Bile 
Duet Development 

The fourth week of embryogenesis is marked by the appearance 
of the hepatic diverticulum. It then divides into cranial and 
caudal buds. The caudal bud forms the gallbladder, cystic duet, 
and extrahepatic bile duets. Their development precedes that of 
the intrahepatic duets by several weeks. 

The common bile duet develops as a cord connecting the 
cystic and main hepatic duets to the descending duodenum. 
The hollow gallbladder and common bile duet primordia 
become occluded with proliferating endoderm during the 
fifth week. They recanalize by vaeuolization and cell degen¬ 
eration by the end of that week. The recanalization of the 
common bile duet precedes that of the gallbladder and duo¬ 
denum. As the duodenum rotates 90 degrees to the right, 
the common bile duet rotates an additional 180 degrees along 
with the ventral pancreatic anlage. The common duet is 
carried from its original ventral position to the right, then 
posteriorly, and finally to the medial aspect of the duodenal 
sweep. 

The gallbladder and intrahepatic duets also communicate 
through the cystohepatic duets of Luschka during fetal life. 
These duets usually atrophy in the adult but may remain 
patent in some patients. When they persist and are not rec- 
ognized during cholecystectomy, a significant bile leak may 
result. 13 

Vacuoles in the wall of the duodenum coalesce to form 
two separate channels and then one single lumen for the 
adjacent common bile and main pancreatic duets. Within the 
wall of the duodenum are primitive ampullary tissues that 
enlarge and displace the junetion of the two duets away from 
the duodenal lumen. This displacement is reversed by the 
growth of the duodenal wall smooth muscle. This accounts 
for the considerable variability seen in the junetion of these 
two structures. 14,15 

Abnormal Gallbladder and Bile 
Duet Development 

PHRYGIAN CAP 

The phrygian cap is an abnormal shape of the gallbladder. It 
represents a folding of the fundus on itself and is not truly 
pathologic. 

GALLBLADDER DIVERTICULUM 

The gallbladder diverticulum is the true diverticulum (contain- 
ing all normal wall elements). It probably is the remnant of the 
cystohepatic duet. It can be a site of bile stasis and stone forma¬ 
tion (see Chapter 76). 16 

POSITIONAL ANOMALIES 

The most common anomaly of gallbladder position is that of a 
“wandering” or “floating” gallbladder. Elongation of the gall¬ 
bladder mesenteric attachment to the undersurface of the liver 
results in excessive mobility. The gallbladder may herniate into 
the lesser sac, undergo torsion, or be located in other intra- 
abdominal locations (see Chapter 76). 7,16-19 
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BIFID GALLBLADDER OR DUPLICATION 

A bifid gallbladder has two cavities but only one cystic duet. 
Each of the duplicate or triplicate gallbladders has its own cystic 
duet. These entities may result from a persistent outpouching 
of the extrahepatic duet or incomplete recanalization of the 
gallbladder. 5,7,16,18 The latter may also give rise to a septate gall¬ 
bladder (see Chapter 76). 7,20 

AGENESIS 

Agenesis, a rare entity, results from a lack of development of the 
caudal portion of the liver bud or improper recanalization of 
the gallbladder. 6,7,1 It may be associated with a host of other 
anomalies affeeting many other organ systems (see Chapter 76). 

TRACHEOBILIARY FISTULA 

Tracheobiliary fistula is characterized by the combination of 
bile-stained sputum and pneumobilia. It results when the 
biliary tree is connected to the carinal region. 18,22 

BILIARY ATRESIA 

In biliary atresia, the number of intrahepatic bile duets is 
decreased. This may develop primarily or result from oq- 
antitrypsin deficiency, cystic fibrosis, or viral hepatitis (see 
Chapter 120). 23 

ALAGILLE'S SYNDROME 

Alagille’s syndrome is an autosomal dominant syndrome of 
arteriohepatic dysplasia. It is characterized by a paucity of bile 
duets, peripheral pulmonic stenosis, vertebral anomalies, and 
mental and physical retardation (see Chapter 119). 24 

CYSTIC DISEASE 

The Spectrum of cystic diseases ranges from intrahepatic cysts 
or fibrosis to renal disease. Various patterns of inheritance also 
occur. Cysts may be attributable to defeetive development of the 
intrahepatic duets. In other forms, bile duet hyperplasia and 
portal fibrosis may predominate (see Chapters 76 and 119). 

CAROLI'S DISEASE 

Caroli’s disease is a nonfamilial entity characterized by segmen¬ 
tal cystic dilation of the intrahepatic bile duets. It may represent 
an intermediate form of disease between congenital hepatic 
fibrosis and choledochal cysts. 18 A possible cause is perinatal 
hepatic artery occlusion. 25 Multiple episodes of cholangitis may 
result from bile stasis (see Chapter 76). 

CHOLEDOCHAL CYSTS 

Multiple theories have been proposed to explain choledochal 
cysts. 26 ' 28 These concepts include distal biliary ductal obstruc¬ 
tion with subsequent weakening and ballooning of the wall, 
anomalous course of the bile duet through the duodenal 
wall, and deficient development of the bile duet wall. Addi¬ 
tional theories include a high junetion of the bile and pan- 
creatic duets proximal to the sphineter of Oddi, which 


allows reflux of pancreatic enzymes up the common bile 
duet when the sphineter is contracted, resulting in cholan¬ 
gitis and dilation. Another theory suggests an excess quan- 
tity of epithelial cells in the primitive choledochus, followed 
by recanalization leading to cyst formation. Viral infeetion 
leading to infantile obstructive cholangiopathy is another 
widely favored theory. During the past decade, technologic 
advances in imaging have greatly enhanced the noninvasive 
evaluation of the biliary tract. For example, multidetector 
computed tomography (CT) and magnetic resonance chol- 
angiopanereatography (MRCP) can accurately depict preop- 
erative anatomy and enable delineation of an anomalous 
pancreaticobiliary junetion. 

Choledochal cysts are found more often in Asians and in 
females. Five classic radiographic types have been identified. 30 
The most common type is aneurysmal dilation of the common 
duet, which often extends into the cystic duet and the main 
hepatic duets. The rare second form is a diverticulum that pro- 
jects off the distal common duet. The third form is that of a 
choledochocele, which represents a dilation of the distal 
common bile duet that protrudes into the duodenum. This 
third form may also be a congenital duplication cyst of the 
duodenum through which the common duet courses (see 
Chapter 76). 31 

Two other types are included in the classification of chole¬ 
dochal cysts. One is multifocal segmental intrahepatic and 
extrahepatic ductal dilation. The other is Caroli’s disease (dis- 
cussed earlier). 

Normal Development 
of the Esophagus 

During the latter half of the fourth week, the respiratory system 
develops as a ventral bud of the foregut. The laryngotracheal 
groove forms at the caudal end of the primitive pharynx and 
becomes the laryngotracheal diverticulum. Longitudinal (tra- 
cheoesophageal) folds eventually separate the ventral respira¬ 
tory apparatus from the dorsal esophagus. 

Initially, the esophagus is relatively short. Growth of the 
heart and lungs contributes to the elongation of the esophagus. 
Its epithelium and epithelial giands proliferate and obliterate 
the hollow lumen. This cellular plug is resorbed by the eighth 
week, the end of the fetal period. 

Abnormal Development 
of the Esophagus 

TRACHEOESOPHAGEAL FISTULA 

Partial fusion of the tracheoesophageal folds leads to incom¬ 
plete separation of the respiratory and gastrointestinal tracts 
(i.e., tracheoesophageal fistula). This is usually accompanied 
by some narrowing of the associated lumens (i.e., esopha- 
geal atresia). This common anomaly is discussed further in 
Chapter 114. 

DUPLICATION 

Incomplete resorption of the endothelial plug may result in a 
duplication of the esophagus (see Chapter 114). 3 Duplication 
cysts are manifested as submucosal masses and do not usually 
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communicate with the esophageal lumen. CT or endoscopic 
sonography can document its cystic nature. 

STENOSIS 

Weblike narrowing or long segmental strictures may occur in 
the distal esophagus. Stenosis results from incomplete recanali- 
zation (see Chapter 114). 33 

ESOPHAGEAL BRONCHUS 

An esophageal bronchus is evidence of the common origin of 
the respiratory and gastrointestinal tracts. In this entity, a 
branching bronchus arises from the esophagus, usually in asso¬ 
ciation with a pulmonary sequestration. 34 

CONGENITAL SHORT ESOPHAGUS 

If the esophagus does not proportionally elongate as the body 
grows, a congenital short esophagus occurs. 33 Seen at birth in 
association with a hiatal hernia, it is distinet from the acquired 
form found in adults. 

Normal Development of the 
Stomach, Duodenum, and 
Lesser Omentum 

At the end of the fourth week, which is the midpoint of the fetal 
period, the primitive stomach is still a straight, hollow tube in 
the midsagittal plane. During the next 2 weeks, the future 
stomach dilates, first in a fusiform manner and then with pref- 
erential growth of its dorsal wall. This causes a dorsal bulge, 
which is the origin of the greater curvature. 

During the sixth to eighth weeks of development, the 
stomach rotates along two different axes simultaneously. The 
first and major rotation about the longitudinal axis causes 
the dorsal bulge to form the lateral border of the stomach. The 
former ventral aspect forms the medial wall (i.e., lesser curva¬ 
ture). 33 This accounts for the left vagus nerve innervating the 
anterior wall of the stomach and the right vagus nerve innervat¬ 
ing the posterior wall in the adult (Fig. 113-5). 

The enlarging liver contributes to a second rotation 
about the anteroposterior axis. The stomach shifts from a 
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Figure 113-5 Gastric rotation and formation of the lesser sac. 

A and B. Schematic cross-sectional diagrams depict the rotation of 
the stomach about the body's longitudinal axis. The left vagus nerve 
is carried to the anterior wall of the stomach. The extension of the 
right peritoneal space posterior to the stomach starts the formation of 
the lesser sac. 


purely longitudinal orientation to one more transverse. The 
greater curvature convexity is directed inferiorly and later¬ 
ally, whereas the lesser curvature is concave superiorly and 
medially. 

The ventral mesentery of the distal foregut persists into 
adulthood. It continues to connect the lesser curvature of 
the stomach (i.e., former ventral wall) to the undersurface 
of the liver at the junetion of the caudate lobe and the 
lateral segment of the left lobe as the gastrohepatic ligament 
(Fig. 113-6). 35 Within it lie the left gastric artery, coronary 
veins, and multiple lymph nodes. The more caudal portion 
of the lesser omentum forms the hepatoduodenal ligament. 
Within its free edge lie the hepatic artery, portal vein, 
common hepatic and bile duets, and lymph nodes. 36 This 
free edge forms one of the horders of the foramen of 
Winslow, separating the lesser sac from the greater perito¬ 
neal cavity. 

Unlike the dorsal bulge of the primitive stomach, the duo¬ 
denum forms a ventral bulge. The proximal portion of the 
duodenum (i.e., from the pylorus to just past the papilla) is 
derived from the foregut, maintaining its biood supply from 
the celiac axis (i.e., major foregut artery). The remainder of 
the duodenum is derived from the midgut. Consequently, it 
is supplied by the superior mesenteric artery (i.e., major artery 
of the midgut), which passes through the persistent dorsal 
mesentery. 

With gastric rotation, the duodenum also changes in posi¬ 
tion. The concave border formerly directed dorsally becomes 
open to the left (i.e., classic C loop). The dorsal mesentery is 
subsequently resorbed, leaving a covering of visceral perito- 
neum along its anterior surface. This loss of mesenteric attach- 
ment accounts for the final “retroperitoneal” location of the 
duodenum distal to the bulb. 

Abnormal Development of the 
Stomach and Duodenum 

ANTRAL WEB 

An antral web is a thin, concentric narrowing of the antrum. It 
is composed of mueosa and submueosa (Fig. 113-7). It may be 
congenital in origin (i.e., a recanalization error) or may be 
associated with peptic uleer disease. 37 

GASTRIC DIVERTICULA 

Gastric diverticula usually occur high on the posterior wall of 
the fundus, and they may be true diverticula or pseudodiver- 
ticula with an absent muscle wall. 37 The constancy of position 
suggests an underlying congenital basis. 

DUPLICATIONS 

Duplications usually are found along the greater curvature. 
These noncommunicating cystic masses vary greatly in size (see 
Chapter 116). 37 ’ 38 

DUODENAL STENOSIS 

Duodenal stenosis is manifested as a narrowing of variable 
length, usually in the third and fourth portions. It may result 
from faulty recanalization (see Chapter 116). 33 
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kidney kidney 

Figure 113-6 Embryologic origins of mesenteries and supporting ligaments. Cross section through a 5-week embryo at the level of the liver 
shows the paired superior peritoneum (right and left) separated by the ventral and dorsal mesenteries. Even at this stage of development, the 
origins of many of the suspensory ligaments of the adult are clearly demonstrated. 



Figure 113-7 Antral web. There is a thin, linear, nonobstructive 
defect ( arrows ) in the gastric antrum. 


DUODENAL WEB AND INVERTED 
DIVERTICULUM 

A thin, narrow band of tissue may partially block the duode - 
num. With the continued pressure of peristalsis propelling 
intestinal contents, this web may stretch and balloon into a 
saclike structure within the normal duodenal lumen, the 
so-called inverted diverticulum or windsock deformity (see 
Chapter 116). 39 

Normal Development 
of the Pancreas 

The endoderm of the caudal foregut produces dorsal and 
ventral pancreatic buds during the fourth week of development. 


The dorsal bud appears first and lies cephalad to the ventral 
anlage. The dorsal bud rapidly grows into the dorsal mesentery 
(i.e., mesoduodenum). It gives rise to the body and tail of the 
pancreas. The more caudal ventral pancreatic bud develops 
from the hepatic diverticulum. This bud is originally bifid, but 
the left side atrophies, and the right side persists to form the 
uncinate process and the head of the pancreas. 40 41 

The dorsal bud has been reported to have a greater pro- 
pensity for fatty infiltration than the ventral bud, which may 
be useful in distinguishing normal pancreatic parenchyma 
from diseased pancreas between the pancreatic buds on 
imaging studies. 42 This propensity may stem from the differ- 
ent histologic composition of the pancreatic buds. Microscopic 
evaluation indicates that the parenchyma originating from 
the ventral bud contains densely packed pancreatic lobules, 
whereas the parenchyma originating from the dorsal bud is 
relatively loosely packed and contains more interposed adipose 
tissue. 43 

CT evaluation of focal fatty infiltration, most often observed 
in the anterior aspect of the pancreatic head, demonstrates an 
isolated region of fat attenuation within the pancreatic paren¬ 
chyma on non-contrast-enhanced or contrast-enhanced 
studies. However, contrast-enhanced CT studies may mask the 
presence of focal fatty infiltration as the normal parenchyma 
enhances and obscures the low-attenuation regions of fat. It is 
noteworthy that the delineation between the region of fatty 
infiltration and the remaining pancreatic parenchyma is often 
smooth and sharp, as would be expected in infiltration resulting 
from differing histologic composition. 43 44 

On ultrasound, focal fatty infiltration is hyperechoic com- 
pared with the normal pancreatic parenchyma. As on CT, there 
is a discrete delineation between the segment of the pancreas 
with fatty infiltration and the remaining parenchyma. 44 

Magnetic resonance imaging is an accurate modality for 
evaluating focal fatty infiltration (and differentiating it from a 
neoplastic lesion) because of its ability to clearly identify fatty 
tissues. Fatty tissue will show high signal intensity on TI- and 
T2-weighted images. In addition, with use of Chemical shift 
imaging, it can be shown that fatty infiltration tissue shows a 
significant signal decrease on the out-of-phase TI sequence 
compared with the in-phase TI sequence. 43,44 
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There are several important imaging dues that help differ- 
entiate a mass from focal fatty infiltration of pancreatic paren- 
chyma. Focal fatty infiltration is more often found in the 
anterior aspect of the pancreatic head, whereas the posterior 
aspect of the pancreatic head and the parenchyma adjacent to 
the pancreatic duet are spared. Compared with a malignant 
lesion, for example, fatty infiltration does not usually exert mass 
effeet on the surrounding tissues or vessels and often maintains 
the normal contour of the panereas. Finally, focal fatty infiltra¬ 
tion tends to be stable on repeated studies. 

As the duodenum rotates 90 degrees to the right, the dorsal 
pancreatic bud and its mesentery are carried along in the 
concavity of the primitive duodenal sweep (discussed earlier). 
They are ultimately situated along the left (medial) margin of 
the descending duodenum. The common bile duet and the 
right side of the ventral pancreatic anlage also complete this 
90-degree rotation while undergoing an additional 180-degree 
rotation of their own. They come to lie along the concavity 
of the duodenal sweep after rotating through a total of 270 
degrees (Fig. 113-8A, B). 

Eventually, the duodenal dorsal mesentery fuses with the 
posterior peritoneal wall, resulting in the retroperitoneal loca¬ 
tion of the panereas. However, a small portion of the tail of the 
panereas maintains its intraperitoneal location near the hilum 
of the spleen in a portion of the mesogastrium that sometimes 
is not fully resorbed. 40 

During the sixth week, the parenchyma of the ventral and 
dorsal buds and their duets unite. The main pancreatic duet 
(Wirsung), which empties through the main papilla, is derived 
from the ventral anlage in the head and the dorsal anlage in the 
body and tail (Fig. 113-8C). The accessory duet (Santorini) is 
derived from the distal aspect of the dorsal anlage, and in 10% 
of patients, it empties through the minor papilla. 4 In the 
remaining cases, the main pancreatic duet is the predominant 
exeretory pathway as the two ductal systems communicate. 

The exocrine pancreatic tissue is derived from the pancreatic 
buds, which produce tubules. Vesicles form at the ends of these 
tubules, which give rise to acini. The endocrine islets of 


Langerhans also derive from the endoderm. 40 The splanchnic 
mesenchyme adj acent to the panereas provides its connective 
tissue stroma. 33 

Abnormal Development 
of the Panereas 

ANNULAR PANCREAS 

In 85% of cases of this anomaly, the descending duodenum is 
surrounded by a band of pancreatic tissue. 40,41 An annular pan¬ 
ereas is most often found in male patients, and it may be associ- 
ated with other congenital anomalies in up to 75% of cases (see 
Chapter 96). 

According to one theory, the left bud of the originally bifid 
ventral panereas persists and helps contribute to the ring of 
tissue around the duodenum. 45 Another theory proposes that 
the tip of the right bud abnormally adheres to the duodenum 
as it and the anlage rotate, thereby stretching and wrapping the 
pancreatic tissue around the duodenum. 40,41 

PANCREAS DIVISUM 

Panereas divisum is caused by failure of the dorsal and ventral 
pancreatic buds to unite. This allows the uncinate process 
and a portion of the head to be drained by a short and 
narrow-caliber main pancreatic duet (Wirsung) through the 
major papilla. The remainder is drained by the accessory 
pancreatic duet (Santorini) through the minor papilla that 
lies cephalad and ventral to the major papilla. The narrow 
opening of the minor papilla may predispose these patients 
to panereatitis (see Chapter 96). 46 Advances in MRCP have 
proved accurate in the diagnosis of pancreatic divisum. Mul- 
tidetector CT using cine visualization or multiplanar refor- 
matting may also improve the visualization of ductal anatomy 
in patients with pancreatic divisum. 47,48 Endoscopic ultrasound 
with a linear array transducer can demonstrate atypical ductal 
anatomy. The cleavage plane between the ventral and dorsal 



Figure 113-8 Stages of pancreatic development: superior perspective. A. Starting in the fourth week, the ventral pancreatic anlage rotates 
180 degrees (first to the right and then posteriorly) as the duodenum rotates 90 degrees. This results in a total rotation of 270 degrees, with the 
original ventral anlage moving to the left of the duodenum. This rotation also carries the distal common bile duet posterior to the duodenum. 

B. The dorsal anlage is carried along by the duodenal rotation, such that it lies to the left of the duodenum. C. By the seventh to eighth week, 
the duets of the two pancreatic buds fuse with the ventral panereas, contributing the distal portion of the main pancreatic duet. Most of the 
proximal main duet arises from the dorsal anlage. 
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pancreatic anlagen may also be demonstrated by this 
technique. 49 

ECTOPIC PANCREATIC TISSUE 

Small islands of pancreatic tissue may grow along the greater 
curvature of the antrum or medial aspect of the duodenal 
sweep, with formation of submucosal nodules. Other sites 
of involvement, including the omentum, have also been reported 
(see Chapter 96). Fully developed duets are rare. 

Normal Development of the Lesser 
Sac and Greater Omentum 

With the resorption of the ventral mesentery along the midgut 
and its persistence along the distal foregut, the abdomen is 
divided into paired (left and right) cephalic peritoneal spaces 
and a larger, common space caudally. As the primitive stomach 
develops, the dorsal mesentery (i.e., mesogastrium) with its 
accompanying vascular supply starts to elongate markedly. The 
elongated mesogastrium is carried along with the dorsal bulge 
of the stomach as it rotates (described earlier). This causes the 
right half of the paired cephalic peritoneal space to extend 
posterior to the stomach into the left upper quadrant, forming 
the lesser sac (see Fig. 113-5). 

The most dorsal aspect of this elongated mesogastrium 
(containing the spleen) eventually fuses partially with the pos¬ 
terior abdominal wall, accounting for the retroperitoneal course 
of the splenic artery (Fig. 113-9). 36 The more ventral portion of 
the now redundant mesogastrium projects anteriorly and infe- 
riorly. It hangs from the greater curvature of the stomach and 
overlies the transverse colon and mesenteric small bowel. It then 
loops back on itself to rejoin its already fused dorsal component 
at the posterior abdominal wall (Fig. 113-10A). 

The two leaves of this redundant apron of mesentery fuse, 
obliterating the space between the two layers (i.e., inferior 
recess of the lesser sac). The greater omentum, composed of 
four layers of peritoneum, hangs like an apron over mueh of 
the peritoneal cavity. The greater omentum partially fuses with 


the transverse colon and its suspending dorsal mesentery (Fig. 
113-10B). 33,36 Ventrally, this gives rise to the gastrocolic liga¬ 
ment as the greater omentum adheres to the superior aspect 
of the transverse colon. Dorsally, the mesogastrium and meso- 
colon fuse to form the definitive transverse mesocolon. 33,36 This 
delineates the inferior border of the lesser sac. The transverse 
mesocolon takes rise over the panereas and may act as a pathway 
for the spread of disease from the retroperitoneal panereas to 
the intraperitoneal colon. 50 The retroperitoneum fascia is com¬ 
posed of multiple discrete layers that represent fused leaves 
of the apposed embryonic mesentery. These planes, which 
extend from the diaphragm to the pelvic floor, enable rapid 
accumulations of fluid to spread in the retroperitoneum (see 
Chapter 108). 51 

The foramen of Winslow is the entry point into the lesser 
sac. It is bordered by the free edge of the hepatoduodenal 



Figure 113-9 Rotation of the mesogastrium. Schematic cross- 
sectional diagram through the upper abdomen reveals continued 
rotation of the elongated mesogastrium containing the splenic bud. 
This rotation brings the dorsal mesentery to lie along the posterior 
abdominal wall. Eventual involution and fusion of the mesentery 
leaves the lienorenal ligament (LRL) as its remnant. The gastrosplenic 
ligament (GSL) forms one of the lateral borders of the lesser sac. The 
gastrohepatic ligament (GHL) persists as the lesser omentum. The 
falciform ligament (FL) continues to separate the right side of the 
peritoneum from the left, anteriorly and superiorly, in the subphrenic 
space. 




Figure 113-10 Formation of the greater omentum. A. Longitudinal schematic drawing shows the fusion of the two leaves of the greater 
omentum with obliteration of the inferior recess of the lesser sac. B. Fusion of the greater omentum with the transverse colon and its dorsal 
mesentery gives rise to the definitive gastrocolic ligament and the transverse mesocolon. 
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ligament ventrally, the caudate lobe of the liver superiorly, the 
inferior vena cava posteriorly, and a reflection of peritoneum 
from the pyloroduodenal region inferiorly. 52 

The spleen develops within the stomach’s elongated dorsal 
mesentery and divides it into two components that contribute 
to the lateral horders of the lesser sac. The lienorenal ligament 
represents the fusion of the dorsal portion of the mesogastrium 
to the retroperitoneum. The gastrosplenic ligament represents 
the more ventral remnant of the spleens mesenteric origin 
between the stomach and the posterior abdominal wall (see Fig. 
113-9). 52 

The raised peritoneal ridge overlying the leff gastric artery 
divides the lesser sac into two compartments. The smaller, 
medial compartment contains the submerged (subdiaphrag- 
matic) portion of the esophagus. Inflammatory exudate in the 
medial lesser peritoneal sac may extend transdiaphragmatically 
through the esophageal hiatus into the mediastinum. 

Abnormal Development of the Lesser 
Sac and Greater Omentum 

INFRACARDIAC BURSA 

Rarely, a persistent communication exists at the level of the 
diaphragm, with the medial lesser peritoneal sac extending into 
the mediastinum. This forms an infracardiac cystic space medial 
to the right lung. 33 

OMENTAL CYST 

A mesenchyme-lined omental cyst can develop within the leaves 
of the greater omentum, representing incomplete obliteration 
of the inferior recess of the greater omentum. Histologic dif¬ 
ferentiation of mesenteric, omental, duplication, and neuren- 
teric cysts is based on their cell linings and other wall 
components. 53,54 

Normal Development of the Spleen 

The spleen develops from the mesenchyme within the mesogas¬ 
trium during the fifth week of development. Initially, several 
distinet clusters of mesenchyme are formed. These coalesce and 
fuse to form the spleen, which develops its characteristic shape 
by the third month. Their fusion leads to the spleens lobulated 
contour. Before birth, the splenic contour smoothes; only a few 
notehes remain along its anterosuperior border. The mesen¬ 
chyme forms the reticular framework, trabeculae, and capsule 
of the spleen. The T and B lymphocytes arise in the bone 
marrow and migrate to the spleen. By the fourth month, the 
spleen is producing megakaryocytes and other biood cell pre- 
cursors as part of its hematopoietic activity, a capacity that is 
retained in the adult spleen. 

Abnormal Development 
of the Spleen 

ACCESSORY SPLEEN 

Accessory spleen refers to congenitally derived ectopic splenic 
tissue (see Chapter 104). This is separate and distinet from 
splenosis, which is ectopic splenic tissue resulting from trauma 
and subsequent implantation and growth of splenic fragments. 


Accessory spleens may result from failure of the splenic clusters 
to fuse. 55 Alternatively, exaggerated lobulation may cause tissue 
to be pinched off and separated from the main spleen. 56 Up to 
30% of the population has accessory splenic tissue. 1 " It is most 
commonly found in the splenic hilum, but it may be found 
elsewhere in the retroperitoneum. 57 Usually, only one accessory 
spleen is present. There is an association between having an 
accessory spleen and hematologic disorders. 58 

WANDERING SPLEEN 

The spleen may have an unusual degree of mobility and occupy 
an atypical location (see Chapter 104) in less than 0.2% of all 
patients. 6 It is most commonly found in multiparous women. 59,60 
Wandering spleen has been associated with incomplete fusion 
or even absence of the gastrosplenic and lienorenal ligaments. 61,62 
Its association with splenomegaly and inereased frequency in 
postpartum women suggests an acquired cause. 63 The spleens 
exaggerated mobility predisposes it to torsion and subsequent 
infaretion. 

ASPLENIA 

Isolated absence of the spleen without accompanying abnor- 
malities is usually an acquired condition. 64,65 However, it occurs 
more frequently in boys and with a complex constellation of 
congenital abnormalities of multiple organ systems (see Chapter 
122). 66 One theory suggests a link with maldevelopment of the 
body curvature in the embryo. 67 This accounts for the frequent 
situs abnormalities (especially dextroisomerism) in conjunc- 
tion with asplenia. 55 

POLYSPLENIA 

Polysplenia is a component of a broader heterotaxy syndrome 
that is defined by a host of anatomic abnormalities. This het¬ 
erotaxy syndrome is associated with levoisomerism, which sug¬ 
gests the presence of bilateral bilobed lungs and bilateral 
pulmonary atria. This syndrome is also associated with a central 
intra-abdominal liver, a randomly located stomach, and mul¬ 
tiple spleens. Cardiac anomalies may also be present, but 
they are more common in asplenic rather than in polysplenia 
patients. The most common finding in heterotaxy syndrome 
with polysplenia is azygos (or hemiazygos) continuation of the 
inferior vena cava, which can be easily detected by cross- 
sectional imaging as well as on careful serutiny of lateral plain 
films of the chest (Fig. 113-11). This constellation of Åndings 
in heterotaxy syndrome with polysplenia is not constant, and 
variations may be found from patient to patient. 68 

As in the case of asplenia, the multiple organ system anoma¬ 
lies associated with polysplenia may be related to abnormal 
development of the embryo’s body curvature. 6 Polysplenia is 
more common in females. Although polysplenic patients 
present with a wider Spectrum of clinical manifestations com- 
pared with asplenic patients, reportedly more than 50% of those 
born with this condition die within the first year of life. 55 69 

SPLENIC-GONADAL FUSION 

Splenic-gonadal fusion is almost exelusively seen in boys and 
involves the left side. 0 Continuous and discontinuous forms 
are seen with equal frequency. The continuous form involves a 
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Figure 113-11 Polysplenia with azygos continuation of the inferior vena cava. A. Coronal CT scan demonstrating multiple spleens in the 
left upper quadrant. B. Axial CT scan demonstrates azygos continuation of the inferior vena cava in the same patient, a common finding in 
heterotaxy syndrome with polysplenia. 


band of fibrous and splenic tissue connecting the left gonad to 
the spleen. Approximately 25% of these patients have crypt- 
orchidism. In the discontinuous form, ectopic splenic tissue is 
located in the gonad. 

The developing gonad arises during the sixth week of 
embryogenesis from the mesonephros, which is adj acent to the 
splenic precursor in the dorsal mesentery. 2 The gonadal tissue 
normally descends during the eighth week of development. 
Failure of these two anlagen to separate completely may account 
for this anomaly. 

Normal Midgut Rotation and Fixation 

Only anthropoid apes and humans have partial obliteration of 
the primitive dorsal mesentery. This most likely results from 
their upright posture. 3 

During the third and fourth weeks of development, the 
embryo starts to grow much more rapidly than the yolk sac. By 
the fifth week, the intraembryonic and extraembryonic celomic 
cavities connect by a narrow stalk (i.e., omphalomesenteric or 
vitellointestinal duet or yolk stalk) (see Fig. 113-2). 

Within the intraembryonic celom, the midgut starts to elon- 
gate and loop ventrally into the yolk sac. This midgut loop 
can be divided into two segments, originally of roughly equal 
length. The axis of this loop is the superior mesenteric artery, 
and its apex is marked by the omphalomesenteric duet. The 
prearterial segment starts at the foregut-midgut junetion and 
ends at the apex of the loop. This gives rise to the duodenum 
distal to the pap illa, the jejunum, and most of the ileum. The 
postarterial limb extends from the apex of the loop to the 
midgut-hindgut junetion. From this segment arise the very 
distal and terminal ileum, cecum, appendix, ascending colon, 
and most of the transverse colon. The transition to the hindgut 
is usually in the distal third of the transverse colon, where the 
changeover from superior mesenteric artery (i.e., middle colic) 
to inferior mesenteric artery (i.e., left colic) distribution occurs 
(Fig. 113-12). 

By the fifth week, a small swelling (i.e., cecal bud) in the 
proximal postarterial segment, just distal to the apex of the 


Figure 113-12 Intestinal tract development at 6 weeks. 

Longitudinal view of the intestinal tract at 6 weeks of development 
shows that the superior mesenteric artery (SMA) acts as the axis for 
midgut rotation. The omphalomesenteric duet (OMD) divides the 
midgut into prearterial and postarterial limbs. Notice the physiologic 
herniation of the midgut through the umbilical orifice (UO). Heavy 
lines mark the foregut-midgut (/) and the midgut-hindgut (//) 
junetions. The celiac axis (CA) is the major artery of the foregut; the 
inferior mesenteric artery (IMA) supplies the hindgut. CB, Cecal bud. 

umbilical loop, marks the beginning of the differentiation 
between small and large bowel. 

The pioneering work of Snyder and Chaffin in the early 
1950s prompted a major revision of the theory of how the 
midgut rotates. 74 The herniation of the midgut takes place in 
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the sixth week of development. It is limited by dense condensa- 
tions of the dorsal mesentery that bind the more proximal 
prearterial and more distal postarterial segments to the poste - 
rior peritoneum. 76 Within this hernia, the midgut markedly 
elongates. The growth predominantly involves the prearterial 
segment. Pressure from the enlarging right lobe of the liver, 
along with the rapid elongation, forces the prearterial segment 
down and to the right. 33,76 The increase in length is accommo- 
dated by a series of convolutions and small loops. At this point, 
the postarterial segment occupies the left side of the umbilical 
hernia. Viewed from the front, this represents a 90-degree coun- 
terclockwise rotation. 

By the lOth week, further growth in the peritoneal cavity and 
less rapid increase in the liver size allow sufficient room for the 
physiologic herniation of the midgut to reduce itself. First to 
return is the elongated, convoluted prearterial limb. 33 74 76 These 
right-sided (originally cranial) loops enter the abdomen on the 
right side of the superior mesenteric artery but then pass behind 
that artery to occupy the left side of the abdomen. The now 
larger cecal bud may impede the return of the postarterial (orig¬ 
inally caudal), now left-sided midgut until the prearterial return 
is complete (Fig. 113-13). 33 

During the llth week, the more slowly growing postarterial 
segment returns. As the herniation is reduced, the colon con- 
tinues to rotate, first in front of and then to the right of the 



Figure 113-13 Intestinal tract development at 10 weeks. Frontal 
view of a 10-week fetus. The elongated, redundant prearterial limb 
has re-entered the abdomen and crossed to the left of and behind 
the superior mesenteric artery (SMA). This displaces the hindgut to 
the left. Heavy lines mark the foregut-midgut (/) and the midgut- 
hindgut (//) junctions. CB, Cecal bud; OMD, omphalomesenteric duet; 
UO, umbilical orifice. 


superior mesenteric artery (Fig. 113-14). By the 12th week, the 
colon completes a 270-degree counterclockwise rotation. These 
270 degrees comprise 90 degrees occurring during the umbilical 
herniation and an additional 180 degrees during its reduction. 
Flexion of the embryo carries the cecum to the level of the iliae 
crest. Its final, right lower quadrant position is a result of the 
continued growth of the ascending colon, not further midgut 
rotation. 33 

The development of the appendix is a separate and distinet 
process. Differential rates of growth between the base of 
the primitive cecum and its apex result in the rapid forma¬ 
tion of a vermiform appendage, the appendix. Asymmetric 
growth of the lateral wall of the cecum after birth causes 
the appendix to migrate from the midline to the same side 
of the cecum as the ileocecal valve. The growth of the medial 
wall may be hindered by the presence of the ileum and its 
vascular pedicle. 

From the llth week to the end of the 5th month, a gradual, 
partial resorption of the dorsal mesentery occurs. The segments 
attaching the ascending and descending colon agglutinate with 
the parietal peritoneum of the posterior abdominal wall, leading 
to their final, so-called retroperitoneal location. In reality, they 
are usually covered by peritoneum on their anterior, medial, 
and lateral horders; only their posterior walls are truly 
retroperitoneal. 



Figure 113-14 Intestinal tract development at 11 weeks. With 
development 1 week later than in Figure 113-13, reduction of the 
physiologic herniation is complete. The postarterial limb has partially 
completed its 180-degree rotation, and the cecum lies in the upper 
abdomen on its way to the right side. CB, Cecal bud; SMA, superior 
mesenteric artery. 
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The transverse colon mesentery (i.e., mesocolon) persists 
into adulthood. It partially fuses with the greater omentum, 
forming the gastrocolic ligament. The distal end of the trans¬ 
verse mesocolon (i.e., phrenicocolic ligament) serves as an 
anchor that fixes the splenic flexure in the left upper quadrant. 
It also seals the left paracolic gutter, preventing the spread of 
disease into the left upper quadrant from below. 36,78 

In the small bowel, the thick proximal attachment of the 
prearterial segment lies to the left of the second lumbar verte- 
bra, marking the duodenal-jejunal junction. This dorsal mes- 
enteric remnant of the duodenum is also resorbed into the 
posterior abdominal wall, which results in “retroperitonealiza- 
tion” of the duodenum. The distal end of the small bowel mes¬ 
entery is carried into the right lower quadrant, ending at the 
level of the fourth or fifth lumbar vertebra. The mesenteric 
small bowel is suspended from a short posterior attachment 
along the posterior abdominal wall. 

The sigmoid colon maintains its dorsal mesenteric attach¬ 
ment as the sigmoid mesocolon. Its short length compared with 
the variable length of attached colon may contribute to the 
development of sigmoid volvulus. 

Abnormal Midgut Rotation 
and Fixation 

DUPLICATION 

A second intestinal lumen may form parallel to the primary one 
because of errors in recanalization. 33,54,79 The duplication does 
not usually communicate with the primary lumen, but they 
share a common muscle wall and biood supply. They are more 
often found in the ileum (see Chapter 117). 33,53 


ILEAL ATRESIA 

Atresias of all levels of the small bowel from duodenum to 
ileum have been attributed to in utero ischemic processes 
(see Chapter 117). 80,81 Other authorities implicate intrauter¬ 
ine inflammatory disease in cases of multiple intestinal 
atresias. 82 

MESENTERIC CYST 

Cysts within the mesentery have various origins. Their differ¬ 
entiation depends on the histologic determination of their wall 
constituents and lining cells. 53,54 

NONROTATION 

Although commonly called malrotation, nonrotation repre¬ 
sents an abnormal arrest of the midgut rotation after the first 
90 degrees of rotation. 33,54,83 At this point, the prearterial midgut 
lies to the right of the superior mesenteric artery, and the post- 
arterial limb lies to the left. The postarterial limb is then first to 
return to the abdomen. Consequently, it lies in the left hemiab- 
domen. The returning prearterial segment is forced to remain 
on the right (Fig. 113-15). Both segments continue to share a 
common dorsal mesentery, which lies in the midline. This 
allows considerable mobility of the small and large bowels and 
predisposes to midgut volvulus. 

REVERSED ROTATION 

In the rare entity of reversed rotation, the order of the midgut 
return is reversed, with the postarterial limb preceding 



Figure 113-15 Nonrotation of the gut. A. Single-contrast barium enema shows that the entire colon lies in the left hemiabdomen. This 
reflects the premature return of the postarterial limb of the midgut after the first 90 degrees of rotation. B. An upper gastrointestinal series in 
the same patient demonstrates incomplete formation of the duodenal sweep. The jejunum and most of the small bowel lie in the right 
hemiabdomen. The prearterial limb of the midgut must remain on the right after the postarterial limb occupies the left. 
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the prearterial. 33,54 This causes the colon to lie posterior to the 
superior mesenteric artery; the duodenum and small bowel 
cross anteriorly. Abnormal mesenteric bands may cause 
obstruction. 

INCOMPLETE ROTATION AND MALFIXATION 

Although rotation and fixation are two separate and distinet 
stages of development, abnormalities of rotation are frequently 
associated with malfixation. 33, Most often, the colon fails 
to complete its final 180-degree rotation, ending in the right 
upper quadrant. There may be incomplete resorption of the 
dorsal mesentery that allows formation of elongated and mobile 
segments of colon. Many different variations and combinations 
of abnormal rotation and fixation may be encountered. The 
presence of an abnormally rotated proximal limb does not nec- 
essarily imply an abnormally rotated lower tract, but the pres¬ 
ence of an abnormal lower tract is almost always associated with 
abnormal proximal rotation. 

Multiple congenital anomalies of the gastrointestinal tract 
and other organ systems have been reported with abnormal 
intestinal rotation and fixation. 83 Duodenal atresia or web 
(11%) was the most common associated anomaly, followed by 
Meckel’s diverticulum (11%), omphalocele (9%), other stenosis 
or atresia (5%), and Hirschsprung’s disease (2%). Less common 
associated anomalies included cardiac and orthopedic anoma¬ 
lies, biliary atresia, pancreatic anomalies, microcolon, esopha- 
geal webs, and tracheoesophageal fistula. 84,85 

HYPERROTATION 

In hyperrotation, an elongated colon continues to rotate past 
its usual 270-degree stopping point. 33 The cecum may cross 
the midline, sometimes reaching the leff upper quadrant. 
Because the prearterial segment is normal in length and rota¬ 
tion, it lies in its normal position and is not affeeted in this 
entity. 

INTERNAL HERNIATIONS 

Abnormalities in the formation and resorption of the dorsal 
mesentery may allow fossae to develop into which loops of 
bowel may herniate (see Chapter 112). The most common of 
these fossae are those near the duodenum. 3 

Leff paraduodenal hernias are mueh more common than 
those on the right. The fossa of Landzert is formed by incom¬ 
plete fusion of the descending colon mesentery. 54 Bowel loops 
may herniate under the colon and in front of the inferior mes¬ 
enteric vein. A similar defeet in the small bowel mesentery (i.e., 
fossa of Waldeyer or mesentericoparietal fossa) allows loops to 
herniate from the leff upper quadrant beneath the superior 
mesenteric artery to the right. 4 This is a right paraduodenal 
hernia. 

Similar but less common defeets may exist in the pericecal 
region, within the sigmoid mesocolon, and even in the trans¬ 
verse colon mesentery. Many different types and positions of 
internal herniations may be seen in these areas. 

MECKEL'S DIVERTICULUM 

If the omphalomesenteric duet fails to be completely obliter- 
ated, a persistent outpouching of the bowel may persist. Its 



Figure 113-16 Meckel's diverticulum. Coned-down view from an 
enteroelysis shows Meckel's diverticulum (arrow) arising from the 
antimesenteric border of an ileal loop. This represents the remnant of 
the omphalomesenteric duet. 


location at the apex of the physiologic herniation accounts for 
the location of MeckeLs diverticula in the distal ileum (see 
Chapter 117). 

Meckel’s diverticulum has a wide Spectrum of variation. 54 
There may be cystic remnants between the small bowel and 
the umbilicus or fibrous bands. Communication with the 
bowel is the most common finding (Fig. 113-16), but drain- 
ing umbilical sinuses also have been reported. The fibrous 
cord may act as an axis of rotation, allowing volvulus to 
develop. 

These diverticula can contain ectopic gastric or pancreatic 
tissue. The presence of ectopic gastric tissue may lead to peptic 
uleeration and bleeding. Rare neoplasms have been reported 
within the mucosal lining. Stasis of intestinal contents within 
the diverticulum may give rise to enterolith formation. Rarely, 
the diverticulum may invert and act as the leading edge of an 
intussusception. In Littre’s hernia, the diverticulum enters a 
hernia sac. 54 Some studies have demonstrated an inereased inci- 
dence of Meckel’s diverticulum in patients with known Crohn’s 
disease. Meckel’s diverticula were found in 17 (5.8%) of 294 
patients with Crohn’s disease, a rate that is about two to three 
times greater than in the general population. 86 In another study, 
however, only 10 (1.1%) of 877 patients with Crohn’s disease 
had Meckel’s diverticula. 8 Most patients with Crohn’s disease 
and associated Meckel’s diverticula were younger than 40 years 
and had ileal involvement with or without colonic involve- 
ment. This study concluded that the overall presence of Meck- 
el’s diverticulum is not inereased from that in the general 
population, and more important, the presence of Meckel’s 
diverticula did not alter patient management. 87 In these studies, 
none of the patients with surgically proven Meckel’s diverticula 
had heterotopic gastric mueosa. This finding implies that 
imaging with technetium in these patients would not yield posi¬ 
tive results. 86 ’ 87 
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This chapter discusses gastrointestinal malformations that are 
manifested during the neonatal period. Some are grossly 
apparent at birth (e.g., gastroschisis, omphalocele, diaphrag¬ 
matic hernia); others usually are manifested within the first 
hours or days of life (e.g., esophageal, small bowel, or colonic 
atresia; meconium ileus; meconium plug; Hirschsprung’s 
disease). Many of these diagnoses can be suggested by prenatal 
ultrasound. 

Rotational Anomalies 

EMBRYOLOGY 

During the sixth gestational week, rapid elongation of the 
midgut and hindgut results in their herniation into a sac in 
the midline of the anterior abdominal wall. Before returning to 
the peritoneal cavity during the ninth week of gestation, the 
midgut revolves 90 degrees around the superior mesenteric 
artery. Once it is within the abdominal cavity, the bowel rotates 
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an additional 180 degrees, which positions the duodenojejunal 
junction to the leff of the spine at the level of the stomach, the 
jejunum in the leff upper quadrant, and the ileum in the right 
hypochondrium or right lower quadrant. 3 The colon under- 
goes a separate counterclockwise rotation of 270 degrees, which 
brings the cecum into the right lower quadrant. This normal 
rotation is associated with a broad mesenteric base, extending 
from the leff upper quadrant to the right lower quadrant. 
Attachments at two sites keep the bowel fixed in proper posi¬ 
tion: the ligament of Treitz at the duodenojejunal junction and 
an attachment at the cecal base. 

Deviation from normal rotation and fixation occurs univer¬ 
sally in children with omphalocele, gastroschisis, and diaphrag¬ 
matic hernia. Variations of rotation may also be present in 
children with asplenia and polysplenia syndromes, duodenal 
stenosis or atresia, and Hirschsprung’s disease. However, mal- 
rotation frequently exists as an isolated anomaly. 

The Spectrum of rotational abnormalities is broad (Figs. 
114-1 to 114-3). 3 ' 10 In some children, the process of rotation 

2095 




2096 SECTION XIV Pediatric Disease 


takes place, but fixation fails to occur. In others, there are only 
minor variations from the normal position. Complete nonrota- 
tion is said to be present when the jejunum is to the right of the 
spine and the ileum is in the pelvis or to the leff of the spine. 
Most clinical problems arise in children with the greatest devia¬ 
tion from the normal rotational pattern. In classic malrotation, 



Figure 114-1 Rotational variation. The duodenal bulb overlies the 
spine, and multiple jejunal loops are seen throughout the right side 
of the abdomen. 


the cecum lies in the midabdomen or leff of the midline (see 
Fig. 114-2) and may be fixed in place by broad bands that 
emanate from the undersurface of the liver. These Ladd bands 
cross the duodenum and may cause extrinsic compression and 
obstruction of the gut at this level (see Fig. 114-3). 

CLINICAL FINDINGS 

Most children with malrotation present in the first few months 
of life. They have acute abdominal symptoms if there has been 
acute volvulus with twisting of the bowel on its shortened mes- 
entery or chronic vomiting and failure to thrive because of the 
obstructing Ladd bands (see Fig. 114-3). Midgut volvulus may 
produce vascular compromise, which can lead to gangrene of 
the entire small bowel if it is not promptly diagnosed and 
treated (Fig. 114-4). 4 ' 10 

In some children, malrotation is not detected until later, 
when studies are done for other purposes. Uncommonly, mal¬ 
rotation can be associated with chronic volvulus. This condition 
interferes with lymphatic and venous drainage, which produces 
malabsorption or failure to thrive. 11 ' 14 Acute volvulus with 
infarction of bowel does occur, although rarely, in older chil¬ 
dren and adults. Motility abnormalities may persist after cor- 
rective surgery. Other duodenal abnormalities occur frequently 
in children with malrotation: duodenal atresia, annular pan- 
creas, and preduodenal portal vein. 

RADIOLOGIC FINDINGS 

Abdomen radiographs are of little value in the child with an 
uncomplicated rotational abnormality because the positions of 
the duodenojejunal junction and cecum are rarely definable 
without positive contrast media. Sometimes, abnormal configu- 
ration of the gas in the right hypochondrium (i.e., duodenal 
triangle) may suggest the diagnosis of malrotation with volvu¬ 
lus. 11 Normal Åndings on radiographs do not exclude the diag¬ 
nosis of malrotation with volvulus. 4 ' 6,10 



Figure 114-2 Malrotation demonstrated on 
barium enema. A. The cecum (C) lies in the left lower 
quadrant. Contrast medium is visible in the appendix 
( arrows ). B. In a different child, the cecum (C) is in the 
left upper quadrant. 
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Figure 114-3 Malrotation with Ladd bands. This upper 
gastrointestinal series shows a partially obstructing, extrinsic defect 
(arrow) in the duodenum. 


In the neonate or child with abdominal pain or vomiting, 
abdomen radiographs showing gaseous distention of the 
stomach and duodenal bulb suggest a high obstruction (see Fig. 
114-4). This appearance (i.e., double bubble) can also be seen 
in duodenal atresia and annular pancreas. A contrast study may 
be necessary for differentiation between the relatively benign 
complication of Ladd bands (see Fig. 114-3) and the surgical 
emergency of volvulus (see Fig. 114-4). 

In the child with midgut volvulus, the abdominal gas pattern 
may be normal or show high or low obstruction, or the abdomen 
may be gasless. 5 Because abdomen radiographs are usually 
nondiagnostic and the consequences of delayed diagnosis are 
grim, contrast studies should be performed emergently when 
volvulus is suspected. 

The first study performed to detect the malrotation and its 
complications should be an upper gastrointestinal series. The 
barium enema can show a malpositioned or malfixed cecum 
(see Fig. 114-2), but normal results of a barium enema do not 
exclude malrotation with volvulus. For this reason, an upper 
gastrointestinal series may need to be performed after the 
enema if a low obstructive lesion is not found and malrotation 
is still considered. 

The diagnosis of malrotation can be made sonographically, 
although it is usually an incidental Ånding on studies performed 
for other reasons. 14,11 Failure of the bowel to rotate normally 
produces an abnormal relationship between the superior mes- 
enteric artery and vein. With volvulus, the superior mesenteric 
vein may wind around the superior mesenteric artery, incon- 
stantly producing the Whirlpool sign on ultrasound. 15 Sonogra- 
phy may exclude malrotation by showing the third portion of 
the duodenum between the aorta and superior mesenteric 
artery. 16,17 Computed tomography (CT) can also show these 
vascular changes and demonstrate malpositioned and twisted 
bowel. 18 



Figure 114-4 Midgut volvulus. Plain radiograph demonstrates air 
only in the stomach and duodenum in this acutely ill infant with 
midgut volvulus. 


Gastroschisis 

GENERAL CONSIDERATIONS 

Development of the anterior abdominal wall is complex, with 
the orderly ingrowth of four separate folds (i.e., cranial, caudal, 
and two lateral) necessary for normal closure. 19,20 Gastroschisis 
is a parasagittal defect, usually to the right of the normally 
positioned and normal-appearing umbilical cord, through 
which bowel herniates into the amniotic fluid. 

CLINICAL FINDINGS 

The herniated bowel has no covering membrane or sac and is 
therefore associated with a rise in the maternal serum 
a-fetoprotein level. Occurring in about 1 of 10,000 live births, 
gastroschisis can be diagnosed prenatally with sonography. 21 ' 23 
At birth, the defect and herniated bowel are apparent and not 
easily confused with other abdominal wall defects. 

Malrotation or nonrotation of the bowel is the rule in gas¬ 
troschisis, but it rarely leads to complications. Bowel atresia, 
present in 20% of cases, is usually the only anomaly, but it is an 
important factor contributing to postoperative morbidity. 

TREATMENT 

Even though a small amount of bowel usually is herniated 
through a small defect, surgical repair is associated with a post¬ 
operative mortality rate of 5% to 25%, with major complica¬ 
tions of sepsis and electrolyte problems. 22 Antenatal exposure 
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to amniotic fluid produces bowel wall edema and inflammatory 
thickening of the serosa, which interferes with peristaltic func¬ 
tion, even after repair. 28 In utero, the exposed bowel and mes- 
entery may become shortened and coiled, which also affects 
postnatal function. Short gut syndrome may decrease intestinal 
absorption and cause diminished constitutional growth. Chil- 
dren with short gut or hypoperistalsis can be supported with 
parenteral hyperalimentation, but this also can create manage¬ 
ment problems: venous thrombosis, liver disease, and choleli- 
thiasis. Cesarean section, once routine in an attempt to diminish 
the intrauterine bowel changes, has been shown to produce no 
difference in postnatal and postoperative bowel function. 

The type of surgical correction, primary or delayed, depends 
on the size of the defect and the presence of other complica- 
tions, such as atresia and short gut. 2 29 In addition to covering 
the herniated bowel, with placement of an abdominal silo, it 
may be necessary to create a stoma to decompress the dilated 
bowel proximal to an atresia. 

After surgery, motility changes are universal in children with 
gastroschisis. 231 The initial postoperative paralytic ileus is fre- 
quently followed by marked prolongation of intestinal transit. 
These children also have a high incidence of significant gastro- 
esophageal reflux. Even though they are usually term infants, 
necrotizing enterocolitis (NEC) occurs in 23% of cases at 1 to 
4 months after repair and may be manifested atypically; only 
36% of affected children have biood-streaked stool. 30 

RADIOLOGIC FINDINGS 

The prenatal sonographic diagnosis of gastroschisis is based on 
the observation of normal umbilical cord insertion in a fetus 
with an anterior abdominal wall defect through which bowel 
has herniated. 19,21,23 No membrane covers the bowel; if fetal 
ascites or a covering membrane is present or if the liver is 
detected in the herniated viscera, omphalocele is the more likely 
diagnosis. 19,22,32 Thickening of the exteriorized bowel loops 
strongly suggests gastroschisis. Amniotic fluid volume is usually 
normal. A bowel caliber of more than 17 mm suggests that an 
atresia is present; similarly, bowel of a smaller diameter is 
usually associated with bowel continuity. 

Abdomen radiographs show the normally positioned umbil¬ 
ical clamp separated from herniated bowel loops, which are 
outlined by air (Fig. 114-5). Postoperative radiographs should 
be scrutinized to detect changes of NEC: ileus, dilated bowel 
loops, and intramural air. 30 Postsurgical barium studies are 
used to detect gastroesophageal reflux, bowel loop dilation, 
obstructive adhesions, amount of bowel present, and abnor- 
malities of position, peristalsis, or transit time. 33 

Omphalocele 

CLINICAL FINDINGS 

Omphalocele, present in about 1 of 5000 live births, is a midline 
defect of variable size through which bowel, liver, spleen, pan- 
creas, and uterus may protrude. 19,21,32 A membrane or sac usually 
covers the herniated organs, but the sac may be ruptured at 
birth. The umbilical cord inserts into the apex of the sac. The 
bowel is malrotated, and 8% to 20% of these children have 
MeckeEs diverticulum. 

The diagnosis of omphalocele can be made with prenatal 
ultrasound. 19,21,22,32 Maternal a-fetoprotein levels may be 



Figure 114-5 Gastroschisis. Exteriorized bowel loops (white arrows ) 
extend lateral to the abdominal wall in this neonate with gastroschisis. 
Because the loops lack a covering membrane, each is clearly outlined 
by air. The normally inserted umbilical cord is in the midline, defined 
by the umbilical clamp to the left of midline (open arrows). 


elevated, but because of the covering sac, they tend to be less 
than those found with gastroschisis. Associated anomalies are 
seen in about 50% to 80% of infants with omphalocele, includ- 
ing tetralogy of Fallot and atrial septal defect as well as other 
cardiac, central nervous system, and gastro intestinal anomalies. 
Detection of anomalies may influence the outcome or manage¬ 
ment of the pregnancy; certain anomalies are associated with 
fetal demise, and others may result in planned termination of 
pregnancy. 34 36 Children with Beckwith-Wiedemann syndrome 
account for almost 12% of the population with omphalocele. 
These infants are large at birth and have a large tongue. A spe- 
cific pancreatic abnormality, nesidioblastosis, predisposes the 
infants to hypoglycemia, even in the neonatal period. Down 
syndrome (i.e., trisomy 21), trisomy 13, and trisomy 18 are 
associated with an increased incidence of omphalocele. 32,34 36 

Children with small anterior abdominal defects (e.g., gas¬ 
troschisis, small omphalocele) tend to have a normally devel- 
oped thorax. Those with giant omphaloceles (i.e., containing 
liver and bowel) have a small thorax and an increased incidence 
of pulmonary hypoplasia and respiratory insufficiency. They 
may require ventilatory support after surgery. 36,37 

Surgical management may take many forms. 38 In most chil¬ 
dren, the defect is corrected by primary skin closure or closure 
with a silo. The surgical approach is determined by the size of 
the defect, and larger defects may require a staged reduction. 

RADIOLOGIC FINDINGS 

Prenatal sonographic diagnosis of omphalocele is based on 
visualization of the umbilical cord inserting into the membrane 
covering structures anterior to the abdominal wall of the 
fetus. 19,21 ' 23,32,35 Fetal ascites, abnormal amounts of amniotic 
fluid, and associated congenital defects are supportive ancillary 


114 Neonatal Gastrointestinal Radiology 2099 



Figure 114-6 Omphalocele. Lateral abdomen radiograph reveals a 
membrane-covered omphalocele. The sac of the omphalocele is 
outlined by air and clearly seen, but individual bowel loops cannot be 
identified because they are not exposed to air, unlike the situation in 
gastroschisis. The air-filled stomach (S) protrudes into the 
omphalocele. 


findings. Thickening of exteriorized bowel loops or absence of 
membrane or sac suggests the diagnosis of gastroschisis. 

Postnatal abdominal radiographs (Fig. 114-6) depict the 
omphalocele as a soft tissue density whose margins are well 
defined by the adjacent air. Unlike gastroschisis (see Fig. 114-5), 
the bowel loops are not individually seen unless the omphalo¬ 
cele sac has ruptured. Malrotation of the bowel and malposition 
of other organs are identified on postoperative imaging studies. 39 

Diaphragmatic Hernia 

FORAMEN OF BOCHDALEK HERNIA 

Embryology 

In early fetal life, the peritoneal cavity and the pleural space are 
in continuity. At week 8, just before anteriorly herniated bowel 
returns to the abdominal cavity, the communication between 
these two spaces is closed by the development of the dia- 
phragm. 40 If the bowel returns to the abdomen prematurely or 
if the diaphragm develops late or incompletely, a diaphragmatic 
hernia develops. Affected children have malrotation of the 
bowel because the normal rotation that occurs as the bowel 
returns to the abdomen is interrupted. A membrane covers the 
herniated gut in only 10% of Bochdalek hernias. 

Clinical Findings 

The posterolateral or Bochdalek hernia occurs in approximately 
1 of 3000 live births. 40 Some diaphragmatic hernias may be 
acquired after trauma or infection. In the neonatal period, dia¬ 
phragmatic hernias can develop in association with group B 
streptococcal infection. 41 Late presentation or detection of an 
asymptomatic diaphragmatic hernia has also been described. 41,42 

Congenital diaphragmatic hernia occurs six to nine times 
more often on the left, presumably because the pleuroperitoneal 


canal closes earlier on the right; about 3% of children have 
bilateral diaphragmatic hernia. Left-sided hernias usually 
contain portions of the gastrointestinal tract. The liver may 
extend into the thorax with left or right diaphragmatic hernias. 
Regardless of the side on which the hernia occurs, the ipsilateral 
and contralateral lungs are compressed, and the most critical 
factor in determining the neonates outcome is the degree of 
pulmonary hypoplasia. 43 ' 48 

Diaphragmatic hernia should be suspected clinically when a 
neonate with severe respiratory distress has a scaphoid abdomen. 
Because bowel contents are in the thorax, the abdomen lacks its 
normal protuberant appearance. Most newborns with dia¬ 
phragmatic hernia are rapidly intubated and resuscitated; when 
they are stable, they undergo surgical repair. All children are 
carefully inspected for midline defects (i.e., cleft lip and palate, 
spina bifida, and omphalocele) and cardiac lesions (i.e., ven- 
tricular septal defect and tetralogy of Fallot) because associated 
anomalies also determine outcome. 42,43 

Despite ventilatory support and pharmacologic manipula¬ 
tion including inhaled nitric oxide to correct pulmonary hyper¬ 
tension, a common complication of diaphragmatic hernias, 
early presurgical mortality rates range from 20% to 80%. 4 " To 
improve survival, extracorporeal membrane oxygenation 
(ECMO) is used in infants who experience significant respira¬ 
tory insufficiency resulting from pulmonary hypoplasia. 48,49 
ECMO may be performed before, during, or after surgery. This 
lung bypass system entails placement of large-bore cannulas 
into the aortic arch through the right common carotid artery 
and the right atrium (venoarterial approach) or a single double- 
lumen catheter into the right atrium (venovenous approach) 
through the right internal jugular vein. 50 Heparinization is 
routine. The lungs are minimally ventilated and given the 
chance to mature and grow. ECMO has increased postsurgical 
survival to more than 80%, but it is not without complications: 
bleeding at the neck wounds, intracerebral and pleural hemor- 
rhage, and difficulty with later central line placement. Children 
who require ECMO have a poorer neurologic outcome than 
those who do not. Because these children are sicker from the 
moment of birth, the neurologic deficits have a multifactorial 
cause, including ECMO. 51 

The faet that many infants with diaphragmatic hernias still 
died before undergoing repair drove the research in prenatal 
surgical intervention throughout the 1990s. The observed-to- 
expected fetal lung volume measured by magnetic resonance 
imaging (MRI) is reported to be a predictor of survival. 4 In 
fetuses with a very low observed-to expected fetal lung volume, 
one fetal surgical technique employed involves fetal tracheal 
occlusion; this causes fluid to hil the lungs and encourages their 
expansion despite the extrinsic pressure produced by herniated 
abdominal contents. 52 The clip or balloon occluding the trachea 
is removed at the time of birth, allowing normal respiration. 
Results with this technique, used only in those whose prenatal 
ultrasound indicates severely compromised lung parenchyma, 
have been promising. 52 

Radiologic Findings 

The prenatal sonographic diagnosis of diaphragmatic hernia is 
made when the heart and other mediastinal contents are shifted 
from the midline and a “mass” (i.e., liver or gut) is present in 
the thorax. 40,43 ' 45 A fetal abdominal circumference below the 
fifth percentile correlates with a poor prenatal and postnatal 
course in some studies. 53 Fetal ascites, pleural effusion, and 
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polyhydramnios have been associated with diaphragmatic 
hernia. 

Prenatal ultrasound and MRI have documented the presence 
of a portion or all of the liver in many diaphragmatic hernias. 44,47 
When it is not diagnosed prenatally, the affected infant presents 
with respiratory distress shortly after birth. Abdomen radio- 
graphs can determine the amount of bowel present in the 
abdomen. Chest radiographs can exclude other causes of neo- 
natal respiratory distress: pulmonary immaturity, congenital 
pulmonary airway malformation, and pneumonia. Complica- 
tions of resuscitation and other congenital abnormalities that 
may affect management should be sought. Pneumothorax is 
common and requires prompt treatment. 

On early radiographs, the herniated bowel loops may appear 
as a soft tissue mass. With time and air swallowing, the chest 
radiographs have a more typical bubbly appearance (Fig. 114- 
7). Diaphragmatic hernias that contain liver may appear more 
solid and may be accompanied by a pleural collection. On occa- 
sion, mild diaphragmatic hernias are not diagnosed until later 
in childhood. 40 

If the nature of the thoracic contents is uncertain, a naso- 
gastric tube should be inserted to define the stomach and to 
introduce air into the bowel. Contrast studies are rarely needed 
to visualize the upper or lower gastrointestinal tract before 
surgery (Fig. 114-8). 

The mediastinum remains shifted to the side opposite the 
hernia on immediate postoperative chest radiographs. The ipsi- 
lateral lung appears as a soft tissue density outlined with air 
close to the mediastinum. The ipsilateral pneumothorax is 
expected and may simulate tension pneumothorax because of 
the long-standing mediastinal shift. Attempts to evacuate this 
pneumothorax may result in overexpansion of the hypoplastic 



Figure 114-7 Left Bochdalek hernia. Multiple, air-filled bowel 
loops fill the left thorax and right apex. The mediastinum is shifted to 
the right, and the soft tissues of the heart and the hypoplastic right 
lung merge. 


contralateral lung and cause contralateral pneumothorax. 
During the first few postoperative days, as the ipsilateral lung 
expands, fluid may occupy a portion of the pleural Space and 
produce haziness on that side of the thorax. 

Before a child is placed on ECMO, cardiac, cranial, and 
abdominal ultrasound is performed to identify those who 
can safely receive this treatment. Neonates with intracranial 
hemorrhage or with a lethal anomaly are excluded from 
ECMO. 

Neonates treated with ECMO receive a daily chest radio- 
graph. Evaluation of line placement is necessary; kinking and 
dislodgment of support lines may occur and compromise treat¬ 
ment. Lung opacity is often diffusely increased because of the 
planned underventilation, increased fluid in the lungs, and, 
uncommonly, bleeding. Pleural hemorrhage develops in 
about 30% of children on ECMO and may be manifested as a 
typical pleural collection or, when it is associated with pneumo¬ 
thorax, an unexpected mediastinal shift. 55 The esophagus may 
appear as a mediastinal air or fluid mass in the midline because 
it frequently dilates from gastroesophageal reflux. 56 Although 
the replacement of the bowel loops into the abdomen usually 
is well tolerated, about 20% of long-term survivors experience 
intestinal obstruction, and about 13% require surgery for relief 
of the obstruction. 

The most striking finding on the chest radiographs of many 
long-term survivors is the degree to which the hypoplastic lungs 
may grow and develop. In many children, a chest radiograph at 
age 2 or 3 years has a nearly normal appearance. 58 

FORAMEN OF MORGAGNI HERNIA 

Herniation of colon or other abdominal structures into the 
retrosternal Space is rare and occurs when the anteromedial 
aspect of the diaphragm develops abnormally. The so-called 
foramen of Morgagni hernia accounts for about 2% to 4% of 
all diaphragmatic hernias. 40,43,59 

Respiratory and gastrointestinal complaints are common 
but not necessarily related to the hernia. 59,60 The child may be 
asymptomatic, and the abnormality may be detected on a chest 
radiograph obtained for a nonrelated purpose. Only 50% are 
detected by age 5 years. 61 

Although the amount of bowel herniated into the chest in 
Morgagni hernias is usually much less than in Bochdalek 
hernias, malrotation or malfixation is common. In contrast to 
Bochdalek hernias, Morgagni hernias usually are right sided 
and have a covering or sac. 62,63 

The differential diagnosis of air-containing Morgagni 
hernias includes pneumonia, atelectasis, pneumatocele, abscess, 
and congenital pulmonary airway malformation. If the liver 
is herniated, the solid appearance may simulate a tumor of 
the diaphragm, a pericardial mass, or an anterior mediastinal 
mass. Morgagni hernias are corrected even in asymptomatic 
children because of the potential for incarceration and 
strangulation. 

Radiologic Findings 

Anteroposterior chest radiographs may show a soft tissue 
opacity or air along the heart border (Fig. 114-9). On the lateral 
projection, the anterior location of the hernia and visualization 
of bowel establish the diagnosis. In some cases, additional 
imaging may be needed to identify the nature and extent of the 
hernia (see Fig. 114-9). 63 
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Figure 114-8 Right Bochdalek hernia. Frontal 
(A) and lateral (B) radiographs show a posterior 
soft tissue density with a focal air collection. 

This simulates a congenital pulmonary airway 
malformation or pneumatocele. C. Upper 
gastrointestinal study reveals that the stomach has 
herniated into the right thorax. Air-filled small 
bowel is also in the hernia ( arrows ). 


Normal and Abnormal 
Neonatal Bowel Gas 

With the first breath, the neonate begins to aerate the respira- 
tory and gastrointestinal tracts. Unless there is obstruction, 
these processes tend to parallel each other. Several problems 
delay the passage of air into the gastrointestinal tract. The most 
obvious is a mechanical obstruction in the oral cavity or esoph- 
agus, most often esophageal atresia. Drugs given during labor 
and delivery can depress the swallowing mechanism, diminish 
the amount of air swallowed, and delay passage of air distally 
into the small bowel and colon. 

Abdomen radiographs that are initially normal but then 
become gasless raise the possibility that the neonate has sepsis, 
has developed electrolyte imbalance, is receiving gastric suction, 
or is being paralyzed while being ventilated. These processes 
decrease the amount of air swallowed and the amount available 
for passage into distal bowel. 

The bowel gas pattern should be carefully scrutinized in any 
neonate with respiratory or gastrointestinal symptoms. Gas 
should be symmetrically distributed throughout the abdomen 
in a mosaic pattern. Paucity or malposition of the gas may 
confirm a suspected diaphragmatic hernia. An abdominal mass 
may displace bowel loops and, through pressure on the 


diaphragm, cause respiratory distress. With a high bowel 
obstruction, a few loops of bowel in the upper abdomen are 
distended with air and fluid (Fig. 114-10). With distal obstruc¬ 
tion, dilated bowel loops hil the abdomen (Fig. 114-11). 

In the neonate, it may be difficult to differentiate small from 
large bowel because haustra are poorly developed. Although 
location may allow differentiation of small from large bowel, 
distended small bowel may hil the Space usually occupied by the 
colon or even simulate a distended stomach. 

It is important to determine the most distal extent of air 
because the differential diagnosis depends on the level of the 
obstruction. Additional views may be necessary to detect air 
within the colon. Prone lateral rectal views may be useful if an 
extremely distal lesion is suspected. A contrast study of the 
colon may be performed to determine if there is an obstruction 
or to identify the level and nature of the obstruction. 

Abdominal Masses 

CLINICAL FINDINGS 

The differential diagnosis of abdominal mass in the newborn is 
extensive: ovarian cyst or tumor, alimentary tract duplication, 
mesenteric or omental lymphangioma, cyst or tumor of the 
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Figure 114-9 Foramen of Morgagni hernia. 

A. Anteroposterior chest radiograph shows an air 
collection at the left lung base, and there is cardiac 
dextroposition. B. On the lateral view, bowel 
extends from the abdomen to the retrosternal 
space. C. Barium enema opacifies the colon 
segments that occupy the anterior portion of the 
left thorax. 


spleen or liver, choledochal cyst, cystic meconium peritonitis, 
hydrometrocolpos, and retroperitoneal masses. 60,64 ' 6 Most neo- 
natal abdominal masses originate in the kidneys; ureteropelvic 
junction obstruction and multicystic dysplastic kidneys are the 
most common causes. Gastrointestinal lesions account for 8% 
to 15% of neonatal abdominal masses. 

The mass may be detected by prenatal sonography or by 
abdominal palpation after birth. In some neonates, the mass is 
sufficiently large to distend or distort the abdominal wall and 
cause respiratory distress. Ascites may be present or simulated. 
Pain or obstruction results if the mass is producing pressure on 
an adjacent structure or if there is torsion of the mass. 

A bruit over the liver in an infant with congestive heart 
failure suggests a hepatic hemangioma. If a mass is present over 


the buttocks, the abdominal mass may represent internal exten- 
sion of a sacrococcygeal teratoma. 66 

RADIOLOGIC FINDINGS 

Abdomen radiographs may show obstruction or displacement 
of bowel, relatively nonspecific Åndings. Calcifications suggest 
meconium peritonitis, teratoma, and hepatoblastoma; spinal 
anomalies suggest anterior sacral meningocele, obstructed 
cloacal deformity, and sacrococcygeal teratoma with an internal 
component. 

Ultrasound is the premier imaging technique for abdominal 
and pelvic masses in neonates (Fig. 114-12). 60,65,66 The following 
questions should be addressed: 
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Figure 114-10 High obstruction. Anteroposterior (A) and lateral (B) abdomen radiographs in a child with jejunal atresia show several markedly 
distended bowel loops that fill the abdomen. The calcification along the anterior abdominal wall ( arrows ) indicates prior bowel perforation and 
meconium peritonitis. 



Figure 114-11 Low obstruction. Colonic obstruction from 
Hirschsprung's disease has produced dilation of multiple bowel loops 
throughout the abdomen. Because discrete haustral markings cannot 
be identified, it is difficult to appreciate that the colon is dilated in 
addition to the entire small bowel. 

From what compartment or organ does the mass 
originate? 

Is the mass solid, cystic, or septate? 

Is there a wall, membrane, or capsule around it? 

Do the structures surrounding the mass look normal? 

Is there ascites? 

Are there any sites of spread or extension within the abdomen 
or retroperitoneum? 


On the basis of the information obtained, the child may 
proceed to surgery, undergo further radiologic evaluation, or be 
observed and restudied after a period of observation. 

Necrotizing Enterocolitis 

CLINICAL FINDINGS 

NEC is a life-threatening process that primarily affects the gas¬ 
trointestinal tracts of premature infants. Signs and symptoms 
of NEC usually develop in the first 2 weeks of life: rising gastric 
residual volume, abdominal distention, bloody stools, lethargy, 
and even changing respiratory status. 68,69 

Associations other than prematurity have been noted: bowel 
ischemia of any cause; abnormal gut hormones, immunoglobu- 
lins, or peristalsis; enteral feedings, especially high volumes of 
formula with high calorie concentration; and maternal cocaine 
use. 70,71 The occasional epidemic nature of NEC indicates that 
a viral or bacterial agent may play a role in some cases. 

Pathologic examination reveals ulceration that begins in the 
mucosa and extends to the submucosa; inflammatory cells may 
be present in multiple bowel layers. Pneumatosis intestinalis 
is seen in the submucosa and subserosa. In 50% of cases, normal 
areas of bowel are interposed between diseased segments. 
Inflammatory pseudomembranes occur in less than 10%. Many 
specimens concurrently show acute changes and reparative 
changes in the same bowel segment. Complications of these 
processes include gangrene, perforation with peritonitis or 
enterocyst formation or stricture formation, enteric fistulas, 
and sepsis. 72 ' 74 

Timing of surgery is crucial; ideally, surgery should take 
place when necrosis is present but before bowel perforation. 
Erythema of the abdominal wall or positive result of paracen- 
tesis suggests bowel perforation and mandates surgical 
treatment. Pneumoperitoneum is an indication for surgery. 
These clinical and radiologic signs clearly indicate that perfora¬ 
tion has occurred. 
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Figure 114-12 Neonatal abdominal mass: mesenteric 
lymphangioma. A. Barium is present in the stomach, 
duodenum, and small bowel. Gastroesophageal reflux is 
filling the distal esophagus. The duodenal sweep is 
displaced to the left. Upwardly displaced, compressed, and 
opacified bowel loops are seen in the right upper quadrant. 
B. Transverse abdomen sonogram to the right of the 
midline demonstrates multiple, fluid-filled structures. None 
of these structures had visible peristalsis because they were 
portions of the lymphangioma. K, Kidney; S, spine. 



Strictures are late findings that develop in about 9% to 
35% of children with NEC. About 75% occur in the colon, 
usually in the region of the splenic flexure; 15% are multiple; 
and the terminal ileum is involved in 15% of affected infants. 
They can be manifested after a delay of 20 months, but when 
they are seen on early studies, they may resolve spontane- 
ously. 73,78 Children whose NEC-induced bowel perforations 
are treated with bowel diversion or percutaneous peritoneal 
drainage have a lower rate of stricture formation than do 
those who received only medical management. To exclude a 
stricture, children with NEC may undergo an antegrade con- 
trast study of the entire gastrointestinal tract before feeding 
is resumed. In infants with diversions, the bypassed bowel 
should be studied to exclude a stricture before bowel conti- 
nuity is reestablished. 7 8 Medical management of infants with 
suspected NEC includes parenteral nutrition and antibiotic 
therapy. 71 

Most children with NEC, treated medically and surgically, 
survive. The greatest mortality rate is seen for small premature 
infants who, too frail to undergo standard laparotomy, are 
treated with percutaneous peritoneal drainage. Late complica- 
tions include short gut syndrome, sepsis, abdominal abscess, 
recurrent NEC, and stricture formation as well as some extra- 
gastrointestinal problems. NEC survivors constitute the largest 
group of children with short gut syndrome. 

RADIOLOGIC FINDINGS 

Abdomen radiograph findings include gastric dilation, a per- 
sistently dilated bowel loop, or an unchanging bowel gas 
pattern. 79 Pneumatosis intestinalis (Figs. 114-13 and 114-14) 
is manifested later, and large collections of intramural gas 
create a linear streaky pattern that parallels the bowel wall 
or, when seen en face, is manifested as circular lucency around 
the bowel lumen. Although the bubbly appearance of pneu¬ 
matosis intestinalis may suggest feces, the premature infant 
rarely has formed stool within the colon in the first 2 weeks 
of life. 



Figure 114-13 Necrotizing enterocolitis with pneumatosis 
intestinalis. The bubbly appearance of the abdomen is caused by air 
within the bowel wall. In some segments, the intramural air clearly 
parallels the lumen; in other segments, it is seen as a circular pattern 
surrounding the lumen. 


Gas enters the mesenteric veins and subsequently the portal 
vein and its branches, producing streaky lucencies radiating to 
the periphery of the liver (see Fig. 114-14). This is an evanescent 
sign in most children, but to many physicians, it indicates the 
need for surgery. 77 
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Figure 114-14 Necrotizing enterocolitis with portal venous air. 

Branching lucencies throughout the liver represent gas within the 
portal venous system ( black arrows). Intramural air is also present 
(white arrows). 



Figure 114-15 Necrotizing enterocolitis with perforation: the 
football sign. A large amount of free peritoneal air outlines the 
falciform ligament ( black arrows). The air has also given the entire 
right upper quadrant an unusual lucent appearance. The inner and 
outer walls ( white arrows) of multiple bowel loops are visible, another 
sign of free peritoneal air. 


Bowel perforation, the most serious complication of NEC, is 
manifested by free intraperitoneal air. When the amount of air 
is large, a diffuse lucency appears over the liver or midabdomen. 
Air may outline the falciform ligament (Fig. 114-15). The inner 
and outer surfaces of the bowel wall may be clearly seen. In a 
few children, air surrounds the umbilical arteries and produces 
an inverted V sign in the pelvis. Air in Morisons pouch pro¬ 
duces a triangular lucency. 80 



Figure 114-16 Colonic stricture from necrotizing enterocolitis. 

Water-soluble enema depicts an area of minor narrowing in the 
midtransverse colon ( straight arrow) and a more severely narrowed 
segment at the hepatic flexure ( curved arrows). 


When free air is suspected, supine abdomen radiographs are 
supplemented by cross-table lateral radiographs, which are 
more easily obtained than decubitus or upright radiographs. 
Free air is visible as lucency anterior to the liver and stomach 
or as small, triangular lucencies projecting downward from the 
abdominal wall between the bowel loops. 81 

Although ultrasound is not the primary imaging technique 
for NEC, it can show mural thickening of affected loops and 
portal venous gas before their detection on radiographs. 82 8 " 
Intrahepatic portal venous gas is seen as bright reflectors bub- 
bling through the liver. The hepatic parenchyma develops 
unusually bright echoes in a patchy distribution. Severely 
affected (gangrenous) bowel loops may demonstrate dimin- 
ished or absent biood flow when color Doppler imaging is 
used. 83 Focal fluid collections, echogenic free fluid, increased 
bowel wall echogenicity, and increased bowel wall thickness are 
also ultrasonographic signs predicting poor outcome. 84 Early 
diagnosis of NEC prompts therapy that in most cases aborts the 
process. When NEC is suspected clinically, the infant is treated 
accordingly, even in the absence of radiographic findings. If 
confirmation is required, the neonate can undergo upper gas¬ 
trointestinal imaging with low-osmolality contrast agents or 
even contrast enema. A novel approach to confirming NEC 
employs CT. Urine specimens collected from neonates with 
NEC who have ingested diluted low-osmolality contrast mate- 
rial have a significantly higher mean CT attenuation value than 
the urine of normal infants. 8 

Strictures that can develop in the natural history of NEC can 
cause clinical and radiographic signs of bowel obstruction. 
Contrast enema (Fig. 114-16) should be used to evaluate the 
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entire colon and terminal ileum. Although some of the stric- 
tures may spontaneously regress, most are resected surgically or 
dilated with balloon catheters. 78,86 


Esophageal Atresia 

GENERAL CONSIDERATIONS 

Esophageal atresia (EA) occurs in about 1 in 5000 live births; 
boys and giris are equally affected. In more than 80%, the 
trachea is connected to the distal esophagus by a congenital 
tracheoesophageal fistula (TEF), but in about 10%, the EA is 
complete (Fig. 114-17). About 3% to 4% have a proximal fistula 
(with or without the distal fistula), and about 5% have no 
atresia but have an aberrant connection between the trachea 
and esophagus (i.e., H-type fistula). 

EA can be diagnosed prenatally but is more often diagnosed 
at birth, when the infant has difficulty handling secretions, or 
with the first feeding, when the infant has respiratory distress. 8 
Attempts to pass a nasogastric tube are usually unsuccessful; 
rarely, the tube may enter the trachea and pass into the TEF and 
distal esophagus. Prompt diagnosis of EA is necessary to protect 
the lungs. 

The neonate with EA or with EA and TEF must be evaluated 
for exclusion of other anomalies, including trisomy 21 and 
the VATER association. The acronym VATER or VACTERL 
emphasizes that vertebral, anorectal, cardiac, tracheoesopha¬ 
geal, renal, and /imb anomalies may occur together. 88-91 Physical 


Distal Gas 





EA 


No Distal Gas 


Distal fistula 
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9% 
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Figure 114-17 Types of esophageal atresia. Common forms of 
esophageal atresia (EA) are depicted. 


examination and imaging studies are performed before surgery 
to find other anomalies that need emergent correction (e.g., 
duodenal atresia), influence the standard surgical correction of 
TEF (e.g., right aortic arch), or affeet mortality (e.g., renal agen¬ 
esis, duct-dependent cardiac lesions). In about 50% of infants, 
EA is an isolated anomaly. 

The presence of a distal fistula can be diagnosed clinically 
(see Fig. 114-17) because the affected neonate has a rounded 
abdomen and bowel sounds. The infant with EA and no distal 
fistula has a scaphoid abdomen and absent bowel sounds. 

The stable neonate with EA and TEF undergoes surgical 
correction in the first few days of life. Surgical options include 
end-to-end or end-to-side anastomosis. 90,91 Surgery can be per¬ 
formed through traditional thoracotomy or video-assisted tho- 
racostomy. 92,93 Parenteral nutrition is provided for a few days 
until postoperative studies confirm that the anastomosis is 
intact and oral feedings can be given safely. 

When there is a large gap between the proximal and distal 
segments, a common problem in the child with EA and no 
TEF, primary correction is usually not attempted in the neo- 
natal period. Nutritional needs are met by a gastrostomy tube 
placed under surgical or radiologic guidance. The upper 
pouch is diverted so that secretions within it will not be aspi- 
rated. A neoesophagus is later created by interposing a segment 
of bowel or pulling the stomach into the esophagus, creating 
an anastomosis between the proximal esophagus and the 
stomach. 95 This surgery is often delayed until the child is 1 
year old. Nonsurgical anastomosis in EA may be created by 
magnetic lengthening of the esophageal segments with place- 
ment of a magnet in both ends of the upper and lower pouches, 
using the mouth and gastrostomy for catheter insertion. 9 Post¬ 
operative complications are numerous, regardless of the type 
of repair performed. An anastomotic leak is seen in 10% to 
20% of children who undergo primary repair in the neonatal 
period (Fig. 114-18). Anastomotic narrowing or stricture for¬ 
mation (Figs. 114-19 and 114-20) occurs in 15% to 30% of 
cases because of anastomotic leaks with scarring, ischemic 
change from tension on the anastomosis, or gastroesophageal 
reflux. 99 ' 102 A change in caliber at the anastomosis does not 
always indicate stricture but may instead result from residual 
dilation of the previously obstructed upper esophageal segment. 
Distal esophageal narrowing may be caused by congenital 
esophageal stenosis or gastroesophageal reflux (Fig. 114-21). 100 
Bougienage and balloon dilation are used to treat these 
strictures. 103 

Development of a fistula at the surgical site (Fig. 114-22) 
or late detection of a proximal pouch fistula (Fig. 114-23) 
may cause postoperative feeding difficulty simulating aspira¬ 
tion. Children with an H-type fistula (Fig. 114-24) may have 
only intermittent feeding problems because the fistula may 
not be patent at all times. The muscle wall of the fistula may 
contract, or the fistula may be blocked with mueus or food. 
The H-type fistula can remain undetected for years, until 
esophagography is performed to evaluate the cause of multiple 
pneumonias. 

Symptomatic gastroesophageal reflux and pulmonary disease 
are common throughout the lives of children with EA and TEF. 
Gastroesophageal reflux results from a primary abnormality of 
the distal esophagus, postsurgical changes in the anatomy of the 
gastroesophageal junetion, poor antegrade peristalsis, or delayed 
gastric emptying. 100,101,104 Virtually all children with EA have 
disordered esophageal motility. If a fundoplication is needed to 
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treat the gastroesophageal reflux, it must be modified so that it 
does not obstruct the poorly peristaltic esophagus. 105 

CT studies done years after repair have documented 
structural and functional abnormalities of the trachea and pud- 
dling of fluid in the dilated upper esophagus. 106 Tracheal 



abnormalities may be caused by maldevelopment of the foregut 
or surgical changes. 1 Respiratory tract symptoms may persist 
throughout life. 99 ’ 101 

RADIOLOGIC FINDINGS 

The prenatal diagnosis of EA without TEF is suggested by the 
presence of polyhydramnios with absence of fluid in the 



Figure 114-18 Anastomotic leak after esophageal atresia and 
tracheoesophageal fistula repair. As contrast material reaches the 
anastomosis, it passes into the distal esophagus and into the 
posteriorly directed leak. Notice the narrowing of the proximal 
trachea ( arrows ). 


Figure 114-20 Anastomotic stricture after tracheoesophageal 
fistula repair. A soft tissue density with air-fluid level ( arrows ) 
displaces the trachea to the left. This is the dilated upper pouch 
above a narrowed anastomosis. The child is acutely symptomatic 
because food is impacted at the anastomosis. 



Figure 114-19 Stricture formation after esophageal atresia and tracheoesophageal fistula repair. A. A study performed in the early 
postoperative period demonstrates mild narrowing at the anastomotic site. This can be normal. B. Several months later, a study shows a severe 
stricture causing increased dilation of the proximal esophagus. 
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Figure 114-21 Gastroesophageal reflux after tracheoesophageal 
fistula repair. Reflux has produced such severe narrowing of the 
distal esophagus that a pea (P), swallowed whole, could not pass into 
the stomach. 



Figure 114-22 Postsurgical esophageal atresia and 
tracheoesophageal fistula. This fistula is demonstrated several days 
after surgery. Contrast material instilled into the upper esophagus 
passes through a fistula ( arrowhead ) into the trachea. A pleural drain 
( arrow ) is identified. 


stomach.' The fluid-filled upper pouch may be detected with 
ultrasound, with MRI occasionally used for confirmation. 

Radiographs 

Chest and abdomen radiographs should be scrutinized for 
vertebral segmentation and limb anomalies as part of the 
VACTERL association (Fig. 114-25); tetralogy of Fallot and 
right-sided aortic arch, for avoidance of injury during tho- 
racotomy, which is usually performed on the right; and bowel 
gas, to differentiate pure EA from EA with TEF and to detect 
other gut atresias. 

Preoperative Contrast Studies 

Preoperative identification of a proximal fistula is desired at 
some institutions and not at others. Evaluation for possible 
fistula is performed with lateral fluoroscopy of the upper esoph¬ 
agus with the child supported in a semiupright position. A slow, 
manual injection of a few milliliters of low-osmolality contrast 
agent through a feeding tube placed in the upper pouch defines 
the pouch (Fig. 114-26; see also Fig. 114-23). As soon as a fistula 
is identified, the injection is stopped. When there is no fistula, 
contrast material is removed through the feeding tube. 

In the child with EA and no TEF, barium studies are done 
through the gastrostomy tube to define the length of the lower 
esophageal segment before surgery. The lowest extent of the 
upper pouch is defined by a large-bore catheter. The lower 
segment may be seen with refluxed contrast material or by 
means of a tube passed cephalad through the gastrostomy. The 


distal segment tends to extend above the diaphragm for only a 
small distance (Fig. 114-27). 

Because the H-type TEF is not always patent, it may be dif- 
ficult to demonstrate. The esophagus must be distended, and in 
some children, a second or third study may be necessary to see 
the fistula. Repeated barium esophagography may be performed 
by placing a feeding tube in the upper esophagus and giving a 
bolus injection of contrast medium manually. The fistula has 
an N rather than an H shape as it passes superiorly and anteri- 
orly from esophagus to trachea (see Fig. 114-24). Although CT 
performed in the sagittal plane can demonstrate EA, a distal 
TEF, and the length of the gap between the upper and lower 
segments, there has been little application of this technique. 

Ultrasound Studies 

Sonography is performed to search for kidney malformations 
included in the VACTERL association: agenesis, ectopia, and 
fusion anomalies. Associated urethral anomalies are usually 
detected by clinical inspection. 

Postoperative Contrast Studies 

About 5 days after surgery, esophagography is performed to 
detect anastomotic leakage (Fig. 114-28; see also Fig. 114-18). 
Low-osmolality contrast agent may be used initially, and if the 
esophagus is intact, the remainder of the study can be per¬ 
formed with barium. 
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Figure 114-23 Poorly performed preoperative study of the 
upper pouch: esophageal atresia with proximal and distal fistulas. 

The upper pouch is overfilled with contrast medium. The trachea is 
being filled through a tiny fistula ( arrows). Contrast material from the 
trachea is outlining the distal tracheoesophageal fistula and the upper 
portion of the distal esophageal segment ( arrowheads). The upper 
and lower esophageal segments are closely apposed. 



Figure 114-24 H-type tracheoesophageal fistula. The contrast 
agent injected into the upper esophagus filis the esophagus (E), the 
fistula ( arrow ), and the trachea (T). 



Figure 114-25 VATER association. A feeding tube is coiled in the 
upper esophageal pouch (open arrows). Eleven ribs are present on 
the left and 12 on the right. Segmentation anomalies, including a 
hemivertebra, are seen at the thoracolumbar level (solid arrow). The 
right hemithorax is opacified, and the mediastinal contents are shifted 
to the right because the right lung is agenetic. This child also had 
unilateral renal agenesis. 



Figure 114-26 Esophageal atresia without tracheoesophageal 
fistula. The upper pouch is filled with a small amount of contrast 
material. No fistula is identified. This study was performed 
with the patient in the supine rather than in the preferred upright 
position. 
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Figure 114-27 Gastrostomy injection of an esophageal atresia 
without a tracheoesophageal fistula. A feeding tube is in the upper 
esophageal pouch ( arrow ). Contrast material injected into the 
stomach through a gastrostomy has refluxed into the short distal 
esophageal segment. The distance between the distal aspect of the 
upper pouch and the proximal aspect of the distal esophagus is 
approximately the height of five vertebral bodies. 



Figure 114-28 Postoperative study in a child with esophageal 
atresia and no tracheoesophageal fistula. Contrast material passes 
through the anastomosis ( arrows ) between the previously diverted 
upper esophageal segment and the redundant neoesophagus 
created from multiple small bowel loops. 


When a child’s eating pattern deteriorates, barium esopha- 
gography should be performed to exclude narrowing at the 
anastomosis or distal esophagus. Refusal of solid food may 
be the first sign of narrowing. During this examination, the 
anastomosis must be challenged with large amounts of con¬ 
trast material. Small sips poorly distend the esophagus, allow- 
ing an abnormal segment to be overlooked. A child who 
presents with drooling or complete refusal to eat may need 
a contrast study to detect a foreign body or food impacted 
above the anastomosis or distal esophagus (see Figs. 114-20 
and 114-21). 108 

Laryngotracheal Cleft 

Laryngotracheal or laryngotracheoesophageal cleft is a rare, 
severe failure of foregut division that has a slight male predomi- 
nance. The cleft is of variable length and is frequently associated 
with EA and TEF. 109 The EA and TEF may mask the laryngo¬ 
tracheal cleft because the symptoms are similar: coughing, 
inability to handle secretions, and recurrent pneumonias. This 
anomaly, which causes a toneless cry, is also associated with 
the anomalies that compose the VACTERL association and 
with coarctation of the aorta and transposition of the great 
vessels. 109-111 Death in the neonatal period is common because 
of the multiple anomalies. 

The diagnosis of laryngotracheal cleft is confirmed with 
endoscopy. Postoperative radiologic studies should be per¬ 
formed with small amounts of contrast agent given slowly so 
that any residual cleft can be differentiated from aspiration. 
Surgery is necessary to divide the trachea from the esophagus. 
The extent of the cleft and the associated tracheomalacia make 
reconstruction difficult in many children. 

Jejunal and Heal Stenosis and Atresia 

Duodenal atresia is discussed in Chapter 116. Jejunal and ileal 
atresia occur in about 1 of 5000 births. 1 Prenatal ultrasound 
shows polyhydramnios in about 50% of cases. Atresia may be 
diagnosed after birth when vomiting and abdominal distention 
develop. 

Jejunal and ileal atresia are thought to result from a vas- 
cular insult to the bowel by focal pressure, by compromise 
of the mesenteric root, by intravascular thrombosis, or by 
failure of complete recanalization of the bowel. 112117 Multi¬ 
ple levels of atresia are seen in 30% of affected neonates. 112 1 
Most cases occur sporadically, although hereditary syn¬ 
dromes of multiple gastrointestinal atresias have been 
described. 118 ’ 119 

Atresias are classified by differences in the discontinuity of 
the bowel and the mesentery (Fig. 114-29). 11 Atresia is about 
six times more frequent than congenital stenosis. 114 About one 
third of children with jejunoileal atresia have malrotation of the 
bowel. 3 

TREATMENT 

Improvements in operative technique and postoperative care 
have significantly enhanced the outcome of patients with small 
bowel atresia. The choice of operation depends on the site, 
extent, and type of atresia and the extent of proximal bowel 
dilation. 112-117 Short gut, defined as a residual bowel with less 
than half of its normal length of 200 cm, has been a consistent 
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cause of morbidity and mortality. Short gut may initially be 
compensated for by total parenteral nutrition, but the most 
severely affected children are candidates for liver transplanta¬ 
tion because of complications from total parenteral nutrition 
hepatitis. 



Figure 114-29 Classification of bowel atresia. In type I, there is a 
web or diaphragm between adjacent bowel loops. In type II, there is a 
discontinuity of bowel, usually with dilation of the proximal segment. 
The mesentery is intact. In type Illa, there is a gap in the mesentery 
and a discontinuity between the bowel loops. In type 11 Ib, there is a 
long segment of atretic small bowel. The remaining small bowel has a 
corkscrew or apple peel appearance. In type IV, there are multiple 
areas of intestinal atresia. (From Grosfeld JL, Ballantine TVN, 
Shoemaker R: Operative management of intestinal atresia and stenosis 
based on pathologic findings. J Pediatr Surg 3:368-375 , 1979.) 


RADIOLOGIC FINDINGS 

When prenatal sonography demonstrates polyhydramnios in 
conjunction with dilated bowel, small bowel atresia should be 
considered. 120,121 Prenatal sonography is more successful at 
detecting duodenal atresia than other intestinal atresias. 120 MRI 
can also demonstrate fetal bowel atresia. Postnatal abdomen 
radiographs demonstrate dilated, air-filled bowel loops proxi¬ 
mal to the atretic or stenotic segment. The proximal loop 
nearest to the obstruction may be dilated out of proportion to 
the other segments and have a round edge (see Fig. 114-10). No 
distal bowel gas is observed in atresia, whereas a paucity of distal 
air is found in stenosis. Peritoneal calcifications indicate that 
the atresia is complicated by meconium peritonitis (Fig. 114-30; 
see also Fig. 114-10). However, meconium peritonitis can be 
present even when no calcifications are seen radiographically or 
at surgery (Fig. 114-31). Intramural calcifications have been 
reported in children with intestinal atresia but may also occur 
without atresia. 

Air usually provides adequate contrast for determining the 
level of obstruction. With jejunal atresia, few loops are filled 
with air or have air-fluid levels (see Fig. 114-10). When multiple 
dilated loops are present, the obstruction is more likely to be in 
the ileum (Fig. 114-32). When there is an extremely low ileal 
obstruction, the dilated loops may fill the entire abdomen and 
make differentiation from colonic obstruction impossible. 

To exclude a second distal obstruction in the child with 
suspected jejunal atresia, a contrast enema may be performed. 
Because of the risk of perforation, low-osmolality contrast 
agents are preferred for these studies. A normal-caliber colon is 
present when the obstruction is high because the secretions of 
the bowel distal to the obstruction are passed into the colon, 
which preserves its reservoir function. A small-caliber colon 
implies that there is an obstruction in the distal small bowel and 
that small bowel contents cannot enter the colon (see Fig. 114- 
30). Rarely, extrinsic compression can so completely obstruct 
patent bowel that microcolon can develop. 122 Ultrasound may 
be useful when secondary intraperitoneal processes, including 





Figure 114-30 Ileal atresia. A. Dense calcifications ( arrowheads ) rim the lateral aspect of the upper abdomen. Notice the dilated bowel loops 
proximal to a surgically proven high ileal atresia. B. Contrast enema in a different patient with ileal atresia shows a small-caliber colon and reflux 
of contrast material into a meconium-filled terminal ileum ( arrows ). 







2112 SECTION XIV Pediatric Disease 



Figure 114-31 Meconium peritonitis. A. On the chest and abdomen radiograph, there is a paucity of abdominal gas, perhaps because of 
suction and ventilation through the endotracheal tube. Meconium peritonitis causes generalized abdominal haziness, bulging flanks, and 
centralization of bowel loops. B. The longitudinal sonogram reveals a peritoneal collection of meconium ( arrows ) anterior to the echogenic 
neonatal kidney (K). The meconium is less echogenic than the solid structures, but it contains more echoes than simple transudative ascites. 
H, Cephalic; F, caudal. 



Figure 114-32 Colonic atresia. Multiple dilated bowel loops are 
present. Water-soluble contrast material filis a small-caliber colon. The 
contrast material did not pass proximal to the hepatic flexure, the site 
of the atresia. 


meconium peritonitis, are suspected. Free fluid, free meconium, 
or enterocysts may be detected (see Fig. 114-31). Meconium is 
echogenic because it is a complex substance composed of seere- 
tions, desquamated cells, and lanugo hairs. 123 

If a large amount of bowel is atretic or resected, postopera¬ 
tive barium studies of the small bowel may show many changes 
that represent the bowel’s attempts to compensate for its loss of 
length. 124 The small bowel becomes dilated, the folds become 
thicker than usual, and transit time may be increased. 

Meconium Peritonitis 

When bowel perforation occurs in utero, sterile meconium 
leaks into the peritoneal cavity and creates a Chemical peritoni¬ 
tis: meconium peritonitis. The perforation is caused by any 
process that may produce bowel ischemia: volvulus, internal 
hernia, intussusception, or meconium ileus with or without 
cystic fibrosis. 125-129 The peritonitis is associated with atresia, 
adhesions, intra-abdominal cystic masses, ascites, scrotal masses, 
and, in many cases, intraperitoneal or scrotal calcifications (see 
Figs. 114-10 and 114-30). 125 131 Meconium peritonitis occurs in 
1 of 35,000 live births. 

Meconium peritonitis sometimes has been categorized as 
several distinet forms: fibroadhesive, cystic, and generalized. 
Fibroadhesive meconium peritonitis is defined by dense bands 
and membranes that form around and across bowel loops in 
response to the peritoneal process. Cystic meconium peritonitis 
develops when the perforation is contained by inflammatory 
tissue and adj acent loops of bowel that are matted together. 
After birth, the “cyst” may be filled with fluid if the perforation 
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has sealed or with air and bowel contents if the cavity remains 
in continuity with the bowel lumen. In the generalized form of 
meconium peritonitis, loosely adherent or free-floating plaques 
of calcium are scattered throughout the peritoneal cavity. The 
calcifications may not be visible on abdominal radiographs. 

CLINICAL FINDINGS 

Many children with meconium peritonitis are diagnosed 
prenatally. 128-130 Most of those diagnosed postnatally present 
within the first 24 hours of life with abdominal distention and 
bilious vomiting resulting from adhesive bands, small bowel 
atresia, or meconium ascites (see Figs. 114-10, 114-30, and 114- 
31). Asymptomatic children may not be diagnosed until 
abdomen radiographs obtained for other reasons demonstrate 
peritoneal calcification. 

Meconium peritonitis and cystic fibrosis may occur inde- 
pendently, and calcification of meconium most often occurs in 
the absence of cystic fibrosis. 131 The differential diagnosis of 
abdominal calcifications in a neonate is limited: tumors (e.g., 
neuroblastoma, hepatoblastoma, teratoma), calcification in the 
walls or lumen of a bowel loop, and retroperitoneal calcifica¬ 
tions from prenatal adrenal hemorrhage or renal vein throm- 
bosis. Although all children with meconium peritonitis should 
undergo a sweat chloride and stool trypsin and chymotrypsin 
tests to exclude cystic fibrosis, less than 10% of patients have 
the disease. 130 The prognosis for those with meconium perito¬ 
nitis is good, with a survival rate of about 90%. 128 ' 130 

RADIOLOGIC FINDINGS 

The sonographic criteria for meconium peritonitis include fetal 
ascites that may have echogenic debris, echogenicity along the 
peritoneal surfaces, abnormal cystic abdominal masses, and 
bowel dilation. 129,130 Ascites alone may be a sign of meconium 
peritonitis; in utero, this may simulate fetal hydrops. Abdominal 
radiographs may show peritoneal calcifications (see Figs. 114-10 
and 114-30), intestinal obstruction, mass effect, and, uncom- 
monly, pneumoperitoneum. 

Sonography should be used if there is ascites or a palpable 
mass in the pelvis or abdomen because it can define the size of 
the mass and exclude other masses or obstructive lesions. 
Sonography can differentiate the usual ascites from meconium 
peritonitis with “dirty” ascites (see Fig. 114-31). Radiographs of 
the skeleton may show metaphyseal dense bands, which are 
thought to develop at the time of the perforation. 132 

Colonic Atresia 

GENERAL CONSIDERATIONS 

The incidence of atresia is lower in the colon than elsewhere in 
the gut; it occurs in about 1 of 40,000 live births. 115 The trans¬ 
verse colon is more frequently involved than other sites, and 
there is a slight female predominance. 133 In contrast to the 
increased rate of prematurity found with other intestinal atre- 
sias, children with colonic atresia are more likely to be born at 
term. The neonate with colonic atresia presents with vomiting 
and abdominal distention. Meconium might have passed 
normally. 

The differential diagnosis of colonic atresia includes other 
causes of low obstruction: Hirschsprungs disease, duplication, 


meconium plug, intussusception, and distal ileal processes. A 
contrast enema should be performed to narrow the diagnostic 
possibilities and to direct additional testing and therapy. 

RADIOLOGIC FINDINGS 

As with other intestinal atresias, prenatal sonography of colon 
atresia frequently demonstrates polyhydramnios and dilated, 
fluid-filled bowel loop. Postnatal abdomen radiographs indicate 
a low obstruction, and the dilated bowel loops may have air¬ 
fluid levels or a bubbly appearance because of intraluminal 
meconium. The radiographic diagnosis of colonic atresia is dif- 
ficult, particularly in the first few hours of life because air may 
not have reached the most distal bowel segment. 

Sonography is useful for excluding the presence of ascites or 
mass lesion. A contrast enema with a low-osmolality contrast 
agent is the diagnostic study of choice. The examination should 
be performed with great caution because of an increased inci¬ 
dence of colonic rupture in patients with atresia. The contrast 
column ends abruptly and may taper or have a round, “cobra 
head” or club deformity if a membrane is present (Fig. 114- 
32 ) 134 jYiq colon may be normal or small in caliber, depending 
on when luminal occlusion occurred. If a transition zone is 
observed, Hirschsprungs disease also may be present. 

Imperforate Anus 

CLINICAL FINDINGS 

Imperforate anus is a complex anomaly that occurs in about 1 
of 5000 live births, with a slight male predominance. 136 ' 140 The 
Spectrum of anorectal malformations is broad and varies with 
the patient’s sex (Fig. 114-33). Numerous classifications of the 
variants of imperforate anus have been made; one widely used 
system is the Wingspread classification. 136 Others with a strong 
basis on clinical inspection performed at age 1 day have been 
developed. 137,138 Boys are more likely than giris to have entero- 
urinary fistulas because they lack interposed genital structures 
(Fig. 114-34). Giris have a high incidence of enterovaginal fis¬ 
tulas and cloacal anomalies. 

The distal extent of the rectum must be delineated because 
it determines whether the infant needs neonatal colostomy and 
the probability that other malformations are present. 137 " 142 The 
position of the distal rectal pouch in relation to the levator ani 
muscles is used to categorize grossly the different types of 
imperforate anus. When the rectum ends above the levator ani 
muscles, the infant has a high or supralevator imperforate anus. 
When the rectum ends below these muscles, the infant has a low 
or infralevator imperforate anus. Radiologic and clinical data 
are used to differentiate high from low lesions. Abdomen radio¬ 
graphs, ultrasound, CT, and MRI may have roles in this process. 

A low lesion is suggested when there is a fistula, perineal 
pearls, corrugated appearance of the extrinsic sphincter, or 
normal-appearing female urethra and vagina. The presence of 
meconium on the perineum or in the urine suggests a low 
lesion. 1 139 Infants with low lesions undergo anoplasty or tem- 
porary enlargement of the fistula. High lesions should be sus- 
pected when there is no fistula, when there is a smooth perineum, 
or when a giri has a single perineal orifice (i.e., cloacal anomaly). 
Neonates with high lesions undergo a colostomy. A corrective 
pull-through procedure is performed when the child is about 1 
year old. 
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Figure 114-33 Classification of imperforate anus. This diagram shows many of the possible relationships of the imperforate anus to the 
internal organs in children of both sexes. (Modified from Grosfeld JL, Ballantine TVN, Shoemaker R: Operative management of intestinal atresia 
and stenosis based on pathologic findings. J Pediatr Surg 3:368-375, 1979.) 


Genitourinary abnormalities are common in infants with 
imperforate anus. 1401 Renal anomalies (e.g., absence, agenesis, 
ectopia, horseshoe kidney) are more common and more severe 
in children with high imperforate anus. A fistulous connection 
to the urinary tract, usually to the urethra or the biadder, is 
present in about 23% of children with supralevator imperforate 
anus. The fistula may be diagnosed at birth when there is air in 
the biadder on early postnatal plain abdomen radiographs or 
meconium in the urine. Otherwise, the fistula is sought with 
voiding cystourethrography in the neonatal period or pressure 
antegrade colography before colostomy closure. 143 In children 
with the VACTERL association, there is an increased incidence 
of congenital urethral lesions: duplications, stricture, and 
megalourethra. 140 

The incidence of cardiovascular malformations, especially 
tetralogy of Fallot and ventricular septal defect, is increased in 
children with otherwise isolated imperforate anus. The cardiac 
anomalies contribute significantly to the mortality rate of chil¬ 
dren with imperforate anus. Tethered spinal cord may occur 


with or without vertebral anomalies in up to 20% of children 
with imperforate anus. 144 

TREATMENT 

The corrective procedure depends on the anatomy of the con¬ 
genital lesion and surgical preference. Most procedures for high 
imperforate anus are variants of the posterior sagittal anorec- 
toplasty. 145,146 The goal of surgery is to preserve and, if necessary, 
to enhance the mechanisms of continence. Urinary tract anom¬ 
alies that need correction are repaired at the time of imperforate 
anus surgery. 

The incidence of spinal deformity and intraspinal lesions is 
lower in children with low imperforate anus than in those with 
high imperforate anus. These children also tend to have better 
development of the levator sling, a more intact neural arc, and 
more normal evacuation patterns after surgery than children 
with high imperforate anus. After the corrective surgery, giris 
have greater success at achieving continence than boys do. 140,145 
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Figure 114-34 Rectourethral fistula. A catheter placed in the 
urethra for voiding cystourethrography passed into the rectourethral 
fistula. Contrast material outlines the distal rectal segment. 


This difference probably reflects the faet that more than 90% of 
boys but only 69% of affeeted giris have supralevator imperfo- 
rate anus. 

RADIOLOGIC FINDINGS 

Prenatal Ultrasound 

Prenatal ultrasound may suggest bowel obstruction in patients 
with imperforate anus; however, dilated bowel is seen only in 
the later stages of gestation. Intraluminal enteroliths may be 
seen in fetuses with imperforate anus. Because infants with 
jejunal and ileal atresia have few extragastrointestinal abnor- 
malities, detection of any of the stigmata of the VACTERL asso¬ 
ciation in a fetus with multiple dilated bowel loops suggests 
imperforate anus. 

Radiographs 

A number of associated anomalies of imperforate anus can be 
visualized on radiographs of the chest and abdomen: spinal 
deformity with absent, additional, or fused segments; scimitar 
saerum; tetralogy of Fallot; and ventricular septal defeet. The 
bowel gas pattern may show little except changes of distal 
obstruction. The intraluminal calcification reported in a small 
number of infants with imperforate anus may be caused by 
prenatal mixture of urine and colon contents, although it can 
occur in the absence of obstruction or fistulous communication 
between the gut and the genitourinary tract (Fig. 114-35; see 
also Fig. 114-34). 

When the physical examination does not provide enough 
information about the level of the distal pouch, it must be 
defined radio gr aphically. A lateral radiograph of the rectum 
obtained with the infant inverted (i.e., invertogram) was once 
the standard way to assess rectal position. 146 The level of the 



Figure 114-35 Imperforate anus with rectourethral fistula. A 

rectourethral fistula is demonstrated on this voiding 
cystourethrogram. As the child voids and filis the urethra, contrast 
material passes through the fistula [arrow) into the blind-ending 
rectum. The fistula is demonstrated best on lateral radiographs. 


levator sling was considered to be the same as the pubococcy- 
geal line: a line drawn from the junetion of the superior third 
of the pubis with the middle third to the inferior aspect of the 
fifth sacral vertebra. If the rectal air stopped proximal to this 
line, the imperforate anus was considered to be high, but if it 
stopped below, it was considered to be low. The invertogram is 
now not used, and a prone cross-table lateral radiograph of the 
rectum is obtained with the infant’s knees tucked beneath (Fig. 
114-36). 147,148 The prone or knee-chest position is physiologi- 
cally better for the infant than the invertogram; it also encour- 
ages colonic gas to pass to the rectum and tends to prevent distal 
air from escaping through a fistula. The landmarks used are the 
same as on the standard invertogram. The radiograph is more 
accurate when it is obtained after the first 24 hours of life 
because the delay allows gas to be driven to the most distal 
portion of bowel. 147,148 

The CT invertogram (obtained with the child prone or in 
the knee-chest position) provides better delineation of the 
anatomy than do abdomen radiographs, but it is not commonly 
used. 149 On sagittal reconstruction, the distal colon can be seen 
in relation to the midline bone structures even if it has not yet 
been filled with air. Percutaneous injection of contrast material 
through the rectal dimple in an attempt to find a poorly seen 
distal pouch is rarely performed. 

Ultrasound Studies 

Sonography can identify the distal rectal pouch because it con- 
tains echogenic meconium and can therefore define the anomaly 
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Figure 114-36 Jackknife position invertogram demonstrating an 
imperforate anus. The child is positioned prone with the hips 
elevated on a cloth roil. Barium paste marks the anus. Meconium 
( arrowheads ) in the rectal pouch is outlined by air. 



Figure 114-37 Imperforate anus. On a longitudinal sonogram of 
the rectal pouch in an infant with imperforate anus, the echogenic 
meconium distends and defines the distal rectal (R) pouch. The 
pouch-to-perineum distance (P-P) is only a few millimeters. F, inferior; 
H, superior. 


as a high or low lesion (Fig. 114-37). 150 When the pouch cannot 
be easily classified, it is usually a high imperforate anus. Trans- 
perineal sonography has also been used to assess the distal 
pouch and the puborectalis muscle aro und it. Renal sonog¬ 
raphy should be routine, and spinal ultrasound is performed 
even when abdomen radiographs do not demonstrate a spinal 
anomaly. 



Figure 114-38 Imperforate anus: postoperative CT. For the 

postoperative evaluation of the sphincter muscle in an infant with 
imperforate anus, pelvic CT shows that the sphincter muscles ( arrows ) 
are extremely thin and underdeveloped. 


Gastrointestinal and Genitourinary 
Contrast Studies 

Voiding cystourethrography is routinely performed to exclude 
vesicoureteral reflux, which occurs in almost 50% of children 
with high imperforate anus and in 35% of children with low 
imperforate anus. In boys, voiding cystourethrography is also 
necessary to exclude rectourinary fistula, which requires liga¬ 
tion at the time of pull-through surgery. 

Because the fistula may not always hil on the initial examina- 
tion, pressure-augmented antegrade colography or repeated 
voiding cystourethrography precedes corrective surgery if the 
result of the neonatal study was normal. 143 Water-soluble con¬ 
trast agents, rather than barium, should be used to hil this 
unused segment to avoid barium in the urinary tract. The fistula 
is hest seen when the distal colon segment is distended and the 
infant is in the lateral position (see Fig. 114-35). 

Computed Tomography and Magnetic 
Resonance Imaging 

Preoperative evaluation of the levator sling can be performed 
with CT or MRI, but it is not routine. 149,150 MRI displays the 
sphincteric muscle complex better than CT, which is limited by 
the small amount of fat present in the neonate. MRI also can 
better demonstrate the muscles hest imaged in the coronal or 
sagittal planes. When there is insufficient intrinsic muscle to 
produce continence, surgical results may be disappointing 
unless special procedures to buttress the muscles are also 
performed. 152 

MRI is useful in evaluating the spinal cord when an abnor- 
mality is detected on ultrasonography. 153155 In the neonatal 
period, MRI also displays the distal portion of the colon well; 
the impacted meconium produces an intense signal. 

Postoperative Studies 

Postoperative studies are performed when there is clinical sus- 
picion of an anastomotic leak. Later contrast studies are per¬ 
formed if there is fecal soiling or severe constipation. CT and 
MRI are occasionally used to assess the position of the colon 
pull-through in relation to the sphincteric muscle complex 
(Figs. 114-38 and 114-39). 156 The rectum should be centrally 
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Figure 114-39 Imperforate anus: MRI of pull-through. Axial MRI 
shows the anal pull-through in a good position. The rectum (R) is 
centrally placed within a well-developed sphincteric muscle complex. 


positioned within the sphincteric muscle complex to ensure 
proper function. Poor centralization of the neorectum is more 
common in children with a poorly developed sphincteric 
muscle complex than in those with normally developed muscles 
(Fig. 114-38). A child who evacuates well initially but later 
develops incontinence should be evaluated for a spinal cord 
lesion that produces tethering. 153-155 A child who has difficulty 
beginning at the time of surgery should be evaluated for 
Hirschsprungs disease, a disorder that occurs with increased 
frequency in patients with imperforate anus. In some children, 
especially those prone to constipation, fecal continence is 
achieved by percutaneous cecostomy and antegrade enema. 157 

Imperforate Anus Variants 

CLOACAL MALFORMATION 

In girls, a variant of imperforate anus associated with more 
profound renal, vaginal, and uterine abnormalities is the cloacal 
malformation. 136,158 160 It occurs in 1 of 40,000 to 50,000 births. 
This anomaly can be diagnosed at birth when a “bland” or 
“featureless” perineum with only one opening is detected. This 
opening is usually beneath an enlarged clitoris. The external 
anatomy indicates that at some level, the biadder, urethra, 
vagina, and rectum merge into a common distal channel of 
variable length. The numerous possible configurations depend 
on which distal channel is dominant. 

In one third of neonates with cloaca, the vaginal opening of 
the confluent channel is stenotic, which causes hydrocolpos 
with resultant abdominal mass. 160 ' 162 Urinary sepsis may develop 
if the biadder cannot drain freely or if there is associated reflux. 
Management in the neonatal period requires that urinary tract 
abnormalities be corrected and that the fecal stream be diverted. 

Genitourinary tract anomalies, such as solitary kidney, renal 
ectopia, ureteral obstruction, vesicoureteral reflux, and biadder 
diverticula, are common. Failure of the fusion of mullerian 
structures is frequent and results in duplication of the vagina, 
a vaginal septum, and uterine duplication. Cardiac, skeletal, and 
other gastrointestinal anomalies are also seen with increased 
frequency. 


TREATMENT 

Corrective surgery is frequently delayed until after 1 year of 
age. 159,160 Although in some girls the anatomy lends itself to a 
one-stage correction, those with a long common channel need 
a staged repair for creation of a urethra, a separate vagina, and 
a functioning anus. The goal of surgery is to achieve fecal and 
urinary continence and normal sexual function. 

RADIOLOGIC FINDINGS 

To prevent injury or deterioration of the urinary tract, the 
internal anatomy must be accurately delineated in the neonatal 
period. An abdomen radiograph can document the presence or 
absence of vertebral deformity, abdominal calcifications, or a 
large pelvic mass (i.e., dilated vagina). 

Water-soluble contrast studies are needed to visualize the 
length of the common channel and the relationships of each of 
the systems above it. These studies are performed with catheters 
introduced through and occluding the perineal opening while 
the contrast agent is being injected; the catheter is introduced 
from above if colostomy, vesicostomy, or vaginostomy is 
present. 62 Any accessory openings should also be injected 
with contrast material. 

Ultrasound is useful for detecting renal, uterine, or vaginal 
abnormalities. However, the common channel is difficult to 
visualize with ultrasound or CT. 161,162 Three-dimensional mag¬ 
netic resonance genitography with instillation of gadolinium 
solution into the common channel, vesicostomy, and distal 
colon by augmented pressure delineates the complex anatomy. 163 
MRI is helpful in evaluating the spinal cord; tethering of the 
cord is common, and this affects later bowel and biadder 
function. 

Caudal Regression 

Caudal regression is a rare association of severe malformations 
of the lower spine, lower limbs, genitourinary tract, and ano- 
rectum that occurs in about 1% of the offspring of diabetic 
mothers. 164,165 The infant with fusion of the lower limbs into a 
single structure is said to have a speciflc form of caudal regres¬ 
sion: sirenomelia, or mermaid deformity. 166 This is usually a 
lethal variant associated with complete renal agenesis. Other 
children with milder changes of caudal regression present with 
many of the classic stigmata of the VACTERL association. The 
lower limbs may be atrophied, malrotated, or contracted. The 
genitourinary anomalies are the same as those seen in imper¬ 
forate anus, and the degree of biadder dysfunction reflects but 
does not parallel the spinal deformity. 

Many of the changes can be diagnosed prenatally. 16 The 
spinal and limb changes are usually apparent earlier than the 
anorectal anomaly. Spinal anomalies are usually evaluated by 
MRI. 168 

Currarino Triad 

Another variant of anorectal malformations is the Currarino 
triad, which additionally includes a sacral deformity and presa- 
cral mass. 1691 1 The anorectal lesion has been described as being 
anal stenosis, anal ectopia, imperforate anus, or Hirschsprungs 
disease. 12 Sacral lesions are not uncommon in children with 
anorectal malformations, but presacral masses (e.g., anterior 
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Figure 114-40 Currarino triad. 

A. Anteroposterior radiograph of the pelvis 
shows a large amount of feces obscuring 
visualization of the sacrum. The sacrum is 
abnormally formed and is scimitar shaped 
( arrows ). B. Lateral radiograph from a barium 
enema shows that the rectal channel is 
effaced by a posterior extrinsic mass. The 
proximal colon is dilated. C. Axial CT scan 
demonstrates a water density anterior sacral 
meningocele (M) compressing and displacing 
the biadder (B) and the colon (C). 


meningocele, duplication, teratoma) are. In some children, the 
presacral mass is detected years after the anal lesion has been 
repaired (Fig. 114-40). 

In about 50% of cases, the triad is inherited in an autosomal 
dominant manner. 168 170 As in other variants of imperforate 
anus, ultrasound evaluation of the spinal cord followed by MRI 
when the ultrasound finding is abnormal is an important part 
of patient evaluation because tethering of the cord is common 
in this entity. 173 

Other Low Obstructive Lesions 

Many low obstructive lesions are functional rather than 
mechanical. When a contrast enema is performed in a child 
with signs of Hirschsprungs disease, the diseases described in 
the following sections should be considered. Any process that 
causes ileus may simulate obstruction and should be excluded 
clinically. 

MECONIUM ILEUS 

Clinical Findings 

Meconium ileus indicates cystic fibrosis in more than 80% of 
patients. The narrowed lumen of the distal ileum is impacted 
with meconium pellets, and the dilated segment above contains 
thick meconium. The neonate does not pass meconium or 
stool. 1 The first-year mortality rate for affected infants has 


diminished markedly but remains about 10%. Further discus- 
sion of meconium ileus is included in Chapter 118. 

Therapy 

Cleansing enemas of hypertonic, water-soluble contrast agents 
have long been used to diagnose and to treat this disorder. 174 
Because fluid drawn into the bowel lumen from the intravascu- 
lar space may produce dehydration, the neonate should have an 
intravenous line in place. The necessity of refluxing contrast 
material into the obstructed terminal ileum may result in per- 
foration of the unused microcolon; most children with perfora- 
tion do well, despite the need for immediate surgery. 

Radiologic Findings 

Abdomen radiographs show multiple, dilated small bowel loops 
(Fig. 114-41). A granular appearance of the right lower quad- 
rant and the absence of air-fluid levels in this region result from 
the abnormally thick intraluminal meconium, which does not 
change position with gravity. 

Contrast enema demonstrates a small-caliber colon that is 
malrotated in 33% to 50% of patients. 125127 Contrast material 
refluxed into the terminal ileum outlines the impacted meco¬ 
nium (see Fig. 114-41). To avoid perforation, the physician 
should not attempt to fill the entire obstructed segment with 
the first contrast enema. When some of the terminal ileum 
is filled, the study is concluded. The infant is returned to 
the nursery and observed clinically. If there is continued 
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Figure 114-41 Meconium ileus. A. Air-filled, dilated bowel loops are present throughout the abdomen. Multiple loops of meconium-filled gut 
are seen above the distal meconium impaction. B. The caliber of the colon is slightly diminished on contrast enema. As contrast material refluxes 
into the dilated and obstructed terminal ileum (I), it is diluted by the intraluminal meconium. 



Figure 114-42 Ultrasound appearance of meconium ileus. A. Round loops of bowel ( arrows ) full of echogenic meconium are visualized on 
this transverse scan. B. Echogenic meconium (M) filis the dilated bowel loop ( arrow ). 


obstruction, additional enemas are given, usually 1 day apart. 
Each time, it is necessary to observe that the retrograde flow 
reaches the impacted meconium and ultimately enters the 
dilated bowel loops above. 

Prenatal or postnatal sonography can show the inspissated 
meconium or meconium in the dilated proximal bowel loops 
(Fig. 114-42). 120,121 Prenatal diagnosis of meconium ileus is 
increasingly common. 

MECONIUM PLUG SYNDROME 

Delayed passage of meconium and abdominal distention are the 
presenting Åndings in neonates with meconium plug syndrome, 
also called small left colon syndrome or functional immaturity 
of the colon, which occurs in about 1 of 500 to 1000 neonates. 
Of these, up to 25% have cystic fibrosis, and another 5% to 13% 


have Hirschsprung’s disease. 1182 Other factors associated with 
meconium plug include prematurity, maternal diabetes, and 
maternal treatment with magnesium sulfate. 179,181,182 In most 
children, meconium plug is an isolated process without a spe- 
cific cause. 

Most children are promptly and completely relieved by con¬ 
trast enema, which stimulates passage of the plug. If the obstruc¬ 
tion recurs, it is necessary to exclude Hirschsprung’s disease by 
rectal biopsy and to evaluate the patient for cystic fibrosis. 
When obstructive symptoms develop after an uneventful peri- 
natal period, a contrast enema may be done to exclude 
Hirschsprung’s disease. If it shows filling defects in the terminal 
ileum, milk curd syndrome should be considered. This also can 
be treated with a hypertonic contrast enema. 18: Boys are affected 
with milk curd syndrome about five times more often than 
giris are. 
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Figure 114-43 Meconium plug in Hirschsprung # s disease. A. Multiple dilated bowel loops fill the abdomen. None can be specifically 
identified as the colon. The umbilical damp projects (black arrows) over the lower abdomen. An enema tip is in place (white arrow). B. An 
intraluminal tubular defect ( arrows ) extends from the descending colon to the rectum. There is a subtle change in the caliber of the colon, with 
the sigmoid colon being larger than the rectum. 



Figure 114-44 Small left colon syndrome. The rectum is large, but 
the descending colon and sigmoid colon are much smaller than 
normal. There is an abrupt change in caliber at the level of the 
splenic flexure, a classic finding. 


Radiologic Findings 

In children with the meconium plug syndrome, abdomen 
radiographs demonstrate multiple, dilated bowel loops (Fig. 
114-43A). 177,180 Contrast enema, performed with a water-soluble 
agent, outlines the adherent plug, which hils the lumen (Fig. 
114-43B). The colon may be normal in caliber or have a dimin- 
ished caliber up to the splenic flexure (Fig. 114-44), as seen in 
neonates with small left colon syndrome. 181 


MEGACYSTIS-MICROCOLON-INTESTINAL 
HYPOPERISTALSIS SYNDROME 

The pathophysiologic mechanism of megacystis-microcolon- 
intestinal hypoperistalsis (MMIH) syndrome has been investi- 
gated by many but remains poorly understood. 183 ' 186 
Abnormalities of autonomic inhibitory input to the smooth 
muscle cells of the small intestine, imbalance of gut peptides, 
and fibrosis after inflammation have been postulated. 

Clinical Findings 

MMIH syndrome is a rare condition that occurs almost 
exclusively in giris. 186 Most cases are sporadic, but in some, 
there has been a pattern of autosomal recessive inheritance. 
The clinical presentation may overlap with the chronic intes- 
tinal pseudo-obstruction syndrome, which has similar prob¬ 
lems of the gastrointestinal tract but variable urinary tract 
involvement. 187 

The affected infant presents shortly after birth with abdomi- 
nal distention and vomiting. The wrinkled appearance of the 
abdomen, similar to that of the prune-belly syndrome, may not 
be appreciated until the huge biadder is catheterized and 
drained. 

Virtually all children with MMIH syndrome die in infancy. 
Neither pharmacologic stimulation nor ileostomy or colostomy 
improves gastrointestinal tract function. Hyperalimentation 
improves nutritional status, but it is a temporizing measure 
because bowel function is never corrected. 

The main alternative diagnosis to MMIH syndrome is 
Hirschsprung s disease, which is not usually associated with 
microcolon or a large biadder. In some children, biopsy of the 
colon may be necessary to exclude the diagnosis. 

Radiologic Findings 

The MMIH syndrome can be suggested in utero by finding a 
markedly dilated biadder and upper urinary tract in a female 
infant. 188,189 It can be differentiated from other syndromes with 
biadder distention and upper urinary tract changes because it 
is not associated with a decreased amount of amniotic fluid. 
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Male infants with a distended biadder and upper tract abnor- 
malities are more likely to have posterior urethral valves or 
prune-belly syndrome. 

Postnatal radiologic studies may show the dilated upper 
urinary tract but fail to disclose any site of mechanical obstruc¬ 
tion. A contrast enema easily hils the microcolon, which in 
infants with MMIH syndrome has a tendency to be abnormally 
rotated or fixed. Contrast studies of the genitourinary tract are 
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Congenital Anomalies 
of the Esophagus 

OVERVIEW 

Many congenital lesions affect esophageal morphology and 
function. Duplications may be asymptomatic or may be mani- 
fested with respiratory or swallowing problems. Esophageal 
atresia is a complex anomaly, frequently accompanied by anom¬ 
alies of other organ systems. These disorders are described in 
Chapter 113. 

Some congenital bronchopulmonary foregut malforma- 
tions, such as agenesis and congenital stenosis of the trachea, 
are rare and may be associated with esophageal atresia (Fig. 
115-1). 1 Also included in the Spectrum of bronchopulmonary 
foregut malformations is esophageal bronchus, characterized by 
communication between an isolated portion of lung and the 
esophagus (Fig. 115-2). 8 

Webs and diverticula are also uncommon and may be mani¬ 
fested in childhood with mucosal inflammation and dysphagia 
(Fig. 115-3). 6,7 Esophageal diverticulum may be an isolated 
finding or a manifestation of Ehlers-Danlos syndromet In 
neonates, a posteriorly directed diverticulum should be differ- 
entiated from a cavity produced by traumatic passage of a naso- 
gastric or endotracheal tube. 10 

Ectopic gastric or respiratory epithelium and tracheal carti- 
lage in the esophagus are associated with focal narrowing and 
dysphagia. 2 11 Although the incidence of ectopic gastric mucosa 
in the upper esophagus approaches 21% in pediatric autopsy 
series, these cases are rare clinically. 11 

Intramural leiomyomas in children may be familial, syn- 
dromic, or isolated. 12 ' 15 They may produce luminal esophageal 
narrowing and may be diffkult to differentiate from other 
masses of the middle mediastinum by imaging (Fig. 115-4). 
Feiomyoblastomas may arise in the esophageal wall in associa¬ 
tion with other pathologic anomalies, such as pulmonary 
chondromas. 13 


SWALLOWING DISORDERS 

Derangement of the oral portion of swallowing may be due to 
congenital anomalies, such as absence of the tongue, macroglos- 
sia, cleft palate, and micrognathia. 16,17 Acquired swallowing 
problems often result from neurologic disorders, such as cere¬ 
bral palsy, cranial trauma, meningomyelocele, or central nervous 
system tumors. 16 ' 19 

All stages of the swallowing process (oral, pharyngeal, and 
esophageal) should be observed as part of a real-time, video- 
fluoroscopic swallowing examination, which is an excellent 
method for assessing oropharyngeal swallow biomechanics and 
can be performed with minimal radiation dose. 16,20,21 Older chil¬ 
dren are given age-appropriate foods to assess completeness of 
mastication and the ability to centralize the food within the oral 
cavity. Some children swallow liquids and puréed foods well but 
have diffkulty swallowing solids. The modifled barium swallow 
is performed with the child in a supported semiupright posi¬ 
tion, simulating the way the child usually eats. Maneuvers to 
augment swallowing (e.g., stroking the cheek, additional chin 
and head support) are more easily performed in this position 
as well. 

Neuromuscular disorders can affect multiple anatomic loca¬ 
tions that disrupt the normal swallowing process. Organs that 
may be impaired include the tongue, which causes poor bolus 
formation; the palate, which causes nasopharyngeal reflux (Fig. 
115-5A); the epiglottis, which causes tracheal penetration or 
aspiration; the pharynx, which causes poor emptying and pre- 
mature laryngeal “spillage”; and the cricopharyngeal muscle, 
which causes obstruction of the passage of the bolus. Failure of 
cricopharyngeal muscle relaxation is called cricopharyngeal 
spasm or cricopharyngeal bar and occurs transiently in some 
normal children (Fig. 115-5B). 

Swallowing studies should be performed in conjunction 
with a speech or occupational therapist who can determine the 
optimal food volume and feeding implements and may perform 
compensatory maneuvers that assist swallowing. The examina¬ 
tion should be recorded on videotape or digital medium to 
allow subsequent review. 

VASCULAR RINGS 

Clinical Findings 

Vascular rings occur when the esophagus and trachea are 
encircled, displaced, or compressed by the aorta, its branches, 
or remnants of the fetal circulation. 22 ' 24 Some rings are incom- 
plete, but others, such as the double aortic arch, completely 
surround and frequently compress the esophagus and trachea 
(Fig. 115-6). 

Asymptomatic rings are often incidentally discovered on 
chest radiographs. In childhood, vascular rings commonly are 
manifested with stridor during feeding because transient 
esophageal dilation produces additional tracheal compression; 
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adults instead tend to have dysphagia as a presenting symptom. 
Reflex apnea is another presentation and may prompt urgent 
surgery. Twenty percent of these children also have congenital 
heart disease. 25 

The double aortic arch, the most common vascular ring, is 
usually formed by the larger and more cephalad right aortic 
arch and the smaller and more caudad left aortic arch. The 
second most common ring occurs if an aberrant right subcla- 
vian artery arises as the last rather than the first branch of a left 
aortic arch. To reach its normal position, this vessel must pass 


Figure 115-1 Tracheal agenesis. Despite apparent aeration and 
development of both lungs, this child had marked respiratory distress. 
Endoscopy performed after several unsuccessful attempts at intubation 
revealed tracheal agenesis. The intraoperative study shows that both 
main bronchi contain barium because they arise from the esophagus. 


from left to right in an oblique, cephalad direction, indenting 
the posterior aspect of the esophagus. If the left subclavian 
artery arises as the last branch of a right aortic arch, it produces 
more tracheal and esophageal impingement because the subcla¬ 
vian originates from the usually small but space-occupying 
diverticulum of Kommerell, and the normal left-sided ligamen- 
tum arteriosum persists. 

The right innominate artery, the first vessel to arise from the 
aorta, originates completely or partially to the left of midline in 
most children. 26 As it crosses from left to right, it may indent 
the anterior aspect of the trachea. Because many children with 
this finding are asymptomatic and many symptomatic children 
outgrow the symptoms, the aberrant right innominate artery is 
often considered to be a normal variant. 26 Severely symptomatic 
children may respond to innominopexy, a surgical procedure 
that elevates and fixes the artery away from the trachea. 

A vascular sling is an anomaly of the pulmonary artery in 
which the left pulmonary artery arises in an aberrant fashion 
from the right pulmonary artery, rather than normally from the 
main pulmonary artery. The anomalous left pulmonary artery 
courses from the right to the left in the Space between the 
trachea and esophagus. Children with pulmonary sling have an 
increased incidence of intracardiac and bronchial anomalies, 
including ventricular septal defects and variations in the normal 
branching pattern. 

Imaging Findings 

Plain radiographs can often suggest the diagnosis of a vascular 
ring. On the frontal view of the airway or chest, the position 
of the aortic arch and trachea should always be carefully evalu- 
ated (Figs. 115-7 and 115-8). The presence of a right aortic 
arch in a child with respiratory symptoms suggests that there 
may be a double aortic arch or right aortic arch with an aber¬ 
rant left subclavian artery. 22 A lateral chest radiograph showing 
anterior displacement of the trachea suggests the presence of 
a vascular ring. 

Although it is less frequently performed than in the past, 
barium esophagography often remains the initial imaging study 





Figure 115-2 Esophageal origin of right main stem bronchus. A. The mediastinum is shifted to the opacified right hemithorax. An air 
collection in the midline over the lower third of the thorax ( arrows ) corresponds to the right main bronchus. B. The bronchus to the right lung 
originates and filis with contrast material from the esophagus. 
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Figure 115-3 Esophageal webs. A. On the lateral projection, a small air collection in the prevertebral space ( arrow) represents dilated 
esophagus. B. Esophagram shows discrete and partially obstructed esophageal segments separated by multiple webs. 



Figure 115-4 Esophageal leiomyoma. A. Lateral chest radiograph demonstrates a soft tissue mass (arrow) between the heart and the spine. 
B. CT scan shows the homogeneous mass encircling the distal esophagus. Tiny air collections in the mass resulted from prior biopsy. 


in patients with symptomatic vascular rings. Therefore, radiolo- 
gists must be able to recognize the characteristic impression 
that each type of ring produces on the upper esophagus, espe- 
cially on the lateral view (Figs. 115-9 and 115-10). 22 

Even after a vascular ring has been detected by plain radiog- 
raphy or esophagography, advanced cross-sectional imaging 
is recommended for more detailed evaluation. Magnetic 
resonance (MR) angiography with and without intravenous 
administration of contrast material and contrast-enhanced 
multidetector computed tomography (CT) angiography allow 
production of high-resolution multiplanar reformatted images 
and three-dimensional reconstructions that assist in detailing 


the complex anatomic relationships between aortic arch struc- 
tures, trachea, and esophagus (Figs. 115-11 and 115-12). CT and 
MR angiography are particularly useful for presurgical planning 
and postoperative and postendovascular evaluation and have 
largely supplanted conventional catheter angiography for direct 
visualization of vascular anatomy. 23,24,27,28 State-of-the-art MR 
angiography is usually preferred to CT angiography in pediatric 
patients because it does not require radiation or iodinated 
contrast material and can provide hemodynamic information. 
Multidetector CT angiography can be performed when MR 
angiography is not available, is contraindicated, or is likely to 
be nondiagnostic. 27 
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Figure 115-5 Abnormal swallowing. 

A. Nasopharyngeal reflux. As barium passes over 
the tongue (T), the palate (P) does not close off the 
nasopharynx, which filis with barium. B. Cricopharyngeal 
spasm. There is narrowing of the esophagus at the C5 
level at the upper esophageal sphincter, which is the 
cricopharyngeal muscle ( arrows ). 
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Figure 115-6 Vascular rings and slings. A. Double aortic arch. B. Right aortic arch with aberrant left subclavian artery and left ligamentum 
arteriosum. C. Right aortic arch with mirror-image branching and retroesophageal ligamentum arteriosum. D. Left aortic arch with right 
descending aorta and right ligamentum arteriosum. E. Left aortic arch, aberrant retroesophageal right subclavian artery, and left ligamentum 
arteriosum. Ao, Aorta; L arch, left-sided arch; LC, left carotid artery; LSA, left subclavian artery; PA, pulmonary artery; RC, right carotid artery; 
RSA, right subclavian artery. F. Aberrant left pulmonary artery or pulmonary artery sling. (Courtesy Jane M. Eggerstedt, MD, Shreveport, LA.) 
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Figure 115-7 Right aortic arch. The right aortic arch (arrow) indents 
and displaces the trachea to the left. Normal left-sided aortic knob is 
absent. 





Figure 115-8 Double aortic arch. The larger and higher right arch 
(curved arrow) indents and displaces the trachea toward the left. 
Impression from the smaller and lower left aortic arch ( straight arrow) 
is seen along the left margin of the trachea. 


Acquired Abnormalities 
of the Esophagus 

GASTROESOPHAGEAL REFLUX DISEASE 

Clinical Findings 

Gastroesophageal reflux (GER) is a common, almost physio- 
logic process in infants and children. 29 ' It usually results from 



Figure 115-9 Vascular impressions on trachea and esophagus on 
lateral view. A. Double aortic arch. The trachea is indented by the 
anterior portion of the arch and the esophagus by the posterior 
portion. B. Aberrant right or left subclavian artery. The trachea has a 
normal appearance. The esophagus is indented posteriorly by the 
anomalous vessel. C. Anomalous innominate artery. The trachea is 
flattened anteriorly by the innominate artery. The esophagus has a 
normal appearance. D. Pulmonary sling. The trachea is displaced 
anteriorly and the esophagus posteriorly by the left pulmonary artery, 
which is passing between them. E, Esophagus; S, spine; T, trachea. 
(Modified from Berdon WE, Baker DH: Vascular anomalies and the 
infant lung: Rings, stings, and other things. Semin Roentgenol 
7:39-64, 1972.) 


the failure of the lower esophageal sphincter to maintain an 
adequate resting pressure, but approximately 35% of children 
with GER may have additional disorders of esophageal motil- 
ity. 30 GER is pathologic when it is associated with hematemesis, 
failure to thrive, esophageal stricture formation, apnea, and 
bradycardia. 31 Additional extraesophageal or supraesophageal 
symptoms of GER, such as otitis media, asthma, recurrent 
upper respiratory tract infections, and sleep disturbances, are 
becoming increasingly recognizedr 3134 GER is also responsible 
for the development of Barrett s mucosa in the esophagus. 35 

GER can be an isolated problem, but it occurs with increased 
frequency in children with neuromuscular disorders; repair 
of tracheoesophageal fistula, diaphragmatic hernia, or gas- 
troschisis; cystic fibrosis; and collagen-vascular diseases. Medi- 
cations given to decrease bronchial spasm and to enhance 
aeration in children with bronchopulmonary dysplasia and 
asthma may reduce lower esophageal pressure, cause or worsen 
GER, and conversely exacerbate respiratory symptoms. Sec- 
ondary GER occurs in infants and children with gastric outlet 
obstruction and may disappear after the obstruction is cor- 
rected. Delayed gastric emptying coexists in 50% of children 
with primary GER. 36 

Although GER can be suspected on clinical grounds (i.e., 
infant who vomits after every feeding), some pediatricians 
prefer to document and quantify the reflux before beginning 
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Figure 115-10 Right aortic arch with aberrant left subclavian artery. A. Lateral view of esophagus shows pronounced posterior impression 
on the esophagus by the aberrant vessel ( arrow ). B. Contrast-enhanced CT shows the aberrant left subclavian artery ( arrow) arising from the right 
aortic arch and coursing posterior to the collapsed esophagus. 



Figure 115-11 Double aortic arch: MR findings. A. White biood, steady-state free precession image demonstrates larger right (curved arrow ) 
and smaller left (straight arrow ) aortic arches. B. Corresponding black biood Tl-weighted image shows the double aortic arches encircling the 
trachea and the collapsed esophagus ( arrowhead ). 



Figure 115-12 Pulmonary sling: MR findings. A. Normal anatomy. The main pulmonary artery (mpa) divides into the right (r) and left (I) 
pulmonary arteries. B. In pulmonary sling, the anomalous left pulmonary artery (I) arises from the right pulmonary artery. 
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therapy. Barium esophagography, the most commonly used test, 
is inexpensive and readily available. The greatest value of barium 
esophagography may be not in its ability to diagnose GER but 
in its ability to detect other causes of the child’s symptoms and 
to exclude gastric or duodenal obstruction. Radionuclide scin- 
tigraphy is much less used to diagnose GER than in the past. 
Esophageal manometry and pH probe monitoring of the 
esophagus provide additional information about the frequency 
and duration of reflux. 37,38 Endoscopy can document the pres- 
ence and severity of GER-induced esophagitis. 

Most children with isolated GER outgrow the process, but 
those with underlying abnormalities are less likely to do so. 30,31,39 
Symptomatic GER can be treated by thickening the infant’s 
formula, giving smaller amounts at each meal, and positioning 
the infant appropriately after eating. Proton pump inhibitors 
and antacids are commonly given. Properistaltic agents have 
debatable success in treatment. Discontinuation of potentially 
provocative medications or correction of a gastric or duodenal 
obstruction may also eliminate GER. 

Those failing to respond to medical regimens may undergo 
a fundoplication, which is a surgical augmentation of the lower 
esophageal sphincter with a gastric wrap around the lower 
esophagus. 40,41 In the most common variant of the procedure, 
the Nissen fundoplication, the gastric fundus is wrapped 360 
degrees around the esophagus; however, partial rather than 
complete wraps may also be performed, especially in children 
with poor esophageal motility. 39-42 Antireflux surgery produces 
less morbidity and is more successful in children with isolated 
GER than in those with a complex medical or surgical 
history. 40,41 Before fundoplication is performed, it is important 
to exclude a lesion that interferes with gastric emptying. If 
one is found, the antireflux surgery may be complemented 
by pyloroplasty or pyloromyotomy. For certain patient popula¬ 
tions, laparoscopic fundoplication is favored to an open pro¬ 
cedure in many centers. The success rate of laparoscopic 
fundoplication is equal to that of conventional fundoplication, 
and benefits include shorter hospital stays, decreased need for 
pain medication, better cosmetic result, and earlier institution 
of feeding. 39, 41-43 

In some children, GER is associated with torticollis and 
abnormal movements of the trunk, head, and neck simulating 
a neurologic abnormality. This is called Sandifers syndrome. 44 
The abnormal movements cease after the GER is corrected and 
may be the result of the pain caused by the GER or may repre¬ 
sent attempts to minimize reflux. 

Imaging Findings 

Barium Studies. To optimize detection of GER during barium 
esophagography, the esophagogastric junction should be chal- 
lenged by an adequate amount of liquid in the stomach, and 
intermittent observation should be performed during several 
minutes. If the child refuses to drink the necessary volume of 
barium or has neurologic impairment of swallowing, it can be 
instilled into the stomach through a nasogastric tube. If the 
child has ingested almost as much barium as necessary then 
refuses to drink more, formula or juice may be given to supple¬ 
ment the volume. The dilution of barium does not change the 
ability to detect GER. 

Fluoroscopy is used to define the frequency, volume, and 
cephalad extent of the GER (Fig. 115-13). Aspiration rarely 
occurs as a result of GER but may be demonstrated during the 
swallowing portion of esophagography. The rate at which the 



Figure 115-13 Gastroesophageal reflux. A large volume of 
contrast material refluxes to the level of the carina. The 
gastroesophageal junction is patulous. 


refluxed barium clears from the esophagus should be evaluated; 
children with rapid clearing are less likely to aspirate or to 
develop esophagitis. 30 GER-induced esophagitis is rarely seen 
on standard contrast studies. After the question of GER has 
been addressed, the stomach and duodenum should be observed 
to exclude delayed gastric emptying, gastric outlet obstruction, 
duodenal obstruction, or malrotation. 

Nuclear Scintigraphy. The radionuclide scan is extremely sen¬ 
sitive in the diagnosis of GER. The child is given formula or 
juice containing technetium Tc 99m sulfur colloid (or other 
technetium chelate) and is continuously scanned for 60 minutes, 
allowing documentation of the number of reflux episodes 
during this prolonged time. 38 This is a major advantage over 
fluoroscopy, which must be intermittent to minimize radiation 
exposure to the child. The radionuclide study compares favor- 
ably with the “gold standard” of 24-hour pH probe study for 
gastroesophageal reflux disease and provides additional infor¬ 
mation about gastric emptying, aspiration into the lung, and 
abnormal esophageal contraction. 36,38 

Ultrasound. Ultrasound can accurately demonstrate episodes 
of GER and correlates well with the results of barium studies 
and esophageal pH monitoring, but it has failed to replace other 
tests in the primary diagnosis of GER. 45-4 The anatomy of the 
gastroesophageal junction is well visualized with ultrasound, 
which can be used in conjunction with other studies to evaluate 
reflux. 48 After feeding, GER is seen as retrograde passage of 
highly echogenic material toward the esophagus. Sonography 
has also been used to evaluate the length of the intra-abdominal 
portion of the esophagus, a factor that correlates with the likeli- 
hood of GER. 47 
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Figure 115-14 Barium esophagogram after fundoplication. A. The gastric wrap has produced narrowing of the distal esophagus and a mass 
effect on the gastric fundus ( arrows ). B. The concavity of the fundus is at the site of fundoplication. 



Figure 115-15 Failed Nissen fundoplication. A. A rounded retrocardiac air collection ( arrowheads ) on the chest radiograph represents the 
herniated stomach. B. The abnormally located gastric fundus is filled with barium. The indentation indicates the remnants of the gastric wrap. 


Postsurgical Studies. Indications for postsurgical studies 
include dysphagia, which may indicate that the fundoplication 
is too tight, and continued GER symptoms, which suggest that 
the gastric wrap is too loose or has become undone. 49 On radio- 
graphic examination, the intact wrap produces a mass effect at 
the gastroesophageal junction (Fig. 115-14). Breakdown of the 
wrap may be associated with paraesophageal hernia or GER 
(Fig. 115-15). 

EOSINOPHILIC ESOPHAGITIS 

Clinical Findings 

During the last several decades, eosinophilic esophagitis has 
become increasingly recognized as a distinet form of esoph¬ 
agitis in children and less commonly in adults. Although 
this disease is manifested with symptoms that share signifi- 
cant overlap with those of GER, it possesses characteristic 
clinicopathologic features that distinguish it from GER. 
Clinical manifestations of eosinophilic esophagitis in chil¬ 
dren are related to esophageal dysfunetion and vary by age. 


Infants and toddlers often present with feeding difficulties, 
whereas school-aged children and adolescents are more 
likely to present with vomiting, pain, and dysphagia. Food 
impaction, which is a characteristic presentation of the 
disease in adults, is less commonly seen in children. 50 Eosin¬ 
ophilic esophagitis, which has a reported incidence in chil¬ 
dren of at least 1 in 10,000 and a high male predominance, 
should be suspected in children with GER symptoms who 
are unresponsive to conventional treatment with proton 
pump inhibitors. 51 ' 53 

Eosinophilic esophagitis is a chronic, immune- and antigen- 
mediated disease isolated to the esophagus and characterized 
histologically by eosinophilic inflammation. 50,54 Endoscopy 
with biopsy is currently the only reliable diagnostic test for 
eosinophilic esophagitis, with at least 15 eosinophils per high- 
power held required for diagnosis. 55 In children, eosinophilic 
esophagitis is most often present in association with other man¬ 
ifestations of atopy, such as food allergy, asthma, and eczema, 
and is responsive to elimination of specific dietary antigens, 
topical steroids, or both. 54,55 
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Imaging Findings 

Because the symptoms of eosinophilic esophagitis are nonspe- 
cific and often mistaken for GER, a diagnostic work-up includ- 
ing upper gastrointestinal examination or esophagography is 
frequently performed. 52 Characteristic findings on esophagog¬ 
raphy reported in adults include long-segment, smooth mid 
or distal esophageal stricture and esophageal dysmotility (Fig. 
115-16). 52, Diffuse esophageal narrowing producing a small- 
caliber esophagus measuring less than 20 mm in diameter and 
distinctive multiple concentric indentations producing a ringed 
esophagus have been described in adults with eosinophilic 
esophagitis and can also be seen in pediatric patients. 56,57 
Schatzki rings of the distal esophagus are rare in children but, 
when seen, are often associated with underlying eosinophilic 
esophagitis. Despite the plethora of radiologic abnormalities 
described in conjunction with eosinophilic esophagitis, the faet 
remains that in more than half of affeeted children, including 
those with severe symptoms and doeumented food impaction, 
the esophagram is normal, indicating that esophagography is 
not a reliable technique to detect this entity. 53 

ACHALASIA 

Clinical Findings 

Children account for only 3% of patients with achalasia. 9 Acha- 
lasia is usually an isolated Ånding but may rarely be associated 
with syndromes. A specific association, the triple A syndrome 



Figure 115-16 Eosinophilic esophagitis. Abnormally narrowed 
caliber of the mid and distal esophagus secondary to long-segment, 
smoothly marginated stricture is seen in this teenager with dysphagia. 
A small outpouching of contrast material (arrow) represents a 
localized perforation of the esophagus complicating an endoscopic 
biopsy. 


(i.e., achalasia, alacrima, and corticotropin [ACTH] insensitiv- 
ity), is also known as Allgrove’s syndrome. 60 

Affeeted children typically present with dysphagia or regur- 
gitation of undigested food. Recurrent pneumonia may result 
from aspiration of esophageal contents at night by the recum- 
bent, sleeping child. The enlarged esophagus may compress the 
trachea, producing airway symptoms, and weight loss or failure 
to thrive may develop. 61,62 

Pneumatic dilation of the esophagus is used in some 
patients, 63 and injection of the affeeted esophageal segment 
with botulinum toxin has produced transient improvement. 
Such an injection can be repeated as necessary. In those whose 
achalasia is refractory to botulinum toxin injection or dilation, 
surgery (i.e., modified esophagomyotomy) is performed, often 
with laparoscopic technique. 66 ' 68 To control the frequently asso¬ 
ciated postoperative GER, fundoplication may be performed at 
the time of myotomy. 68 

Imaging Findings 

The radiologic findings of achalasia in children are similar to 
those of adults. Chest radiographs may show a dilated, fluid- 
filled esophagus that compresses or displaces the trachea, evi- 
dence of chronic aspiration, and absence of the gastric air 
bubble. Barium studies reveal a dilated, fluid-filled, atonic or 
poorly contractile esophagus that ends in a tapered, narrowed 
segment with beaking. 

ESOPHAGEAL VARICES 

Esophageal varices are rare in children, usually occurring as a 
consequence of extrahepatic obstruction (i.e., cavernous trans¬ 
formation) of the portal vein rather than parenchymal liver 
disease. 69 The cause of the portal venous thrombosis is unknown 
in most children, but there are several predisposing risk factors: 
dehydration, intra-abdominal infeetion, and umbilical venous 
catheterization. 69 ' 71 Intrahepatic portal venous obstruction is 
caused by congenital or acquired diseases that produce hepatic 
fibrosis: biliary atresia, a r antitrypsin deficiency, polycystic 
kidney disease, and cystic fibrosis. 69,70 

Most commonly, the dilated venous collaterals are diagnosed 
at endoscopy. However, they can also be direetly visualized 
by CT or sonography or even occasionally indireetly visual¬ 
ized on esophagography as tortuous, linear filling defeets 
extending cephalad into the esophagus from the gastric fundus 
(Fig. 115-17). 71,72 

FOREIGN BODY AND CAUSTIC INGESTION 

Clinical Findings 

Young children instinetively place objects in their mouths, and 
it is not surprising that most caustic and foreign body diges¬ 
tions occur in children younger than 5 years. Few ingestions 
occur in infants younger than 6 or 7 months because infants 
lack the ability to place gr asped objects in their mouths. 

With regard to caustic ingestion, the type and location of 
mucosal injury depend on the pH of the ingested material. 73 ' 75 
Caustic agents, such as lye and laundry detergents, have a high 
pH and cause most damage in the mouth and upper esophagus. 
Although most children recover without sequelae, perforation 
or stricture formation occurs in about 3% of patients. 74 Acids 
and other low-pH corrosive agents (e.g., toilet bowl cleaners) 
primarily injure the gastric antrum but can produce burns and 
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Figure 115-17 Esophageal varices. A. Barium esophagogram. A spot film of the esophagogastric junction demonstrates a large, linear varix. 
B. CT scan shows varices ( arrows ) along the posterior and medial aspects of the fluid-filled stomach. 


scars in the esophagus. Contact between acid and the upper 
airway can produce life-threatening epiglottitis in some chil- 
dren. Bleaches have a neutral pH of 7 and generally cause only 
transient irritation of the esophagus without long-term com- 
plications. Bleach ingestion has been reported occasionally to 
produce deeper lesions. 

In the setting of caustic ingestion, endoscopy is performed 
nonemergently, about 2 or 3 days after the ingestion, to assess 
the degree and extent of damage; this information aids in treat- 
ment and prognosis. Approximately one third of children with 
a history of ingestion have esophageal changes discovered by 
endoscopy. Clinical Åndings (e.g., oral burns, stridor, drool- 
ing, vomiting) do not correlate with the extent of injury fo und 
endoscopically, but the number of clinical fmdings does cor¬ 
relate with the degree of mucosal damage. 76 Children with dys- 
phagia or prolonged drooling are likely to have developed 
esophageal strictures or scars. 

Foreign body ingestion, most commonly with coins, may be 
manifested with a wide range of symptoms. Children with a 
foreign object impacted in the esophagus may present with 
gastrointestinal complaints, including dysphagia, choking, and 
drooling. However, these children may also present with respi- 
ratory complaints, such as wheezing, respiratory distress, and 
cough, particularly with impaction of prolonged duration. 
Therefore, a high index of suspicion for esophageal foreign 
body should be adopted even when the ingestion is not 
witnessed. 7 Not infrequently, unexpected esophageal foreign 
bodies are discovered when a radiograph is performed for 
work-up of respiratory complaints. Up to 14% of children with 
esophageal foreign body impaction have an underlying struc- 
tural abnormality, such as stricture or ring. Food bolus impac¬ 
tion in particular has a high association with underlying 
esophageal disease, such as eosinophilic esophagitis. 

Complications associated with esophageal foreign body 
impaction include mucosal ulceration, perforation, and fistula. 
These types of esophageal injury are most likely to occur when 
the foreign body has been present for a prolonged period 
exceeding 24 hours. 77 In addition, the type of foreign body may 
affect the likelihood of complication. Button or disc batteries, 
which are an increasingly common household item, are well 


known to cause tissue injury when they are impacted in the 
esophagus. The battery can cause severe focal damage to the 
esophagus, sometimes within a few hours, and therefore prompt 
removal is imperative. Mechanisms of injury include pressure 
necrosis, Chemical injury from fluid leaked from the battery, 
and low-voltage electrical injury. 78 ' 80 The 20-mm button batter¬ 
ies composed of lithium generate especially intense electric 
current that may result in particularly high rates of complica¬ 
tions when they are ingested. 81 Disc batteries smaller than 15 
mm usually pass without difficulty and are less likely to cause 
injury. 80 

Not all foreign bodies require removal. In asymptomatic 
children, a recently swallowed coin lodged in the esophagus 
below the thoracic inlet may be allowed to pass without 
intervention. Coin removal is necessary only when symptoms 
develop or serial radiographs show that the position of the 
coin has not changed. 76 When removal is necessary, endoscopy 
with rigid esophagoscopy is the preferred method. 78 Despite 
the need for general anesthesia, the procedure has proved 
to be safe and effective and can provide information about 
the esophagus at the site of impaction. 82 A less frequently 
performed alternative is fluoroscopically guided balloon extrac- 
tion, which can be a cost-effective method of foreign body 
removal, with reported success rates of more than 80%. 81,83 ' 85 
When the impacted foreign body is a button battery, however, 
endoscopic removal is preferred because this allows deter¬ 
mination of extent of injuries and evaluation of possible 
complications. 81 

Imaging Findings 

After caustic ingestion, airway and chest radiographs should be 
obtained. Any swelling of the epiglottis or edema of the airway 
should prompt measures to ensure airway patency. Lung 
damage, although rare, may occur. Mediastinal air, indicating 
perforation of the esophagus, may not develop acutely but 
should be sought on early and later radiographs. 

Barium studies are not useful in diagnosis or management 
immediately after caustic ingestion. Endoscopic evaluation of 
the esophagus is more precise during this period. In the early 
recuperative period, contrast studies may show abnormalities 
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Figure 115-18 Lye ingestion and surgical correction. A. Irregularity of the distal esophagus and lack of distensibility indicate the degree of 
damage done by the ingestion of lye. B. The stricture was treated surgically by esophagectomy and colonic interposition graft. The interposed 
colon, coated with contrast material, is seen in the retrosternal space. 


of predictive value. Retention of contrast material within 
the wall of the esophagus and persistent gaseous dilation of 
the esophagus usually signify severe injury and may precede 
perforation. Caustic-induced dysmotility may be associated 
with the appearance of transverse folds in the esophagus, and 
strictures can develop at these sites. 86,87 Barium studies are of 
value in detecting late changes of the esophagus, such as stric¬ 
ture, or abnormalities in sites not visualized during endos- 
copy. 88 Esophagectomy with colonic interposition may be 
necessary to treat a long stricture or one that is resistant to 
dilation (Fig. 115-18). 89 

Foreign bodies are easy to detect if they contain radiodense 
metal. Coins are the most frequently seen foreign bodies on 
chest radiographs. 75,90,91 Aluminum-containing foreign bodies, 
especially the ring from pop-top soda cans, may be difficult 
to see, as are some foreign coins made from metals that are 
only slightly radiodense. 92,93 Visualization of glass depends 
on the size of the piece ingested and on the presence of 
overlying structures. 91 However, most swallowed foreign 
objects, such as food and small plastic toys, are not radi- 
opaque and can be detected only with esophagography or 
endoscopy (Fig. 115-19). 

Imaging work-up for suspected coin or battery ingestion 
should begin with anteroposterior and lateral chest radiographs 
for identification of type and number of the foreign body. 78 
Radiographs can also aid in localization of the foreign body and 
of complications such as perforation. Ingested foreign bodies 
typically become lodged in the esophagus at several physiologic 
sites of narrowing, namely, the thoracic inlet, the level of the 



Figure 115-19 Esophageal foreign body. Round, radiolucent filling 
defect in esophagus ( arrow ) is outlined by contrast material and 
represents an ingested plastic bottle cap impacted at the level of the 
aortic arch. 
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Figure 115-20 Distinguishing ingested disc battery from coin. A. A disc battery lodged in the distal esophagus demonstrates a distinctive 
appearance of two concentric densities separated by a circumferential lucent ring. B. In contrast, an impacted coin is homogeneous in density 
and lacks the characteristic features of the battery. 



Figure 115-21 Esophageal perforation complicating coin ingestion. A. The coin is seen in the upper esophagus. The trachea is bowed 
anteriorly and is narrowed. B. After removal of the coin, the contrast study demonstrates that the coin had perforated the esophagus posteriorly 
and that the esophagus was pushed anteriorly by the inflammatory process surrounding the site of perforation. 


aortic knob, and the gastroesophageal junction. Foreign body 
impaction at any other level should raise the suspicion of 
underlying stricture or vascular ring. 

The urgency for removal of batteries from the esophagus is 
much higher than for coins, but coins may occasionally mimic 
the shape, size, and contour of round, button batteries, con- 
founding the correct diagnosis and resulting in delayed treat - 
ment. 78,79 Careful inspection of the radiographic features of the 
foreign body should be performed to discern the characteristic 
double density or concentric halo seen with disc batteries that 
distinguishes them from coins (Fig. 115-20). 79,82 

Findings on plain radiographs of the airway or chest may be 
entirely normal when the esophageal foreign body is radiolu- 
cent. The mediastinum should be carefully analyzed on the 
lateral projection; thickening of the soft tissues between the 
esophagus and the trachea may be a sign of esophageal edema, 


which decreases the likelihood of successful retrieval of the 
foreign body by catheter. Thickening or anterior bowing of the 
esophagus may result from mediastinitis, which develops after 
esophageal perforation (Fig. 115-21). 

If an otherwise healthy-appearing child presents with recent 
onset of drooling or dysphagia, a barium study is recommended 
to exclude a nonopaque foreign body, a congenital lesion that 
has become symptomatic, or an acquired inflammatory lesion. 
The swallowing mechanism and common locations of physi- 
ologic narrowing should be scrutinized because these sites are 
where foreign bodies are most likely to lodge. After an esopha¬ 
geal foreign body has been removed, a contrast study may be 
used to exclude intrinsic esophageal disease and to detect 
complications, including post-traumatic esophageal diverticu- 
lum, tracheoesophageal fistula, and esophageal-aortic fistula 
(Fig. 115-22). 79,94,95 
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Figure 115-22 Battery-induced tracheoesophageal fistula. A. Lateral chest radiograph. The lodged radiopaque battery is associated with 
thickening of the soft tissue between the trachea and esophagus and anterior bowing of the trachea. B. Esophagogram. Water-soluble contrast 
material passes from the normal cervical esophagus into the irregular-appearing region where the battery was previously seen. The anterior 
collection (arrow) of contrast material indicates that perforation occurred. C. CT scan. After several days of antibiotics and feeding through a 
gastrostomy tube, the child developed a fever. A fistula ( arrows ) was identified between the trachea and traumatically widened esophagus. 
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OTHER ESOPHAGEAL INJURIES 

Radiation therapy, particularly if it is combined with certain 
chemotherapeutic agents, can produce esophagitis, stricture, 
and fistula formation (Fig. 115-23). 96,97 Motility and mucosal 
abnormalities are also seen acutely in children receiving chemo- 
therapy alone. Because of immunosuppression, esophageal 
infections by opportunistic organisms, such as herpesvirus, 
Candida albicans , and cytomegalovirus, are common. 98 Many 
oral medications can produce focal esophageal injury, p resum - 
ably caused by direct mucosal contact with the tablet. 

Esophageal narrowing requiring dilation has been described 
as part of the Stevens-Johnson syndrome. 99 Esophageal involve- 
ment in epidermolysis bullosa usually takes the form of short 
or long, multiple or single strictures. Webs, pseudodiverticula, 
and overall esophageal shortening may occur in this cutaneous 
disorder. An increased incidence of pyloric atresia is observed 
among children with epidermolysis bullosa, and it appears to 
be localized within a genetic subgroup of those with epider¬ 
molysis bullosa. 100103 


Figure 115-23 Radiation-associated and chemotherapy- 
associated esophagitis. This teenage giri received chemotherapy 
and radiotherapy for a lower thoracic primitive neuroectodermal 
tumor. The esophagogram performed because of dysphagia 
demonstrates a long, narrowed segment. 
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Congenital Anomalies 

Most anomalies that affect the stomach and duodenum are 
evident on plain radiographs of the abdomen. Complete atresia 
of the pylorus results in a single bubble of air, atresia of the 
duodenum is manifested as the well-known radiographic 
double bubble, and duplication cysts can displace or obstruct 
bowel. Microgastria results in absence of the normal gastric 
bubble and is associated with cardiovascular and splenic anom¬ 
alies. When an anomaly of stomach or duodenum is encoun- 
tered, careful search for other anomalies is mandatory. 

PYLORIC AND ANTRAL ATRESIAS 

Pyloric and antral atresias are rare anomalies in which the 
neonate is unable to feed without vomiting. The abdomen is 
gasless except for the stomach bubble. Sonograms performed 
on infants with pyloric atresia show neither a normal canal nor 
muscle of the pylorus. 1 A pyloric channel should be apparent 
in babies who have a complete pyloric membrane. 1 The rare 
neonate who has pyloric stenosis has incomplete obstruction 
and typical features of pyloric stenosis. Differentiation between 
atresia and membrane usually rests with the surgeon because 
plain radiographs showing complete obstruction in the first day 
of life mandate an operation. There is an association between 
pyloric atresia and epidermolysis bullosa. 4 In affected patients, 
minimal trauma to the skin results in blisters and erosions. 
Pyloric obstruction in these patients may begin in utero or 
develop postnatally. 


ANTRAL MUCOSAL DIAPHRAGM 

Complete mucosal diaphragm or web of the antrum is an 
uncommon anomaly that may cause vomiting or failure to 
thrive in infants. 5 Older children may present because of gastric 
retention of a coin or other foreign body. 6 On upper gastroin- 
testinal studies, the thin membrane is manifested as a linear 
filling defect at the level of the antrum (Fig. 116-1). In symp- 
tomatic infants, the aperture of the diaphragm is often 5 mm 
in diameter or less, although the size of the aperture cannot be 
judged accurately on fluoroscopic examination. 7 Asymptom- 
atic, incidentally discovered webs probably do not require inter¬ 
vention, although some physicians advocate a more aggressive 
approach. 7,8 

MICROGASTRIA 

Microgastria is often associated with absence of the spleen 
and mesenteric abnormalities. 9,10 An association with laryngo- 
tracheoesophageal clefts, tracheoesophageal fistula, and the 
VACTERL (vertebral, anorectal, cardiac, tracheoesophageal, 
renal, and limb) Spectrum of anomalies has been docu- 
mented. 1112 In those patients with isolated microgastria, plain 
radiographs show no normal gastric air bubble and the esopha- 
gus is often dilated because it functions as an accessory stomach 
through reflux. 13 The miniature stomach empties into a duode¬ 
num of normal caliber, which may be in an abnormal position 
(Fig. 116-2). Treatment is directed toward increasing gastric 
capacity by creating and attaching a jejunal pouch. 14 

DUODENAL ATRESIA AND STENOSIS 

Clinical Findings 

Atresia and stenosis are related congenital obstructive anoma¬ 
lies of the proximal duodenum attributable to failed canaliza- 
tion of the duodenum during the 8th to lOth weeks in utero. 
Atresia is characterized by complete luminal occlusion; stenosis 
is characterized by incomplete occlusion. Stenosis can take 
several forms, including segmental narrowing and a diaphragm 
or web with one or more openings partially occluding the duo¬ 
denal lumen. 15 

Duodenal atresia has an incidence of 1 in 10,000 live births 
and is much more common than stenosis. 16 The newborn 
usually has bilious vomiting because the atresia is located distal 
to the ampulla of Vater in 75% of patients. 15 Duodenal stenosis 
or web, on the other hånd, may not become clinically evident 
until later in life. The small lumen may become plugged with 
food only after the infant graduates from a liquid to a solid diet. 

Duodenal atresia and stenosis are associated with other 
anomalies, including trisomy 21, which is found in approxi- 
mately one third of infants who have atresia or stenosis. Other 
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Figure 116-1 Antral web. Single-contrast view of the stomach in the 
prone, right anterior oblique position demonstrates a thin, linear filling 
defect across the barium-fil I ed antrum ( arrows ). The infant presented a 
few hours after birth with postprandial projectile vomiting. 



Figure 116-2 Microgastria. Supine, frontal view shows a miniature 
stomach (arrows). The moderately dilated duodenum is in the normal 
position. The infant had marked gastroesophageal reflux during the 
examination. This upper gastrointestinal series was obtained as part 
of an evaluation of the failure to thrive of an 8-month-old infant. The 
overlying catheter is a central venous line. 


associations include the VACTERL Spectrum of abnormalities, 
cardiac anomalies, and malrotation. 16,18,19 

Annular pancreas may be found in up to 20% of patients 
with duodenal atresia or stenosis but is rarely the primary cause 
of the duodenal obstruction. 15 Because the surgical approach to 
duodenal stenosis does not differ significantly when annular 
pancreas is present, an extensive preoperative evaluation is 
unnecessary. 

Imaging Findings 

Duodenal atresia and other congenital obstruction of the duo¬ 
denum are reliably diagnosed with prenatal ultrasonography 
at or before 20 weeks of gestation. 16,20,21 Typically, the sonogram 
shows a double bubble sign of fluid-filled, dilated fetal stomach 
and duodenum, although this observation has also been 
reported as a transient Ånding in otherwise normal fetuses 
(Fig. 116-3). 16 

After birth, the abdominal plain radiograph is usually 
diagnostic and shows the double bubble, with gas filling a 
distended stomach and proximal duodenum with no distal 
gas (Fig. 116-4). The radiograph may be nondiagnostic if the 
stomach and duodenum are decompressed by vomiting or a 
nasogastric tube. If plain radiographs are not diagnostic, air 
or barium can be injected through the nasogastric tube. In 
incomplete duodenal obstructions, a double bubble is accom- 
panied by gas in distal bowel. 16,22 An important condition 
that may mimic duodenal atresia or stenosis on plain radio¬ 
graphs is malrotation with midgut volvulus. 

Infants with clinical and plain radiographic evidence of 
complete or partial high-grade duodenal stenosis will rarely 
require additional imaging with contrast upper gastrointestinal 
examination because surgical intervention is required to relieve 
the obstruction. Surgery can be delayed if necessary for duode¬ 
nal atresia or stenosis but not for malrotation and midgut vol¬ 
vulus. If a delay in surgery is contemplated, upper gastrointestinal 



Figure 116-3 Duodenal atresia prenatal ultrasound. Abnormally 
dilated and fluid-filled stomach ( arrowhead ) and duodenal bulb 
(arrow) suggest duodenal atresia in this fetal ultrasound obtained at 
29 weeks of gestation. 
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Figure 116-4 Duodenal atresia. A. Abdominal radiograph of a newborn infant shows the classic double bubble with dilated, air-filled stomach 
and duodenum. B. Upper gastrointestinal examination shows the duodenum dilated out of proportion to the stomach, a characteristic 
appearance for duodenal atresia, and complete obstruction of passage of contrast material beyond the level of the atretic segment ( arrow ). 


examination or ultrasound should be performed to confirm 
absence of malrotation. 22 

Complete obstruction of the duodenum with failure of con¬ 
trast material to pass beyond the atretic segment and duodenal 
bulb dilation out of proportion to the stomach are typical find- 
ings on upper gastrointestinal examination in atresia. In 
duodenal stenosis, narrowing of the second portion of the 
duodenum is seen, but the corkscrew appearance of the duode¬ 
num and displacement of the duodenojejunal junction (DJJ) 
seen in malrotation and volvulus are absent. 22 Duodenal dia- 
phragm or web, which may also be called intraluminal diver- 
ticulum, appears as a fine linear filling defect within the 
barium-filled duodenum (Fig. 116-5). 23 In older children, 
the diaphragm that has been stretched for years may take on 
the appearance of a windsock on both barium and ultrasono- 
graphic studies. 24 

DUPLICATION CYST 

Clinical Findings 

Duplication cysts are rare in the stomach and duodenum. 25 
Duplications that arise from the gastroesophageal junction may 
contain respiratory and enteric tissue, and they probably repre¬ 
sent a bronchopulmonary foregut malformation. If a cystic 
mass is discovered at the gastroesophageal junction, chest radio- 
graphs should be scrutinized for a mediastinal or pulmonary 
component to the cyst. Duplication cysts of the distal stomach 
and duodenum may be enteric or neurenteric in origin. 2 In 
early intrauterine life, a neurenteric canal connects ectoderm to 
endoderm and passes through dorsal neural folds. Persistence of 
this or an accessory canal (i.e., split notochord syndrome) gives 
rise to a series of anomalies, including diastematomyelia, hemi- 
vertebrae, and enteric cysts. 29 Most gastric and duodenal cysts 
are considered the result of abnormal canalization of the intesti- 
nal tract. 30 Duplication cysts are often diagnosed prenatally/ 132 

The common features of gastric or duodenal duplication 
cysts include obstruction, palpable upper abdominal mass, gas¬ 
trointestinal bleeding, and respiratory distress. Most duplica¬ 
tion cysts are diagnosed during the first year of life. 32 35 




Figure 116-5 Duodenal diaphragm or web. The partially 
obstructing duodenal web is seen as a thin linear filling defect in the 
second portion of the duodenum (arrow). 

Imaging Findings 

Gastric duplication cysts can be evaluated by upper gastrointes¬ 
tinal examination, ultrasonography, or both (Fig. 116-6). At 
fluoroscopy, a “beak” results when contrast material in the gas¬ 
trointestinal tract lumen surrounds the proximal portion of an 
obstructive duplication cyst. 36 On ultrasound, enteric dupli¬ 
cation cysts can usually be recognized by a characteristic pattern 
of echoes in the bowel wall, which mirrors that seen in the 
native bowel. This pattern has been termed the gut signature 
and consists of an inner hyperechoic ring representing mucosa 
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Figure 116-6 Gastric duplication cyst. A. Upper gastrointestinal examination in this 7-week-old infant with persistent vomiting shows extrinsic 
compression and mass effect on the gastric antrum and severe luminal narrowing of the proximal duodenum (arrow) with nearly complete 
obstruction. B. Corresponding sonogram confirms that the mass effect is caused by a large, bilobed cyst containing Iow-level internal echoes. 
The cyst wall exhibits the characteristic alternating hypoechoic and hyperechoic layers of bowel wall. 


and submucosa and an outer hypoechoic ring representing 
muscularis propria. 33,34,38 

MALROTATION 

Clinical Findings 

The developing gastrointestinal tract normally has two zones, 
the duodenojejunal and the cecocolic, that seem to be able 
to pull adjacent bowel along with them. Before the 8th week 
of intrauterine life, the duodenojejunal segment returns to 
the peritoneal cavity from the omphalus, having coursed 
counterclockwise to the left of the midline, under the superior 
mesenteric artery (SMA). Later, after the lOth week of life, 
the cecocolic segment undergoes a counterclockwise rotation 
toward the right lower quadrant. 39-41 Intestinal malrotation 
refers to improper completion of the normal rotational process, 
resulting in formation of abnormal mesenteric attachments 
(i.e., Ladd’s bands) and shortening of the mesenteric base. 
Arrest of rotation may occur at any phase of development 
or involve only a part of the midgut, resulting in a wide 
Spectrum of rotational anomalies ranging from nonrotation 
(in which the small bowel lies to the right of the mesenteric 
vessels and the colon to the left) to minor degrees of cecal 
elevation. 41-43 

Particular attention should be paid to two critical anatomic 
landmarks in malrotation. First is the ligament of Treitz, which 
is a suspensory ligament of connective tissue and smooth muscle 
that runs from the root of the SMA to the junction of the fourth 
portion of the duodenum with the jejunum. 41,44 Its presence is 
inferred on an upper gastrointestinal examination by normal 
position of the duodenal-jejunal junction (DJJ) in relation to 
the stomach, proximal duodenum, and spine. The DJJ and liga¬ 
ment of Treitz are located in the left upper quadrant of the 
abdomen in normal individuals but are displaced medially and 
inferiorly in those with malrotation. 45 Second is the third and 
fourth portions of the duodenum, which are fixed in the retro- 
peritoneum under the SMA in normal individuals but freely 
movable in the peritoneal cavity in those with malrotation. 46 

It is not the malrotation that causes symptoms but 
rather complications arising from the malrotated, abnormally 


positioned intestine. The most grave is a midgut volvulus 
that results from twisting of the mesentery around the abnor¬ 
mally narrowed and shortened vascular pedicle. Volvulus may 
be fixed or intermittent and is a life-threatening emergency 
because of potential for bowel ischemia and necrosis. 47 
Obstruction may also result from Ladd’s bands across the 
duodenum. Affected individuals are usually symptomatic in 
the first year of life, but malrotation can be manifested at 
any age. 45 Bilious emesis is the classic symptom, and a high 
index of suspicion for malrotation and volvulus should be 
maintained for those infants presenting in this manner. 43,45 
On occasion, a child may tolerate obstruction from intermit¬ 
tent volvulus and come to medical attention because of 
episodic pain or symptoms of malabsorption. 48,49 Chronic, 
intermittent volvulus is a cause of secondary lymphangiectasia 
and chylous ascites. 

Urgent surgical treatment of malrotation is indicated to 
avoid the potentially catastrophic complications of bowel 
necrosis associated with volvulus. The definitive treatment is 
Ladd’s procedure, in which the midgut volvulus is untwisted, 
Ladd’s bands are divided, cecum is mobilized, appendix is 
removed, and mesentery is widened, with placement of small 
bowel in the right hemiabdomen and colon in the left 
hemiabdomen. 

Imaging Findings 

Plain radiographs of patients with malrotation or volvulus 
show a variety of appearances ranging from paucity of distal 
bowel gas to unusual position of the air-filled stomach or intes¬ 
tinal loops, gaseous dilation of the stomach or duodenal bulb 
due to obstruction, and grossly distended air-filled loops with 
mural thickening if there is a closed-loop distal bowel obstruc¬ 
tion and ischemia from volvulus. Most often, however, the find¬ 
ings on plain radiography are normal. 44,45 

There is considerable debate in the literature concerning the 
best diagnostic approach to document position of bowel and 
presence of obstruction in suspected midgut volvulus. 5154 The 
methods described in the following paragraphs are not fool- 
proof, and ultimately, because the stakes of missing a malrota¬ 
tion are so high, in inconclusive cases, the radiologist should 
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not hesitate to repeat a study or to use a different, complemen- 
tary modality to reach the correct diagnosis. 44,45,55 

A carefully controlled upper gastrointestinal series, with 
delivery of barium or water-soluble contrast material orally or 
through a nasogastric tube placed in the stomach or, better yet, 
in the proximal duodenum, is generally considered the “gold 
standard ” 45,55 The critical anatomy to document is the DJJ in a 
well-positioned straight frontal view of the first passage of con¬ 
trast material through the duodenum. The DJJ, and by infer- 
ence the ligament of Treitz, is considered normal when it is at 
or above the level of the superior end plate of the L2 vertebral 
body or the duodenal bulb and to the left of the left pedicle 
of this vertebral body. 41,57 On lateral views, the second and 
third portions of the duodenum are posterior because they 
are retroperitoneal. 45, 55,56 

Displacement of the DJJ inferiorly or medially on the antero- 
posterior view and anteriorly on the lateral view is a sign of 
malrotation (Fig. 116-7). Ladd’s bands typically cause a com- 
plete or partial obstruction of the duodenum; midgut volvulus 
causes a corkscrew, Z, or ribbon-like appearance of the duode¬ 
num and jejunum, sometimes with proximal dilation and 
partial obstruction of the duodenum (Fig. 116 - 8). 39,40,41,54 

On occasion, normal anatomic variations of the duodenum 
may be difficult to distinguish from genuine malrotation, or the 
DJJ may not be visualized because of technical factors. Normal 
variations that may mimic malrotation include inferior dis¬ 
placement of the DJJ by dilated stomach or bowel in infants 
with gastric overdistention or distal bowel obstruction; mobility 
of the DJJ in children younger than 4 years; and redundancy of 



Figure 116-7 Malrotation. Upper gastrointestinal examination 
shows abnormally positioned duodenojejunal junction ( arrow) to the 
right of the left pedicle and below the level of the L2 vertebral body 
superior end plate. 




Figure 116-8 Malrotation with midgut volvulus. 

A. Abdominal radiograph of a 3-week-old boy who 
presented with bilious vomiting, lethargy, and bloody 
stools shows abnormal dilation of the duodenum ( arrows ) 
and multiple dilated loops of small bowel with thickened 
walls. B. Duodenal obstruction with beaking of the 
barium is caused by the twisted bowel. C. Radiograph 
taken a few minutes later shows the typical corkscrew 
appearance of the duodenum and proximal jejunum 
associated with malrotation and midgut volvulus. 
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the second portion of the duodenum, also known as mobile 
duodenum or water-trap duodenum. 57 60 In cases in which the 
position of the DJJ is equivocal, the position of the cecum can 
be evaluated by either following the contrast material into the 
colon or performing a contrast enema. However, the cecum, 
although usually located in the right lower quadrant, may have 
a wide range of normal in infants and may be in a normal posi¬ 
tion even with malrotation. 39,40,44 Of children with surgically 
proved malrotation, only 87% had an abnormally positioned 
cecum compared with 97% with an abnormally positioned 
DJJ. 45 

Several sonographic features of malrotation have been 
described. Inversion of locations of the SMA and superior 
mesenteric vein (SMV) is one finding that has been described 
in malrotation. The SMV usually lies to the right of the 
SMA on a transverse image at the level of the junction with 
the portal vein. If the SMV is to left of the SMA, the diag- 
nosis of malrotation should be entertained. However, this is 
an inconstant finding, with sensitivity of 67% to 100% and 
specificity of 75% to 83%, and normal relationships are 
present in malrotation and inverted relationships are present 
without malrotation. 44,45,56 The Whirlpool sign, indicating a 
midgut volvulus, can be seen on ultrasound when the bowel, 
SMV, and SMA are twisted and wrapped around the vascular 
mesentery (Fig. 116-9). Finally, sonographic demonstration 
of the third portion of the duodenum in a retroperitoneal 
position between the SMA and the aorta is a reliable but 
not infallible sign of normal intestinal rotation. 13 Likewise, 
absence of a retroperitoneal duodenum is a strong indicator 
of malrotation. 46 

After Ladd’s procedure for malrotation and volvulus, upper 
gastrointestinal examination shows the expected postoperative 
appearance of persistently displaced DJJ, small bowel in the 
right hemiabdomen, and colon in the left hemiabdomen (Fig. 
116-10). 50 Other possible complications include adhesions and 
small bowel obstruction, reported in up to 24% of patients, and 
recurrent volvulus, reported in up to 7% of patients. 


Acquired Diseases 

GASTRIC PERFORATION 

The incidence of acute spontaneous gastric perforation in neo- 
nates is declining. 61,62 Predisposing factors include acute disten- 
tion of the stomach, ischemic necrosis associated with perinatal 
asphyxia, and distal obstruction such as annular pancreas or 



Figure 116-9 Malrotation with midgut volvulus. Transverse color 
Doppler sonogram of an epigastric mass shows the Whirlpool sign 
consisting of the SMA ( arrow ) and SMV ( arrowhead) twisted and 
draped clockwise around the mesentery, indicating midgut volvulus. 



Figure 116-10 Ladd's procedure for malrotation. A. Small bowel examination shows the expected postoperative appearance after Ladd's 
procedure with jejunum and ileum located in the right upper quadrant. B. The entire colon, including the rectosigmoid (arrow) and the cecum 
( arrowhead ), is located in the left hemiabdomen. 
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duodenal stenosis. 61 ' 65 Plain radiographs show pneumoperito- 
neum and absence of a gastric air-fluid level on upright views. 66 
Neonatal duodenal perforation is rare. 6, 

Gastric perforation in older children occurs in the following 
clinical settings: perforated peptic ulcer, dermatomyositis 
(although duodenal perforation is more common), migration 
of tubes and catheters through the gastric wall, and prior diges¬ 
tion of caustic substances. 68 ' 72 Complications of the Nissen and 
other fundoplications include gastric bioat and gastric rupture 
or infarction when patients also have distal small bowel 
obstruction. 7 Blunt trauma to the upper abdomen, when the 
stomach is distended, occasionally results in gastric rupture. 

PYLORIC STENOSIS 

Clinical Findings 

Hypertrophic pyloric stenosis, which occurs in approximately 3 
of 1000 infants, is one of the most common indications for 
surgery in infants. This disorder with familial predisposition is 
of unknown etiology but probably results from a complex inter- 
action of genetic and environmental factors. 76,77 Males, espe- 
cially first-born males, are affected more frequently. 78,79 

Classically, pyloric stenosis is manifested in a previously 
healthy infant between the age of 2 and 12 weeks with repeated 
nonbilious emesis that is sometimes forceful or projectile. 
The gradual onset of the symptoms may be mistaken for 
new or worsening gastroesophageal reflux. Presentation outside 
of this age range or emesis that is bilious should prompt 
evaluation for alternative diagnoses, such as malrotation. Pylo- 
romyotomy, which can be performed nonemergently, is the 
treatment of choice for pyloric stenosis. 76 Because of better 
cosmetic result, shorter hospital stays, and lower wound infec- 
tion rates, laparoscopic surgery is increasingly favored over 
an open procedure. 76,78 

Imaging Findings 

Ultrasonography is the established imaging examination for the 
diagnosis of pyloric stenosis and has been found to be highly 
sensitive and specific. In contemporary medical practice, the 
reliance on imaging has progressed to the point that ultrasound 
is now considered an intrinsic part of evaluation for pyloric 
stenosis, whereas the classically described palpable “olive” is 
found on physical examination with decreasing frequency. 76,80,81 
Features easily depicted by sonography include a thickened, 
hypoechoic pyloric muscle (doughnut or cervix sign) and a 
double layer of redundant echogenic mucosa (sonographic 
double-track sign) (Fig. 116-li). 77,82 ' 84 A muscle thickness of 
more than 3.0 to 3.5 mm measured in the long axis of the 
pylorus is a reliable indicator of pyloric stenosis, regardless of 
the patient’s age or weight." 2, 76,79,854 A pyloric channel length of 
more than 15 to 18 mm is also considered abnormal. 82 As 
important as the quantitative measurements in diagnosis of 
pyloric stenosis is the morphologic appearance of the pylorus 
and the real-time observation of little or no passage of gastric 
contents through the pylorus. 

In pyloric stenosis, the thickened muscle is a fixed abnormal- 
ity that does not change with time. Pylorospasm, which is a 
condition in which the muscle enlargement is transient rather 
than fixed and which is treated nonoperatively, may mimic 
pyloric stenosis on sonography. The muscle may be thickened, 
but the degree of thickening is often less pronounced than in 
pyloric stenosis, usually less than 3.0 mm. In addition, whereas 



Figure 116-11 Pyloric stenosis: ultrasonography. In this image 
obtained along the long axis of the pylorus, the hypoechoic pyloric 
muscle (between calipers ) is abnormally hypertrophied and thickened, 
measuring more than 3.5 mm, and can be seen on either side of the 
parallel, linear echoes ( arrow) that represent the redundant mucosa of 
the narrowed pyloric channel. The gallbladder (GB) is a useful 
anatomic landmark for locating the pylorus. 


muscle thickening is persistent in pyloric stenosis, it is intermit- 
tent in pylorospasm, with occasional relaxation of the pyloric 
muscle allowing passage of gastric contents. Thus, extending the 
length of time of observation of the pylorus to at least 5 to 10 
minutes is an essential part of the sonographic study that can 
prevent false-positive diagnosis of pyloric stenosis. 84 In equivo- 
cal cases, repeated sonography in 1 to 3 days can be performed 
to detect early or evolving pyloric stenosis. 76 ' 78 

Sonography should be performed with a high-frequency 
linear array transducer placed with the liver as an acoustic 
window. 7 To allow adequate Alling of the antrum with fluid 
and assessment of patency of the pyloric channel, the infant can 
be turned to the right posterior oblique position and fluid can 
be given orally (Fig. 116-12). These maneuvers can help demar- 
cate the landmarks denoting the beginning and end of the 
pyloric channel, namely, the prepyloric antrum and the duode¬ 
nal bulb. Fluid should not be given if the stomach is already 
distended as an overdistended stomach displaces the pylorus 
behind the stomach, making visualization difficult and possibly 
leading to false-negative results. 

Contrast upper gastrointestinal examination is rarely per¬ 
formed if pyloric stenosis is the primary diagnostic consider- 
ation, but radiologists should still recognize findings because 
unexpected pyloric stenosis is occasionally found in infants 
undergoing upper gastrointestinal examination for suspected 
reflux. Upper gastrointestinal examination is also an alternative 
examination in the event that sonographic expertise is not 
available. 76 The classic features of pyloric stenosis on barium 
radiography include partial or complete gastric outlet obstruc¬ 
tion, hyperperistalsis of the stomach, elongation of the pyloric 
channel, single (i.e., string sign) or double (i.e., train track 
sign) streaks of barium within the compressed lumen of the 
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Figure 116-12 Pyloric stenosis: ultrasonography. Gastric outlet 
obstruction secondary to hypertrophied pyloric muscle. The stomach 
is distended with fluid given orally. The pyloric channel {between 
calipers) is abnormally elongated to more than 17 mm and does not 
open to allow passage of fluid. Reliable sonographic landmarks 
demarcating the beginning and end of the pylorus are the fluid-filled 
gastric antrum ( arrow) and the echogenic, triangular duodenal bulb 
( arrowhead ), respectively. 


channel, and the shoulder sign of a pyloric mass indenting 
the barium-filled stomach and the base of the duodenal bulb 
(Fig. 116-13). 76,82 

The radiographic appearance in the immediate postopera¬ 
tive period after pyloromyotomy is difficult to interpret because 
it is similar to that of preoperative studies, with a string sign 
and antropylorospasm (Fig. 116-14). 76 By 6 weeks, however, the 
sonographic and radiographic appearance should be normal 
for most patients. Until then, there is often asymmetry of the 
channel as the mucosa eventrates through the defect of the 
“cracked” muscle. Incomplete pyloromyotomy results in persis- 
tence of an elongated, narrowed channel with poor gastric emp- 
tying. Patients who have had a past history of successful 
pyloromyotomy may be left with some antropyloric dysfunc- 
tion, which has led to retention of foreign bodies (e.g., coins) 
in some patients. 76,89 

GASTRIC AND DUODENAL HEMATOMAS 

Clinical Findings 

Gastric hematoma from blunt abdominal trauma is unusual. 
Duodenal hematoma is more common because the duodenum 
is sandwiched between the spine and the anterior abdominal 
wall of the epigastrium. A typical history in such cases is a child 
falling onto the handlebars of a bicycle or being struck in the 
abdomen during play or an athletic event. Duodenal hema- 
tomas are associated with pancreatic injury because the pan- 
creas is also located in the retroperitoneum in a position 
vulnerable to blunt epigastric trauma. 92 

Child abuse should be considered when any child has a sus- 
picious history. 93,94 Other risk factors for duodenal hematoma 


include Henoch-Schonlein purpura, bleeding associated with 
leukemia, coagulopathies, idiopathic thrombocytopenia pur¬ 
pura, endoscopic biopsy, and anticoagulant therapy. 95 Surgery 
is mandatory when perforation is present, but otherwise 
most uncomplicated duodenal hematomas are managed 
conservatively. 90, 94,96 

Imaging Findings 

The diagnosis of duodenal hematoma can be suggested by plain 
radiographs that demonstrate gastric distention, soft tissue 
mass in the right hemiabdomen, and sparse distal gas. Retro- 
peritoneal air can be seen on the plain radiograph or computed 
tomography (CT) scan as a sign of transmural leakage. 96 ' 98 
Upper gastrointestinal study with contrast material shows the 
intramural mass effect of the hematoma but may not demon¬ 
strate the perforation if the hematoma is plugging the mural 
rent (Fig. 116-15A). 

Ultrasonography can demonstrate and monitor the hema¬ 
toma and adjacent pancreatic injury that is commonly present, 
but it cannot reliably demonstrate perforation (Fig. 116- 
15B). 92,99 CT is the preferred method of imaging if there has 
been severe upper abdominal trauma, especially crush injury, 
because it can image all organs well (Fig. 116-16). 96 However, 
CT can miss subtle cases of duodenal rupture. 100 As the hema¬ 
toma resolves, perforation and duodenal diastasis may become 
apparent, and every child with a duodenal hematoma must be 
carefully watched during the first 7 to 10 days after trauma. 99 

GASTRIC AND DUODENAL FOREIGN BODIES 

Clinical Findings 

A gastric mass in a child can be an ingested foreign body or a 
bezoar. The most common bezoar in childhood is a trichobe- 
zoar, or hairball, but other indigestible materials, such as veg- 
etable or fruit (phytobezoar), may also form a mass that may 
cause obstruction. 101 Trichobezoar in adolescence is usually 
associated with psychiatric problems and pica, which is diges¬ 
tion of non-nutritive substances. The trichobezoar is usually 
confmed to the stomach, but a tail may extend into the duode¬ 
num and, rarely, throughout the small bowel. 102 Lactobezoars 
have been described in premature infants, and they probably 
form as a result of immature mechanisms of gastric empty- 
ing 103 The symptoms of bezoars are usually those of insidious 
obstruction, such as nausea, vomiting, abdominal pain, early 
satiety, and decreased appetite. 101,102 

Ingestion of foreign bodies is extremely common in young 
children, particularly in those between the ages of 6 months and 
3 years. Because most objects pass without complication, even 
in small children, a conservative approach is taken by surgeons 
and pediatricians. Of foreign bodies that reach the stomach, 
90% to 95% pass spontaneously in the absence of underlying 
stomach and duodenum structural abnormality. 104 ' 106 

Because of unfavorable size, shape, or composition, several 
types of ingested foreign bodies are more likely to cause 
complications and should be approached with more caution 
than for other types of foreign bodies. These include sharp 
pointed objects, objects longer than 6 cm, disc batteries, and 
magnets. 106 

Ingested disc or button batteries can potentially cause injury 
because prolonged contact of the battery with tissue is known 
to cause focal injury and possible perforation due to pressure 
necrosis or low-voltage electrical injury. 106 Although batteries 
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Figure 116-13 Pyloric stenosis: upper 
gastrointestinal series. A. Abdominal radiograph 
in a 5-week-old boy with a 1-week history of 
postprandial, nonbilious vomiting shows gastric 
distention with relative paucity of gas distally. 

B. A single streak of barium (the string sign, 
arrow) within the narrowed, elongated pyloric 
channel is seen. Anatomic landmarks confirming 
that this is pylorus are the gastric antrum 
proximally (An) and the duodenal bulb distally 
( arrowhead ). C. Parallel double streaks of barium 
(i.e., train track sign) within the abnormal pyloric 
channel and indentation on the barium-filled 
stomach and duodenal bulb are from the 
thickened pyloric muscle. 


are more likely to lodge in the esophagus than in the stomach, 
if a battery fails to pass beyond the stomach after several days, 
removal is recommended. 106 Management of disc batteries 
impacted in the esophagus is discussed in Chapter 115. 

Ingested rare earth magnets that are small but powerful have 
become increasingly recognized as a potential cause of gastro¬ 
intestinal injury that requires active management. Two or more 
magnets or a magnet coupled with a metallic foreign body may 
lodge in two adjacent but separate segments of the gastrointes¬ 
tinal tract and adhere to each other because of magnetic attrac- 
tion, resulting in entrapment, necrosis, and perforation of the 
interposed bowel wall. 106 ' 108 Although most commonly this 
occurs in the small bowel, any segment of intestinal tract from 
esophagus to colon can be affected. In the setting of abdominal 
pain or other clinical signs of obstruction or perforation, the 
threshold is low for endoscopic removal of the magnets within 
endoscopic reach and possible surgical removal for those 
beyond endoscopic reach. 106 

Imaging Findings 

Large trichobezoars in the stomach can often be visualized on 
plain radiographs and confirmed with barium upper gastroin¬ 


testinal examination (Fig. 116-17). They may also be inciden- 
tally discovered on cross-sectional imaging. 

In cases of suspected foreign body ingestion, witnessed 
ingestion and reliable history are often absent, making plain 
radiographs an important part of management. Anteroposte- 
rior and lateral radiographs of the chest and abdomen are 
recommended to confirm the presence, type, and location of 
the foreign body and evidence of perforation, such as free 
intraperitoneal air. Care should be taken not to mistake a 
round disc battery, which has a characteristic beveled, double 
density rim or edge on plain radiographs, with a coin. Sequen- 
tial radiographs should be obtained several hours apart to 
document movement of the foreign body through the gas¬ 
trointestinal tract. In the case of multiple magnets or a com- 
bination of magnet and metallic foreign body, failure of 
movement of the foreign body or presence of a gap between 
two magnets should raise suspicion of bowel wall entrapment 
between the objects and need for intervention (Fig. 116-18). 
Pitfalls in plain film interpretation include stacked magnets 
simulating a single object and assuming that adhered magnets 
are located in a single segment of bowel without intervening 
bowel wall. 106 
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NEOPLASMS 

Gastric and duodenal neoplasms are rare in children. There are 
a wide variety of masses arising from the stomach that overlap 
significantly in imaging character istics and are difficult to dis- 
tinguish from each other radiographically. 109 Masses arising 
external to the stomach, such as large pancreatic pseudocysts or 
hepatic masses, can also indent the stomach, causing mass 
effect, and mimic a gastric mass. 

Gastric teratomas occur in infancy, most commonly in 
boys. 110 Virtually all of these patients present with upper 
abdominal masses during the first year of life. 111 ' 114 



Figure 116-14 Postoperative pyloromyotomy. There is residual 
deformity of the pylorus but normal gastric emptying after surgery for 
pyloric stenosis. The follow-up examination was performed for 
persistent "spitting" postoperatively. The patient responded to 
conservative medical therapy. 


Plain radiographs typically show calcification within a mass 
that displaces the gastric air bubble. 113 Without cross-sectional 
imaging, differentiation from retroperitoneal neuroblastoma 
may be difficult in some patients. Leiomyomas and leiomyosar- 
comas are lobulated or polypoid masses arising from the gastric 
wall that can be differentiated only by histologic examina¬ 
tion. 115,116 Leiomyoblastoma is an uncommon tumor of the 
gastric wall that tends to grow in an intraluminal fashion, 
causing ulceration of the overlying mucosa. Its biologic behav- 
ior is generally benign, but metastases have been reported, with 
the liver being the most frequent site. 

Other rare tumors of the stomach include lymphoma, 
which may be a primary lesion or, rarely, part of generalized 
involvement with Burkitt’s lymphoma. 118,119 In either case, 
the appearance is similar: diffuse infiltration of the gastric 
wall, mucosal thickening, ulcerations, and a discrete gastric 
mass. Gastric adenocarcinomas, which appear similar to lym¬ 
phoma and leiomyosarcoma on barium studies, are unusual 
in children and are associated with ataxia-telangiectasia and 



Figure 116-16 Duodenal hematoma. CT scan shows the duodenal 
hematoma (arrow) in the wall of the second portion of the duodenum, 
which causes eccentric compression of the contrast-filled lumen. 



Figure 116-15 Duodenal hematoma. A. Prone, oblique view from an upper gastrointestinal series shows duodenal obstruction with barium 
( arrows) outlining a duodenal mass. B. Transverse sonogram of the upper abdomen demonstrates the mass to be a duodenal hematoma ( arrows ) 
in this 10-year-old child who sustained a bicycle handlebar injury to the upper abdomen. The complete sonographic study also demonstrated 
pancreatic swelling and peripancreatic fluid from the injury (not shown). 
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immunodeficiency. 120,121 Gastrointestinal stromal tumor, a 
mesenchymal malignant tumor of the gastrointestinal tract, 
involves the stomach in more than 50% of cases (Fig. 
116-19). 109,122 

Gastric inflammatory pseudotumor can simulate a malig¬ 
nant tumor on radiographic studies and should be considered 
when a gastric mass contains an ulcer or confmed perforation; 
if the child has another unusual associated problem, such as 
retroperitoneal fibrosis or sclerosing cholangitis; or if the child 
has Castlemans syndrome. 123 

Polyps of the stomach and duodenum are most commonly 
hamartomatous and part of the Peutz-Jeghers syndrome (Fig. 
116-20). Fundic giand polyposis has been described in children 



Figure 116-17 Trichobezoar. There is a large filling defect within 
the barium-filled stomach of this 12-year-old giri with a 2-year history 
of trichophagia, which left bald patches on her head. At surgery, a 
500-g mass of matted, brunette hair was removed from the stomach. 


and adults who have familial adenomatosis coli and Gardner’s 
syndrome. 124 Other gastric polyps in children include inflam¬ 
matory fibroid polyp, solitary hyperplastic polyp, and polypoid 
focal foveolar hyperplasia. 125-128 

Neurofibromas can develop in the gastric or duodenal wall. 
Although these lesions usually are benign, they can cause 
vomiting, jaundice, and hematemesis. 129 Neurofibromas 
usually occur with other stigmata of von Recklinghausens 



Figure 116-18 Ingested magnets in the stomach. Ten magnetic 
bal Is arranged in a linear mass in the expected region of the 
gastroesophageal junction and proximal stomach are seen in this 
patient with several days of acute abdominal pain. At endoscopy, the 
separate magnets had adhered together, with the most proximal 
magnet in the distal esophagus and the others in the gastric cardia, 
entrapping esophageal and stomach wall between them. There was 
no bowel wall erosion or perforation. 



Figure 116-19 Gastrointestinal stromal tumor of stomach. A. The upper gastrointestinal series demonstrates a large filling defect (arrow) in 
the gastric fundus. B. CT scan shows the fundal, intraluminal soft tissue mass (arrow represents the tumor outlined by contrast material in the 
stomach). 
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Figure 116-20 Peutz-Jeghers syndrome. Barium and air 
administered through a gastrostomy tube in this patient with known 
Peutz-Jeghers syndrome outline multiple filling defects representing 
hamartomatous polyps. 


disease. Pancreatic rests, manifested as masses along the greater 
curvature of the stomach or inner margin of the duodenum, are 
congenital abnormalities that are rarely diagnosed in infancy. 130 
Choledochocele may be manifested as a smooth, well-defined 
mass at the ampulla of Vater. Intussusception of the duodenum 
or stomach can occur when a large hamartomatous polyp, gas¬ 
trostomy tube, or Foley catheter acts as a lead point. 

PEPTIC ULCER DISEASE 

Helicobacter pylori , a gram-negative, motile bacterium, is a 
common human pathogen associated with peptic ulcer disease 
and gastritis, with reported incidence of up to 50% in lower 
socioeconomic classes in the United States. 132 136 Whereas most 
infections are acquired during childhood, symptoms typically 
are not manifested for decades, and consequently peptic ulcer 
disease in children is remarkably uncommon. 136-138 Perforated 
peptic ulcer disease is even more uncommon, with one series 
spanning 20 years reporting only 52 cases and describing char- 
acteristic acute rather than chronic presentation and associa¬ 
tion with an older, adolescent-age gro up and male gender. 139 

Peptic ulcer disease may also occur secondary to stress in 
infancy and early childhood. Shock, respiratory failure, sepsis, 
hypoglycemia, severe burns (i.e., Curlings ulcer), intracranial 
lesions (i.e., Cushings ulcer), and chronic systemic disease have 
been implicated in addition to aspirin, other nonsteroidal anti- 
inflammatory drugs, corticosteroids, and tolazoline. 68,138 

Zollinger-Ellison syndrome, which is due to excessive gastrin 
production by gastrinoma and resultant gastric acid hyperse- 
cretion, is a rare cause of peptic ulcer disease in children; the 
registry tabulating this disease recorded only 28 children in 21 


years. 68,136 Peptic ulceration, gastric acid hypersecretion, and 
hypergastrinemia have occasionally occurred in children with 
antral G-cell hyperplasia. 

INFLAMMATORY DISORDERS OTHER THAN 
PEPTIC DISEASE 

Ménétrier’s disease is a rare inflammatory disorder character- 
ized by enlarged gastric folds, predominantly in the body and 
fundus, and proliferation of gastric giands. 140 " 142 This disease has 
a bimodal distribution, occurring in children younger than 10 
years and also in adulthood. In contrast to the progressive clini- 
cal course of the disease in adults, the childhood form of the 
disease is linked to cytomegalovirus infection and has an acute 
onset with spontaneous resolution in weeks or months. 141 
Affected children present with upper abdominal pain, nausea, 
and vomiting that is occasionally complicated by hematemesis, 
anemia, and marked hypoproteinemia. Abnormally thickened 
gastric folds and gastric wall thickening can be seen with barium 
studies, CT, or sonography. 140-144 

Eosinophilic gastritis and eosinophilic gastroenteritis are 
classified within the larger group of primary eosinophilic gas- 
trointestinal disorders in children characterized by eosinophil- 
rich inflammation of the gastrointestinal tract without known 
cause. 145,146 Eosinophilic esophagitis, which is also subsumed in 
this classification, is discussed in more detail in Chapter 115. 
An allergic mechanism, including generalized atopy and food 
allergy, is proposed in at least a large subset of children with 
eosinophilic gastritis and eosinophilic gastroenteritis who may 
have a history of asthma, eczema, or allergic rhinitis in addition 
to exhibiting a variety of nonspecific symptoms including 
abdominal pain, vomiting, failure to thrive, anemia, and protein - 
losing enteropathy. 145,146 Imaging has low sensitivity and speci- 
ficity, but findings in the stomach include mucosal irregularity 
and lacy pattern, gastric fold and wall thickening, and luminal 
narrowing, usually confined to the gastric antrum. 145,147,148 

Chronic granulomatous disease is a hematologic disorder, 
usually occurring in boys, in which there is a defect in the 
mechanism for producing superoxide. This results in ineffective 
lysis of certain bacteria by polymorphonuclear leukocytes 
and mobilization of macrophages and other granulomatous 
responses. In addition to the well-known infectious complica- 
tions of the disease, involvement of any portion of the gastro¬ 
intestinal tract has been reported in a large number of 
patients. 49,150 The most characteristic gastrointestinal tract 
finding, fold and wall thickening of the gastric antrum that may 
lead to luminal narrowing and gastric outlet obstruction, is 
found in only 16% of cases (Fig. 116-21). 150-152 

Crohns disease affecting the stomach and duodenum is 
unusual in children and, if present, usually is found in patients 
with well-established small bowel and colonic disease. 153-155 
Mucosal nodularity and ulceration, fistula and sinus tracks, and 
irregular narrowing and pseudodiverticula formation are the 
major radiographic findings in gastroduodenal Crohn s disease 
(Fig. 116-22). 155 

The most common sites of gastrointestinal involvement of 
Henoch-Schonlein purpura are the duodenum and small bowel, 
which is discussed further in Chapter 117. Thickening of the 
wall of the duodenum, usually the second portion of the duo¬ 
denum, is seen and may rarelybeaccompaniedby ulceration. 156-158 
The characteristic rash may appear after abdominal symptoms 
of pain and vomiting. 
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Figure 116-21 Chronic granulomatous disease. Thickened gastric 
folds with marked antral narrowing are seen in this patient with a 
long-standing history of chronic granulomatous disease. This study 
was prompted by symptoms of epigastric discomfort and vomiting. 



Figure 116-22 Gastritis in Crohn # s disease. A 12-year-old boy 
presented with upper abdominal pain and weight loss. Mucosal 
nodularity is apparent on this radiograph from an upper 
gastrointestinal series. 


Twenty-five percent of the world’s population harbor Ascaris 
lumbricoides , and most infected people are children. 159 This is 
the only parasite that ingests barium. 159 When the worm burden 
is sufficiently large, obstruction can result, and radiologists 
working in endemic areas become skilied at differentiating 
dumps of intraluminal worms from stool and other masses 
(Fig. 116-23). Gastric mucosal penetration by the larvae of Ani- 
sakis , ingested with a meal of infected raw fish, causes acute, 
severe abdominal pain. Double-contrast barium studies can be 
diagnostic; threadlike filling defects are associated with a mound 
of mucosal edema at the site of larval penetrations of gastric 
wall. 160 Endoscopic removal of the larvae results in resolution 
of abdominal pain. 

Although giardiasis may occur in the setting of dysgam- 
maglobulinemia, immunocompetent children can be infected 
if the water source is contaminated. Duodenal spasm, thicken- 
ing of the mucosa, and increased intraluminal fluid are char- 
acteristic but nonspecific radiologic features of infection. 161 
Strongyloides also affects duodenal mucosa and provokes an 
inflammatory response. Chronic disease results in a fixed, nar- 
rowed, and featureless duodenum. 162 

The location and type of injury that occurs secondary to 
ingestion of caustic substances are largely dependent on the pH 
of the ingested agent. High-pH, alkaline agents are more viscous, 
leading to relatively prolonged contact time with the esophagus 
(see Chapter 115). On the other hånd, low-pH, acidic agents are 
less viscous, resulting in rapid transit through the esophagus 
into the stomach, with predilection for pooling in the antrum 


luft 

Kj# 



Figure 116-23 Ascariasis. A 5-year-old giri from Puerto Rico had a 
2-month history of abdominal pain. Diarrhea was accompanied by 
vomiting, and the vomitus contained worms. Notice the unusual gas 
pattern in the middle duodenum and jejunum. 
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and pylorus. 163 Because the type of necrosis induced by acids is 
characterized by coagulation rather than by liquefaction, the 
wall penetration and subsequent perforation that are seen with 
alkali agents in the esophagus are less frequently encountered 
with acid injury in the stomach. 16 " More often, mucosa of the 
stomach, and sometimes the duodenum, becomes thickened or 
ulcerated, resulting in gastric outlet obstruction, which is the 
most commonly reported complication of acid ingestion (Fig. 
116-24). 163 16 Radiology is useful in the follow-up of prior 
caustic injury because scarring takes weeks to months to evolve. 



Figure 116-24 Gastritis from caustic ingestion. Marked antral 
narrowing with fold thickening and ulceration ( arrow) are seen in this 
7-year-old boy, who accidentally swallowed sulfuric acid. 


Stenosis and contraction of the stomach and rigidity of the 
duodenal loop are characteristic of prior caustic ingestion. 166 

GASTRIC OR DUODENAL DISTENTION 

Gaseous distention of the stomach is seen in several disorders 
peculiar to the pediatric population. Many children swallow air 
when crying or nervous. There is overt aerophagia in some 
groups of youngsters with neuromuscular impairment and 
developmental delay. 16 68 Gastric distention with air occurs 
with tracheoesophageal fistula, with or without esophageal 
atresia, or after an endotracheal tube is inadvertently placed in 
the esophagus. Diabetes mellitus and prior starvation are causes 
of gastric dilation that probably results from atony. 

Distention of the stomach predisposes it to volvulus. Volvu- 
lus is also associated with deficient mesenteric and ligamentous 
attachments and diaphragmatic defects. 167,168 Mesenteroaxial 
volvulus is a twist along an axis joining the lesser and 
greater curvature of the stomach. It has a characteristic appear- 
ance on plain radiographsA Organoaxial volvulus is a twist 
along the gastric axis. 169 Intrathoracic gastric volvulus may 
accompany a large congenital hiatal or diaphragmatic hernia 
(Fig. 116-25). 170,171 

SMA syndrome is obstructive compression of the third and 
fourth parts of the duodenum by the SMA and the root of the 
mesentery. 172175 It may follow surgery and casting for correction 
of scoliosis (i.e., cast syndrome) or may occur after severe 
weight loss. Plain radiographs and upper gastrointestinal series 
show distention of the stomach and proximal duodenum and 
a sharp cutoff in the midtransverse portion of the duodenum. 
Feeding in the prone position, hyperalimentation, or nasojeju- 
nal feeding alleviates the symptoms in most patients, and oper¬ 
ative treatment is rarely necessary. 17 

Idiopathic megaduodenum is part of the Spectrum of chronic 
intestinal pseudo-obstruction, and it may occur sporadically or 
in families. 176,177 The condition is caused by disease of the 
smooth muscle, abnormal extrinsic or intrinsic nerves, or alter¬ 
ation of the neuroendocrine environment. Dilation of sections 



Figure 116-25 Gastric volvulus. A. Abdominal radiograph shows congenital left diaphragmatic hernia. B. Upper gastrointestinal examination 
shows gastric volvulus associated with the herniated stomach. Arrow identifies the gastroesophageal junction. There are both organoaxial, with 
greater curvature superior to lesser curvature, and mesenteroaxial, with duodenum ( arrowhead ) to the left of the stomach, components to the 
volvulus. 
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of the gastrointestinal tract without anatomic obstruction is 
characteristic. Bacterial overgrowth and diarrhea are common 
problems. Secondary megaduodenum from diabetes, sclero- 
derma, and amyloidosis are always mentioned in differential 
diagnoses, but these disorders are rare in pediatric patients. 

Radiographically demonstrable abnormalities of the duode¬ 
num are common in cystic fibrosis and most prevalent in 
the second portion of the duodenum. 178,1 A Thickened mucosal 


folds, nodular mucosa, and increased intraluminal fluid are 
typical features. These findings have been attributed to hyper- 
plasia of the Brunner giands, tenacious mucus, mucosal edema, 
or inappropriate contraction of the muscularis mucosae. 180 
Because an ulcer is difficult to detect on this background of 
abnormal mucosa radiographically, endoscopy is recommended 
in patients with cystic fibrosis who have symptoms of peptic 
ulcer disease. 180 
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Meckel's Diverticulum 

CLINICAL FINDINGS 

Meckel’s diverticulum is a common congenital abnormality of 
the gastrointestinal tract that can produce varied complications 
and therefore diverse clinical manifestations. It is the most fre- 
quent in a Spectrum of abnormalities that occur in the small 
bowel secondary to failed regression in early fetal life of the 
omphalomesenteric (vitelline) duet, the tract through which 
the primitive midgut communicates with the yolk sac. Incom- 
plete resorption of the duet can produce abnormalities any- 
where along its course between the ileum and the umbilicus, 
which in addition to Meckel’s diverticulum include omphalo¬ 
mesenteric or mesodiverticular bands, vitelline fistula, ompha¬ 
lomesenteric cyst, and umbilical polyps (Fig. 117-1). 1-9 

Meckel’s diverticulum is a result of the patency of the ileal 
end and closure of the umbilical end of the omphalomesenteric 
duet and is a true diverticulum, composed of all bowel layers. 
Unlike alimentary duplications and most other bowel diver- 
ticula, Meckel’s diverticulum arises from the antimesenteric 
border of the bowel and has a separate biood supply, the vitel- 
lointestinal artery. 5,8 According to the “rule of 2’s,” Meckel’s 
diverticulum has an incidence of approximately 2%, arises in 
the ileum within 2 feet of the ileocecal valve, and becomes clini- 
cally symptomatic by the age of 2 years. 8,10 

Clinical symptoms secondary to complications of Meckel’s 
diverticulum are varied and occur in approximately 4% of 
patients with Meckel’s diverticulum. The most common com¬ 
plications are rectal hemorrhage and intussusception. 15 8 

Painless lower gastrointestinal bleeding is a major compli- 
cation of the approximately 20% to 55% of Meckel’s diver- 
ticula that contain acid-secreting ectopic gastric mueosa and 
is more frequent in children than in adults. 3 The small bowel 
adj acent to the ectopic gastric mueosa becomes uleerated from 
exposure to the acid, resulting in hemorrhage. Ileoileal and 
ileocolic intussusceptions result when Meckel’s diverticulum 
serves as a lead point, and an irreducible intussusception 
should raise suspicion for Meckel’s diverticulum. 1,2,4 ' 6 ’ 8 ’ K Other 
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less common complications of Meckel’s diverticulum include 
small bowel obstruction from volvulus or hernia around 
an associated omphalomesenteric band; bowel perforation; 
diverticulitis or inflammation of the diverticulum itself; and 
Littre hernia, which is an inguinal hernia containing Meckel’s 
diverticulum. 1 ' 2 ’ 810 

A specific form of Meckel’s diverticulum is giant Meckel’s 
diverticulum, which tends to be larger than the average size of 
2 x 3 cm and is long with a narrow neck. 11 It can serve as a lead 
point for focal volvulus or may undergo torsion at its base. 11,12 
Stasis in enormous Meckel’s diverticula may lead to bacterial 
overgrowth, resulting in malabsorption. 

IMAGING FINDINGS 

Plain abdominal radiographs usually have normal findings but 
may show obstruction if the diverticulum is complicated by 
intussusception. Meckel’s diverticulum rarely filis on routine 
barium studies, possibly because of small size or blockage of the 
lumen with ingested debris, but it may opacify with the higher 
pressures of enteroclysis. 8,13 Difficulty in detection is com- 
pounded by overlying bowel loops that may obscure the diver¬ 
ticulum unless they are displaced with compression. A mucosal 
triangular plateau or a triradiate fold pattern in the right lower 
quadrant has been described in small bowel examinations in 
patients with Meckel’s diverticulum. 1 " Air-filled giant Meckel’s 
diverticula may fill with contrast medium on delayed studies 
(Fig. 117-2). 12 Children with small bowel hernia or volvulus 
around an omphalomesenteric band often show nonspecific 
findings of lower small bowel obstruction (Fig. 117-3). 

Advanced imaging including computed tomography (CT) 
and ultrasound is routinely used to study children who present 
with symptoms of an acute abdomen, especially right lower 
quadrant pain. Meckel’s diverticulum itself as well as secondary 
complications such as intussusceptions can be detected (Fig. 
117-4). On sonography, inflamed Meckel’s diverticulum can 
appear as a cystic or tubular structure with thickened walls, 
sometimes displaying the characteristic alternating hyperechoic 
and hypoechoic bands of intestinal wall. 4 7 Doppler and color 
Doppler sonography may demonstrate the inflammatory 
changes more clearly. 4 By CT or magnetic resonance (MR) 
enterography, the inflamed diverticulum may appear as an air-, 
fluid- or contrast-filled blind-ending pouch with thickened 
walls in the right lower quadrant with inflammatory changes in 
the adjacent mesentery. 3 ' 6,14 Inverted Meckel’s diverticulum, 
often the lead point of an intussusception, may also be seen as 
a filling defeet in the opacified lumen. 15,16 

Dilated and inflamed Meckel’s diverticulum can resemble 
the dilated and inflamed appendix in appendicitis by sonogra¬ 
phy and CT. Clinical symptoms of right lower quadrant pain 
and fever also overlap in the two entities, and identification of 
the normal appendix in cases of suspected Meckel’s diverticu¬ 
lum is recommended to aid in differentiation between the 
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two. 8,10,14 An ileal duplication cyst may mimic Meckel’s diver- 
ticulum; MeckeFs diverticulum is distinguishable from an ileal 
duplication cyst by its thicker, more irregular wall and the pres- 
ence of peristalsis. 8,14 

Technetium Tc 99m pertechnetate nuclear scintigraphy is 
the most widely used method for diagnosis of bleeding MeckeFs 
diverticula, and it has a sensitivity of 85%. 4,5,8,17,18 The intrave- 
nously injected isotope localizes in the right lower quadrant of 
the abdomen within the ectopic gastric mucosa, with rate and 
pattern of activity mirroring that of gastric mucosa in the 
stomach (Fig. 117-5). Administration of pentagastrin before 
scintigraphy may be used to stimulate diverticular gastric 
mucosal uptake and thereby enhance sensitivity of detection if 
the result of a prior study has been negative or equivocal and 
MeckeFs diverticulum is still strongly suspected. 18 



Figure 117-1 Abnormalities of regression of the 
omphalomesenteric duet. A. Umbilical polyp. B. Mesodiverticular or 
omphalomesenteric band. C. Patent omphalomesenteric duet or 
vitelline fistula. D. Vitelline cyst. E. Meckel's diverticulum. 


False-negative study results can occur when residual gastro- 
intestinal barium absorbs the emitted gamma rays, when pro- 
found uleeration or infaretion has destroyed the gastric mucosa 
within the diverticulum, or when the isotope is incorrectly 
interpreted as being within the genitourinary tract. Lateral 



Figure 117-2 Giant Meckel's diverticulum. The radiograph 
obtained after barium enema demonstrates residual contrast material 
within the colon and several small bowel loops. The large, rounded 
gas collection in the midabdomen, causing proximal small bowel 
obstruction, is a giant Meckel diverticulum. 



Figure 117-3 Omphalomesenteric band. A. Multiple, dilated small bowel loops suggest a low obstruction on the plain abdominal radiograph 
of an infant. B. The colon was normal, except that the right colon was displaced from the lateral abdominal wall, and it was impossible to distend 
the cecum. At surgery, small bowel that had herniated beneath the omphalomesenteric duet was found to be entrapped. 
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__ Figure 117-4 Meckel's diverticulum: ultrasound 

and CT. A. An ileocolic intussusception (arrow) is 
seen within fluid-filled colon by sonography. 
TjBMr B. Athick-walled, fluid-filled cyst within the 

intussusceptum (arrow) represents inflamed 
Meckel's diverticulum. C. Corresponding CT image 
shows circumferential wall thickening of the 
fluid-filled, inflamed cyst in the right lower quadrant 


scans of the abdomen are performed routinely to minimize the 
last error. 8 False-positive study results can also occur, but they 
are easier to recognize. Ectopic gastric mucosa in alimentary 
cysts is responsible for most of the false-positive results. Inflam- 
matory processes may rarely localize the isotope, despite the 
absence of gastric mucosa. 

Intestinal Lymphangiectasia 

CLINICAL FINDINGS 

Congenital and acquired disorders of the small bowel lym- 
phatics can produce protein loss, diarrhea, and decreased 
immunoglobulin levels. 19 Histologic changes include diffuse 
or focal dilation of lymphatics in all bowel layers that may 
be accompanied by villous changes and infiltration of the 
mucosa by inflammatory cells. 19 22 Leakage of protein-rich 
lymphatic fluid from the dilated lymphatic channels into the 
gastrointestinal tract results in protein-losing enteropathy. 
Congenital lymphatic structural malformation is termed 
primary intestinal lymphangiectasia (Waldmanns disease) and 
typically is manifested before 3 years of age. Common symp¬ 
toms include bilateral lower extremity edema and gastroin¬ 
testinal complaints such as diarrhea, abdominal pain, nausea, 
and vomiting. 22 


Because of the protein loss through the small bowel, the child 
may fail to thrive. Similar loss of lymph cells may produce 
lymphopenia. Definitive diagnosis of primary lymphangiectasia 
is made by endoscopy and intestinal biopsy. 2 ' Elevated levels of 
oq-antitrypsin in a 24-hour stool sample are indicative of 
protein-losing enteropathy and support the diagnosis. 22 23 

When dilation of lymphatic channels is secondary to venous 
obstruction or elevated venous pressure, the disorder is termed 
secondary lymphangiectasia. Conditions known to cause sec¬ 
ondary lymphangiectasia include inflammatory bowel disease, 
sarcoidosis, lymphoma, congestive heart failure, and constric- 
tive pericarditis. 22 Secondary lymphangiectasia is an uncom- 
mon but well-recognized complication in children who have 
undergone a Fontan procedure for complex congenital heart 
disease. Intestinal lymphangiectasia has long been recognized 
as part of the Noonan, Turner, Klippel-Trénaunay, and von 
Recklinghausen syndromes. 22 Hennekam syndrome, an autoso¬ 
mal recessive disorder with mild to moderate mental retarda¬ 
tion, peculiar fades, and ear defects, is also associated with 
lymphangiectasia. 24 26 

IMAGING FINDINGS 

Small bowel series show thickening of the valvulae conni- 
ventes, nodularity of the mucosa, and excess secretions if 
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Figure 117-5 Meckel's diverticulum: nuclear scintigraphy. 

Technetium pertechnetate has passed from the stomach into the 
proximal small bowel. A small region of abnormal and persistent 
activity in the right lower quadrant ( arrow) represents isotope 
localizing within ectopic gastric mucosa within Meckel's diverticulum. 


there is malabsorption. 19 The caliber of the gut is normal. 
Barium enema examination may show thickening of affected 
colonic folds. 

Sonography and CT can also demonstrate the nonspecific 
Åndings of ascites, dilated lymphatics, and thickened bowel 
walls and mesentery. 23 29 The last changes may be primary or 
result from the hypoproteinemia caused by this protein-losing 
enteropathy. 

Functional imaging with human serum albumin nuclear 
medicine scintigraphy plays an important role in the work-up 
of suspected intestinal lymphangiectasia and has the advantage 
over a r antitrypsin stool sampling of the ability not only to 
confirm the presence of the protein loss from the gastrointesti- 
nal tract but also to localize the anatomic site of protein leakage. 
In this diagnostic procedure, 99m Tc-labeled human serum 
albumin is injected intravenously, and periodic images of the 
abdomen are obtained during a 24-hour period in search of 
abnormal radiotracer activity seeping in the bowel. Other 
radiopharmaceuticals used for this purpose include 99m Tc- 
methylene diphosphonate and 99m Tc-dextran. 22 2 " 28 

Henoch-Schonlein Purpura 

CLINICAL FINDINGS 

Henoch-Schonlein purpura is the most common systemic vas- 
culitis of childhood, typically involving the small bowel and 
kidney, and is associated with a distinctive rash. 30 Henoch- 
Schonlein purpura spares the very young and is most common 


in children between the ages of 3 and 10 years, occurring with 
a slight male predominance. As many as 30% of affected patients 
may be older than 20 years. 30,31 It occurs more often in the 
winter than in other seasons. 

Small bowel involvement in Henoch-Schonlein purpura is 
characterized by ischemia or hemorrhage into the bowel wall. 
The subsequent abdominal pain may be intense, simulating that 
of a surgical abdomen. 32 Surgery may be needed in the 3% to 
5% of children with Henoch-Schonlein purpura who develop 
complications, including bowel perforation and irreducible 
intussusception. 32 ' 34 Ileoileal intussusception occurs as often as 
the more common ileocolic intussusception. When the intus¬ 
susception involves the small bowel alone, it frequently reduces 
spontaneously despite the underlying disease process. Gastro- 
intestinal bleeding, which is less common in older patients, 
occurs in about half of the pediatric patients but is unlikely to 
require transfusion. Most children recover completely without 
residua of the acute process. 

Renal disease usually is manifested as hematuria, whereas 
a significant decline in renal function is uncommon. Renal 
biopsy may document glomerulonephritis or changes of 
immunoglobulin A nephritis. The associated rash may evolve 
from a urticarial to a maculopapular rash to become the 
classically described palpable purpuric lesions. The skin 
lesions are most prominent over the buttocks and lower 
extremities. Biopsy of the skin lesions shows granulocytes 
aro und arterioles and venules. Brain involvement is less 
common but may take many forms, including seizures, blind- 
ness, and headache. Genitourinary involvement is uncom¬ 
mon but may produce testicular or epididymal pain and 
simulate testicular torsion or epididymo-orchitis. 38 Arthralgias 
typically occur in a few large joints and can precede the 
skin lesions. 

IMAGING FINDINGS 

Plain radiographs of the abdomen usually have normal Ånd¬ 
ings unless there has been perforation, intussusception with 
small bowel obstruction, or sufficient bowel wall thickening 
to produce thumbprinting of segments distended with air. 34 
Studies of the upper gastrointestinal tract with contrast mate- 
rial show mucosal thickening and submucosal edema that tend 
to be localized (Fig. 117-6). 34 Obstruction or intussusception 
may be detected. Contrast enemas performed to reduce an 
ileocolic intussusception are well tolerated but usually are 
unsuccessful. 39 

Sonography demonstrates mural thickening and sometimes 
fluid distention of affected bowel segments, usually jejunum or 
ileum (Fig. 117-7), which is often distended with fluid. 34,39,40 
Sonography is also useful in excluding associated abdominal 
processes such as intussusception. Sonography or scintigraphy 
has been used to evaluate those who develop acute scrotal pain 
or tenderness. 38, 41,42 

Diagnostic features of Henoch-Schonlein purpura, includ¬ 
ing bowel wall thickening and wall enhancement, are well dem- 
onstrated by advanced dedicated bowel imaging techniques 
such as CT and MR enterography performed with intravenous 
administration of contrast material as well as an oral contrast 
agent to achieve bowel distention (Fig. 117-8). 35,43 45 Similar 
bowel abnormalities can be seen in a variety of other disorders, 
including graft-versus-host disease, ischemic or infectious 
enteritis, and inflammatory bowel disease. 35,43,46,47 
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Figure 117-6 Henoch-Schonlein purpura: small bowel 
examination. The valvulae are thickened in the jejunum. Contrast 
medium is diluted as it passes into more distal, fluid-filled loops. 



Figure 117-8 Henoch-Schonlein purpura: MR enterography. A. Axial T2-weighted half-Fourier acquisition single-shot turbo spin-echo 
(HASTE) fat-saturated image shows focal, circumferential wall thickening of a loop of jejunum in the left upper quadrant (arrow). B. Coronal 
Tl-weighted fat-saturated three-dimensional volume-interpolated breath-hold examination (VIBE) delayed image after intravenous administration 
of gadolinium demonstrates abnormal wall enhancement of the same loop of bowel (arrow). 
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Lymphoid Follicular Pattern 
and Lymphoid Hyperplasia 

Lymphoid follicles are a normal feature of the gastrointestinal 
tract and are much more prominent in children than in adults. 
The lymphoid follicular pattern is hest appreciated on double- 
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contrast barium enema studies and may be seen in 50% to 
70% of such examinations in children (Fig. 118-1). 12 Normal 
follicles are 2 mm in diameter, are uniform in size, and often 
have central umbilications. They can simulate familial polyposis 
in the way they carpet the colon. Follicles larger than 2 to 3 mm 
are associated with nodular lymphoid hyperplasia, which occurs 
in response to a number of immunologic, infectious, inflam¬ 
matory, or allergic stimuli. 3,4 

Anterior Anus 

The anterior anus, an organic cause of constipation, is seen in 
some children who were previously said to have psychogenic 
constipation or suspected of having Hirschsprung’s disease 
(HD). 5,6 The anterior anus may be a mild variant of imperforate 
anus with perineal fistula. 5,6 

The amount of anal displacement may be minimal and 
difficult to appreciate by physical examination. The external 
changes may be more difficult to discern in boys than in giris. 
The position of the anus does not by itself determine the 
degree of dysfunction. Affected children may have an abnor¬ 
mal evacuation history from birth or may evacuate normally 
for several months. A long interval between bowel movements, 
straining with defecation, and fecal soiling are also common 
complaints. 5,6 

Treatment is surgical. The anorectal canal and internal 
anal sphincter are mobilized, and a neoanus is created in a 
normal location. The surgery has a low complication rate 
and allows development of nearly normal evacuation 
patterns. 5,7 ' 9 

The differential diagnosis of anterior anus includes HD, neu- 
rologic constipation, and psychogenic constipation. These dis- 
orders can usually be excluded on the basis of physical 
examination, spine radiographs, rectal manometry, and rectal 
biopsy. 

RADIOLOGIC FINDINGS 

Conventional radiographs are used to evaluate the amount of 
stool present and to detect spinal anomalies. If a large amount 
of stool obscures the sacrum, a lateral spine radiograph may be 
necessary to exclude sacral deformities that may be associated 
with neurogenic rectal dysfunction. 

On barium enema examination, the lateral rectal view is key 
in diagnosis. In children with anterior anus, there is a deep 
posterior recess or shelf behind the rectal catheter (Fig. 118-2). 
The rectum descends below the last turn of the colon as it passes 
anteriorly to become the anus. Postevacuation radiographs, 
with the rectal tube removed, show that the anus is more ante¬ 
rior than usual and lies at an angle to the posterior rectal shelf, 
which is in a normal position a few millimeters anterior to the 
sacrum. 
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Figure 118-1 Lymphoid follicular pattern. Fine nodules of similar 
size are seen throughout the colon on this double-contrast barium 
enema study. 


Hirschsprung's Disease 

PATHOLOGIC FINDINGS 

HD is characterized by absence of ganglion cells in Auerbach’s 
and Meissners plexus in the affected bowel. 10 The process is 
probably caused by arrest of the usual craniocaudal migration 
of primitive neuroblasts, which in some children is associated 
with other abnormalities of the neural crest. Research indicates 
that children with central hypoventilation syndrome have an 
increased incidence of HD. 11 

The involved segment is of variable length and is always 
distal. Approximately 85% of cases are limited to the descending 
colon and distal segments; 55% of all cases involve the rectosig- 
moid colon and distal segments. 1 2 Total colonic aganglionosis, 
with or without small bowel involvement, is seen in 8% of 
affected children. 10,1214 Extensive aganglionosis is a rare, usually 
lethal variant in which the entire small bowel and even the 
stomach lack normal ganglion cells. 14 Zonal aganglionosis is 
rare and may be an acquired lesion or have a different embryo- 
logic basis. 

CLINICAL FINDINGS 

Two thirds to three fourths of children with classic HD are male. 
Boys and giris are equally affected with total colonic agangli¬ 
onosis. HD is the most common cause of neonatal obstruction 
of the colon, and more than 70% of cases are diagnosed in this 
period. 10,12 Neonates present with delayed passage of meco- 
nium, abdominal distention, or vomiting. Delay in diagnosis 



Figure 118-2 Anterior anus. Barium enema study shows that the 
rectum is capacious and contains much fecal debris. A deep posterior 
segment of the rectum ( arrows ) far behind the anus is identified by 
the catheter tip. 


can lead to bowel perforation or potentially fatal enterocolitis. 15 
About 5% of children with HD die of enterocolitis, usually 
within the first 3 months of life, and about 10% of children with 
HD develop enterocolitis before surgery. Pseudomembranous 
colitis may also occur in these children, even without recent 
exposure to antibiotics, and it can lead to perforation of the 
appendix and proximal colon in 5% of cases. 18 Because pseu¬ 
domembranous colitis is treatable, it may be useful to obtain 
stool cultures in children with HD and “typical” colitis. 

Older children with undiagnosed HD usually have an abnor¬ 
mal neonatal stooling history and unremitting constipation. 19,20 
On occasion, the diagnosis is delayed until the second and third 
decades of life, leading to chronic constipation, chronic laxative 
abuse, and colonic distention, which predispose the colon to 
volvulus. 

The clinical history and physical examination Åndings 
usually are specific. In contrast to children with psychogenic 
constipation, whose symptoms begin at the time of toilet train- 
ing, children with HD have an abnormal stooling history as 
neonates and rarely have fecal soiling. On physical examination, 
the rectal ampulla is fiill in children with psychogenic constipa¬ 
tion and empty in those with HD. 

Distention of the rectum fails to produce normal reflex 
relaxation of the internal sphincter in children with HD. 
Rectal manometry may be performed if the diagnosis remains 
uncertain, particularly in children with a normal barium 
enema result who do not respond to medical therapy for 
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constipation. 21 Rectal manometry may give equivocal or incor- 
rect results in approximately 18% of those younger than 1 
month and in 10% older than this. 21 

Suction biopsy of the rectal mucosa excludes the diagnosis 
of HD by histologic demonstration of ganglion cells. Full- 
thickness biopsy of the rectum is reserved for problem situa¬ 
tions, such as when the radiologic pattern is atypical or when 
the mucosal biopsy is inconclusive. 22 

In most children, HD is an isolated finding, but there is an 
increased incidence of this disorder among children with 
trisomy 21, Waardenburg’s syndrome, Smith-Lemli-Opitz syn- 
drome, and several other syndromes. In some families, HD 
appears to be genetically transmitted. 23 ' 25 Genetic factors may 
be present in up to 20% of patients, and a dominant inheritance 
pattern has been identified in several families. Multiple genes 
have been implicated in HD, and many mutations have been 
observed with neurodevelopmental genes. 26 

There is an increased incidence of malrotation in children 
with HD. In utero, this malrotation may lead to volvulus and 
ischemia and contribute to the increased incidence of intestinal 
atresia in children with HD. 8 The association of HD with 
intestinal atresia also suggests that the ischemic event that pro- 
duced the atresia might have interfered with the craniocaudal 
migration of neuroblasts. 

THERAPY 

Initial treatment of HD is directed toward decompressing the 
colon to prevent enterocolitis. Although this can be achieved 
with saline solution enemas, a one-stage neonatal repair may be 
done. This consists of a transanal endorectal pull-through 
without or with laparoscopic assistance by intraoperative 
pathologic guidance to define the true transition zone. In chil¬ 
dren with markedly dilated colon or those weighing less than 
2 kg, a colostomy is performed. Definitive or corrective surgery 
is usually delayed several months. All operations (i.e., Swenson, 
Soave, and Duhamel procedures) attempt to restore normal 
function by removing or bypassing the aganglionic segment. 10,12 
Postoperative complications include leakage at the anastomosis, 
continued obstruction, and, rarely, development of secondary 
aganglionosis in a previously normal segment. 

When HD is diagnosed in an older child, a colostomy is 
performed before corrective surgery to enable the enlarged 
colon to normalize in caliber. This makes later surgery easier. 
Children with total colonic aganglionosis undergo ileostomy 
under histologic intraoperative guidance to enable placement 
of the ileostomy in a segment that contains ganglion cells. Later, 
these children undergo total colectomy and ileoanal endorectal 
pull-through. 19 

RADIOLOGIC FINDINGS 

Early diagnosis of HD can be lifesaving. Unfortunately, radio¬ 
logic diagnosis is more difflcult in the neonatal period than in 
later life. Conventional radiographs show changes of distal 
bowel obstruction. Rarely, calcifications may be present in 
bowel lumen. 29 

Contrast enema examination is performed for diagnosis and 
to exclude other causes of distal obstruction, such as meconium 
plug, small left colon syndrome, and ileal atresia. When HD is 
suspected, a small-caliber enema tip may be used to avoid dilat- 
ing the rectum. 


The enema is begun with the infant or child in the left lateral 
decubitus position to improve visualization of the segments 
most likely to be abnormal: the rectum and the rectosigmoid 
(Fig. 118-3). In infants, a funnel- or cone-shaped appearance 
suggests HD (Fig. 118-4). Despite reports that delayed abdomen 
radiographs demonstrating retained barium are valuable in 
confirming the diagnosis, filling of the colon proximal to an 
abnormal configuration is not recommended in case the barium 
becomes impacted. A lateral radiograph of the rectum obtained 
after the enema tip has been removed may be key to appreciat- 
ing the abnormally small rectal vault and demonstrating 
the abnormal rectosigmoid index. 30 31 A crinkled appearance of 
the distal colon, the corrugated rectum, is another finding of 



Figure 118-3 Hirschsprung # s disease. On this lateral view from a 
barium enema study, the rectum is smaller than the sigmoid colon. 
The corrugated appearance of the rectum has also been described in 
Hirschsprung's disease. 



A B C 

Figure 118-4 Hirschsprung's disease. The diagram (lateral view) 


depicts the varied appearance of the transition zone in the rectum in 
Hirschsprung's disease. A. In the very young, the transition zone may 
be cone shaped, with the caliber imperceptibly decreasing as it goes 
from the sigmoid colon to the rectum. B and C. A discrete change in 
caliber is more typical, with the radiologic transition zone more clearly 
defined in C. 
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Figure 118-5 Total colonic Hirschsprung # s disease. Frontal (A) and lateral (B) views from a barium enema study show that the rectum is larger 
than the more proximal colon. Intense spasm from colitis prevents colonic distention. Spiculation and mucosal ulcerations are present 
throughout, except in the rectum. 


aganglionosis and may become more apparent after the catheter 
tip is removed. 

In the neonate with total colonic aganglionosis, the colon 
may fill easily with rapid reflux into the small bowel, with a 
transition zone demonstrated between normal and dilated 
bowel in the ileum and with loss of the normal colonic redun- 
dancy. The abnormal colon may instead appear normal, have a 
meconium plug, or be a microcolon. 32,33 

HD-induced colitis produces a spastic, difficult to distend 
colon with a spiculated or saw-toothed mucosa (Fig. 118-5). 
Active colitis produces rapid expulsion of barium, which 
accounts for false-negative, delayed postevacuation radiographs 
in children with HD. 

In the older child with a history of constipation, the contrast 
enema is performed in an unprepared colon because decom- 
pression of the dilated colon and dilation of the rectum may 
decrease the abrupt changes that produce the classic transition 
zone. Transition zone is the term applied to the region in which 
there is a perceptible change in caliber, with the dilated normal 
colon above and the narrowed aganglionic colon below. The 
dilated segment may contain aganglionic bowel because the 
innervated enlarged colon pushes its contents distally and 
dilates the abnormal segment. 34,35 Pathologic confirmation of 
the true transition zone is always obtained before palliative or 
corrective surgery is performed. 

When barium enema examination shows a dilated rectum 
and sigmoid colon, classic HD has been excluded; the colon 
above is filled to see the extent of colonic distention and to 
evaluate bowel rotation. Parents should be instructed in ways 
to enhance the passage of barium afterward. When the child 
undergoes a bypass procedure as the initial surgical therapy, the 
distal segment is usually studied with contrast enema before 
gastrointestinal continuity is reestablished. It may appear poorly 
distensible and rigid with mucosal thickening, nodularity, and 


polypoid lymphoid hyperplasia. Redundancy, if present, is a 
result of prior dilation of the ganglionic portion of this segment. 

After definitive corrective surgery, there is no routine time 
or indication for radiologic study. If the child is septic in the 
immediate postoperative period, gentie instillation of water- 
soluble contrast material into the rectum through a small 
catheter can demonstrate an anastomotic leak. Alternatively, 
contrast-enhanced computed tomography (CT) of the pelvis 
may demonstrate the suspected collection or abscess and better 
define its extent and secondary complications. 

Inflammatory Bowel Disease 

The pathology, epidemiology, and radiographic findings in 
ulcerative and Crohns colitis are discussed in Chapter 57. This 
short discussion focuses on a few aspects of ulcerative colitis in 
the child. Pediatric Crohns disease is presented in Chapter 116. 

Ulcerative colitis is rare during the first and uncommon in 
the second decade of life. The symptoms of diarrhea with biood 
or mucus, abdominal pain, and fever suggest a juvenile polyp, 
MeckeFs diverticulum, or infectious or allergic colitis. Anemia 
and weight loss may also develop. 

The radiographic findings in children with ulcerative colitis 
are identical to those in adults. Toxic megacolon, however, 
occurs much less commonly in children. 

Other Colitides and Causes 
of Diarrhea 

Persistent bloody or watery diarrhea is unusual in children and 
is a cause for concern because it may lead to electrolyte abnor- 
malities, protein and weight loss, and irritation of the buttocks. 
Viral, bacterial, or parasitic processes are frequently the source 
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of the problem. 41 ' 43 In up to 28% of children, the cause of the 
diarrhea may elude diagnosis despite numerous diagnostic tests. 
Celiac disease, usually considered to be a small bowel disorder, 
may be the most common noninfectious cause of diarrhea. 
Diagnosis is based on response to a gluten-free diet and results 
of a small bowel biopsy. 44 

Milk allergy and lactose intolerance can cause diarrhea in 
children. 45,46 The inability to digest lactose can cause diarrhea 
in the first year of life. Removal of the offending disaccharide 
results in remission of symptoms. The proteins in cow’s milk 
and soy-based milk can damage the gastrointestinal mucosa in 
some children with allergy to these foods. Rectal biopsy may 
show diagnostic histologic changes. Barium enema examina- 
tion may show nonspecific changes of colitis: narrowing, 
thumbprinting, and spasm. Although these changes usually 
involve the entire colon, segmental changes have been described. 
The small bowel may also be affected, producing thickening of 
the valvulae conniventes or narrowing of involved segments. 

A rare cause of diarrhea in children is collagenous colitis. 47 ' 49 
This colitis is associated with watery diarrhea and colicky pain. 
Microscopic analysis of biopsy specimens of mucosa is neces- 
sary for diagnosis. Widening of the collagen band of the base¬ 
ment membrane, few inflammatory cells, and edema of the 
lamina propria are observed. Symptoms usually respond to cor- 
ticosteroids or sulfasalazine but may recur after the medications 
have been withdrawn. 

Tumor is a rare cause of watery diarrhea. A few ganglioneu- 
roblastomas and ganglioneuromas secrete vasoactive intestinal 
polypeptide, which, as its name suggests, produces increased 
intestinal motility. 50 This disorder is often unsuspected, but the 
diagnosis is made when the conventional radiograph preceding 
barium enema reveals paravertebral mass or calcifications. 
Plasma levels of vasoactive intestinal polypeptide can be mea- 
sured to confirm the diagnosis, and CT or sonography may be 
useful in delineating tumor size and tissue of origin. Removal 
of the tumor is followed by cessation of the diarrhea. 

Kawasaki’s disease may cause a variety of physical and physi- 
ologic changes: abdominal pain, serum abnormalities indicative 
of liver disease, frank organ necrosis, and atypical colitis simu- 
lating ischemic colitis. 51 

Hemolytic Uremic Syndrome 

CLINICAL FINDINGS 

Hemolytic uremic syndrome (HUS) is a pathologic entity with 
two different groups of affected patients. 1 In some, an infec- 
tion with a specific Escherichia coli is associated with the devel- 
opment of HUS. In others, especially those with relapses of the 
disease, there may be a genetic component. Both groups suffer 
an acute microangiopathic hemolytic anemia, oliguric renal 
failure, and thrombocytopenia. 5 HUS usually occurs in tod- 
dlers and children between 2 and 10 years old, who present 
with an influenza-like illness, gastroenteritis, and bloody diar¬ 
rhea that precede the more striking renal and hematologic 
manifestations by several days or weeks. The gastrointestinal 
manifestations of the prodromal period are protean, requiring 
differentiation from ulcerative colitis, pseudomembranous 
colitis, granulomatous colitis, shigellosis, salmonellosis, intus- 
susception, and causes of an acute surgical abdomen. Diag¬ 
nosis is often delayed until anemia, thrombocytopenia, or renal 
failure appears. Urinalysis provides vital information because 


most patients have proteinuria, hemoglobinuria, or hematuria 
(microscopic or gross) early in the course of the disease. Those 
who present without diarrhea have a worse prognosis for renal 
disease than those who have diarrhea at presentation. 5 The 
peripheral biood smear is also suggestive when schistocytes and 
burr cells are present. Patients may experience central nervous 
system symptoms, sometimes associated with abnormal fmd- 
ings on CT and magnetic resonance (MR) examinations. 58 

The vigo rous fluid therapy given to children with active peri- 
toneal signs typical of HUS may result in overhydration and 
cause peripheral and pulmonary edema when acute renal failure 
develops. Prompt diagnosis may avert an unwarranted lapa- 
rotomy and contribute to the proper management of fluid 
needs. Dialysis is necessary until renal function resumes. 

Most patients recover without sequelae. Death, more fre- 
quent in children with anuria, is attributable to the manner in 
which the thrombotic process affects organs other than the 
kidneys. 

RADIOLOGIC FINDINGS 

Conventional radiographs often have abnormal Åndings but 
are nondiagnostic. A disordered bowel gas pattern and thick¬ 
ening or thumbprinting of affected bowel loops may be 
observed. 59 

The colon may demonstrate spasm, thumbprinting, ulcer- 
ation, straightening, and narrowing of edematous segments 
(Fig. 118-6) on barium enema examination. Later, strictures 
may form. 

Sonography is useful in excluding causes of a surgical 
abdomen and in showing changes that suggest the diagnosis: 



Figure 118-6 Hemolytic uremic syndrome. Spasm and ulceration 
are present in the descending colon, and mild thumbprinting deforms 
the transverse colon on this barium enema study. 
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peritoneal fluid, bowel wall thickening, and increased echo- 
genicity of the renal parenchyma. 60 During periods of oliguria 
or anuria, there are profound abnormalities of systolic and dia- 
stolic biood flow on Doppler studies. A return of normal biood 
flow heralds impending diuresis, useful information in children 
undergoing dialysis. 60 

Appendicitis 

CLINICAL FINDINGS 

The most common indication for emergency laparotomy in 
children is an inflamed or ruptured appendix. The diagnosis is 
based on symptoms (e.g., abdominal pain, vomiting, low-grade 
fever), signs (e.g., pain on palpation of the right lower quadrant, 
rebound tenderness), and laboratory data (e.g., low-grade leu- 
kocytosis, absence of urinary tract infection). When the presen- 
tation is classic, surgery is usually performed without radiologic 
studies. Imaging is performed in those whose atypical presenta- 
tion suggests the possibility of other, even nonsurgical, diagno¬ 
ses. Sonography has demonstrated that alternative diagnoses 
may be established in up to 25% of the patients with suspected 
appendicitis. 61 

Infectious enteritis, Crohns disease, mesenteric lymphadeni- 
tis, intussusception, acute pyelonephritis, omental infarction, 
and Meckel’s diverticulitis are other possibilities that can be 
suggested with sonography or CT in the setting of suspected 
appendicitis. In teenage giris, gynecologic conditions, including 
pelvic inflammatory disease, ovarian cyst, hematometrocolpos, 
ovarian torsion, and pregnancy, may be diagnosed. 61 

Rupture or perforation occurs more commonly in children 
than in adults. 62 In pediatric patients who have had preopera- 
tive imaging studies, the perforation rate at surgery is as high 
as 50%. 66 After rupture, the abdominal symptoms may tempo- 
rarily diminish, which obscures the diagnosis. 

If rupture has occurred, the inflammation of the local soft 
tissues (e.g., bowel, omentum) is called a phlegmon. Phlegmon 
or periappendiceal abscess is reported in as many as 37% of 
children with acute appendicitis and is more common in those 
whose symptoms are of longer duration. 64 Phlegmon or periap¬ 
pendiceal abscess may be palpated as a right lower quadrant 
mass. A complete discussion of the diagnosis, treatment, and 
prognosis of appendiceal abscess is presented in Chapter 56. 

RADIOLOGIC FINDINGS 

The radiologic Åndings in children with appendicitis are identi- 
cal to those in adults and are discussed in Chapter 56. Certain 
features of pediatric appendicitis should be considered. Appen- 
dicoliths are more common in children than in adults with 
appendicitis and, when present, are more likely to be associated 
with appendiceal rupture (Figs. 118-7 and 118-8). 

The choice of imaging modality (and even whether to image) 
can be confusing. In some series, the use of preoperative imaging 
has increased the number of alternative, nonsurgical diagnoses 
and decreased the number of negative appendectomies, but 
others have opposite results and see a negative value in waiting 
for the study to be done. When cross-sectional imaging is indi- 
cated, sonography (Fig. 118-9) and CT (Figs. 118-10 and 118- 
11) have a specificity and sensitivity of more than 90%. 61 ' 68 A 
normal appendix may be identified on sonography in up to 
81% of children who do not have appendicitis (Fig. 118-12). 69 



Figure 118-7 Appendicolith. A large, calcified appendicolith is 
seen below the right sacroiliac joint ( arrow ). 



Figure 118-8 Appendiceal abscess. The terminal ileum is 
extrinsically compressed by and displaced around an appendiceal 
abscess on this small bowel series. 


In thin children, ultrasound is a reasonable first-line choice. 
In heavier children or when ultrasound is not readily avail- 
able, CT has been equally successful in diagnosing or excluding 
appendicitis or detecting alternative disease processes. MR 
imaging may be useful in the diagnosis of appendicitis when 
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Figure 118-9 Sonography of appendicitis. A. A dilated, incompressible appendix lies beneath the abdominal musculature on this longitudinal 
scan. B. Transverse scan of the right lower quadrant in a different child shows a widened appendix ( arrows ), suggesting appendicitis. The 
echogenic focus in the center causing distal shadowing is an appendicolith. 



Figure 118-10 Appendicitis: abdomen radiograph and CT. A. Abdomen radiograph demonstrates a mild left lumbar scoliosis due to right 
psoas spasm. Several air-fluid levels are present in the lower quadrant bowel loops, a sign of focal ileus. B. CT demonstrates an appendicolith 
( arrows ) in the dilated appendix. 


ultrasonography is equivocal. 70 Controversy about how the 
CT study should be done (i.e., full abdomen and pelvis or 
focused to the abdomen and pelvis below the lower pole of 
the right kidney) and what is the proper preparation (i.e., 
rectal, oral, intravenous, or some combination of these) indi- 
cates that many techniques produce excellent diagnostic 
results. 71 ’ 72 

An acutely ruptured appendix may be challenging to diag¬ 
nose with sonography for a number of reasons. The decom- 
pressed appendix may have a diameter of less than 6 mm, an 
appendix may not be identified because of overlying bowel gas, 
and only questionable appendiceal remnants may be present 
after the inflammatory response develops in the surrounding 
tissues. Sonography and CT are helpful in differentiating 


Yersinia enterocolitis (frequently associated with right lower 
quadrant pain) from appendicitis (Fig. 118-13). In addition to 
imaging of appendicitis, radiologists can percutaneously drain 
the appendiceal abscesses. 73 

Typhlitis 

Typhlitis, also known as neutropenic colitis because it may 
affect any segment of the colon, is acute inflammation of the 
cecum that occurs in immunosuppressed patients. It was origi¬ 
nally described in children with immunosuppression due to 
treatment of acute myelogenous leukemia. 74 Typhlitis is seen in 
children and affects adults with many forms of immunosup¬ 
pression; chemotherapy for treatment of malignant disease, 
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Figure 118-11 CT of appendiceal abscess. A. Moderate 
dilation of the right pelvicalyceal system and proximal ureter 
due to the mass effect of the right lower quadrant process is 
demonstrated on this retrograde pyelogram. B. CT reveals a 
complex mass ( arrows ), which compresses the right ureter. 




Figure 118-12 Normal appendix. The blunt distal tip of the 

nontender, compressible appendix is superior to its proximal portion 
on this longitudinal scan. 


organ and bone marrow transplantation, and AIDS are other 
significant risk factors. 74 78 

CLINICAL FINDINGS 

Children with typhlitis present with right lower quadrant pain, 
neutropenia, fever, and peritoneal signs; they occasionally 


present with an inflammatory mass and uncommonly with 
lower gastrointestinal hemorrhage. Perforation of the cecum 
may occur but is not necessarily lethal when it is treated imme- 
diately. Granulocyte transfusions, antibiotics, and surgical 
resection of affected bowel may stop the progress of the inflam¬ 
mation. ’ 78 Diagnostic delay may lead to perforation, sepsis, 
and death. 

The differential diagnosis of typhlitis includes appendicitis 
clinically and pneumatosis intestinalis radiologically. A study of 
more than 450 children treated for hematologic malignant 
disease found that appendicitis and typhlitis occurred with 
almost equal frequency and demonstrated that CT studies were 
key in differentiating these diagnoses. 79 

RADIOLOGIC FINDINGS 

Conventional radiographs of patients with typhlitis may show 
an abnormal amount of bowel gas or a soft tissue mass in the 
right lower quadrant, ascites, or pneumatosis intestinalis. The 
pneumatosis may have a benign course. Free intraperitoneal air 
is a more ominous sign and indicates the need for surgery 
unless another source of the air is apparent. 

Contrast enema has been reported to show changes in the 
appearance of the inflammatory process in the cecum but may 
lead to perforation. It is not recommended in patients with 
suspected typhlitis. 

Angiography, rarely used for diagnosis, may demonstrate 
hyperemic changes of the mucosa, staining at sites of ulceration, 
and arteriovenous shunting. 75 Embolotherapy may be per- 
formed if bleeding is massive. 

Sonography shows mural thickening of the cecum, ascend- 
ing colon, and ileum. 80,81 Color Doppler demonstrates increased 
transmural biood flow, in contrast to other processes, which 
may primarily affect the mucosa or instead be associated with 
diminished biood flow and ischemic change. Sonography is also 
useful in identifying abscesses and in excluding appendiceal 
inflammation. The success of CT in differentiating typhlitis 
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Figure 118-13 Yersinia enterocolitis. A. Several enlarged lymph nodes ( cursors ) are seen on this sagittal sonogram of a child whose appendix 
appeared normal. B. The enlarged lymph nodes produce an inhomogeneous mass in the right iliac fossa. The wall of the cecum ( arrows ) is 
thickened on the CT scan. 


from other processes in this fragile population has fostered its 
increased use for this purpose. 82 83 

Intussusception 

Intussusception occurs when a proximal segment of bowel 
passes into the lumen of a more distal segment, and through 
peristalsis, it is propelled distally. The proximal segment is 
referred to as the intussusceptum, and the distal segment is 
called the intussuscipiens. Intussusceptions are named by the 
segments involved. The most common form (70%-90%) is ileo- 
colic, in which the ileum is prolapsed into the colon for a vari¬ 
able distance. Less common types of intussusceptions are 
ileoileocolic, ileoileal, and jejunoileal. 

Despite a seasonal variation in the incidence, which suggests 
a predisposing viral agent, most children with intussusception 
have no prodrome or discernible cause. Only 3% to 10% of 
children have an intrinsic bowel abnormality that serves as the 
lead point for the intussusception: duplication, hemangioma, 
polyp, Meckel’s diverticulum, or lymphoma. Intussuscep¬ 
tion is a known but rare complication of surgery. 87 Most intus¬ 
susceptions occur in children between 3 months and 3 years 
old, with a 2:1 male predominance. Almost one third of chil¬ 
dren who develop an intussusception outside this age range 
have a pathologic lead point. 84 86 Nevertheless, radiologic reduc- 
tion of the intussusception should be attempted in older chil¬ 
dren because most do not have a lead point and can therefore 
avoid surgery. 

CLINICAL FINDINGS 

Children with intussusception present with colicky abdominal 
pain. The stools may test positive for occult biood or have the 
classic but infrequent currant jelly appearance. Vomiting, diar- 
rhea, and other gastrointestinal symptoms occur in more than 
90% of cases. An abdominal mass may be palpated in slightly 
more than half of the affected children. A few children are 
lethargic or dehydrated. In neonates, vomiting is usually the 
most striking clinical finding. Rectal bleeding is also more 
common in the neonate with intussusception than in the older 
child and may suggest necrotizing enterocolitis rather than the 
correct diagnosis. 


THERAPEUTIC CONSIDERATIONS 

Barium enema or air enema may be used to diagnose and to 
treat ileocolic intussusception. The hydrostatic or pneumatic 
pressure of the enema is used to drive the infolded segment of 
bowel in a retrograde direction to its normal position. Surgery 
is required to reduce intussusceptions that do not respond to 
this pressure and to treat children whose clinical status pre- 
cludes radiologic intervention. Children with fever, elevated 
white biood cell count, peritoneal signs, or marked systemic 
toxicity should have immediate surgery because these Åndings 
suggest perforated bowel or gangrenous gut. Spontaneous 
reduction may occur, often as a result of general anesthesia, and 
about 14% of children with documented intussusception may 
have none of these fmdings at surgery. 83,84 

When there is evidence of small bowel obstruction or the 
presence of symptoms for more than 24 hours, the success rate 
for reduction is decreased. 8 89 Whereas the success rate may be 
greater than 75% in children seen acutely, it is half of that rate 
in those who have symptoms for more than 48 hours. Because 
the only alternative to hydrostatic or pneumatic reduction is 
surgery, with its increased morbidity and cost, reduction should 
be attempted in all children who do not have the medical prob¬ 
lems described previously. 

Recurrent intussusception develops in 7% to 10% of the 
children who have had successful reductions. Second and even 
third episodes of intussusception do not necessarily indicate 
that there is a lead point. In a large series, only 10% to 20% of 
children with recurrence had lead points found at surgery. 90 For 
this reason, hydrostatic or air reduction should be attempted 
despite recurrence. 

Children with Henoch-Schonlein purpura, recent abdomi¬ 
nal surgery, or cystic fibrosis have an increased incidence of 
intussusception. Standard reduction methods may work in 
these populations, but they are usually less successful in chil¬ 
dren with Henoch-Schonlein purpura. 91 

RADIOLOGIC FINDINGS 

The diagnosis of intussusception is often suggested on conven- 
tional radiographs when the amount of intestinal gas is subnor- 
mal; bowel loops are displaced from the right hypochondrium; 
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the appendix, if air filled, is in an abnormal location; or the 
intussusceptum can be identified as a soft tissue mass. 9 When 
there is a suspicion of intussusception, the child may go directly 
to a contrast enema with barium, air, or water-soluble agents 
performed for diagnosis and treatment. 

In many institutions, a diagnostic sonogram is performed. 
Sensitivity for diagnosis approaches 100% and specificity is 
more than 90%. 95 Pitfalls of sonographic diagnosis include 
false-positive results produced when the bowel is thickened for 
other reasons, such as lymphoma or Crohn’s disease, and false¬ 
negative results when the amount of bowel gas present pre- 
cludes a complete abdominal examination. Detection of false 
lead points has also been reported. 94 

The therapeutic enema examination is performed only in the 
medically stable child. Surgical consultation should be obtained 
before the study in case reduction is unsuccessful or a complica- 
tion occurs. The lethargic or dehydrated child should be resus- 
citated before the examination is started. A large-bore catheter 
(with or without inflatable balloon) is placed securely in the 
rectum, and the buttocks are firmly taped shut. First the barium 
enema and then the air enema are described. 

The bag of barium or water-soluble contrast agent is sus- 
pended 36 to 39 inches above the fluoroscopy table. Flow of 
contrast material is continued until the colon is filled and there 
is free reflux into the small bowel or until the intussusceptum 
is encountered (Fig. 118-14). The contrast medium bag remains 
open to the patient throughout the study to maintain a constant 
pressure in an attempt to push the gut to its original position. 



Figure 118-14 Intussusception. A persistent filling defect is seen 
on barium enema examination in the ileum in this child who had a 
normal-appearing colon. Because the sonogram that preceded this 
study showed the intussusception, it was necessary to reflux into more 
ileal loops than usual to confirm and treat the problem. 


Manual pressure on the abdomen should be avoided because it 
may increase the risk of perforation. The flow of contrast mate¬ 
rial continues as long as there is retrograde motion of the intus¬ 
susceptum. When there is a standstill, the bag should remain 
open to the patient for another 3 to 5 minutes. If there is no 
movement during this period, the contrast material is drained 
from the colon, and the child is allowed to rest for a few minutes. 
Enema reduction is attempted again, and this sequence is fol- 
lowed up to three times. If incomplete or no reduction has 
occurred, surgery is indicated. Successful reduction with this 
technique occurs in almost 90% of children. Recent literature 
suggests that in some children, delayed repeated attempts at 
intussusception reduction are successful and may avert 
surgery. 90 Analgesia and sedation may be given if the first 
reduction attempt is unsuccessful. 100 This tends to make the 
child more comfortable and may aid in spontaneous reduction. 
Children with suspected intussusception are not routinely 
sedated before beginning of a contrast enema because the medi- 
cation may obscure the nature of the abdominal process in 
children who do not have an intussusception. Glucagon, an 
effective smooth muscle relaxant, has not proved helpful in 
intussusception reduction in children. 101 

Barium dissecting between the intussusceptum and the 
intussuscipiens has been reported as a sign of nonreduction and 
is associated with an increased incidence of necrotic bowel (Fig. 
118-15). However, reduction is possible in as many as 40% of 
these children, and a nonvigorous attempt, perhaps with water- 
soluble contrast medium, may avoid surgery. 

Reduction exists only when there is free reflux of contrast 
material into small bowel loops. They should be carefully 



Figure 118-15 Dissection sign of intussusception on barium 
enema study. Contrast medium is seen along the sides of the 
intussusception, which has a coil-spring appearance. When this sign 
is observed, the likelihood of successful reduction is diminished, 
although reduction is still possible. 
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Figure 118-16 Sonography of intussusception. A. The target ( arrows ) appearance of intussusception is demonstrated on this longitudinal 
sonogram. The hypoechoic structures anteriorly are dilated bowel loops. B. Transverse scan of a different patient shows the parallel echogenic 
mucosa ( arrows ) of the intussuscipiens and intussusceptum. 


evaluated by fluoroscopy and on filled and postevacuation 
radiographs in an attempt to find a lead point. 

After reduction, the ileocecal valve may be edematous and 
may simulate a persistent intussusception or lead point. 102 In 
older children, a delayed abdominal radiograph is helpful in 
identifying a residual cecal mass that may represent lymphoma 
or another lead point. 

Perforation can occur during the reduction procedure at the 
site of the intussusception, the distal colon, or the rectum if the 
balloon is overinflated. 103,104 Perforation is rare, occurring in less 
than 1% of reductions. 

Water-soluble contrast medium or air should be used when 
there is concern about the viability of the underlying bowel, if 
symptoms have been present for more than 48 hours, and in 
neonates and infants. Water-soluble contrast medium exerts 
less hydrostatic pressure than barium, allowing the enema bag 
to be raised slightly higher than the standard 3 feet. 105 

Intussusception reduction by enema with room air is widely 
used. 106110 This technique has an impressive success rate, few 
complications, and many advantages. No foreign agent is 
introduced if there is perforation into the peritoneal cavity, 
and reduction attempts are less messy. Original reports indi- 
cated that radiation exposure was reduced because fluoroscopy 
time was often shorter and lower fluoroscopic techniques can 
be used, but a later article confirmed that fluoroscopy times 
were widely varied and depended on the radiologist and the 
ease of reduction. 107 For the novice, it may be difficult to 
determine when reduction has occurred because air may pass 
into and distend the small bowel before complete reduction 
has occurred. 109,110 

Air reduction has many of the same requirements as hydro¬ 
static reduction: placement of a rectal tube, a good seal of the 
rectum, and fluoroscopy. Air can be delivered by intermittent 
manual insufflation or through a continuous delivery system. 
Pressure is controlled by manometry so that the desired pres- 
sures are reached but not exceeded. Low pressure (60 mm Hg) 
and a low flow rate (1 L/min) may aid visualization of the intus¬ 
susceptum at the beginning of the study, but pressures between 
80 and 120 mm Hg are used routinely during most of the 
study. 106 Tension pneumoperitoneum secondary to perforation 
during air reduction may be life-threatening. 104 An 18-gauge 


needle is standard equipment to immediately perform a 
paracentesis. 

The sonographic Åndings of intussusception are well 
described. 94-97 110-114 The mass of infolded bowel and the layering 
of the bowel walls produce a target or doughnut appearance 
on transverse scans (Fig. 118-16A) and a pseudokidney or sand¬ 
wich sign on longitudinal scans (Fig. 118-16B). Sonography 
may be diagnostic and therapeutic. At some institutions, Ringer, 
Hartmann, or saline solution enemas or air enemas are used to 
reduce the intussusception under sonographic guidance. 115118 
The CT appearance of intussusception has been described in 
adults (see Chapter 62) and children. 119 CT is not a useful 
screening technique because of radiation dose considerations 
and expense. CT or sonography may be of use in the child with 
no visible intussusceptum on enema but a competent ileocecal 
valve. In this setting, it is important to differentiate the child 
with a reduced intussusception from the child with residual 
ileoileal or other intussusception variant. 

Volvulus of the Colon 

CLINICAL FINDINGS 

Volvulus of the colon is rare in children and occurs most com- 
monly in the setting of malrotation and other anomalies of 
mesenteric attachment; constipation associated with mental 
retardation, HD, or cystic fibrosis; or aerophagia. 120-123 Cecal 
volvulus may include twisting of the adj acent small bowel; it 
has been reported in children who have achieved continence by 
cecostomy button or tube and antegrade enema. 124 

The very young are spared, and the presentation of child- 
hood volvulus is usually between 7 and 10 years. Colonic 
volvulus generally and sigmoid volvulus specifically occur four 
to five times more frequently in boys than in giris. At presen¬ 
tation, the child has abdominal pain and, less frequently, 
vomiting accompanying the physical Åndings of abdominal 
distention and tenderness. This presentation may simulate 
intussusception, although this diagnosis would be unlikely in 
an older child. 

Treatment consists of a diagnostic enema and proctoscopy 
or colonoscopy with or without insertion of a large-bore 
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Figure 118-17 Sigmoid volvulus. Twisting of the colon produces 
narrowing just above the rectum. The segment above the volvulus is 
dilated and full of feces. 


catheter for decompression. Operative treatment is needed if 
decompression is not achieved or if the volvulus recurs, which 
it does in one third of cases. If there are signs of peritonitis, 
surgery is indicated because gangrenous bowel can result from 
vascular compromise of the involved gut. 

RADIOLOGIC FINDINGS 

In patients with volvulus, conventional radiographs may be 
interpreted as normal, show nonspecific changes of colonic or 
small bowel obstruction, or less commonly demonstrate the 
bean-shaped, abnormally twisted loop. The value of the north- 
ern exposure sign (i.e., the dilated, volvulated sigmoid colon 
projects above the transverse colon) has not been determined 
in children. 125 Cecal volvulus may be manifested as an air-filled 
structure in the left midabdomen or left upper quadrant. Con¬ 
ventional radiographs are most useful for excluding other 
causes of abdominal pain and free air. 

The contrast enema study characteristically demonstrates 
the narrowing, twisting, or bird-beak deformity of the volvulus 
(Fig. 118-17). The pressure of the enema may untwist the 
affected segment. Further discussion of volvulus can be found 
in Chapter 62. 


Juvenile Polyps 

CLINICAL FINDINGS 

Juvenile polyps are benign, “inflammatory” polyps that are not 
hereditary or associated with inflammatory bowel disease. They 
are slightly more common in males than in females. 126 129 These 



Figure 118-18 Juvenile polyps. Double-contrast barium enema 
examination demonstrates three polyps, two on stalks in the region of 
the splenic flexure ( arrows ) and the third en face ( arrowheads ) in the 
transverse colon. 


polyps are rare in the neonate and are manifested in the middle 
and latter part of the first decade of life with biood in the 
stools. The bleeding is not accompanied by diarrhea or extra- 
gastrointestinal symptoms to suggest infectious or inflamma¬ 
tory bowel disease. Inspection of the anus can exclude fissure or 
tear as a cause of biood. On occasion, the polyp may be mani¬ 
fested as a prolapsing rectal mass. These polyps should be dif- 
ferentiated from those seen in juvenile polyposis, an autosomal 
dominant form of polyposis with few distinguishing extraco- 
lonic manifestations, and from polyps that occur in syndromes 
such as Peutz-Jeghers syndrome and familial adenomatous 
polyposis. 129 132 Because up to one third of these polyps are 
proximal to the splenic flexure, colonoscopy is recommended. 
Treatment consists of polypectomy at the time of colonoscopy. 

RADIOLOGIC FINDINGS 

Juvenile polyps are best demonstrated on double-contrast 
barium enema studies. Although most juvenile polyps are left 
sided, the entire colon must be carefully assessed. Demonstra¬ 
tion of one polyp should not detract from the search for an 
additional one because approximately 20% to 30% of children 
have more than one juvenile polyp. Most polyps appear smooth 
and pedunculated (Fig. 118-18). The radiologic criteria for dif- 
ferentiating benign from malignant polyps in adults are of little 
value in children because virtually all juvenile polyps are benign, 
regardless of their appearance. 
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Imaging of polyps by sonography with compression of the 
colon and CT colonography are emerging areas of interest. 133 ' 135 
However, colonoscopy is the first line of evaluation in most 
settings. 

Colon Carcinoma 

Primary colon cancer is rare in children, and on pathologic 
examination, these cancers are more often mucinous or colloid 
variants. 136 ' 142 Most occur in the rectum and sigmoid colon. 
These cancers may arise spontaneously or may result from 
ulcerative colitis or familial adenomatous polyposis. 

CLINICAL FINDINGS 

A mass is palpable in about 10% of patients. The symptoms of 
colon cancer (e.g., vomiting, pain, constipation, bleeding) 
warrant early and complete evaluation, although the rarity of 
this neoplasm in children tends to delay a thorough diagnostic 
work-up. Consequently, the disease is often advanced at the 
time of diagnosis. Patients do poorly despite surgery and 
chemotherapy. 

The differential diagnosis of colon cancer is limited. Non- 
neoplastic lesions such as intussusception, appendicitis, gastro- 
enteritis, and parasitic infestations should be considered and 
excluded with appropriate tests. Obstruction, mass, and rectal 
bleeding can also be the presenting signs of a number of other 
neoplasms, including hemangioma, lymphoma, leiomyomas, 
and other spindle cell tumors. 141 

RADIOLOGIC FINDINGS 

Single- and double-contrast barium enema characteristics 
of colon cancer in children are identical to those found 


in adults (see Chapter 59). Mucosal irregularity or nar- 
rowing of the caliber of the colon with a typical apple- 
core deformity may be present. As in adults, sonography 
or CT is useful in looking for local, metastatic, or recur- 
rent disease. 

Fibrosing Colonopathy 

CLINICAL FINDINGS 

Fibrosing colonopathy (FC) has been recognized in children 
and adults with cystic fibrosis. 143-148 It is a complication of 
enzyme replacement therapy, and it is usually seen in children 
in the first decade of life. It is unclear whether FC is related 
to high-dose preparations or to the total dose of enzyme 
that has been received. FC results in luminal narrowing of 
the colon and is distinet from Crohns disease. Although 
patients with FC have diarrhea and abdominal pain, FC may 
not be immediately diagnosed because enzyme-refractory 
diarrhea and abdominal pain are fairly common in children 
with cystic fibrosis. In patients with FC and obstruction, 
distal intestinal obstruction syndrome or intussusception may 
be simulated. A contrast enema can differentiate these 
complications. 

Treatment consists of decreasing the enzyme dose and 
amount of fat in the diet. Severe obstruction is common and 
may require surgery. 149 

RADIOLOGIC FINDINGS 

Barium enema examination reveals colonic stricture of varying 
severity extending distally from the cecum. 14 " The rectum is 
usually spared. The colon is foreshortened, and the haustra are 
obliterated in the affeeted segments. 150,151 
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Imaging Modalities 

Ultrasound is typically the first imaging modality used in the 
evaluation of children with suspected biliary disease because it 
is noninvasive and relatively inexpensive and does not involve 
contrast agents, sedation, or radiation exposure. Ultrasound is 
particularly useful in differentiating obstructive from nonob- 
structive causes of jaundice. 1 In general, the only preparation 
needed for an ultrasound study in the work-up of suspected 
biliary disease is for the child to have nothing by mouth for as 
close to 4 to 6 hours as possible to ensure optimal distention of 
the biliary system. 

Computed tomography (CT) and magnetic resonance 
imaging (MRI) can also be useful in the evaluation of the biliary 
system in children, but CT exposes the child to radiation and 
both imaging modalities may require sedation. Specific proto- 
cols for evaluating the biliary system have been developed for 
CT and MRI. CT cholangiography, performed after the intra- 
venous administration of a contrast agent that is exereted by 
the liver into the biliary system (meglumine iodoxamic acid), is 
not typically used in the pediatric population/ Magnetic reso¬ 
nance cholangiopancreatography (MRCP) is a noninvasive 
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means of evaluating the biliary system, the surrounding liver 
parenchyma, and other abdominal viscera that can usually be 
performed without administration of a contrast agent and does 
not expose the child to radiation. 2 MRCP is limited in neonates 
and infants, however, as biliary duets less than 1 mm in diam¬ 
eter are difficult to visualize on MRCP. 3 In preparation for 
MRCP, it is essential that the child be given nothing by mouth 
for as close to 4 to 6 hours as possible so that the biliary system 
is optimally distended and the stomach is empty. 3 During 
acquisition of the images for MRCP, breath-hold techniques can 
be used in children who are able to cooperate, and non-breath- 
hold techniques with respiratory gating can be used in children 
who are not able to cooperate. 3,4 

Percutaneous transhepatic cholangiography, percutaneous 
cholecystocholangiography, intr aoperative cholangiography, 
and endoscopic retrograde cholangiopancreatography (ERCP) 
are also used in evaluation of the pediatric biliary system, but 
they are invasive examinations, expose the child to radiation 
and sedation, and can be technically challenging. ERCP, for 
example, has a complication rate in pediatric patients of one in 
three (33%), which is higher than the complication rate for 
adults. 5 

Nuclear medicine hepatobiliary scintigraphy, which is 
performed with either 99m Tc-disofenin ([2,6-diisopro- 
pylacetanilido]-iminodiacetic acid) or 99m Tc-mebrofenin 
(bromo-2,4,6-trimethylacetanilidoiminodiacetic acid), pro- 
vides more physiologic information than anatomic informa¬ 
tion, particularly regarding the patency of the biliary system. 

Normal Gallbladder 

Ultrasound is an ideal imaging modality for evaluating the gall¬ 
bladder in children because it allows real-time evaluation of the 
gallbladder in multiple planes and with the patient in various 
positions. The normal pediatric gallbladder is approximately 
1.3 cm in length in neonates and 3.4 cm in length in infants and 
less than 1 cm in width. 6 The average length of the gallbladder 
in a 16-year-old is 8 cm, with an average width of less than 
3.5 cm. 7 

The normal sonographic appearance of the gallbladder wall 
is well defined, hyperechoic, and less than 3 mm in thickness 
when the child is fasting. 6,7 Duplication of the gallbladder is 
rare 8 and is often asymptomatic, but when it is encountered, it 
may be mistaken for a pathologic process such as choledochal 
malformation, dilated bile duets, or gallbladder diverticulum 
(Fig. 119-1). Other congenital anomalies of the gallbladder 
include ectopia (most commonly retrohepatic, intrahepatic, or 
suprahepatic), septations, and agenesis. 6 The normal pediatric 
gallbladder may have folds or kinks, which can mimic patho¬ 
logic processes such as stones and dilated bile duets. Imaging in 
more than one plane or with the patient in different positions 
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Figure 119-1 Duplication of the gallbladder. A and B. Sonograms in two planes demonstrate two gallbladders (arrows and arrowheads ) in a 
10-year-old child with biliary colic. 




\ ' 




A 
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Figure 119-2 Normal gallbladder with a fold. A. Male infant at 21 days old. The sonographic image demonstrates a fold ( arrow ) that mimics 
a septum traversing the gallbladder lumen. B. Imaging in another plane demonstrates that the gallbladder lumen is not compartmentalized. The 
fold simulates focal thickening of the gallbladder wall (arrow). 


can help differentiate normal folds from abnormal pathologic 
processes (Fig. 119-2). 6 

Gallbladder wall thickening in children, which is defined as 
more than 3 mm in thickness, can be seen in the setting of 
acute or chronic cholecystitis, 6 hypoalbuminemia, ascites, sys- 
temic venous hypertension, 9 and acute hepatitis. 10 Children 
with ascites and hypoalbuminemia can have normal gallbladder 
wall thickness, however. 9 Cholecystitis can occur in children 
without gallbladder wall thickening as well. 9 The gallbladder 
wall may appear falsely thickened if fluid is trapped in the 
mesentery between the gallbladder and liver, creating a halo 
effect, or if fluid is otherwise surrounding the intraperitoneal 
gallbladder. 9 Technical factors, such as the angle of the trans¬ 
ducer, can also affect the appearance of the gallbladder wall. 
If the gallbladder is not optimally distended because of a con- 
traction from a recent meal, the gallbladder wall may appear 
falsely thickened, and repeated imaging after the patient has 
been fasting for 4 to 6 hours is recommended for more accurate 
evaluation. 


Normal Bile Duets 

Bile exereted by hepatocytes of the liver is collected by bile 
canaliculi that merge into the canals of Hering. Bile then flows 
into interlobular bile duets, more peripheral intrahepatic bile 
duets, and then into the left and right hepatic duets. The left 
and right hepatic duets merge into the common hepatic duet, 
which exits the liver and joints the cystic duet (from the gall¬ 
bladder), which then forms the common bile duet. The common 
bile duet then joins the pancreatic duet, forming the ampulla 
of Vater, which delivers the bile to the second portion of the 
duodenum. 

Peripheral intrahepatic duets are not typically visualized on 
ultrasound, CT, or MRI (even MRCP) unless they are dilated. 
The normal left and right hepatic duets may be seen on ultra¬ 
sound, MRI, and CT in older children. The common hepatic 
duet, cystic duet, and common bile duet may be visualized more 
readily, but their small size can make visualization challenging. 
As measured on ultrasound from inner wall to inner wall, the 
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Figure 119-3 Normal findings on MRCP. MRCP was obtained to evaluate the biliary tract in a child with sickle cell disease. A. The coronal, 
thick-slab, T2-weighted image demonstrates patency of the common bile duet [arrow), the common hepatic duet, and the right and left hepatic 
duets ( arrowheads ). There is loss of signal where the hepatic artery crosses at the confluence of the right and left hepatic duets. Individual source 
images (not shown) demonstrate duet patency. The galIbladder is distended with bile (asterisk). B. Coronal half-Fourier acquisition single-shot 
turbo spin-echo (HASTE) image demonstrates the flow void in the main hepatic artery (white arrow) and right branch of the hepatic artery 
( arrowhead ). The black arrow marks the origin of the common hepatic duet. 


diameter of the common bile duet should be less than 1.6 mm 
in children younger than 1 year and less than 3.3 mm during 
childhood and early adolescence. 11 The cystic duet is usually 
seen only if it is dilated, and even then, only the distal portion 
of the cystic duet is typically visualized. 6 

On MRCP, the pediatric biliary tree is considered normal if 
the right hepatic, left hepatic, common hepatic, and common 
bile duets are visualized, are of normal caliber, and have conflu- 
ent, uniform branching (Fig. 119-3). 12 ' 14 In neonates, however, 
the extrahepatic biliary duets may be the only duets visible. 

Evaluation of Infants and Children 
with Cholestasis 

NEONATAL JAUNDICE 

Normal transient physiologic jaundice (unconjugated hyper- 
bilirubinemia) can occur in term and preterm infants in the first 
2 weeks of life. 15 The Cholestasis Guideline Committee recom- 
mends evaluation for cholestasis (abnormal accumulation of 
conjugated bilirubin), however, in jaundiced, non-breast-fed 
infants who are more than 2 weeks old. 15 Breast-fed infants may 
have elevated bilirubin during the first 3 weeks of life, but 
hyperbilirubinemia in these babies should be considered abnor¬ 
mal if the urine is dark or the stools are light. 15 Cholestasis is 
diagnosed when the serum conjugated bilirubin concentration 
is more than 1.0 mg/dL if the total serum bilirubin concentra¬ 
tion is less than 5.0 mg/dL or when it is more than 20% of the 
total serum bilirubin concentration if the total serum bilirubin 
concentration is less than 5.0 mg/dL. 

Transient neonatal jaundice can be due to hemolysis, hepatic 
infeetion, sepsis, metabolic diseases, bile plug syndrome, or 
adrenal hemorrhage. Some medications and total parenteral 
nutrition can also cause transient jaundice. Neonatal hepatitis, 
biliary atresia, and choledochal malformation are the most 
common causes of persistent neonatal jaundice, 1 with hepatitis 


and biliary atresia accounting for 70% to 80% of cases. 16 Ala- 
gille’s syndrome and spontaneous bile duet perforation are less 
common causes of persistent neonatal jaundice. 16 Caroli’s 
disease is a congenital abnormality of the intrahepatic bile duets 
that can also cause persistent jaundice, but clinical presentation 
more commonly occurs in childhood or adolescence. 17 

Biliary atresia is the most common cause of persistent neo¬ 
natal jaundice that requires surgical intervention. O ther less 
common surgically amenable causes of persistent neonatal 
jaundice include inspissated bile syndrome, choledochal mal¬ 
formation, and spontaneous perforation of the bile duets. 18 The 
initial imaging study in a child with neonatal jaundice is usually 
an ultrasound examination of the abdomen and pelvis. The 
liver size, vasculature, parenchymal echogenicity and echotex- 
ture, and intrahepatic and extrahepatic biliary duets are evalu- 
ated with gray-scale and Doppler imaging. If a gallbladder is 
present, it is evaluated for size, wall thickness, presence of stones 
or sludge, and pericholecystic fluid. The spleen and panereas 
are also evaluated. Ultrasound of the abdomen and pelvis pro- 
vides good anatomic evaluation for potential sources of cho¬ 
lestasis; hepatocyte funetion and biliary drainage can be 
evaluated with nuclear medicine hepatobiliary scintigraphy, 
preferably performed with 99m Tc-mebrofenin. 

BILIARY ATRESIA 

Background 

Biliary atresia is a progressive, fibrosing, obliterative disease 
that affeets the biliary tree. Biliary atresia typically begins in 
the neonatal period but may begin before birth. 1 Biliary 
atresia results in cholestasis, which then leads to hepatic fibrosis 
and cirrhosis. 20 Children with biliary atresia typically present 
with persistent neonatal jaundice and often also have icterus 
or clay-colored (acholic) stool. 21 Biliary atresia occurs in 1 of 
8000 to 16,700 live births, with a higher incidence in Asian 
populations. 22 ' 24 
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Figure 119-4 Schematic of Ohi used in 
the classification of biliary atresia. A. The 

three main types of biliary atresia (type I is 
considered surgically "correctable"). B. The 
subtypes for biliary atresia of the distal 
biliary duets. C. The subtypes for biliary 
atresia of the proximal biliary duets. 

(From Superina R, Magee JC, Brandt 
ML, et al: The anatomic pattern of biliary 
atresia identified at time of Kasai 
hepatoportoenterostomy and early 
postoperative clearance of jaundice are 
significant predictors of transplant-free 
survival. Ann Surg 254:577-585, 2011.) 


Several classification systems for biliary atresia have been 
developed, generally based on which part of the biliary tree is 
involved and to what degree. 1 The classification system for 
biliary atresia initially proposed and Ohi 25,26 is one of the more 
widely used. In the system developed by Ohi, type I is atresia of 
the common bile duet, with patency of the proximal biliary 
duets (right hepatic, left hepatic, and common hepatic), and it 
is considered to be the surgically “correctable” type of biliary 
atresia. Type II is atresia of the hepatic duet. Type III is involve- 
ment of the extrahepatic biliary tree and intrahepatic duets of 
the porta hepatis. 25 Varying degrees of atresia may occur in the 
distal duets, ranging from hypoplasia to fibrosis, aplasia, or a 
miscellaneous combination of these degrees of atresia (subtypes 
a to d, respectively). Involvement of the proximal duets is 
further divided into subtypes that are assigned lowercase Greek 
letters: alpha (a) is diktion of the proximal duets, beta ((3) is 
hypoplasia of the proximal duets, gamma (y) involves a bile lake 
at the porta hepatis, mu (p) is fibrosis of the proximal duets, 
nu (v) is a fibrous mass at the porta hepatis, and omicron (o) 
is aplasia of the proximal duets (Figs. 119-4 and 119-5). 

Associated Anomalies and Malformations 

Approximately 70% to 85% of infants with biliary atresia will 
not have any other anomalies or malformations, which has been 
referred to as perinatal biliary atresia. 27 ' 29 Typically, these chil- 
dren are born without jaundice, but jaundice develops and 


stools become progressively acholic within the first 2 months of 
life. 

Approximately 10% to 15% of infants with biliary atresia 
have associated laterality malformations, which is known as 
biliary atresia splenic malformation 30 or embryonal biliary 
atresia. Abnormalities associated with biliary atresia include 
situs inversus, symmetric bilobed liver, asplenia or polysplenia, 
intestinal malrotation, interrupted or absent inferior vena cava, 
preduodenal portal vein, aberrant hepatic artery, and cardiac 
anomalies. 30 1 If polysplenia or situs inversus is encountered in 
a jaundiced infant, biliary atresia is almost invariably present. 18 
The association is important because the complex anatomy in 
patients with laterality malformations complicates the surgical 
treatment of biliary atresia. 23 

The remaining 5% to 10% of biliary atresia cases are 
associated with other congenital malformations, including 
intestinal atresia, imperforate anus, kidney anomalies, and 
cardiac anomalies. 28,32,33 

Treatment 

If it is untreated, biliary atresia is fatal, with an average survival 
of 18 months/ 4 In patients with biliary atresia, the goal is to 
achieve adequate biliary drainage with the Kasai procedure 
(also known as the Kasai portoenterostomy, hepatic portoen- 
terostomy, and hepatoportoenterostomy). The Kasai procedure 
involves excision of the obliterated biliary remnant with 
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Figure 119-5 Biliary atresia: cholangiographic features. A. Intraoperative cholangiography is performed by catheterization of the gallbladder 
( asterisk ) and injection of contrast material. This infant has an extremely hypoplastic but patent common bile duet ( arrow ). There is no filling of 
the common hepatic duet or intrahepatic duets. The pancreatic duet ( arrowhead ) is opacified. B. Normal findings on intraoperative 
cholangiography in an infant. The gallbladder ( asterisk) is cannulated. The union of the cystic duet and common hepatic duet forms the common 
bile duet (arrow). The right and left hepatic duets are opacified ( arrowheads ), and intrahepatic duet branching is evident. 


anastomosis of the portal plate to the small bowel with a 
Roux-en-Y hepatojejunostomy. For the biliary atresia to be 
considered surgically correctable, a portion of the proximal 
common hepatic duet must be patent, which can be direetly 
anastomosed to the jejunum after the resection of the fibrotic 
bile duet remnant, ideally preventing the long-term sequelae 
of biliary atresia and the need for liver transplantation. Unfor- 
tunately, the truly correctable type of biliary atresia is uncom- 
mon, accounting for only approximately 10% to 15% of cases. 
Even though the remaining forms of biliary atresia are not 
considered correctable surgically, the Kasai procedure is used 
palliatively until a liver transplant is needed, with a survival 
rate of more than 95%. 18 Adequate biliary drainage after a 
Kasai procedure has been defined as a total bilirubin concen- 
tration of less than 2.0 mg/dL anytime within the first 3 months 
after surgery. 26 

It was initially accepted that the Kasai procedure should 
be performed before an infant diagnosed with biliary atresia 
reaches 2 months of age. 35 Subsequently, however, this was 
not the conclusion of a more comprehensive analysis from 
the Japanese registry, 36 nor was it the conclusion of Davenport, 
who reported a 5-year 45% transplant-free survival in a smaller 
cohort of children who underwent the Kasai procedure at 
more than 100 days of age. 37 A collaborative North American 
study, which prospectively evaluated 530 patients with biliary 
atresia from 2004 to 2010, found that infants younger than 
75 days undergoing the Kasai procedure were no more likely 
than infants older than 75 days to achieve adequate biliary 
drainage (total bilirubin concentration of less than 2.0 mg/dL 
within the first 3 months). 26 In the same study, however, Supe- 
rina and colleagues 26 did show that having the Kasai procedure 
done before 75 days of age was associated with improved 
transplant-free survival, suggesting that efforts to identify and 
to treat infants with biliary atresia as early as possible are 
worthwhile. 

Cholangitis is a serious potential complication of the Kasai 
procedure that can lead to sudden cessation of bile drainage. 
The greatest risk factor for development of cholangitis after a 
Kasai procedure is inadequate biliary drainage. Cholangitis 


should be suspected when the child has fever and acholic stools 
or fever and jaundice with an elevated direct bilirubin level and 
positive C-reactive protein result. 39 Some investigators expand 
the diagnosis of cholangitis to include any unexplained fever in 
a patient who has had a Kasai procedure. Most patients who 
have undergone the Kasai procedure have at least one episode 
of cholangitis, and 90% occur in children younger than 2 
years. 39 Episodes of cholangitis in this population have been 
shown to adversely affeet survival rates. 39 

Imaging 

Ultrasound, nuclear medicine hepatobiliary scintigraphy, CT, 
and MRI are the primary imaging modalities used in the 
work-up for biliary atresia. When necessary, transhepatic chol¬ 
angiography, intraoperative cholangiography, and traditional 
angiography may be used. Preoperative definition of the 
patient s anatomy with Doppler ultrasound, CT, MRI, and angi¬ 
ography is used in technical planning of the surgical procedure. 
Traditional angiography may be necessary to demonstrate the 
location and size of the portal trunk in cases in which it is not 
seen by CT or MRI. 40 

Ultrasound should be the initial imaging modality for infants 
with cholestatic jaundice and suspected biliary atresia. 22 The 
infant is kept fasted for as close to 4 hours as possible before 
the ultrasound examination in an attempt to maximize disten- 
tion of the biliary tree and gallbladder, if one is present. A high- 
frequency linear transducer or microconvex transducer is used 
for optimal visualization of the biliary system. : 

Sonographic findings in children with biliary atresia are vari¬ 
able. The liver parenchyma may be normal in echogenicity and 
echotexture, 4 or there may be absence of identifiable bile duets 
resulting in a homogeneous appearance of the liver parenchyma 
(Fig. 119-6). 1 If the patient presents later in the course of the 
disease, findings of cirrhosis and portal hypertension may be 
present (Fig. 119-7). The common bile duet may not be seen. 
If the liver is not interrogated by color Doppler imaging, the 
hepatic artery can be mistaken for the common bile duet, 
resulting in a false-negative study. False-negative examination 
results can also occur when there is a patent portion of the 
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Figure 119-6 Biliary atresia: sonographic features. A. Longitudinal sonogram of a 22-day-old giri with cholestatic jaundice. The liver has a 
normal, uniform echotexture. The intrahepatic inferior vena cava ( arrowhead), hepatic veins, and portal veins ( arrow ) are seen, but bile duets are 
not identified. B. A small gallbladder (arrow) with an irregular wall is identified. There is no bile duet dilation. Biliary atresia was confirmed with 
nuclear scintigraphy, liver biopsy, and intraoperative cholangiography before treatment with a Kasai procedure. 



Figure 119-7 Biliary atresia: progression to cirrhosis with portal hypertension and ascites. Gray-scale and color Doppler images of the liver 
with a high-frequency linear transducer in a 3-month-old boy with biliary atresia show nodular contour of the liver surface (arrow), ascites 
(asterisk), and an enlarged hepatic artery (arrowhead). This patient was not a candidate for the Kasai procedure because he presented after he 
had ascites and cirrhosis. He received a liver transplant approximately 1 month later. 


common bile duet 21 or if there is cystic dilation of the extrahe- 
patic duet. 18 

When the hepatic artery is correctly identified, its size may 
be helpful in making the diagnosis of biliary atresia. It has been 
shown that the diameter of the right hepatic artery in patients 
with biliary atresia (1.9 ± 0.4 mm) is significantly larger than 
the diameter of the hepatic artery in infants with hepatitis (1.4 
± 0.3 mm) and infants in the control gro up (1.2 ± 0.2 mm). 41 
In the same study, the hepatic artery diameter-to-portal vein 
diameter ratio in the biliary atresia group (0.52 ± 0.12) was 
larger than that in hepatitis (0.40 ± 0.07) and control (0.40 ± 
0.10) groups (P < .001). 41 On the basis of these Åndings, cutoff 
values for diagnosis of biliary atresia were 1.5 mm (sensitivity, 
92%; specificity, 87%; accuracy, 89%) for hepatic artery diam¬ 
eter and 0.45 for hepatic artery diameter-to-portal vein diam¬ 
eter ratio (sensitivity, 76%; specificity, 79%; accuracy, 78%). 41 


Another ultrasound Ånding that can be helpful in the diag¬ 
nosis of biliary atresia is a focal triangular or tubular hyper- 
echoic structure just anterior and slightly superior to the main 
portal vein bifurcation (Fig. 119-8), known as the triangular 
cord sign. This echogenic structure represents the Abrotic 
remnant of the obliterated common bile duet. 4 22 42,43 Flow is 
not seen within the triangular cord on Doppler evaluation. The 
triangular cord may not be obvious in the early stages of the 
disease, or it may be obscured by a large right hepatic artery. 42 
The triangular cord can also be masked by diffuse periportal 
hyperechogenicity due to inAammation or cirrhosis, or it may 
be difAcult to appreciate if the Abrotic cord is small. 20 Short- 
term follow-up ultrasound is warranted if the infant has Ånd¬ 
ings on initial ultrasound that appear normal or that suggest 
neonatal hepatitis but the cholestatic jaundice is not improving 
or is worsening. 44 
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Figure 119-8 Biliary atresia: triangular cord sign on ultrasound. 

The triangular cord sign describes the fibrotic, obliterated common 
bile duet in infants with biliary atresia. It is seen as a focal hyperechoic 
area just cephalad to the main portal vein bifurcation, or it can be 
measured as the echogenic anterior wall of the right portal vein 
(arrows ). The hypoechoic area within this is a branch of the right 
hepatic artery. (Courtesy Myung-Joon Kim, MD, Yonsei University 
College of Medicine, Severance Hospital, Seoul, Korea.) 


A triangular cord larger than 4 mm in a neonate with cho- 
lestatic jaundice has been shown to be 80% sensitive and 98% 
specific and to have positive and negative predictive values of 
94% for the diagnosis of biliary atresia. 45 Round, linear, or 
tubular hypoechoic or cystic lesions within the triangular cord 
have been described that are cleftlike cystic lesions within the 
fibrotic mass histopathologically. 4 These cystic clefts can also 
be seen as triangular areas of inereased signal intensity on 
T2-weighted MRCP images. 4 

The gallbladder is usually small or absent in patients with 
biliary atresia, 4,14,20 ' 22 but visualization of a normal gallbladder 
does not exelude the diagnosis of biliary atresia. 42 Jaundiced, 
preterm infants receiving total parenteral nutrition without 
biliary atresia can also have small gallbladders. 20 The gallbladder 
ghost triad has been described in association with biliary atresia: 
an atretic gallbladder (<1.9 cm long); thinned mueosa or lack 
of a smooth, complete echogenic gallbladder mucosal lining 
with indistinet walls; and a knobby, irregular or lobular gall¬ 
bladder contour (Fig. 119-9). 20 These fmdings are presumed to 
be caused by the atretic State, immaturity, and lack of funetion 
of the gallbladder in infants with biliary atresia. Gallbladder 
wall thickening is not a feature of biliary atresia, but it has been 
described in 25% of jaundiced infants without biliary atresia 
and may be useful in directing the work-up away from the 
diagnosis of biliary atresia. 

When ultrasound is not diagnostic of biliary atresia, the next 
diagnostic test is usually a nuclear medicine hepatobiliary scin- 
tigraphy study. 42 This study is performed with 99m Tc and an 
iminodiacetic acid derivative, preferably mebrofenin, because 
of its higher hepatic exeretion. Ideally, a 3- to 7-day course of 
oral phenobarbital (5 mg/kg/day in two divided doses) 46,47 is 
given to the child in preparation for the examination because it 
is thought that phenobarbital enhances bile exeretion and flow, 



Figure 119-9 Biliary atresia: gallbladder ghost triad on 
ultrasound. The combination of an atretic gallbladder with irregular 
mueosa and wall contour (arrow) has been called the gallbladder 
ghost triad. It is associated with biliary atresia. (Courtesy Myung-Joon 
Kim, MD, Yonsei University College of Medicine, Severance Hospital, 
Seoul, Korea.) 

which can help differentiate biliary atresia from neonatal hepa¬ 
titis. If the infant is approaching the age before which a Kasai 
procedure is ideally performed (60-75 days), the hepatobiliary 
study may be attempted without the phenobarbital preparation 
or with a shorter 2- to 3-day pretreatment with ursodeoxycholic 
acid (20 mg/kg/day in two divided doses, continued until the 
test is finished) 47,48 in an effort to save time and to prevent a 
delay in the diagnosis. 

According to the practice guidelines of the Society of Nuclear 
Medicine, an infant who is having a hepatobiliary scan should 
be kept fasted for at least 2 hours before the intravenous admin¬ 
istration of 1 mCi of 99m Tc-mebrofenin. 47 Anterior images are 
then acquired dynamically, starting at the time of injection and 
continuing for 60 minutes, at 1 minute per frame. 47 Delayed 
images in the anterior and right lateral projections are obtained 
after a diaper change, including 5-minute images at 4 to 6 hours 
and 10-minute images at 24 hours if no radiopharmaceutical 
has been visualized in the small bowel. 

The fmdings on the hepatobiliary scintigraphy study are 
considered normal if the hepatic parenchyma is visualized 
almost immediately after intravenous administration of the 
isotope, followed sequentially by activity in the intrahepatic 
biliary duets, the extrahepatic biliary duets, the gallbladder, 
and the small bowel, ideally within 1 hour after administration 
of the isotope. Neonatal hepatitis is presumed when there 
is delayed hepatocyte clearance of the radiopharmaceutical 
but activity is seen in the small bowel by 24 hours. If the 
radiopharmaceutical is exereted into the bowel by 24 hours, 
the diagnosis of biliary atresia is essentially excludedT 4, 42,49 
When no radiopharmaceutical is seen in the bowel on the 
24-hour delayed images, biliary atresia should be strongly 
considered (Fig. 119-10). However, nonvisualization of the 
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Figure 119-10 Biliary atresia: hepatobiliary nuclear scintigram. A. Anterior images of the abdomen and pelvis filmed at 5 minutes/frame 
demonstrate good uptake of 99m Tc-disofenin by the hepatocytes in the liver (arrow). There is no evidence of activity in the gallbladder, common 
bile duet, or intestines. Renal uptake ( arrowheads ) and exeretion into the urinary biadder are evident. B. Anterior delayed images. After a 2-hour 
delay, there is persistent activity within the liver and continued clearance by the kidneys ( arrowheads) with exereted radiopharmaceutical 
detected within the urinary bladder (asterisk). The 24-hour image also demonstrates some activity in the liver (arrow) but no evidence of biliary 
exeretion into the small intestine. 
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radiopharmaceutical in the bowel at 24 hours is not highly 
specific for biliary atresia because hepatocellular dysfunction 
in infants with neonatal hepatitis can sometimes be pro- 
nounced enough that the radiopharmaceutical is not excreted 
within the first 24 hours. The reported diagnostic accuracy 
of hepatobiliary scintigraphy in the diagnosis of biliary atresia 
is 56% to 81.6%, with a sensitivity of 91.7% to 100% and a 
specificity of 35% to 76.9%. 14,20,42 

For biliary atresia to be excluded, the patency of the common 
hepatic duet and common duet should be demonstrated, 49 
but this is not always achieved with ultrasound and hepato¬ 
biliary scintigraphy. MRCP may eliminate the need in children 
for more invasive imaging, such as percutaneous transhepatic 
or intraoperative cholangiography, biopsy, or exploratory 
surgery, if normal biliary tract anatomy can be demonstrated. 13 
The diagnosis of biliary atresia is made on MRCP when the 
common bile duet or the common hepatic duet is not visual- 
ized. 4 In infants with cholestatic jaundice, Han and colleagues 51 
demonstrated that MRCP had an accuracy of 98%, sensitivity 
of 100%, and specificity of 96% for the diagnosis of biliary 
atresia. As on ultrasound, MRCP findings of biliary atresia 
include nonvisualization of the extrahepatic bile duets, a small 
or absent gallbladder, and periportal fibrosis (the triangular 
cord sign on ultrasound). Periportal fibrosis is often seen as 
a triangular area of high signal intensity ventral to the porta 
hepatis on the T2-weighted images 3,4,49 and as a hypointense 
signal paralleling the portal vein branches on Tl-weighted 
sequences that becomes isointense with liver after administra¬ 
tion of gadolinium. 52 Gadolinium administration distinguishes 
the enhancing periportal fibrosis from the nonenhancing, 
dilated periportal duets seen in other disease processes. 52 On 
T2-weighted images, a focal region of hyperintense signal 
thought to be fluid has been described within the high signal 
intensity periportal fibrosis in some children with biliary atresia 
(Fig. 119-li). 4 

False-positive MRCP results for biliary atresia have been 
reported; these are in part due to the faet that MRCP relies on 
the production and exeretion of bile into the bile duets to visu- 
alize the biliary tract. 3 Children with disease States that result 
in decreased hepatobiliary funetion and subsequent decreased 
bile production, such as sclerosing cholangitis, may have false¬ 
positive examination findings because the biliary tree is not 
visualized on MRCP owing to a relative lack of bile within the 
duets. 12,13 

Liver biopsy can help confirm the diagnosis of biliary 
atresia. An 18-gauge needle biopsy of the liver has been 
shown to be 90% sensitive, 96% specific, 42 and 85% 18 to 
93% 42 accurate for the diagnosis of biliary atresia in chole¬ 
static children. 42 Neonatal hepatitis and early biliary atresia 
may have identical ultrastructural and light microscopic fea¬ 
tures. 53 If the biopsy is performed early in a particular patient’s 
disease process, the typical ultrastructural features of biliary 
atresia (i.e., proliferation of the intralobular bile ductules 
with loss of ductular microvilli, periductal inflammatory 
fibrosis, and bile plugging) may not yet be present, and a 
false-negative result may occur. 53 If the clinical course and 
liver biopsy results are not concordant, repeated biopsy may 
be warranted. 

In some children, ultrasound, nuclear scintigraphy, MRCP, 
and liver biopsy results may all be inconclusive. In these 
children, visualization of the bile duets by cholangiography 



Figure 119-11 Biliary atresia: MRCP findings. Coronal, thick-slab, 
T2-weighted image of a 19-day-old infant with cholestasis shows a 
small focus of inereased signal intensity ( arrowhead ) in the porta 
hepatis that represents a cystic lesion within the porta hepatis. A 
gallbladder is identified (arrow), but no linear or branching structures 
suggesting bile duets are identified. Lack of identification of the right, 
left, and main hepatic duets and common bile duet is consistent with 
biliary atresia. (Courtesy Myung-Joon Kim, MD, Yonsei University 
College of Medicine, Severance Hospital, Seoul, Korea.) 


intraoperatively, percutaneously through the liver or gallblad¬ 
der, or by endoscopy may be necessary. 

In children with biliary atresia who have undergone the 
Kasai procedure, it is important to monitor for changes of fibro¬ 
sis, cirrhosis, and portal hypertension on postoperative imaging. 
It is also important to know the patient’s baseline anatomy and 
to remember that the loop of jejunum that is anastomosed to 
the porta hepatis can be seen as a fluid-filled structure, which 
can be mistaken for a postoperative fluid collection. If neces¬ 
sary, patency of the anastomosis can be confirmed by nuclear 
scintigraphy. 

ALAGILLE'S SYNDROME 

Background 

Alagille’s syndrome, also known as arteriohepatic dysplasia, is a 
rare autosomal dominant disease characterized by chronic cho¬ 
lestasis due to a paucity of interlobular bile duets relative to the 
number of portal areas within the liver. 54,55 Children with Ala¬ 
gille’s syndrome usually present as neonates but may present 
later. 56 For diagnosis, at least three of the five typical features of 
the disease are exhibited: chronic cholestasis from interlobular 
bile duet paucity, congenital heart disease typically involving 
hypoplasia or stenosis of the peripheral pulmonary arteries, 
“butterfly” vertebrae, posterior embryotoxon (an ocular abnor- 
mality), and peculiar fades. 56,57 
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Figure 119-12 Nonsyndromic intrahepatic bile duet paucity: ultrasound and hepatobiliary scintigram. A. The cholestatic infant has a lack 
of sonographically identifiable gallbladder or intrahepatic bile duets. B. Nuclear scintigraphy demonstrates poor hepatic extraction ( arrows ) of 
the radiopharmaceutical. Some radiopharmaceutical is seen in the urinary biadder ( arrowhead ). C and D. There is minimal small bowel activity at 
24 hours ( arrow). These findings can be seen in the setting of neonatal hepatitis or paucity of intrahepatic bile duets with cholestasis. Liver biopsy 
confirmed a paucity of intrahepatic duets (arrows). This child lacked other clinical abnormalities that are associated with Alagille's syndrome. 


Pulmonary artery stenosis at various levels is one of the most 
common manifestations of Alagille’s syndrome. Other associ¬ 
ated vascular anomalies include basilar or middle cerebral 
artery aneurysms, internal carotid artery anomalies, aortic 
coarctation or aneurysm, and moyamoya syndrome. The intra- 
cranial vascular anomalies account for up to 34% of the mortal- 
ity in these patients. Renal artery involvement may result in 
hypertension." 

Imaging 

The sonographic findings of Alagille’s syndrome are similar to 
those of neonatal hepatitis. In neonatal hepatitis, the liver 
size and echogenicity may be normal or inereased, and the 
intrahepatic bile duets are typically not visualized. 6 Nuclear 
hepatobiliary scintigraphy may initially resemble biliary 
atresia 46 and typically fails to show normal exeretion of the 
radiopharmaceutical into the bowel (Fig. 119-12). 50 Cholangi- 
ography or MRCP should demonstrate patency of the extra- 
hepatic bile duets, exeluding the diagnosis of biliary atresia, 
but because Alagille’s syndrome is rare, this diagnostic step is 
occasionally foregone, leading to treatment with the Kasai pro¬ 
cedure before the pathologic diagnosis of Alagille’s syndrome 
is made. 56 


Biliary cirrhosis occurs in 12% of children with Alagille’s 
syndrome resulting from chronic cholestasis. 58 Children pre- 
senting with Alagille’s syndrome at an older age may have 
findings of cirrhosis. Benign lesions such as nodular hyper- 
plasia have also been described in children with Alagille’s 
syndrome and cirrhosis/ Liver transplantation may ultimately 
be required. 

PROGRESSIVE FAMILIAL 
INTRAHEPATIC CHOLESTASIS 

Background 

Progressive familial intrahepatic cholestasis (PFIC) is a gro up 
of three slightly distinet autosomal recessive intrahepatic cho¬ 
lestatic disease processes that begin in infancy and progress to 
cirrhosis, typically within the first decade of life. Children with 
PFIC present with cholestasis, jaundice, failure to thrive, steat- 
orrhea, pruritus, or rickets. 6,60 The average age at onset is 3 
months, but some patients may not present until later, even into 
adolescence. Without treatment, few patients have survived into 
the third decade of life. 61 

The first subtype of what is now known as PFIC was initially 
identified in Amish descendants of Jacob Byler and was named 
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Figure 119-13 Choledochal malformation: cystic type. A and B. Ultrasound images obtained on the third day of life show the small 
gallbladder ( white arrowhead) that empties into the choledochal cyst ( arrow). At surgery, the cyst was amputated proximally at the common 
hepatic duet ( black arrowhead). 


Bylers disease. 62 A similar disease was identified in Greenland 
Eskimo children and was named cholestasis familiaris groen- 
landica. Subsequently, several non-Amish but phenotypically 
similar patients were reported to have a similar condition, and 
the broader term Byler’s syndrome was adopted. 

What were formerly known as Byler’s disease and cholestasis 
familiaris groenlandica have been found to be the same disease 
and are now grouped into a subtype known as PFIC-1. PFIC-2 
is clinically similar to PFIC-1 but primarily occurs in families 
in the Middle East and Europe. Although both PFIC-1 and 
PFIC-2 involve life-threatening cholestasis, patients with these 
diseases have low y-glutamyl transpeptidase levels. Important 
clinical features of PFIC-1 include diarrhea, panereatitis, and 
hearing loss; PFIC-2 is associated with inereased risk of hepa- 
tobiliary malignant neoplasms. 64 Both PFIC-1 and PFIC-2 are 
caused by the absence of gene products required for canalicular 
export and bile formation. 65 

Despite a similar clinical presentation, patients with PFIC-3 
have elevated levels of serum y-glutamyl transpeptidase. Rather 
than defeetive bile acid export as seen in PFIC-1 and PFIC-2, 
patients with PFIC-3 have deficient hepatocellular phospho- 
lipid export, which leads to unstable micelles that have a toxic 
effeet on the bile duets, leading to biliary obstruction. 66 

Imaging 

Ultrasound Åndings in patients with PFIC may be normal in 
the early stages of the disease but will eventually show cirrhosis, 
including coarsened echotexture, nodular contour, and features 
of portal hypertension. Nuclear medicine hepatobiliary scintig- 
raphy does not typically have a role in the initial diagnosis of 
PFIC but is sometimes used after the palliative biliary diversion 
procedure 67 to assess for patency. 

CHOLEDOCHAL MALFORMATIONS 

Background 

Choledochal malformations are dilated bile duets that may be 
extrahepatic, intrahepatic, or both. 3 Choledochal malforma¬ 
tions are uncommon, with an estimated incidence of 1 case in 
750,000 live births. 18 Choledochal malformations are four to six 
times more common in giris than in boys. 68,69 

Infants with choledochal malformations typically present 
with a palpable abdominal mass that corresponds to an under- 
lying cystic mass (Fig. 119-13), jaundice, and acholic stool. 



Figure 119-14 Choledochal malformation: fusiform type on 
ERCP. There is fusiform dilation of the right and left hepatic duets 
(black arrowheads ) and their primary intrahepatic branches. The cystic 
duet ( white arrowhead) joins the dilated common hepatic duet to 
form the common bile duet, and there is an anomalous union of the 
common bile duet ( white arrow) and the pancreatic duet ( black arrow). 
The gallbladder is distended with contrast material (asterisk). No 
stones are identified. 


These children less often have symptoms of vomiting, pain 
or discomfort, and fever. Children who present with chole¬ 
dochal malformations after 1 year of age have more variable 
symptoms. 

Choledochal malformations are classified morphologically 
as cylindrical, fusiform (Fig. 119-14), or spindle shaped. 69 
Todani and colleagues 70 proposed a classification system that 
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considers the location of the malformation within the biliary 
tree: 

Type I (most common) 

A. Dilation of the common bile duet above the 
level of insertion of the cystic duet 

B. Dilation of the common bile duet below the 
level of insertion of the cystic duet 

C. Diffuse or cylindrical dilation 

Type II. One or more diverticula of the common bile duet 

Type III. Choledochocele (dilation of the intraduodenal 
portion of the duet, with both the common bile 
duet and pancreatic duet emptying into it) 

Type IV. Multiple cysts 

A. Multiple intrahepatic and extrahepatic ductal 
cysts 

B. Multiple extrahepatic ductal cysts only 

Type V (Caroli’s disease). Intrahepatic bile duet cyst (single 
or multiple) 

A subtype of Todani type I choledochal malformation 
(Todani ID) was recently proposed/ In addition to dilation of 
the common hepatic and the common bile duet, this type of 
choledochal malformation also has dilation of the central 
portion of the cystic duet, resulting in a bicornal configuration 
to the malformation. 

One of the leading theories concerning the cause of chole¬ 
dochal malformations is anomalous union of the pancreatic 
duet and common bile duet proximal to the ampulla, with 
subsequent reflux of pancreatic enzymes into the bile duets. 
The pancreatic duet has higher pressure than the common bile 
duet, and pancreatic fluid may direetly reflux into the common 
bile duet, which is not protected by the choledochal sphineter 
because the panereatobiliary malunion occurs outside of the 
duodenal wall. 72 This may account for the high level of pancre¬ 
atic enzymes in the bile within some choledochal malforma¬ 
tions. 69 Choledochal malformations are associated with the 
following Åndings: intraductal calculi, intrahepatic biliary dila¬ 
tion, anomalous hepatic biliary duets, recurrent panereatitis, 
and extrahepatic bile duet perforation. 

Imaging 

Ultrasound is useful in the evaluation for choledochal malfor¬ 
mations (see Fig. 119-13). 2,3,69 Choledochal malformations may 
be seen on routine prenatal ultrasound (Fig. 119-15). 12,68 On 
ultrasound, a choledochal malformation may be seen as a large, 
lobular, right upper quadrant cystic structure that is distinet 


from the gallbladder, extends to the porta hepatis, 56 and com- 
municates with the biliary ductal system (Fig. 119-16). 1 The 
intrahepatic duets are usually normal in caliber and appearance 
but may be dilated to varying degrees. 3 

Nuclear hepatobiliary scintigraphy typically confirms the 
biliary origin of the cystic structure, and the structure can often 
be distinguished from the gallbladder. 74 In some patients, the 
choledochal malformation does not hil with radiopharmaceuti- 
cal and may cause a photopenic defeet in the liver that correlates 
with sonographic Åndings. 4 Additional cross-sectional imaging 
with MRCP may be a useful adjunet to sonography for pre- 
operative planning. 2 The need for preoperative ERCP or intra- 
operative cholangiography, which lengthens operating room 
time, may be eliminated in the subset of patients in whom 
MRCP demonstrates the pancreatic duet and the common 
channel. 71 MRCP can also depict stenosis of intrahepatic duets 
or the presence of anomalous hepatic biliary duets. 

The treatment of choledochal malformations in children 
with persistent or intermittent jaundice is excision of the mal¬ 
formation followed by Roux-en-Y hepaticojejunostomy. 11 In 
the newborn period, choledochal malformations may be 
drained externally, followed by excision and biliary reconstruc- 
tion when the child is older (typically aro und 5 months old). 69 

There is an approximate 4% risk of malignant transforma¬ 
tion in the malformation or the nearby bile or pancreatic duet. 
This risk of cancer is approximately 80 times greater than in the 
general population. 7 Types of cancer reported include adeno- 
carcinoma, squamous cell carcinoma, and adenoacanthoma. 0 

The differential diagnosis of choledochal malformation 
includes mesenchymal hamartoma, hepatic cyst, enteric dupli- 
cation cyst, pancreatic pseudocyst, hepatic artery aneurysm, 
spontaneous perforation of the common bile duet, 1 and biliary 
cystadenoma. 

CAROLI'S DISEASE 

Background 

Caroli’s disease is also known as Todani type V choledochal 
malformation 3, and as communicating cavernous ectasia of 
intrahepatic bile duets. 76 Caroli’s disease is a rare, congenital 
disease in which there is segmental nonobstructive dilation of 
the intrahepatic biliary duets. 7 7 Caroli’s disease may affeet one 
or both lobes of the liver, but more commonly the left lobe of 
the liver is involved. 17 When ectasia is limited to the intrahepatic 
biliary tree, without other hepatic abnormalities, Caroli’s disease 
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Figure 119-15 Prenatal 
diagnosis of choledochal 
malformation. A. Prenatal 
sonogram demonstrates a cystic 
structure in the periportal region 
( arrow ). The gallbladder 
( arrowhead ) is also identified. 

B. Postnatal sonogram of the 
same infant on the day of birth 
confirms the presence of a 
choledochal cyst ( arrows ) 
involving the extrahepatic bile 
duet. The gallbladder 
( arrowhead ) is identified as a 
separate structure. 
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Figure 119-16 Fusiform 
choledochal malformation. 

A and B. Sonogram of a 

4- year-old child with recurrent 
pancreatitis. The images 
demonstrate fusiform dilation of 
the intrahepatic (A, arrows) and 
extrahepatic (B, arrow) bile duets. 
C. ERCP shows fusiform dilation 
of the common bile duet (white 
arrowhead) and the common 
hepatic duet and its primary 
branches. The gallbladder 

( asterisk ) is identified. There is an 
irregularity of the pancreatic duet 
(black arrowheads) that has an 
anomalous insertion into the 
common bile duet. D. The 
common pancreaticobiliary 
channel ( arrowheads ) contains a 

5- mm stone (arrow). 



is the term used. Caroli’s syndrome, which is more common 
than Caroli’s disease, involves ectasia of small and large bile 
duets and is associated with congenital hepatic fibrosis. Peripor- 
tal fibrosis can lead to cirrhosis and portal hypertension in 
patients with Caroli’s syndrome. 

Both Caroli’s disease and Caroli’s syndrome are transmitted 
in an autosomal recessive manner. There is an association 
between Caroli’s disease and Caroli’s syndrome and renal cystic 
diseases, including autosomal recessive polycystic kidney disease 
(Fig. 119-17), renal tubular ectasia, medullary sponge kidney, 
and nephronophthisis with cysts in the renal medulla and cor- 
ticomedullary j unction. 

One of the most accepted theories regarding the pathogen- 
esis of Caroli’s disease is that it results from arrest during 
remodeling of the embryonic ductal plate. The ductal plate is a 
sleevelike layer of hepatic precursor cells (hepatoblasts) that 
surrounds the portal venous branches. The ductal plate cells 
duplicate and separate, creating a slitlike lumen between the two 


epithelial layers. The ductal plate remodels throughout fetal life 
to form the intrahepatic bile duets. Incomplete remodeling is 
thought to result in a ductal plate malformation and eventually 
Caroli’s disease. 78 

Most patients with Caroli’s disease or Caroli’s syndrome 
present during childhood or as young adults with fever, recur¬ 
rent or crampy abdominal pain, and transient jaundice. 1 
These presenting symptoms result from bile stasis and stone 
formation. " Young children may present with recurrent 
abdominal pain, pruritus, acholic stools, and intermittent jaun¬ 
dice. The liver may be enlarged. 79 

Cholangiocarcinoma has been reported in up to 7% of 
people with congenital cystic dilation of the intrahepatic bile 
duets, 77 which is more than 100 times greater than in the 
general population. 67 The cause of the malignant transfor¬ 
mation is unknown. Early diagnosis of malignant transfor¬ 
mation is difficult because the symptoms may mimic 
cholangitis. 
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Figure 119-17 Caroli # s disease: MR features. A. Axial view, Tl-weighted MR image demonstrates diffuse intrahepatic bile duet dilation with 
scattered areas of saccular dilation ( arrowheads ). B. Axial view, T2-weighted MR image of the kidneys. The kidneys ( arrows ) are diffusely enlarged 
without hydronephrosis. The constellation of findings is consistent with Caroli's disease with associated autosomal recessive polycystic kidney 
disease. 


Imaging 

Sonographic findings in Caroli’s disease include ectatic intrahe¬ 
patic bile duets with echogenic septa that completely or incom- 
pletely traverse the dilated duet lumen and small portal venous 
branches that are partly or completely surrounded by the dilated 
bile duets. 80 On CT, the centrally enhancing portal radicle sur¬ 
rounded by the low-attenuation, dilated bile duets is called the 
central dot sign. 43 

BILE PLUG SYNDROME OR INSPISSATED 
BILE SYNDROME 

Inspissated bile is the second most common cause of surgi- 
cally treatable neonatal jaundice after biliary atresia. It is 
slightly more common than choledochal malformation. 18 
Ultrasound may show a dilated common bile duet with a 
normal-appearing gallbladder. The occluding bile plug is 
evident sonographically in 30% of children. 18 Inspissated bile 
is slightly hyperechoic and does not cause acoustic shadow- 
ing. A fluid-debris level may be seen in the dilated obstructed 
bile duet. 1 Sludge can be isoechoic with the liver, and if it 
hils the gallbladder lumen, it may make the gallbladder dif- 
ficult to visualize. 6 The hepatic echotexture may be inereased 
because of cholestasis. 1 

The diagnosis can be confirmed by percutaneous transhe- 
patic cholangiography and treated during the procedure with 
therapeutic saline lavage of the biliary tree. Postprocedural 
follow-up ultrasounds shows return of the bile duets to normal 
caliber. 18 

Gallbladder Disease 

CHOLELITHIASIS 

Gallstones can be seen in children of any age (Fig. 119-18). 81 
The classic risk factors for cholelithiasis in children include 
hemolysis, prior gastrointestinal surgery, and total parenteral 
nutrition. 82 In neonates and infants, additional proposed risk 
factors include prematurity, prolonged fasting, 84 and furose- 
mide treatment. 82,85 Stones have also been found in newborns 
and infants with a history of septicemia, hyperbilirubinemia 
requiring phototherapy, and intestinal malabsorption. 86 In 



Figure 119-18 Neonatal gallstone. Ultrasound image of a 
1-day-old infant (gestational age of 37 weeks) demonstrates a 
gallstone ( arrowhead ) and sludge ( arrow) within the gallbladder. 


older children, the causes of biliary stones are numerous and 
include sickle cell disease, 8 total parenteral nutrition, ileal 
resection, hemolytic anemia, and cystic fibrosis. 88,89 The rate of 
cholelithiasis in children with sickle cell disease inereases with 
advancing age, up to 42% in the 15- to 18-year-old age group. 
In the adolescent population, cholelithiasis is associated with 
pregnancy, 84,89 use of birth control piils, and obesity. The 
imaging features of gallstones are described in Chapter 77. 

ACALCULOUS CHOLECYSTITIS 

Acalculous cholecystitis is inflammation of the gallbladder 
without gallstones. Acalculous cholecystitis is considered acute 
if the symptoms are present for less than 1 month or chronic if 
the symptoms persist for longer than 3 months. 90 

The symptoms of acalculous cholecystitis include fever, 
jaundice, abdominal pain, right upper quadrant pain, and 
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Figure 119-19 Acute acalculous cholecystitis: sonographic 
findings. The galIbladder wall is diffusely thickened ( arrowheads ). The 
tiny, hypoechoic lumen is free of stones ( arrow). 


vomiting. 84,90 Most children with acute acalculous cholecystitis 
also have leukocytosis and abnormal liver function test results. 
Acute acalculous cholecystitis is most often seen in the immedi- 
ate postoperative period or in association with a systemic 
medical illness, severe trauma, burns, metabolic illness, multiple 
transfusions, intravenous narcotic use, or hyperalimentation. 
Salmonella sepsis should also be considered an infectious cause 
in children. 82 Acute acalculous cholecystitis can be treated med- 
ically or with cholecystectomy. 91 

On ultrasound, the gallbladder is free of stones, although it 
may contain sludge, may be distended, and may have a thick 
wall (Fig. 119-19). 73,81 This wall thickening may be caused by 
edema or focal hemorrhage. 81 Chronic cholecystitis in children 
is more often associated with cholelithiasis. 73 

GALLBLADDER DYSKINESIA 

Gallbladder dyskinesia is characterized by poor gallbladder con- 
tractility. Children and adolescents with this disorder have 
chronic abdominal pain. A 99m Tc hepatobiliary scan, followed 
with cholecystokinin injection to induce gallbladder contrac- 
tion, may be diagnostic. An ejection fraction of less than 35% 
is considered abnormal. 84 

Rescorla 73 reported that 20% of children undergoing laparo- 
scopic cholecystectomy had a preoperative diagnosis of biliary 
dyskinesia. In that series, pathologic evaluation revealed changes 
of chronic cholecystitis in 71%, but 93% were relieved of their 
pain after cholecystectomy. 

GALLBLADDER HYDROPS 

Hydrops of the gallbladder is abnormal distention of the gall¬ 
bladder without gallbladder wall thickening or inflammation. 92 
The bile within the gallbladder may be abnormally thick and 
transiently obstruct the cystic duet, 93 or the obstruction may be 
extrinsic, 6 possibly caused by enlarged periportal lymph nodes. 93 



Figure 119-20 Gallbladder hydrops. The gallbladder is abnormally 
distended, measuring more than 10 cm long in this 22-month-old 
child after bone marrow transplantation. The gallbladder wall is thin 
( arrows ), and there is echogenic sludge within the lumen. The 
gallbladder was later drained with a cholecystostomy tube. 


Vasculitis can also be a causative factor in gallbladder hydrops. 6 
After the initial obstruction, the gallbladder is further distended 
by serous fluid secreted by the gallbladder mueosa. 6 Bowen 
argues that the transient, acute distention of the gallbladder 
occurring in infants who are not fed or in those with acute 
obstruction of the cystic duet is “transient gallbladder dilation” 
and that the term hydrops may hest be reserved for cases in 
which the cystic duet is obstructed so long that bile within the 
gallbladder is replaced by clear, thin, colorless liquid. 93 

Hydrops of the gallbladder is typically caused by bile stasis 
resulting from dehydration or prolonged fasting. 6 Neonatal 
hydrops can be seen in the setting of infeetion or hyperalimen¬ 
tation. 9 In older children, there is a reported association with 
mucocutaneous lymph node syndrome (Kawasaki’s syndrome) 
and a variety of infeetions. 93 Presentation may include jaundice, 
abdominal distention, and a palpable right upper quadrant 
mass, 92,93 but it may be asymptomatic. 6 

In acute hydrops, the ultrasound measurement of the gall¬ 
bladder length is more than 3 cm in infants and more than 7 cm 
in older children. 6 The wall is not thickened, and there may or 
may not be sludge (Fig. 119-20); the biliary tract is otherwise 
not abnormally dilated. 6 

Bile Duet Disease 

CHOLEDOCHOLITHIASIS 

Gallbladder stones and choledocholithiasis coexist in up to 
13% of children with cholelithiasis requiring cholecystec¬ 
tomy. 84,94 The common duet stones are spontaneously passed 
without the need for routine preoperative or postoperative 
ERCP in most children. However, complete obstruction of 
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Figure 119-21 Common bile duet stone or sludge: sonographic features. A. The common bile duet ( arrowheads) is abnormally dilated and 
contains hyperechoic stones, sludge, or both ( arrows ). B. The gallbladder is grossly distended with sludge ( asterisk ) in this 8-year-old child with 
sickle cell disease. 


the biliary tract or panereatitis can occur. 84,94 In a series by 
Vrochides and colleagues, 9 11 of 12 children undergoing cho- 
lecystectomy who had an intraoperative cholangiographic diag- 
nosis of choledocholithiasis were asymptomatic postoperatively, 
even without surgical removal of the intraductal stones. One- 
week follow-up sonography demonstrated no stones or evi- 
dence of obstruction. In children, postoperative ERCP with 
sphineterotomy and stone removal are warranted in the 
unusual circumstance of symptomatic postoperative retention 
of common bile duet stones. 94 

Ultrasound is accurate in the detection of calculi within the 
gallbladder but less so in the intrahepatic and extrahepatic 
duets. 3 Choledocholithiasis appears sonographically as a 
brightly echogenic, shadowing structure within the biliary 
duets, often with proximal ductal dilation (Fig. 119-21). 1 

MRCP in adults has been reported to have 95% sensitivity, 
100% specificity, 100% positive predictive value, and 98% nega¬ 
tive predictive value for diagnosis of choledocholithiasis. 95 
MRCP evaluation of choledocholithiasis has not been exten- 
sively studied in children. 3 

BILIARY CHANGES WITH CYSTIC FIBROSIS 

In addition to the hepatic fibrosis and cirrhosis, patients with 
cystic fibrosis may develop biliary disease, including cholelithia- 
sis and bile sludge formation. 88,89 Gallstones (usually choles- 
terol) occur in approximately 10% of patients with cystic 
fibrosis. 96 Neonates with cystic fibrosis may have prolonged 
jaundice related to inspissated bile. 

Ultrasound and MRCP are used as noninvasive tools to 
assess for these changes. 97 On sonography, a thick-walled, tiny 
gallbladder can be seen in children with cystic fibrosis. 9 Although 
approximately one in three patients with cystic fibrosis has a 
small gallbladder, gallbladder funetion is usually normal. 96 
Some children have painful focal bile ductule stenosis, which is 
manifested as delayed exeretion of radiopharmaceutical on 
hepatobiliary scintigraphy. 96 MRCP can be used to assess the 
biliary tract in addition to evaluating patients for the typical 
pancreatic, hepatic, and splenic abnormalities associated with 
cystic fibrosis. 9 These findings include a tiny gallbladder with 
or without stones; intraductal cholelithiasis; intrahepatic and 
extrahepatic bile duet strictures; duet wall irregularity; and 
areas of duet dilation, which in some cases result in a beaded 
appearance. 97 


Historically, 23% of cystic fibrosis patients at autopsy have 
gallbladders of abnormal size or with abnormal contents, 
without inflammatory changes. 98 The gallbladder may be hypo- 
plastic, atrophied, or dilated, and there may be numerous, epi- 
thelial cell-lined, multiloculated, mucoid-containing “cysts” in 
and just below the mueosa. The gallbladder lumen may contain 
clear or gray mueus rather than bile. 98 

PRIMARY SCLEROSING CHOLANGITIS 

Primary sclerosing cholangitis (PSC) is a chronic progressive 
disorder that involves inflammation, fibrosis, and subsequent 
stricturing of medium and large intrahepatic and extrahepatic 
biliary duets. Most children have intrahepatic and extrahepatic 
involvement, although the disease may be limited to either 
site. 99 PSC may affeet only isolated areas of the intrahepatic bile 
duets, unlike Caroli’s disease, in which the large central intra¬ 
hepatic duets are typically affeeted. 76 

Most children with PSC are symptomatic at the time of 
diagnosis and present with abnormal liver funetion test results 
and one or more of the following signs or symptoms: abdomi- 
nal pain, fatigue, jaundice, splenomegaly with or without 
hepatomegaly, ascites, fever, and weight loss. 99,100 As many as 
81% of the children have associated inflammatory bowel 
disease, typically uleerative colitis." Other children have comor- 
bid extrabiliary disease, such as Langerhans cell histiocytosis, 
immunodeficiency, 100 systemic lupus erythematosus, insulin - 
dependent diabetes mellitus, or autoimmune thyroiditis. 
Thirty-five percent of the children with PSC also have histologic 
features consistent with autoimmune hepatitis. 99 Many children 
with PSC progress to end-stage liver disease and require liver 
transplantation. PSC may recur in the allograft." 

Sonographic findings of sclerosing cholangitis include 
dilated intrahepatic and, less often, extrahepatic bile duets, 100 
bile duet wall thickening, intrahepatic and extrahepatic duet 
stones, gallstones, and segmental ductal narrowing due to stric¬ 
tures. The strictures may be difficult to detect unless there is 
also duet dilation. 6 There may be signs of cirrhosis or portal 
hypertension. 100 MRCP or conventional cholangiography may 
show intrahepatic or extrahepatic bile duet wall irregularity, 
long- or short-segment strictures, filling defeets, and abnormal 
diktions with or without interpositional annular strictures (Fig. 
119-22). 100 The imaging features of PSC are discussed further 
in Chapter 80. 



2196 SECTION XIV Pediatric Disease 



Figure 119-22 Sclerosing cholangitis: ERCP findings. A. ERCP image of a teen with Crohn's disease and sclerosing cholangitis. There 
are filling defects within the duets that may represent stones ( arrowheads). Segmental narrowing or strictures ( arrows ) are present throughout 
the intrahepatic bile duets. (Courtesy Lisa Lowe, MD, Children's Mercy Hospital and Clinics, University of Missouri, Kansas City, MO.) 

B. ERCP image of a 9-year-old child with uleerative colitis and sclerosing cholangitis. Arrowheads mark the intraluminal filling defects, which 
are probably calculi. There are multiple filling defects within the galIbladder (asterisk), and there is mild duet wall irregularity ( arrows ) without 
significant stricture formation. (Courtesy Laura Z. Fenton, MD, The Children's Hospital and University of Colorado Health Sciences, Denver, CO.) 
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Figure 119-23 Biliary obstruction by a pancreatic head neoplasm. A. The large, mixed density mass with a thick wall ( arrowheads) 
originating in the pancreatic head is a solid and papillary epithelial neoplasm of the panereas in this 2-year-old child. B. The mass is obstructing 
the common bile duet, and there is subsequent intrahepatic bile duet dilation (arrows). (Courtesy Laura Z. Fenton, MD, The Children's Hospital 
and University of Colorado Health Sciences, Denver, CO.) 


Neoplasms 

Extrahepatic neoplasms, such as pancreaticobiliary lymphoma, 
can create mass effeet on the bile duets. Intraductal neoplasms, 
such as rhabdomyosarcoma, also result in biliary obstruction. 
Presenting symptoms include anorexia, jaundice, itching, 
fever, abdominal distention (with or without pain), vomiting, 
and a palpable abdominal mass. 1011(b Mass effeet from tumors 
such as biliary rhabdomyosarcoma, 101 lymphoma, 102 pancreatic 
head neoplasm such as hemangioendothelioma, 104 and pan¬ 
creatic adenocarcinoma with extension to the common bile 
duet 105 has been reported to cause obstructive jaundice 
(Fig. 119-23). 102 

Rhabdomyosarcoma is the only primary neoplasm to arise 
within the pediatric biliary tree. 106 It is typically the embryonal 
variety (i.e., sarcoma botryoides). 103,107 Rhabdomyosarcoma 
may arise from the ampulla, 101 common bile duet, 103 or hepatic 


duets. 10 Most children present with in termittent jaundice, 
fever, and anorexia with or without abdominal distention. 10 " 
Ultrasound may demonstrate a mass in the porta hepatis. 103 
On CT, the soft tissue mass is seen distending the affeeted bile 
duets (Figs. 119-24 and 119-25). 106 There may be secondary 
intrahepatic duet dilation. CT may also show retroperitoneal 
and mesenteric lymphadenopathy. 106 The tumor may extend 
into the liver. Metastases to regional nodes, peritoneum, and 
omentum occur in 30% of the children. 103 Pediatric ampullary 
rhabdomyosarcoma has been successfully treated by panere - 
aticoduodenectomy with adjuvant chemotherapy, irradiation, 
or both. 101 

Pancreaticobiliary lymphoma can involve the porta hepatis 
and the gallbladder without causing obstruction. 102 The lym- 
phomatous masses that do obstruct the biliary tree often 
respond quickly to chemotherapy and may not require a biliary 
drainage procedure. 102,108,109 
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Figure 119-24 Biliary rhabdomyosarcoma. A. Contrast-enhanced CT of a 2-year-old child with fever, malaise, and jaundice. The arrows 
indicate the dilated intrahepatic bile duets. In one area, there is a higher attenuation substance that may represent intraluminal sludge or an 
intraductal mass ( arrowhead ). B. Intraoperative cholangiogram obtained by injection of contrast material into the gallbladder ( asterisk) 
demonstrates multiple filling defeets ( arrowheads) within the dilated bile duets, including the common bile duet. The bile duets proximal to the 
intraductal masses are also dilated (arrows). Surgical biopsy confirmed the diagnosis of embryonal rhabdomyosarcoma. (From Donnelly LF, Bisset 
GS III, Frush DF: Case 2: Embryonal rhabdomyosarcoma of the biliary tree. Radiology 208:621-623, 1998.) 



Figure 119-25 Biliary rhabdomyosarcoma. A. Ultrasound image of the liver in a 3-year-old child with malaise and jaundice shows dilated 
intrabiliary duets (arrows). B. Coronal T2-weighted MRCP image from the same patient. The arrows indicate the dilated intrahepatic bile duets 
and common hepatic duet. Extensive tumor involvement is seen in the common bile duet (asterisk). 
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Liver disease is less common in the pediatric population than 
it is in the adult population, but the sequelae can be equally 
devastating and may lead to the need for liver transplanta¬ 
tion. This chapter addresses the more common congenital, 
neoplastic, infectious, vascular, and metabolic disorders of the 
pediatric liver. 

At birth, the liver occupies approximately 40% of the 
abdominal cavity and represents 5% of the infant’s total 
body weight. The relative size of the liver to the abdominal 
cavity decreases as a child grows. During infancy, the infe- 
rior hepatic margin is normally several centimeters below 
the costal margin, but it becomes less prominent throughout 
childhood. 

Imaging of the pediatric liver may be prompted by hepato- 
megaly, abnormal liver function test results, jaundice, a palpable 
mass, or an abnormality detected on prenatal ultrasound. 
Imaging also plays an important role in evaluation of the liver 
before and after liver transplantation. This chapter focuses on 
liver masses and diseases that are unique to the pediatric popu¬ 
lation, particularly when the imaging approach diverges from 
that used in the adult population. 
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Imaging Approach for a Suspected 
Hepatic Mass 

A palpable abdominal mass is the most common clinical pre- 
sentation in a child with a liver mass. Other frequently encoun- 
tered presenting signs and symptoms include hepatomegaly, 
abdominal pain, weight loss, anorexia, jaundice, and paraneo- 
plastic syndromes. In addition, large vascular malformations 
may be manifested as congestive heart failure or consumptive 
coagulopathy (Kasabach-Merritt syndrome). Ultrasound is a 
useful imaging modality in the work-up of a suspected liver 
mass in a child because it allows evaluation of the abdominal 
viscera and vasculature. Ultrasound is relatively inexpensive, 
does not expose the child to ionizing radiation, and usually does 
not require that the patient be sedated. When an abdominal 
mass is identified, ultrasound can help determine the organ of 
origin, whether the mass is cystic or solid, if there is vascular 
flow to the mass, whether the mass contains calcifications, and 
involvement of other abdominal organs. 

After the presence of a liver mass is confirmed by ultrasound, 
additional imaging with computed tomography (CT) or mag¬ 
netic resonance imaging (MRI) is usually performed. Because 
surgical resection is the first line of treatment for many pediat¬ 
ric liver masses, precise anatomic delineation of the mass is 
important. The decision to pursue CT or MRI as the subsequent 
imaging modality is often driven by institutional and individual 
preferences because each modality has its own strengths and 
limitations. MRI is often preferred because it provides detailed 
multiplanar anatomic information, does not rely on proper 
timing of bolus contrast material administration for delinea¬ 
tion of the vasculature, and imparts no ionizing radiation. CT 
is often more readily available than MRI and less commonly 
requires sedation. 

When focal nodular hyperplasia is a consideration, techne- 
tium Tc 99m sulfur colloid scintigraphy may be a helpful 
adjunct study. Focal nodular hyperplasia demonstrates normal 
to increased uptake of the radiopharmaceutical, whereas other 
hepatic masses create photopenic areas. Tagged red biood cell 
studies can also be helpful in differentiating hemangiomas from 
other masses in the liver; hemangiomas demonstrate increased 
radiopharmaceutical activity, whereas other hepatic masses 
do not. 

Congenital Anomalies 

MALFORMATIONS AND HERNIAS 

The major congenital malformations of the liver include anom- 
alous lobar development, lobar hypoplasia, and complete lobar 
agenesis. Agenesis and hypoplasia of the liver most commonly 
involve segment IV in the left lobe and segments V and VIII in 
the right lobe. 1 The hest diagnostic clue, besides obvious absence 
of liver parenchyma, is absence of the respective hepatic and 
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portal veins and intrahepatic biliary duets. 1 With congenital 
agenesis or hypoplasia of a lobe of the liver, compensatory 
enlargement of the remaining hepatic parenchyma usually 
occurs. Hepatic agenesis is associated with biliary tract disease, 
portal hypertension, and other congenital anomalies. Hernia- 
tion of the liver parenchyma through a diaphragmatic hernia is 
typically present at birth but may be delayed. For example, 
group B streptococcal pneumonia has been associated with late- 
onset, right-sided diaphragmatic hernia. 3 

FIBROPOLYCYSTIC DISEASES OF THE LIVER 

Fibropolycystic diseases of the liver are thought to be the 
sequelae of ductal plate malformations, which involve partial 
or total arrest of remodeling of the ductal plate and result 
in persistence of embryonic biliary structures. 4 Ductal plate 
malformations may involve segmental bile duets (large), inter- 
lobular bile duets (medium sized), or the smallest bile duet 
ramifications, resulting in distinet disease entities. Choledochal 
malformations (extrahepatic) and Caroli’s disease (intrahe¬ 
patic) involve malformations of large embryologic hepatobili- 
ary duets. Autosomal dominant polycystic liver disease 
(ADPLD) involves malformations of medium-sized embryo¬ 
logic hepatobiliary duets. Fibropolycystic liver diseases involv- 
ing malformations of small embryologic hepatobiliary duets 
include congenital hepatic fibrosis and biliary hamartomas 
(von Meyenburg complexes). 5 Caroli’s syndrome (Caroli’s 
disease with congenital hepatic fibrosis) involves large and 
small biliary duets. 6 

Choledochal malformations (also known as choledochal 
cysts) and Caroli’s disease (also known as type V choledochal 
cyst) are characterized by dilated extrahepatic and intrahepatic 
bile duets, respectively, and are thought to happen during early 
bile duet embryogenesis. A second widely accepted theory of 
development of choledochal malformations is abnormal proxi- 
mal insertion of the pancreatic duet into the common bile duet, 
which causes reflux of pancreatic enzymes into the common 
bile duet that weaken the duet wall and results in abnormal 
dilation. 7,8 Caroli’s disease and choledochal malformations, 
their diagnostic work-up, and imaging fmdings are discussed in 
Chapter 119. 

ADPLD involves malformations of medium-sized bile duets 
and is associated with autosomal dominant polycystic kidney 
disease (ADPKD) (Fig. 120-1). ADPLD is very rarely seen 


without ADPKD. The development of liver cysts usually occurs 
after the development of renal cysts, and because renal cysts in 
ADPKD typically are not manifested until the second or third 
decade of life, ADPLD rarely is manifested in childhood. 
ADPLD is manifested in 29% to 48% of people with ADPKD. 9 
Hepatomegaly is usually the first indication that there may be 
underlying polycystic liver disease. Ultrasound, CT, MRI, and 
magnetic resonance cholangiopancreatography (MRCP) are 
useful in the detection of cysts in the liver. Ultrasound demon- 
strates multiple anechoic, thin-walled lesions, with posterior 
acoustic enhancement. On CT, the hepatic cysts are fluid atten- 
uation; on MRI and MRCP, the cysts are hypointense on 
Tl-weighted sequences and hyperintense on T2-weighted 
sequences. If there has been hemorrhage into the cysts, 
prior infeetion, or other reasons that the fluid may be more 
complex, the echogenicity, attenuation, and signal will change 
accordingly. 510 

Congenital hepatic fibrosis involves defeetive remodeling of 
the smaller interlobular bile duets and is characterized by 
abnormal branching of the intrahepatic portal veins and pro¬ 
gressive fibrosis of the portal tracts. 11 Congenital hepatic fibro¬ 
sis may occur with or without macroscopically visible cystic 
diktions of the intrahepatic biliary duets. Congenital hepatic 
fibrosis with macroscopic liver cysts that communicate with the 
biliary duets (also known as Caroli’s disease) is referred to as 
Caroli’s syndrome. Caroli’s disease is mueh rarer than Caroli’s 
syndrome. Caroli’s disease and Caroli’s syndrome can occur in 
different members of the same family, suggesting that these two 
disease entities may be on the same continuum. Congenital 
hepatic fibrosis sometimes is manifested in early childhood but 
may not be manifested until later in life. 

Congenital hepatic fibrosis and Caroli’s syndrome are 
associated with fibrocystic renal disease, including autosomal 
recessive polycystic kidney disease (ARPKD) and ADPKD; glo- 
merulocystic kidney disease; diffuse cystic dysplastic kidneys; 
tubulointerstitial disorders, such as nephronophthisis, chronic 
tubulointerstitial disease, and urine-concentrating defeet; and 
medullary sponge kidney (a radiologic term for microcystic 
diktions of renal collecting duets on contrast-enhanced imaging 
that may be seen with or without nephrocalcinosis). All patients 
with ARPKD who survive the neonatal period develop clinical 
fmdings of congenital hepatic fibrosis. 12 Nonobstructive dik¬ 
tion of the intrahepatic bile duets in the liver (Caroli’s disease) 
is seen at the histologic level in a subset of patients as well. 12 



Figure 120-1 Autosomal dominant polycystic kidney disease. A. CT scan through the upper abdomen reveals multiple, small renal cysts. 
B. Numerous, small liver cysts are seen better on a higher section. 
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On ultrasound, patients with congenital hepatic fibrosis may 
have normal or increased parenchymal echogenicity, normal or 
coarsened parenchymal echotexture, hyperechoic portal triads, 
or poorly defined portal vessels. Cysts may be seen in the paren¬ 
chyma, and the left lobe of the liver may be enlarged; there may 
be signs of portal hypertension, including reversal of flow in the 
portal vein, splenomegaly, and varices. 13 Because of the associa¬ 
tion with fibrocystic kidney disease, the kidneys may be abnor¬ 
mal as well, and evaluation with a high-frequency transducer 
may be useful for detailed evaluation of the renal parenchyma. 
On CT, the liver is heterogeneous in attenuation, the left lobe 
of the liver is enlarged, and the associated Åndings of portal 
hypertension and fibrocystic renal disease may be evident. Find- 
ings of congenital hepatic fibrosis on MRI include hypointense 
signal in the liver parenchyma on TI- and T2-weighted 
sequences with hyperintense signal within the portal vessels on 
T2-weighted imaging (which reflects the periportal fibrosis), 
enlarged spleen, and accompanying fibrocystic changes in the 
kidneys. 1 " When associated Caroli’s disease is present, MRCP 
may reveal cystic or fusiform diktions and irregularities of the 
intrahepatic bile duets. 14 Complications of congenital hepatic 
fibrosis include ascending cholangitis, sequelae of portal hyper¬ 
tension including cirrhosis and variceal bleeding, and increased 
risk of hepatocellular carcinoma. 14 

Biliary hamartomas (also known as biliary microhamarto- 
mas or von Meyenburg complexes) are also thought to be due 
to small interlobular ductal plate malformations. Biliary ham¬ 
artomas can be confused with metastatic disease, and therefore 
definite diagnosis requires a tissue sample. On ultrasound, 
biliary hamartomas may be hypoechoic or hyperechoic. On 
CT, biliary hamartomas typically are uniform in size and do 
not enhance. 14 On MRI, biliary hamartomas are typically 
hypointense on Tl-weighted sequences and hyperintense on 
T2-weighted sequences. 14 

HEPATIC CYSTS 

Hepatic cysts are thought to represent growth arrest and dik¬ 
tion of the biliary tract, although there is some support for a 
theory of vascular insult leading to necrosis and cyst formation 
(Fig. 120-2). They may be detected prenatally, but a definitive 



Figure 120-2 Hepatic cyst. A simple liver cyst in a 6-month-old 
infant was initially detected on prenatal ultrasound. Continued 
enlargement led to additional imaging and surgical resection. 


diagnosis may not be possible until after birth. Differential diag¬ 
nosis for peripheral lesions includes cystic hepatoblastoma, 
mesenchymal hamartoma, and vascular malformation. When 
the cyst has a subhepatic location, choledochal cyst, pancreatic 
pseudocyst, alimentary duplication, mesenteric cyst, and urn¬ 
ehal cyst are additional considerations. 15 

Malignant Hepatic Neoplasms 

In children, hepatic masses are relatively uncommon, account- 
ing for 5% to 6% of all abdominal masses in the pediatric 
population. 16 Primary neoplasms of the liver represent only 
0.5% to 2% of all childhood malignant neoplasms, but they are 
by far the most common primary malignant neoplasms of the 
pediatric gastrointestinal tract. Primary hepatic neoplasms are 
the third most common abdominal malignant neoplasm in 
childhood, after Wilms’ tumor and neuroblastoma. 

PRIMARY MALIGNANT NEOPLASMS 

No hepatic malignant neoplasm has imaging features so pathog- 
nomonic as to obviate tissue diagnosis. 1 18 The primary purpose 
of imaging is to characterize the lesion and to define the extent 
of disease relative to segmental anatomy, vascular structures, 
and the biliary system for potential chemotherapeutic interven¬ 
tion and preoperative planning. 19,20 Follow-up imaging is neces- 
sary for assessment of tumor response to treatment protocols 
and determination of the potential for resection. Most malig¬ 
nant pediatric liver tumors require complete resection or trans¬ 
plantation as a prerequisite for cure. 21 

Hepatoblastoma, hepatocellular carcinoma, and the less fre- 
quently encountered embryonal sarcoma account for approxi- 
mately two thirds of primary malignant hepatic tumors in 
children. The remaining primary tumors of the liver are uncom¬ 
mon in children and include fibrolamellar hepatocellular carci¬ 
noma, angiosarcoma, epithelioid hemangioendothelioma (a 
very rare tumor that is on the continuum between angiosar¬ 
coma and hemangioma), rhabdoid tumor, endodermal sinus 
tumor, and lymphosarcoma. Embryonal rhabdomyosarcoma is 
the most common malignant neoplasm to arise from the biliary 
tract in children and is discussed in Chapter 119. 22 

Hepatoblastoma 

Hepatoblastoma is the most common pediatric hepatic malig¬ 
nant neoplasm, accounting for 1% of all pediatric malignant 
neoplasms. 23 Hepatoblastomas are embryonal tumors derived 
from pluripotent stem cells with the capability of differentiating 
into hepatocytes and biliary epithelial cells. On histologic exam- 
ination, these tumors are classified as epithelial, mixed (i.e., 
epithelial and mesenchymal), or anaplastic type. The epithelial 
type is the most common, accounting for approximately 60% 
of all hepatoblastomas. 24 The epithelial type is further subdi- 
vided into fetal and embryonal forms. Pure fetal histology 
carries a better prognosis, and anaplastic or undifferentiated 
histology carries a poorer prognosis. With the mixed-type 
tumors, the presence of mesenchymal components carries a 
more favorable prognosis. The most commonly found mesen¬ 
chymal components are cartilage and osteoid. 24 29 

Hepatoblastoma usually occurs in infants and children 
younger than 3 years, with a median age of occurrence of 
approximately 1 year. This tumor is slightly more common in 
boys than in giris, with a male-to-female ratio of approximately 
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3:2. 27 No environmental risk factors have been definitively 
linked to hepatoblastoma, but an increased incidence of hepa- 
toblastoma has been reported in infants with prematurity or 
low birth weight. 28 Hepatoblastomas occurring within fami¬ 
lies have also been reported, with increased risk in children with 
Beckwith-Wiedemann syndrome and familial adenomatous 
polyposis. The association between hepatoblastoma and these 
two syndromes suggests that aberrations of chromosomes 11 
and 5 play a role in pathogenesis. 30,31 Several other conditions 
that demonstrate an increased incidence of hepatoblastoma are 
hemihypertrophy, Wilms’ tumor, and biliary atresia. 

Hepatoblastoma usually is manifested as a painless abdomi- 
nal mass, but weight loss, anorexia, abdominal pain, jaundice, 
and rarely precocious puberty may be present. Most patients 
have no underlying liver disease. On occasion, levels of human 
p-chorionic gonadotropin are elevated, producing virilization 
and moderate thrombocytosis. Serum a-fetoprotein levels are 
elevated in more than 90% of children with hepatoblastoma. In 
a child younger than 3 years with a liver mass and an elevated 
a-fetoprotein level, hepatoblastoma should be the primary 
consideration. 

The most common site of involvement of hepatoblastoma 
is the right lobe of the liver, although bilateral disease is seen 
in approximately 35% of cases (Figs. 120-3 and 120-4). 31 
Distant metastases are present in 20% of patients at the time 
of diagnosis, most commonly within the lungs. 29 On pathologic 
examination, hepatoblastomas have a tendency to be pseudo- 
encapsulated, well defined, and large at the time of presenta- 
tion. On average, these liver masses are 10 to 20 cm in diameter 
at presentation. 25,32 Hepatoblastoma commonly appears sono- 
graphically as a well-circumscribed, predominantly echogenic, 
solid mass. 33 Calcifkations are apparent by ultrasound in up 
to one third of patients and are manifested as punctuate het- 
erogeneous hyperechoic areas with posterior shadowing. Rarely, 
hepatoblastomas are cystic. 34 

CT usually demonstrates a large, hypoattenuating, well- 
defined mass with homogeneous enhancement affer the 
intravenous administration of contrast material (Fig. 120-5). 
CT better defines calcifkations than ultrasound or MRI. 



Figure 120-3 Hepatoblastoma. Contrast-enhanced CT through the 
upper abdomen in a 6-month-old child reveals a large isoattenuating 
mass arising from the medial segment of the left hepatic lobe. 


Calcifkations tend to be punctate and delicate in epithelial-type 
tumors, but they are more often extensive and coarse in the 
mixed-type tumors. 35 MRI most commonly depicts a well- 
defined hepatic mass that is hypointense on Tl-weighted 
sequences and hyperintense on T2-weighted sequences. 25,35 
When necrosis or hemorrhage exists within the tumor, there 
may be regions of hyperintense Tl-weighted signal within the 
mass. Contrast-enhanced CT and MRI readily depict invasion, 
encasement, or thrombosis of the main portal vein or the 
hepatic artery. The presence or absence of these Åndings strongly 
affects tumor resectability. The advent of combined adjuvant 
and neoadjuvant chemotherapy, hepatic resection, and, in some 
cases, liver transplantation has led to a dramatic improvement 
in survival. The 5-year survival rate for children with hepato¬ 
blastoma is 75%. 37 



Figure 120-4 Multifocal hepatoblastoma. Contrast-enhanced CT 
demonstrates multiple, low-attenuation hepatic masses and 
thrombosis of the portal vein in a 1-year-old child. 



Figure 120-5 Hepatoblastoma. A 3-year-old boy presented with an 
abdominal mass. Contrast-enhanced CT demonstrates a low-density, 
well-marginated mass in the right lobe of the liver. 
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Hepatocellular Carcinoma 

Hepatocellular carcinoma is rare in childhood, accounting for 
approximately 0.5% of all pediatric malignant neoplasms. After 
hepatoblastoma, hepatocellular carcinoma is the second most 
common primary hepatic tumor of childhood and the most 
common primary liver tumor in children older than 4 years. 
Histologic features of hepatic cellular carcinoma in children are 
similar to those in adults, with tumor cells that closely resemble 
hepatocytes. Tumor growth varies, but these lesions often are 
manifested as multicentric, diffuse, or infiltrative masses.' 9 If 
necrosis is present, portions of the tumor may appear cystic. 
Hepatocellular carcinoma occurs more commonly in boys and 
older children. It has a bimodal age distribution. The first peak 
occurs at age 4 to 5 years, and the second peak occurs at age 12 
to 14 years. The mean age at diagnosis is 12 years. 40 

Although histologic and gross specimen characteristics 
follow the patterns seen in adults, the underlying causes in 
children are for the most part unique: biliary atresia, Fanconi 
anemia, hepatitis B viral infection, familial cholestasis, heredi- 
tary tyrosinemia, and glycogen storage disease type 1A. Glyco- 
gen storage disease type 1A results from a deficiency of 
glucose-6-phosphatase and leads to the development of hepatic 
adenomas in approximately 50% of patients. These patients are 
also at risk for hepatocellular carcinoma from malignant trans¬ 
formation of existing adenomas or from development of new 
tumors. 41,42 Hyperalimentation, treatment with androgenic ste¬ 
roids or methotrexate, and use of oral contraceptives are also 
associated with an increased risk for hepatocellular carcinoma. 43 
More than 50% of children with hepatocellular carcinoma have 
no preexisting liver disease or other risk factors, however. 39,44 
Many pediatric hepatocellular carcinomas are de novo cases 
that usually are not related to hepatic cirrhosis or other preex¬ 
isting liver disease. This is in contrast to hepatocellular carci¬ 
noma in adults, in whom 70% to 90% of cases are related to 
cirrhosis. 43 ' 46 

Despite differences in etiology, the macroscopic and micro- 
scopic features of hepatocellular carcinoma in children and 
adults are similar. 4 The classic trabecular pattern and fibrola- 
mellar variants are the two most common types of hepatocel¬ 
lular carcinoma in children. It has been observed that there are 
improved outcomes associated with the fibrolamellar subtype 
in adults, but this has not been reported in the pediatric 
population. 24,48 ' 50 


Hepatocellular carcinoma frequently is manifested with 
abdominal fullness associated with pain or discomfort. Other 
common signs and symptoms include weight loss and fatigue. 
The most common clinical frnding on physical examination is 
hepatomegaly. At presentation, between 60% and 80% of chil¬ 
dren with hepatocellular carcinoma have elevated serum 
a-fetoprotein levels. Metastatic disease at the time of presenta¬ 
tion is common, and typical sites of metastasis include regional 
lymph nodes, lungs, and bone. Therapeutic results are uni¬ 
formly poor, with an overall survival rate of about 20%. 47,51 ' 54 
Complete tumor excision remains the only chance for long- 
term survival. Because of a high rate of metastatic disease at 
presentation (up to 50% of children) and because hepatocel¬ 
lular carcinoma in children is often multifocal, complete tumor 
excision is possible in only a minority of cases. 26,39,51 The ques- 
tion of optimal therapy for pediatric hepatocellular carcinoma 
remains controversial, and the role of liver transplantation 
remains a matter for debate. 

The imaging findings for hepatocellular carcinoma in chil¬ 
dren do not differ significantly from those seen in adults and 
are nonspecific, with variable appearance of the tumors on 
ultrasound, CT, and MRI. On ultrasound, hepatocellular carci¬ 
noma is typically hypoechoic to isoechoic compared with 
normal hepatic parenchyma. When the tumor is infiltrative, 
there may be subtle disruption of the normal liver echotex- 
ture. 55 CT can demonstrate a solitary mass, infiltrative tumor, 
or multiple, confluent masses that are low attenuating to isoat- 
tenuating relative to normal hepatic parenchyma on noncon- 
trast or portal venous phase studies. With contrast-enhanced 
CT, these tumors may be hyperattenuating (Fig. 120-6). Calci- 
fications are uncommon, but hemorrhage and necrosis are fre¬ 
quently seen. With Tl-weighted MRI, hepatocellular carcinoma 
is frequently hypointense to normal hepatic parenchyma, but 
tumors may also appear isointense to hyperintense. Lesions of 
mixed signal intensity are seen in the setting of hemorrhage, 
necrosis, or fatty metaplasia. On T2-weighted images, most 
lesions demonstrate moderately increased signal intensity. 

Undifferentiated Embryonal Sarcoma 

Undifferentiated embryonal sarcoma is a rare, highly malignant 
hepatic neoplasm of mesenchymal origin that occurs almost 
exclusively in the pediatric population. It is the third most 
common primary hepatic malignant neoplasm of childhood. 
The age distribution for undifferentiated embryonal sarcoma 



Figure 120-6 Hepatocellular carcinoma. Arterial phase (A) and portal venous phase (B) dynamic CT through the upper abdomen in a 
12-year-old giri who presented with an abdominal mass demonstrates a large, heterogeneous mass with early enhancement on the arterial phase 
CT scan. The child had no underlying liver disease. 
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falis between the peak ages of the incidence for hepatoblas- 
toma and hepatocellular carcinoma, in children between the 
ages of 6 and 10 years, with no gender predilection. 17 On 
histologic examination, this tumor consists of undifferentiated 
spindle cells that resemble embryonal cells with a myxoid 
stroma. The tumor typically is well demarcated by a fibrous 
pseudocapsule. 56 

Undifferentiated embryonal sarcoma usually is manifested 
as a large abdominal mass, although pain, fever, jaundice, and 
weight loss have been reported. 25 On occasion, children with 
this tumor present with an acute abdomen after the tumor 
ruptures. There are no reliable serum markers for this tumor, 
although leukocytosis and anemia may be present. Serum 
a-fetoprotein levels are normal. 5 

Undifferentiated embryonal sarcoma varies in sonographic 
appearance from a septate, cystic mass to a heterogeneous, pre- 
dominantly solid lesion. The solid lesions may demonstrate 
high-level echoes with acoustic shadowing from calcifications. 
On noncontrast CT, undifferentiated embryonal sarcoma is 
frequently hypoattenuating. There may be enhancement of the 
internal septa and fibrous capsule after administration of con- 
trast material. 58 On MRI, undifferentiated embryonal sarcomas 
typically appear heterogeneous; these tumors usually are 
hypointense on Tl-weighted sequences and hyperintense on 
T2-weighted sequences, corresponding to the cystic compo- 
nents of the mass. The fibrous pseudocapsule and internal sep- 
tations appear hypointense on Tl-weighted and T2-weighted 
sequences (Fig. 120-7). 59 

Hepatic Angiosarcoma 

Hepatic angiosarcoma is a rare, high-grade malignant neoplasm 
of endothelial cells. 60 ' 64 Unlike hepatic angiosarcoma in the 
adult population, pediatric hepatic angiosarcoma affects giris 
more than boys, with a female-to-male ratio of approximately 
2:1. There is a lack of clear association with environmental 
carcinogens such as arsenic and polyvinyl chloride. 65 The mean 
age at presentation is 40 months. Pediatric hepatic angiosar¬ 
coma usually is manifested as an abdominal mass that may be 
associated with jaundice, abdominal pain, vomiting, fever, 
tachypnea, dyspnea, or anemia (Fig. 120-8). Consumption 
coagulopathy, which frequently occurs in adults with hepatic 
angiosarcoma, has not been described in children. 

Pediatric hepatic angiosarcoma differs histologically from 
adult hepatic angiosarcoma. Pediatric hepatic angiosarcoma 


can have hypercellular whorls of sarcomatous cells or kapo- 
siform spindle cells similar to kaposiform hemangioendothe- 
lioma of soft tissue in addition to the features of adult 
angiosarcoma. 66 This tumor typically is manifested as a rapidly 
enlarging abdominal mass, and it usually is unresectable at 
presentation. Metastatic disease, particularly to the lungs, is a 
common early occurrence. 61,62,67 Pediatric hepatic angiosarcoma 
has been described in the background of infantile hemangio- 
endothelioma, and it therefore may be missed on the initial 
biopsy specimen. 61 Because of the possibility of an asso¬ 
ciation between infantile hemangioendothelioma and pediatric 
hepatic angiosarcoma, a presumptive diagnosis of infantile 
hemangioendothelioma in a child older than 1 year should 
probably be followed by a biopsy. There are no clear radio- 
graphic features to distinguish the two tumors. 67 

Epithelioid Hemangioendothelioma 

Epithelioid hemangioendothelioma is a very rare malignant 
neoplasm of vascular origin arising in soft tissues, lung, and 
liver that has malignant potential intermediate between infan¬ 
tile hemangioendothelioma and hepatic angiosarcoma. 69,70 On 
histopathologic examination, the tumor consists of epithelioid 
and dendritic cells. The center of the tumor is predominantly 



Figure 120-7 Undifferentiated embryonal sarcoma. Axial 
Tl-weighted MRI through the upper abdomen in an 8-year-old giri 
demonstrates a bilobed mass arising from the left hepatic lobe. 



Figure 120-8 Hepatosarcoma. Dynamic, contrast-enhanced CT image reveals a large, low-density liver mass arising in the right lobe and 
extending into the medial segment of the left lobe. A. Arterial phase. B. Delayed scan. 
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fibrous stroma. This tumor may infiltrate the hepatic sinusoids 
and portal branches and, in doing so, obliterate them. These 
features may be misinterpreted as veno-occlusive disease. 
Splenomegaly, ascites, and portal hypertension may be present. 
Epithelioid hemangioendothelioma typically occurs after the 
second decade of life and is manifested with various clinical 
symptoms. 

Epithelioid hemangioendotheliomas tend to be multifocal or 
multicentric at presentation. Metastatic disease is seen at pre- 
sentation in approximately 27% to 45% of patients. 2 Ultra- 
sound characteristics of this tumor vary and are nonspecific. 
Tumors have been described as hypoechoic, isoechoic, and 
hyperechoic. 72 Internal calcifications may be present. The 
lesions are hypoattenuating relative to normal hepatic paren- 
chyma on unenhanced CT. After intravenous administration of 
contrast material, there is typically peripheral enhancement fol- 
lowed by relatively uniform enhancement that is isoattenuating 
compared with hepatic parenchyma. MRI may depict tumor 
characteristics better than CT. 73 On Tl-weighted sequences, 
the tumor typically demonstrates decreased signal relative to 
normal hepatic parenchyma and demonstrates peripheral 
enhancement after intravenous administration of gadolinium. 
The lesions may be relatively heterogeneous on T2-weighted 
sequences. 73 

Epithelioid hemangioendothelioma tumors are notable for 
resistance to chemotherapy and radiation therapy. The primary 
treatment of choice is radical hepatic resection or liver 
transplantation. 

SECONDARY MALIGNANT NEOPLASMS 

The most commonly encountered secondary or metastatic 
hepatic malignant neoplasms in children include neuroblas- 
toma, Wilms’ tumor, lymphoma, and leukemia. Metastatic 
disease typically appears as solitary or multiple discrete masses 
within the hepatic parenchyma, although leukemia may be 
manifested with a diffuse infiltrative pattern. 16,17 Stage IVS neu- 
roblastoma, in which infants have metastases confined to the 
liver, skin, or bone marrow, usually is manifested as diffuse 
infiltration of the hepatic parenchyma. Hepatic metastases 
usually appear hypoechoic on ultrasound, but diffuse involve- 
ment of the liver may be difficult to detect. On CT, metastatic 
disease typically appears as hypoattenuating lesions, although 
care should be taken during portal venous phase scanning 


because some metastases become isoattenuating during this 
phase (Figs. 120-9 and 120-10). Metastatic disease in the liver 
typically has low signal intensity on Tl-weighted MR sequences 
and high signal intensity on T2-weighted sequences. 

Benign Hepatic Neoplasms and 
Neoplasm-Like Abnormalities 

PEDIATRIC HEPATIC VASCULAR LESIONS 

Vascular lesions of the pediatric liver can be divided into two 
main categories by their biologic characteristics. Hepatic vaso- 
proliferative tumors include infantile hemangioendothelioma, 
angiosarcoma, and epithelioid hemangioendothelioma. Vascu¬ 
lar malformations include arteriovenous malformations, arte- 
rioportal fistula, and portosystemic shunts. 

Infantile Hemangioendothelioma 

Infantile hemangioendothelioma is a benign but frequently 
symptomatic vascular neoplasm. These lesions are the most 



Figure 120-9 Burkitt # s lymphoma. Contrast-enhanced CT of the 
upper abdomen reveals multiple, low-attenuation liver masses from 
metastatic Burkitt's lymphoma in a 6-year-old boy. Notice the 
multiple, low-attenuation renal lesions, which also result from 
metastatic Burkitt's lymphoma. 



Figure 120-10 Liver metastases from neuroblastoma. A 12-month-old child with a primary pelvic neuroblastoma was found to have multiple 
liver metastases. The focal lesions are best seen on precontrast scans (A), and they become almost isodense after administration of contrast 
material (B). 
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common hepatic masses in infancy, and most are manifested 
within the first 2 to 6 months of life. 75,76 Only 5% of infantile 
hemangioendotheliomas are detected in children older than 1 
year. Giris are more frequently affected than boys, with a ratio 
of between 1.3 and 2 giris to 1 boy. Infantile hepatic hemangio- 
endothelioma is a proliferative, predominantly endothelial cell 
hepatic neoplasm, with characteristic periods of rapid growth 
due to cellular proliferation followed by spontaneous involu- 
tion. It is important to differentiate infantile hemangioendothe- 
lioma from epithelioid hemangioendothelioma and adult 
hepatic hemangioma. Epithelioid hemangioendothelioma is a 
proliferative neoplasm with malignant potential that does not 
involute over time, and adult hepatic hemangioma represents a 
vascular malformation that does not spontaneously regress. 

Infantile hemangioendotheliomas typically are manifested 
in young infants as hepatomegaly. In 10%, there is associated 
high-output congestive heart failure due to vascular shunting. 
Failure to thrive, anemia, thrombocytopenia, and respiratory 
distress are other commonly associated symptoms. Anemia and 
thrombocytopenia may be related to consumptive coagulopa- 
thy (Kasabach-Merritt syndrome). Tumor rupture with intra- 
peritoneal hemorrhage has also been described. Cutaneous 
hemangiomas and hemangiomas of other organs are seen in 
approximately 50% of children with these tumors. 

Ultrasound, CT, and MRI are able to define the classic 
secondary features of these high-flow lesions, including taper¬ 
ing of the abdominal aorta below the level of the superior 
mesenteric artery and prominent feeding vessels. Typically, 
these lesions are well-circumscribed, hypoechoic lesions on 
ultrasound, although the solitary or focal lesions may be 
more heterogeneous (Fig. 120-11). 55 On noncontrast CT, most 
hemangioendotheliomas appear hypoattenuating compared 
with normal hepatic parenchyma. Finely stippled calcifications 
may be observed. After injection of contrast material, there 
is centripetal enhancement of the lesion, with the periphery 
of a lesion enhancing first (Fig. 120-12). Delayed scans gener¬ 
ally demonstrate uniformly hyperattenuating masses or mass. 
Farge focal lesions may appear heterogeneous with varying 
enhancement patterns, including lack of enhancement in the 
central portion because of fibrosis (Fig. 120-13). 79 The MR 
appearance of hemangioendotheliomas depends on the degree 
of tumoral necrosis or hemorrhage. Classically, infantile 


hemangioendothelioma appears as a well-defined, spherical 
lesion with signal characteristics that are hypointense relative 
to liver on Tl-weighted sequences and vividly hyperintense 
on T2-weighted sequences. Intratumoral flow voids related 
to increased vascular shunting may be present. 

Initial management of an infant with a hepatic hemangio¬ 
endothelioma should be conservative because most lesions 
spontaneously involute without therapy during several months 
to years. 16 These lesions are often observed with sequential 
ultrasound examinations until they involute. Therapeutic 



Figure 120-11 Hemangioendothelioma. Ultrasound of the liver in 
the sagittal plane in a 1-month-old giri with hepatomegaly 
demonstrates multiple, hypoechoic masses throughout the hepatic 
parenchyma due to multicentric hemangioendothelioma. 



Figure 120-12 Multifocal hemangioendothelioma of the liver in a 2-week-old giri who presented with hepatomegaly. A. Noncontrast CT 
of the abdomen demonstrates multiple, low-attenuation lesions within both lobes of the liver. B. After the intravenous administration of contrast 
material, there is dense peripheral enhancement of these lesions. 
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Figure 120-13 Hemangioendothelioma in a 
newborn. This newborn had congestive heart 
failure, thrombocytopenia, and hepatomegaly. 

A. Noncontrast CT reveals an irregular mass in the 
right lobe containing small, punctate calcifications. 

B. After the bolus administration of contrast 
material, there is dense, peripheral enhancement 
of the mass, which has frondlike extensions into 
the surrounding liver parenchyma. Notice the 
large caliber of the aorta. C. On delayed scans, 
there is partial enhancement of the peripheral 
margins of the mass. 



Figure 120-14 Hepatic arteriovenous malformation. A. Ultrasound of the posterior right hepatic lobe in an infant reveals a large 
arteriovenous malformation with direct communication between the right hepatic vein and the hepatic artery ( arrow ). B. On the axial contrast- 
enhanced CT scan of the liver in the same infant with a large arteriovenous malformation involving the posterior right hepatic lobe, notice the 
lack of hepatic parenchyma between the abnormal vessels. 


options include steroids, interferon alfa-2a, embolization, and, 
less frequently, chemotherapy, radiotherapy, surgery, or liver 
transplantation in refractory cases. 

Arteriovenous Malformations 

Hepatic arteriovenous malformations (AVMs) are congenital 
abnormalities of biood vessels that result in shunting of biood 
through direct Communications between the arterial and venous 
systems. These anomalies contain no abnormal tissue between 
the anomalous vessels and lack potential for growth or regen¬ 
eration. In the neonatal period, hepatic AVMs are manifested 
with congestive heart failure, anemia, hepatomegaly, and portal 
hypertension. In infants, AVMs are usually solitary, and imaging 
Åndings may show considerable overlap with those seen in the 


setting of a solitary hepatic hemangioma (see Fig. 120-15). 
Patients with hereditary hemorrhagic telangiectasia may present 
in late childhood with symptoms of congestive heart failure, 
hepatic ischemia, and portal hypertension. Unlike with the 
AVMs typically encountered during infancy, children with 
hereditary hemorrhagic telangiectasia typically have diffuse 
disease. 

Hepatic AVMs may appear sonographically as a cluster of 
enlarged, tortuous vessels confined to one lobe of the liver, with 
increased venous pulsatility and decreased arterial resistive 
indices (Fig. 120-14). These lesions demonstrate intense homo- 
geneous enhancement on CT with the intravenous administra¬ 
tion of contrast material during the arterial or early portal 
venous phase, followed by rapid clearing of the contrast 
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material. MRI is particularly useful for differentiating hepatic 
AVMs from hepatic hemangiomas. 80 On contrast-enhanced 
MRI, AVMs lack the delayed contrast enhancement around the 
tortuous vessels that is commonly seen with hemangiomas. 81 

Arterioportal Fistula 

Most hepatic arterioportal fistulas are isolated congenital 
anomalies, although these vascular lesions may be acquired 
and can be seen in the setting of hereditary hemorrhagic telan- 
giectasia or Ehlers-Danlos syndrome. 82 In infants and young 
children, a hepatic arterioportal fistula most commonly is man¬ 
ifested as portal hypertension with ascites, malabsorption, and 
gastrointestinal bleeding, although high-output cardiac failure 
has also been described. 82 The lesion has a variable appearance, 
but it typically contains a large intrahepatic varix with a single 
arteriovenous connection that distinguishes it from an AVM, 
which contains multiple feeding vessels. 83 This lesion may be 
differentiated from focal hemangioma in infants by the lack of 
enhancing tissue around the varix. Treatment may consist of 
lobectomy if embolization is unsuccessful. 84 

Portosystemic Shunts 

Congenital portosystemic shunts, although rare, are a recog- 
nized cause of hyperammonemia and galactosemia in infants 
and children. 85 87 Intrahepatic and extrahepatic portosystemic 
shunts have been described. 80 Prognostic factors are related 
to the type of shunt, shunt ratio, and age of the patient. 
Most intrahepatic portosystemic shunts spontaneously close 
within the first 2 years of life, and asymptomatic children 
with this anomaly may be observed with serial ultrasound 
examinations. 80,85 

Congenital intrahepatic portosystemic shunts are anoma- 
lous Communications between branches of the portal vein and 
hepatic veins that are thought to be the sequelae of absent 
venous sinusoids. 88 Ultrasound of the liver typically shows com- 
munication of the hepatic and portal vein branches through 
tubular, anechoic structures. Doppler evaluation may be useful 
for documentation of the vascular communication and evalu¬ 
ation of the shunt ratio. The presence of a portosystemic shunt 
should be suspected when a pulsatile biphasic or triphasic spec- 
tral pattern is encountered in the portal vein or its branches. 

Extrahepatic portosystemic shunts include congenital 
absence of the portal vein and a side-to-side communication 


between the portal vein and the inferior vena cava. These 
anomalies have a high association with other congenital mal- 
formations, such as complex congenital heart disease, hetero- 
taxy syndromes, Goldenhar’s syndrome, and biliary atresia, 
but they have also been described in asymptomatic children 
undergoing imaging for other reasons. 80 Absence of the portal 
vein may be detected with ultrasound by the presence of 
only the hepatic artery and common bile duet at the hepatic 
hilum. Cross-sectional imaging with CT or MRI pro vides 
better delineation of the course of the extrahepatic portosys¬ 
temic shunt, particularly when postprocessing volume- 
rendering techniques are used. 

MESENCHYMAL HAMARTOMA 

Mesenchymal hamartoma of the liver is a rare, benign, pre- 
dominantly cystic mass of infancy and young childhood; most 
patients present before the age of 2 years. This lesion is con- 
sidered to be a developmental anomaly rather than a true 
neoplasm of the liver, and it is composed of bile duets, hepa- 
tocytes, mesenchymal tissue, and vessels. The tumor is com¬ 
monly predominantly cystic, but tumors with a large solid 
component occasionally occur. 90 The tumor is often large at 
presentation, frequently weighing more than 1000 g, and it 
commonly occupies the right hepatic lobe, although both 
lobes may be involved. Patients typically present with a large, 
asymptomatic abdominal mass and have normal serum 
a-fetoprotein levels. 

Ultrasound can characterize these lesions well by delineating 
the cystic and septate nature of the mass and any solid com- 
ponents, but contrast-enhanced CT better delineates the rela- 
tionship of the mass to adjacent structures. There should be 
little enhancement of the septa after intravenous administra¬ 
tion of contrast material, but when a soft tissue component 
is present, enhancement may be inhomogeneous (Fig. 120-15). 
On MRI, the cystic component demonstrates inconsistent 
signal patterns that correspond to the variable content of pro- 
teinaceous fluid. 91 

Although mesenchymal hamartoma is a benign lesion and 
can often be differentiated from other liver tumors radiographi- 
cally with a high degree of confidence, surgical resection 
remains the mainstay of treatment. Resection is generally cura- 
tive, although enucleation followed by incision and drainage 



Figure 120-15 Mesenchymal hamartoma. A. Contrast-enhanced axial CT through the upper abdomen in an infant demonstrates a large cystic 
liver mass occupying both lobes. Notice the enhancement of the single septation. B. Axial Tl-weighted MRI demonstrates the same lesion, 
which is almost entirely cystic. 
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of the cystic components and nonoperative management with 
serial imaging have been reported. 92,93 Transplantation remains 
an option in children for whom surgical resection is not 
possible. 94 

HEPATIC ADENOMA 

Hepatic adenomas are unusual tumors in the general pediatric 
population, but they may be encountered more frequently in 
children with predisposing systemic diseases or in teenage giris, 
particularly those taking oral contraceptive pilis. Children with 
Fanconi anemia who are treated with exogenous steroids and 
patients with type 1 glycogen storage disease are at increased 
risk for adenomas and other hepatic neoplasms. 9 In children 
with type 1 glycogen storage disease, hepatic adenomas are 
more likely to be multiple (Fig. 120-16). 98 

Adenomas are typically solitary lesions associated with 
normal serum a-fetoprotein levels. They may be found inciden- 
tally, but they are prone to acute hemorrhage, causing sudden 



Figure 120-16 Adenoma. Contrast-enhanced CT through the liver 
of a child with Gaucher's disease reveals an enhancing, well- 
circumscribed mass arising from the lateral aspect of the left hepatic 
lobe. At surgical resection, this lesion proved to be an adenoma. 
Notice the hepatomegaly and decreased attenuation of the liver due 
to Gaucher's disease. 


onset of abdominal pain (Fig. 120-17). Because of the complica- 
tions related to sudden hemorrhage, these lesions are treated 
with surgical resection. 

FOCAL NODULAR HYPERPLASIA 

Focal nodular hyperplasia is the second most common benign, 
solid hepatic neoplasm in adults after hemangioma, but it is 
rare in the pediatric population (Fig. 120-18). Historically, focal 
nodular hyperplasia was considered a hamartoma or neoplasm 
related to ischemic changes, but this benign tumor is now con¬ 
sidered to be a non-neoplastic, hyperplastic response to a con- 
genital or acquired vascular malformation. 3 It is postulated that 
focal circulatory disturbances cause arterial and portal venous 
thrombosis. Vascular recanalization and reperfusion of hepatic 
tissue may lead to hepatocyte proliferation and the develop- 
ment of focal nodular hyperplasia and other non-neoplastic 
lesions, such as regenerative nodules. 100 

LYMPHOPROLIFERATIVE DISORDERS 

Lymphoproliferative disorder is becoming more common in 
the pediatric population as the number of immunocompro- 
mised children grows. Solid organ and stem cell transplantation 
are being used more widely in children, and there is increased 
survival of children with immunologic disorders. Lymphopro¬ 
liferative disorder results from T-cell dysfunction and abnormal 
proliferation of B cells infected with Epstein-Barr virus. This 
disorder encompasses a wide Spectrum of disease, from poly- 
clonal B-cell hyperplasia to monoclonal B-cell lymphoma. 101,102 
Lymphoproliferative disorder is most commonly seen after 
solid organ transplantation, but it also occurs in children after 
stem cell transplantation. 

After solid organ transplantation, lymphoproliferative dis¬ 
order commonly occurs in the region of the allograft, with 
hepatic involvement most frequently occurring after liver 
transplantation. 102 Hepatic disease may be manifested as 
regions of periportal low attenuation or discrete masses. 102,103 
Hepatic masses related to lymphoproliferative disorder may 
be distinguished from other causes of liver masses by their 
tendency to invade and encase the portal veins rather than 
displace them. 18 



Figure 120-17 Adenoma with hemorrhage. A and B. Axial CT images after intravenous contrast enhancement in an 11-year-old giri who 
experienced acute onset of abdominal pain after karate class. The large, hemorrhagic tumor occupying the right hepatic lobe was found to be 
an adenoma at resection. 
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Figure 120-18 Focal nodular hyperplasia. The newborn was found to have an enlarged liver on physical examination. CT images reveal a 
round mass in the inferior aspect of the right lobe that has the same density as surrounding parenchyma before (A) and after (B) contrast 
enhancement. MRI reveals a signal intensity equal to that of surrounding parenchyma on Tl-weighted (600/30) (C) and T2-weighted (2000/80) 
(D) sequences. 


Focal Inflammatory-lnfectious Lesions 
of the Liver 

Focal hepatic infections are described in detail in Chapter 88. 
This section focuses on the aspects of hepatic inflammatory 
lesions specific to children. Hepatic abscesses are often caused 
by bacterial, fungal, or granulomatous infections. Amebic 
abscesses and hydatid cysts are common worldwide but occur 
infrequently in the general pediatric population in developed 
countries. 

Pyogenic bacterial hepatic abscesses require prompt diagno- 
sis and treatment because they may be life-threatening. In 
infants, hepatic abscesses are associated with generalized sepsis 
or may be a sequela of umbilical line placement. In older chil¬ 
dren, sepsis is a common cause, although pyogenic liver abscesses 
may also be seen after trauma or in immunocompromised 
patients such as children with sickle cell anemia or an immu- 
nologic deficiency (Fig. 120-19). On occasion, pyogenic hepatic 
abscesses can result from perforated appendicitis (Fig. 120-20). 
In children who have undergone stem cell transplantation or 
who are immunocompromised as the result of chemotherapy, 
hepatic and splenic abscesses related to disseminated fungal 
infection are more common. 18 The most frequent causative 
organisms in these patients are Candida albicans and Aspergillus 
species. Cat-scratch disease is a benign, self-limited systemic 
infection associated with regional lymphadenopathy that com- 
monly affects the liver. Hepatic involvement typically is mani¬ 
fested as multiple, small, nodular lesions. This infection, caused 
by Bartonella henselae , typically follows a cat scratch or multiple 
skin abrasions. 



Figure 120-19 Chronic granulomatous disease. A low-attenuation 
hepatic abscess is seen in the dorne of the right hepatic lobe in a 
teenage boy. Percutaneous drainage is unrewarding because there is 
little purulent material and mostly granuloma. 


Chronic granulomatous disease is an inherited immune defi¬ 
ciency that results in an abnormality of leukocytes. This disor- 
der is most commonly inherited in an X-linked fashion and 
therefore occurs most commonly in boys. Chronic granuloma¬ 
tous disease is characterized by a combination of several molec- 
ular defects that result in defective NADPH oxidase activity in 
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Figure 120-20 Pyogenic liver abscess. A. Multiple, mixed-attenuation lesions are seen in the liver of this 15-year-old giri with perforated 
appendicitis. B. Notice the thrombus in the superior mesenteric vein (arrow) in the same child. 



Figure 120-21 Chronic granulomatous disease. Multiple hepatic 
lesions are found on the CT scan of a 9-year-old boy. CT 
demonstrates calcifications from prior infections and low-attenuation 
masses from an active infection. 


leukocytes. 104 Children with chronic granulomatous disease 
develop recurrent infections, commonly with catalase-positive 
bacteria such as Staphylococcus aureus or fungi, including Asper- 
gillus , because of defective intracellular killing by neutrophils 
(Fig. 120-21). 105 This disease usually is manifested in children 
younger than 1 year with pulmonary infections. Other sites of 
involvement include the lymph nodes, skin, liver, gastrointesti- 
nal tract, and bones. 106 

Neonatal Jaundice 

Unconjugated hyperbilirubinemia is a common physiologic 
event in normal newborns, occurring in approximately 60% of 
term infants and 80% of preterm infants. Hyperbilirubinemia 
generally peaks in days 5 to 7 of life, with bilirubin levels typi- 
cally below 12 to 14 mg/dL. 107 Infants who are breast-fed may 
have prolonged elevation of bilirubin through the second week 
of life. Onset of neonatal jaundice within the first 24 hours of 
life, rapid rise of serum bilirubin levels (>5 mg/dL in 24 hours), 
persistent jaundice, new onset of jaundice after 2 weeks of 
life, or a direct bilirubin level above 1 mg/dL should increase 


suspicion that the neonatal jaundice may be pathologic. 108,109 In 
these children, further evaluation is needed for infectious, met- 
abolic, or surgical causes of jaundice. During the neonatal 
period, neonatal hepatitis, biliary atresia, and choledochal 
malformation/cyst are the three most common causes of jaun¬ 
dice. 110 Biliary atresia and choledochal cysts are discussed in 
detail in Chapter 119. 

Neonatal hepatitis is more common in male infants than in 
female infants and typically occurs during the first month of 
life. The Spectrum of diseases associated with neonatal hepatitis 
includes hepatitis A, hepatitis B, hepatitis C, protozoan infec¬ 
tions, toxoplasmosis, syphilis, rubella, cytomegalovirus infec¬ 
tion, herpesvirus infection, inborn errors of metabolism, 
familial cholestasis, and idiopathic causes. 108 ' 110 

Ultrasound is the initial imaging tool in neonates with jaun¬ 
dice and is particularly useful in the differentiation of a chole¬ 
dochal cyst or dilation of the bile duets from other causes of 
obstruction. In infants with neonatal hepatitis, the sonographic 
appearance of the liver may be normal to enlarged, with variable 
inereased or decreased echogenicity. The biliary duets and gall- 
bladder are typically normal, except in cases with severe hepa- 
tocellular dysfunetion. In these infants, decreased bile production 
may cause the gallbladder to appear small. 110 In neonates with 
poor bile exeretion due to hepatic dysfunetion, sonographic 
differentiation of neonatal hepatitis from biliary atresia can be 
challenging. In these children, nuclear medicine hepatobiliary 
scintigraphy should be performed to assess for exeretion of bile 
into the small intestine. 

Cirrhosis and Diffuse Disorders 
of the Liver 

Cirrhosis is a diffuse disease of the liver that results from 
destruction of normal hepatic parenchyma and the develop - 
ment of fibrosis. Regeneration of liver parenchyma occurs in 
a focal nodular pattern that may be micronodular or mac- 
ronodular. Portal hypertension is commonly seen in the setting 
of cirrhosis. Cirrhosis in children usually occurs as the sequela 
of congenital or acquired disease of the liver, including biliary 
atresia, hepatitis, congenital hepatic fibrosis, cystic fibrosis, 
Budd-Chiari syndrome, and chronic biliary obstruction. Cir¬ 
rhosis is also a secondary phenomenon in a variety of meta- 
bolic disorders, including oq-antitrypsin deficiency, Wilsons 
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Figure 120-22 Tyrosinemia. The liver has irregular contours, 
multiple low-attenuation lesions within the parenchyma, and patchy 
enhancement in a patient with tyrosinemia. The child underwent 
transplantation. 


disease, glycogen storage disease, tyrosinemia, and galactosemia 
(Fig. 120-22). 



Figure 120-23 Gaucher's disease. CT scan through the liver of a 
9-year-old boy reveals a distorted hepatic contour, peripheral 
parenchymal enhancement, and central region of relatively low 
density surrounding the portal branches. The patient died within a 
few days of this CT study. At autopsy, the central portion of the liver 
was replaced with fibrosis. 


a r ANTITRYPSIN DEFICIENCY 

The most common genetic cause of severe liver disease in chil- 
dren is a r antitrypsin deficiency. A relative deficiency of an 
antiproteolytic enzyme results in accumulation of hepatic 
toxins, which leads to the destruction of hepatic architecture 
and cirrhosis, with the associated imaging Åndings. Individuals 
are also at risk for clinical manifestations such as emphysema, 
panniculitis, and perhaps even granulomatosis with polyangiitis 
(formerly Wegener’s granulomatosis). 111 " 113 

CYSTIC FIBROSIS 

The frequency and severity of hepatobiliary complications in 
children with cystic fibrosis have increased with the improved 
life expectancy of those with this disorder. 114 Cystic fibrosis- 
related hepatobiliary disease includes chronic cholangitis, fibro¬ 
sis, fatty changes, and focal biliary cirrhosis that may progress 
to profound hepatic cirrhosis with portal hypertension, abnor- 
malities of the bile duets, and gallbladder abnormalities, includ- 
ing cholelithiasis. 115 

GLYCOGEN STORAGE DISEASES 

The glycogen storage diseases are a group of inherited meta- 
bolic disorders, most of which have an abnormality in the 
breakdown of glycogen to glueose, which is manifested as 


abnormal structure or concentration of glycogen. The six types 
are classified by differences in a specific enzyme defeet. Type 1 
(von Gierke’s disease) is distinguished by a defeet in the break¬ 
down of glycogen to glueose, resulting in excess accumulation 
of glycogen within hepatocytes and the proximal convoluted 
tubules of the kidneys. Children with type 1 glycogen storage 
disease have an increased incidence of hepatic adenomas and 
hepatocellular carcinomas. Hepatomegaly, splenomegaly, and 
cirrhosis are characteristic in several different types of glycogen 
storage disease. 

GAUCHER'S DISEASE 

Gaucher’s disease is a rare genetic disorder of glycolipid metab- 
olism that leads to abnormal accumulation of glucocerebroside 
in cells of the reticuloendothelial system. Hepatomegaly may 
be the only imaging abnormality seen in the liver, but some 
children exhibit focal areas of low-intensity Tl-weighted and 
high-intensity T2-weighted signal on MRI, patterns that are 
presumably related to deposition of Gaucher cells and fibrosis. 
Portal hypertension in these children is uncommon. Liver and 
spleen volumes determined by ultrasound, CT, or MRI are 
useful as an indicator of disease progression and may correlate 
with changes in the bone marrow and the development of 
avascular necrosis (Fig. 120-23). 116 119 
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Imaging of the Pediatric Pancreas 

Ultrasound is the initial imaging modality of choice for evalu- 
ation of the pediatric pancreas. The relatively large left hepatic 
lobe serves as an acoustic window and children have a thin body 
habitus, which makes this possible. 1 Ultrasound is also ideal for 
imaging of children because it is noninvasive and does not 
require sedation, along with the lack of ionizing radiation. 2 On 
sonography, the normal pancreas has a homogeneous echotex- 
ture (Fig. 121-1). 3 The pancreas in preterm infants and neonates 
usually is more echogenic than the liver. 4 As children grow, it 
usually becomes nearly isoechoic to the liver. The normal pan¬ 
creatic duet is commonly seen in the body of the giand as an 
echogenic line or an anechoic lumen with echogenic horders 
(Fig. 12 1-2). 1,3 Relative to body size, the pancreas is larger in 
children than in adults, although it tends to shrink relatively 
with age. 2,5 The head and tail of the pancreas typically are 
thicker than the body and neck. The usual prominence of the 
head can sometimes be mistaken for abnormality. The pancre¬ 
atic duet normally is less than 2 mm in diameter. 6 

Given the ionizing radiation, the need for intravenous and 
oral administration of contrast material, and the possible need 
for sedation of young patients, computed tomography (CT) is 
usually reserved for when the ultrasound study is nondiagnos- 
tic. It is also used to more clearly define anatomic detail (such 
as pancreatic mass, severe pancreatitis, or the complete extent 
of disease), to evaluate blunt abdominal trauma, 1 and to assess 
the distant complications of pancreatic disease. On CT, the 
normal pediatric pancreas has a generally smooth or slightly 
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lobulated surface and a homogeneous soft tissue attenuation 2 
that is usually similar to that of the liver (Fig. 121-3). 5 

Magnetic resonance imaging (MRI), when it is coupled with 
magnetic resonance cholangiopancreatography (MRCP), is a 
powerful, noninvasive tool for imaging of the pancreatic and 
biliary ductal systems. 2 On fat-saturated Tl-weighted images, 
the pancreas demonstrates intrinsic TI hyperintensity and is of 
bright signal compared with other organs. On T2-weighted 
images, the pancreas should be isointense to the liver. 7 MRCP 
is useful to evaluate the ductal anatomy in children with acute 
or recurrent pancreatitis for congenital abnormalities, such as 
pancreas divisum or an abnormal panereatobiliary junetion. 8 
The disadvantages of MRI include its expense, technical diffi- 
culty (particularly in younger children, who are unable to coop- 
erate), and poor spatial resolution with regard to peripheral 
pancreatic and biliary anatomy. 8 

Whereas endoscopic retrograde cholangiopancreatography 
(ERCP) has been the “gold standard” for evaluating the pancre¬ 
atic and biliary ductal systems, its Utility has decreased with the 
advent of MRCP. This technique has the disadvantages of being 
invasive, requiring general anesthesia in children, and having 
the potential complication of pancreatitis, which occurs in at 
least 3% of children. 1 Thus, ERCP is now usually reserved for 
cases that require intervention or for manometry of biliary and 
pancreatic sphineters. 9 

Trauma 

Blunt abdominal trauma accounts for most abdominal injuries 
in children. 10 Children are more prone to trauma-induced pan¬ 
creatic injury than adults are because of underdeveloped 
abdominal musculature. 2 The mechanism of injury most com¬ 
monly involves compression of the pancreas against the spine, 
as seen in motor vehicle collisions or nonaccidental trauma, or 
discrete focal trauma, 10 commonly seen in bicycle handlebar 
injuries. 5 There is overall approximately 3% to 12% incidence 
of pancreatic injury in children, 10 with 90% of these patients 
also concurrently having injuries to other structures, including 
the liver, spleen, bowel, and adjacent vasculature. 11 The bicycle 
handlebar type is the most likely to cause isolated injury to the 
pancreas (Fig. 121-4). 12 

The signs and symptoms of pancreatic injury may be delayed 
for hours or days after the trauma, particularly if the injury is 
isolated to the pancreas. 10 Symptoms are often atypical and 
nonspecific, including abdominal pain, nausea, vomiting, and 
fever. 2 The initial serum amylase level has a low sensitivity 
and specificity for detecting pancreatic injury, and it may be 
normal, even in the setting of significant pancreatic injury. 12 

The Utility of ultrasound is limited in the setting of blunt 
abdominal trauma, with a sensitivity of only 67% for detecting 
pancreatic injury seen by CT. 12 Contrast-enhanced CT is supe- 
rior to ultrasound for evaluating pancreatic trauma, with a 
sensitivity for detecting all pancreatic injuries of 85% within 24 
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Figure 121-1 Normal pancreas. The transverse ultrasound image of 
the pancreas demonstrates pancreatic echogenicity similar to that of 
the adjacent liver. 



Figure 121-2 Normal pancreatic duet. The transverse sonographic 
image of the pancreas demonstrates parallel echogenic lines in the 
body of the pancreas consistent with a normal pancreatic duet 
( arrows ). 


hours of admission. 12 Admission CT findings may be normal in 
patients later proved to have pancreatic injury by repeated 
imaging or laparotomy. 10 Early findings of pancreatic injury can 
be subtle, especially immediately after trauma. 2 Unlike other 
traumatized abdominal solid organs, the pancreas can have 
little change in attenuation with lacerations and fractures, 
making diagnosis difficult, particularly if there is no separation 
of the parenchymal fragments (Fig. 121-5). 2,13 



Figure 121-3 Normal pancreas. The contrast-enhanced CT scan 
demonstrates a normal pancreas with a gently lobulated surface in a 
7-year-old giri. The attenuation of the pancreas is similar to that of 
the adjacent liver. 



Figure 121-4 Pancreatic contusion. The CT scan through the 
pancreas reveals focal low attenuation in the body of the pancreas 
caused by contusion ( arrows ) in a young boy after abdominal trauma 
from a bicycle handlebar. 


Pancreatic contusions or lacerations tend to occur at the 
junetion of the body and tail of the pancreas. 14 They are 
manifested as linear areas of low attenuation perpendicular 
to the long axis of the pancreas (Fig. 121-6), 1,2,5 and there 
may be associated pancreatic edema and enlargement, pan¬ 
creatic or duodenal hematoma, and pancreatic duet dilation. 2,12 
Peripancreatic fluid or fluid in the lesser sac is a useful 
marker for pancreatic injury, particularly in the absence of 
injury to other organs. 1 The failure to visualize a portion 
of the giand should suggest the diagnosis of pancreatic 
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Figure 121-5 Pancreatic contusion. A. The CT scan through the upper abdomen of a young giri involved in a motor vehicle accident is limited 
by significant motion artifact. B. The repeated scan through the upper abdomen shows heterogeneous low attenuation in an enlarged pancreas 
that represents pancreatic contusion and edema ( arrows). The patient also has moderate free intraperitoneal fluid. 



Figure 121-6 Pancreatic contusion. The CT scan through the upper 
abdomen of a 3-year-old boy after a motor vehicle accident shows 
focal low attenuation in the pancreatic head in the typical distribution 
anterior to the spine (small arrow). The patient also has free 
intraperitoneal air from a duodenal laceration (large arrow). 



Figure 121-7 Pancreatic transection. The CT scan through the 
pancreas in a young child after nonaccidental trauma demonstrates 
complete pancreatic transection (arrow). 


laceration. 14 Complete pancreatic transection is rare (Fig. 
121-7). 14 Blunt trauma is the most common cause of acute 
pancreatitis in children. 5 In the setting of post-traumatic acute 
pancreatitis in children, CT imaging can demonstrate the 
typical findings of acute pancreatitis. Pancreatic pseudocysts 
develop in approximately 40% of children with traumatic 
pancreatic injury, and approximately half of these resolve 
spontaneously. 1,10 

ERCP, where it is available, can be used to assess for ductal 
injury if CT findings are equivocal. ERCP has the added benefit 
of potential intervention as well, with placement of a stent to 
treat pancreatic duet injury. 15 The routine use of ERCP can 
also lead to more cases of pancreatic injury being treating 
nonoperatively. 16 

Once pancreatic injury is diagnosed, management depends 
on the severity and location of the injury and on the presence 
of associated intra-abdominal injuries. 10 Most patients are 
treated nonoperatively with bowel rest and total parenteral 


nutrition. The decision to intervene surgically is based on 
hemodynamic instability and the degree of spill of pancreatic 
fluid into the intraperitoneal or retroperitoneal Space. 18 Injury 
to the proximal pancreatic duet usually is treated conservatively 
with bowel rest, nasogastric decompression, and hyperalimen- 
tation. Transection of the distal pancreatic duet, however, may 
be treated with distal pancreatectomy with preservation of the 
spleen. 10 ’ 19 

Abnormal pancreatic enhancement can be seen in the 
setting of hypoperfusion complex, a rare process seen in 
young children with hypovolemic shock. This complex tends 
to occur in those who suffer severe central nervous system 
or abdominal injury 5 and have evidence of pro fo und acide- 
mia. 20 Imaging findings of hypoperfusion complex include 
“shock bowel,” with diffusely dilated, fLuid-filled bowel with 
abnormal mural enhancement 2 ; intense enhancement of the 
pancreas, kidneys, adrenal giands, 5 and mesentery 2 ; moderate 
to large intraperitoneal hematomas; and diminished caliber 
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Figure 121-8 Hypoperfusion complex. The CT scan through the 
pancreas in a teenager after a motor vehicle accident demonstrates 
findings of hypoperfusion complex, including intense enhancement 
of the pancreas and diminished calibers of the aorta and inferior 
vena cava. 


of the abdominal aorta 20 and a slitlike inferior vena cava 
(Fig. 121-8). 

Pancreatitis 

ACUTE PANCREATITIS 

Pancreatitis is an uncommon cause of abdominal pain in chil- 
dren. The clinical diagnosis of acute pancreatitis is based on the 
presence of upper abdominal pain and tenderness and evalua- 
tion of pancreatic enzymes. With a mortality rate for acute 
pancreatitis in children as high as 21% and protean clinical 
presentations, a high level of clinical suspicion is essential for 
prompt diagnosis. 

The causes of acute pancreatitis in children differ signifi- 
cantly from those in adults. In adults, pancreatitis is associated 
with alcoholism and biliary tract disease in 80% of cases. 21 The 
most common cause of acute pancreatitis in children is blunt 
abdominal trauma, 22 followed by infection and drug use. 21 
Numerous drugs and toxins have been implicated in causing 
acute pancreatitis. The most commonly associated medication 
in children is the antiseizure drug valproic acid. 23 Infections 
causing acute pancreatitis in the pediatric population tend to 
be viral and include the mumps virus, 14 coxsackievirus B, and 
varicella-zoster virus. 23 Fifteen percent of cases of acute pancre¬ 
atitis in children are caused by structural anomalies. 24 These 
include congenital anomalies (e.g., pancreas divisum), Crohns 
disease, and duodenal ulcers that involve the periampullary 
region. 25 Multisystemic disease, including vasculitis, lupus, 
sepsis, sickle cell disease, and hemolytic uremic syndrome, 
accounts for approximately 14% of cases of acute pancreatitis. 24 
In cases of unexplained pancreatitis, diagnostic considerations, 
particularly in a young child, should include nonaccidental 
trauma, inborn errors of organic acid metabolism, hereditary 
pancreatitis, hemolytic uremic syndrome, and biliary tract 
disease. 5 Other causes of pediatric pancreatitis are listed in Table 
121-1. In up to 25% of cases, no cause is fo und. 

Plain radiographs are not sensitive for detection of acute 
pancreatitis, but some reactive findings can be seen (Fig. 121- 
9). These include atelectasis, elevation of the hemidiaphragms, 


TAB LE 

121-1 


Trauma 

Motor vehicle collision 
Nonaccidental trauma 
Bicycle handlebar injury 
Drugs or toxins 

Antiseizure medications, particularly valproic acid 
Chemotherapeutic agents 
Steroids 
L-Asparaginase 
Acetaminophen 
Sulfasalazine 
Thiazides 
Furosemide 
Infections 
Mumps 

Coxsackievirus B 
Varicella-zoster virus 
Ascariasis 
Escherichia coli 

Fungal infection (immunosuppression) 

Structural anomalies 
Pancreas divisum 
Choledochal cysts 
Intestinal duplication cysts 

Periampullary lesions, including Crohn's disease and duodenal 
ulcers 

Metabolic disorders 
Cystic fibrosis 
Hypercalcemia 
Hyperlipidemia 
Collagen-vascular diseases 
Lupus 
Vasculitis 

Hemolytic uremic syndrome 
Sepsis 
Shock 

Sickle cell disease 
Thalassemia 



Figure 121-9 Sentinel loop. The anteroposterior radiograph shows 
focal dilation of a small bowel loop in the left upper abdomen ( arrow ), 
representing a localized ileus caused by peripancreatic inflammation 
in a 2-year-old boy with abusive traumatic pancreatitis. 


Causes of Pediatric Pancreatitis 
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Figure 121-10 Acute pancreatitis. A. The transverse sonographic image through the pancreas shows a diffusely enlarged pancreas that is 
echogenic compared with the liver in a 17-year-old giri with a history of thrombotic thrombocytopenic purpura. B. Follow-up ultrasound of the 
same patient 2 weeks later demonstrates interval decrease in the size of the pancreas, with decreased echogenicity compared with the liver. 


left pleural effusion, pericardial effusion, and pulmonary edema 
on chest radiographs. 21 A sentinel loop in the left upper quad- 
rant or diffuse small bowel ileus (see Fig. 121-9), a dilated 
transverse colon, or paucity of gas within the descending colon 
can be seen on abdominal radiographs. Additional Åndings 
may include mass effect from a pancreatic pseudocyst and 
peripancreatic extraluminal gas (if it is associated with an 
abscess). 21 

Ultrasound is usually the first imaging study performed for 
the evaluation of suspected pediatric pancreatitis. 1 Enlargement 
of the pancreas can be seen, either diffuse or focal, usually 
involving the head 1 (Fig. 121-10). However, there is a wide 
variation in pancreatic size in children, and there can be overlap 
between healthy patients and those with pancreatitis. 3 The pan¬ 
creatic echotexture can also become hypoechoic with acute 
pancreatitis, 21 but increased echogenicity has also been 
described. 2 The most reliable Ånding in children appears to be 
dilation of the pancreatic duet. 9 A dilated duet with poorly 
deAned horders 26 can be seen in acute and chronic pancreatitis, 
with the duet diameter tending to be greater in patients with 
chronic pancreatitis. The duet diameter associated with pancre¬ 
atitis is greater than 1.5 mm in children 1 to 6 years of age, 
greater than 1.9 mm in children 7 to 12 years of age, and greater 
than 2.2 mm at 13 to 18 years of age. 6 In mild cases of pancre¬ 
atitis, the pancreas can appear normal. 2 Other Åndings that can 
be seen on ultrasound include gallstones, biliary sludge, and 
intrahepatic or extrahepatic biliary ductal dilation. 25 Ascites and 
extrapancreatic Auid collections 1 are frequently observed. 
Ultrasound is also the modality of choice for follow-up of pan¬ 
creatitis Auid collections. 1 

CT is more sensitive than ultrasound to detect early Åndings 
of pancreatitis 2 and is hest for evaluating the severity of pancre¬ 
atitis and the potential for complications. 21 CT evaluation of 
acute pancreatitis in pediatric patients demonstrates a Spectrum 
of Åndings. These include diffuse giand enlargement with het- 
erogeneous attenuation and enhancement; poorly deAned pan¬ 
creatic margins, peripancreatic Auid, and edema; and fat and 
soA tissue inAammation (Fig. 121-11). 5,2 Areas of decreased 
attenuation and poor contrast enhancement indicate pancreatic 
necrosis and increased severity of pancreatitis. 2 A normal pan¬ 
creas on initial imaging can be seen in up to one third of 
patients with acute pancreatitis. 5 



Figure 121-11 CT findings of acute pancreatitis. The CT scan 
shows diffuse enlargement of the pancreas with inflammation of the 
peripancreatic fat ( arrows ) in a 7-year-old boy who developed acute 
pancreatitis after therapy with asparaginase for acute lymphocytic 
leukemia. 


Studies suggest an inereasing role for MRI with MRCP in 
the evaluation of acute pancreatitis, especially given its lack 
of radiation and excellent soA tissue contrast. MRI may also 
be more sensitive for detection of acute pancreatitis compared 
with CT. 7 MRI demonstrates an enlarged giand with abnormal 
signal intensity with surrounding inAammation and edema in 
acute pancreatitis. SpeciAcally, there is loss of the normal 
intrinsic TI hyperintensity of the giand and increased T2 signal 
due to the edema. 7 MRCP can show congenital anomalies, 
such as pancreas divisum and abnormal junetion of the pan- 
creatobiliary junetion, or biliary stones as the etiology of the 
acute pancreatitis. 8 2 " 

ERCP is reserved for children with unexplained recurrent 
bouts of pancreatitis and patients with a prolonged course to 
exelude possible structural abnormalities or duet disruption. 
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ERCP may also be diagnostic and therapeutic in patients with 
gallstone pancreatitis. 25 

Approximately half of pediatric patients with acute pancre¬ 
atitis develop fluid collections outside the pancreas: acute pan- 
creatic fluid, pseudocysts, and abscesses. Of all these, pseudocyst 
formation is the most common complication of pancreatitis. 24,26 
The most common locations for pseudocyst formation in chil- 
dren are the anterior pararenal space (71%), lesser sac (57%), 
lesser omentum (50%), and transverse mesocolon. Less than 
10% of pseudocysts occur within the pancreatic parenchyma in 
children. 28 Pseudocysts with a diameter of less than 10 cm tend 
to resolve spontaneously. Drainage has been suggested for pseu¬ 
docysts with a diameter greater than 10 cm or for those less 
than 10 cm in diameter that do not resolve after 6 weeks. 18 A 
persistent fluid collection should raise the suspicion of an 
underlying structural abnormality, 27 and further evaluation of 
the pancreatic duet may be necessary. 5 Pseudocysts typically are 
homogeneous in appearance, with an attenuation approaching 
that of water (Fig. 121-12), unless they are complicated by hem- 
orrhage or infeetion. 14 Abscesses usually occur more than 4 
weeks after the onset of pancreatitis 5 and can develop from 
acute pancreatic fluid collections and pseudocysts. 

CHRONIC PANCREATITIS 

Chronic pancreatitis consists of progressive, irreversible pancre¬ 
atic destruction due to recurrent pancreatic inflammation that 
produces fibrosis, fatty degeneration, or calcium deposits. 26 It is 
thought that susceptibility to chronic pancreatitis is influenced 
by genetic and environmental factors. 25 The most common 
cause worldwide is juvenile tropical pancreatitis, which is asso- 
ciated with pure protein malnutrition and occurs in equatorial, 
Third World countries. 5 In the United States, the most common 
causes are hereditary pancreatitis and cystic fibrosis. 25 Heredi- 
tary pancreatitis is defined by recurrent attacks of pancreatitis 14 
that occur in families during two or more generations without 
other known predisposing factors. 2 Most commonly seen in 



Figure 121-12 Pancreatic pseudocyst. The CT scan through the 
pancreas shows a large cystic fluid collection in the midabdomen with 
a mass effeet on the stomach that represents a pseudocyst ( arrows ) in 
a young patient with a history of pancreatitis. 


white children, it is inherited in an autosomal dominant fashion 
with variable penetrance (40%-80%). 14 The median age at pre- 
sentation is 10 years. 25 Approximately half of the patients 
develop chronic pancreatitis 10 years after the first bout of acute 
pancreatitis. 25 Complications occur more frequently in patients 
with hereditary pancreatitis than in those with nonhereditary 
chronic pancreatitis. 21 Less common causes include steroid 
therapy, hyperparathyroidism, pancreas divisum, 14 hypercalce- 
mia, 23 and malnutrition. 26 

Patients with chronic pancreatitis have chronic, midepigas- 
tric abdominal pain. 5 Pancreatic insufficiency with diabetes is 
a late-stage complication, occurring when there is less than 
10% of residual pancreatic funetion. 5,23 Chronic pancreatitis 
demonstrates inereased pancreatic echogenicity sonographi- 
cally. Irregular contours, with intraparenchymal calcifications 
and pancreatic duet dilation (Fig. 121-13), are commonly 
seen. 26 CT better characterizes the parenchymal atrophy, duet 
dilation, and calcifications (Fig. 12 1-14). 5 Complications of 
chronic pancreatitis include recurrent bouts of acute pancre¬ 
atitis, pseudocyst formation, and inereased risk for pancreatic 
adenocarcinoma. 14 Other major complications include diabetes 
mellitus, ascites, pleural effusions, portal hypertension, throm- 
bosis of the portal and splenic veins, and exocrine pancreatic 
insufficiency. 21 

Cystic Fibrosis 

Cystic fibrosis is the most common lethal recessive genetic trait 
in white individuals, 2 with an incidence of 1 case in 2500 live 
births. 2 Inherited in an autosomal recessive fashion, 5 cystic 
fibrosis is a multisystemic disease caused by a variety of muta¬ 
tions in the cystic fibrosis transmembrane conductance regula¬ 
tor (CFTR) gene. 0 The defeetive gene causes abnormal chloride 
transport across the membrane of epithelial cells that express 
CFTR, resulting in abnormally thick exocrine giand secretions 
that typically affeet the lungs, pancreas, and liver 26 and also 
the paranasal sinuses and reproductive tract. 29 Although lung 



Figure 121-13 Chronic pancreatitis. The transverse sonographic 
image of the pancreas reveals dilation of the main pancreatic duet in 
a 12-year-old giri with chronic pancreatitis. 
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Figure 121-14 CT findings of chronic pancreatitis. CT 

demonstrates thinning of the pancreatic parenchyma (straight arrows) 
with dilation of the pancreatic duet (curved arrow) in a 5-year-old giri 
with chronic pancreatitis. 



Figure 121-15 Ultrasound findings of the panereas in cystic 
fibrosis. Transverse ultrasound shows the panereas to be thin and 
markedly echogenic as a result of atrophy and fat infiltration ( arrows ) 
in a 7-year-old boy with cystic fibrosis. 


disease is the leading cause of morbidity and mortality in 
persons with cystic fibrosis, 31 improved treatment of lung 
disease has resulted in longer survival and inereased morbidity 
from involvement of other organs, 29 including the panereas. 

The tenacious pancreatic secretions of cystic fibrosis cause 
obstruction of pancreatic duets with upstream acinar and 
ductal distention and end-stage atrophy of acinar tissue. 5 If it 
is severe enough, the degeneration eventually results in replace- 
ment of pancreatic parenchyma with fibrosis and fat. 6 Cystic 
fibrosis is responsible for 85% to 90% of exocrine pancreatic 
insufficiency in children. 2 It occurs at or soon after birth as a 
result of chronic obstruction. Only 10% to 15% of patients 
maintain enough pancreatic funetion to avoid steatorrhea. 
Endocrine dysfunetion in cystic fibrosis is less common, with 
30% to 50% of cystic fibrosis patients demonstrating glueose 
intolerance and 13% of adult patients having diabetes. 31 

Several patterns of pancreatic changes have been described 
in cystic fibrosis: complete replacement of the panereas by 
fibrofatty tissue with enlargement of the panereas, partial 
replacement of the panereas by fibrofatty tissue, complete pan¬ 
creatic atrophy without fatty replacement, diffuse pancreatic 
fibrosis, and cystic transformation of the panereas. 29 Pancreatic 
calcifications and small pancreatic cysts that do not exceed 
several millimeters in diameter are not uncommon imaging 
features in cystic fibrosis. 2 ' Pancreatic cystosis is a usual com- 
plication of cystic fibrosis, with larger cysts distributed through - 
out the giand. 29 These true cysts are caused by obstruction of 
pancreatic duets by tenacious secretions, resulting in upstream 
dilation. 29 Pancreatic calcifications are typically seen in dilated 
pancreatic duets after ductal and ductular obstruction by 
calcium-rich inspissated material. 32 Although cystic fibrosis is 
one of the most common causes of chronic pancreatitis, acute 


pancreatitis is not a common manifestation because there is 
generally not enough funetioning residual pancreatic tissue to 
mount the inflammatory reaction." 25 Acute pancreatitis should 
be suspected, however, if there is enlargement of the pancreatic 
head. 1 

The sonographic findings of cystic fibrosis include inereased 
pancreatic echogenicity due to fatty replacement and decreased 
pancreatic size due to pancreatic atrophy (Fig. 121-15). 29 Other 
findings can include calcifications and single or multiple cysts. 
In the setting of pancreatic cystosis, multiple anechoic lesions 
are seen with smooth, thin walls without nodules and enhanced 
through-transmission. 

CT evaluation of the panereas in patients with cystic fibrosis 
demonstrates diffuse, low attenuation throughout an enlarged 
panereas, consistent with fatty replacement (Fig. 121-16). When 
complete atrophy is present, it is seen as a small panereas 
with soft tissue attenuation and with no enhancement after 
administration of contrast material. 29 Other findings may 
include parenchymal calcifications and the cysts of pancreatic 
cystosis. 2 

MRI demonstrates complete fatty replacement of the pan¬ 
ereas, which is manifested as an enlarged panereas with high 
signal intensity on Tl-weighted images. Fibrosis of the panereas 
is seen as low signal intensity on TI- and T2-weighted images, 
without the high signal intensity of fat on Tl-weighted 
images. 29,32 A disadvantage of pancreatic MRI is the inability to 
reliably demonstrate small calcifications. 28 On MRCP, the main 
pancreatic duet usually is not well delineated in cystic fibrosis 
because of pancreatic duet narrowing. 32 When cysts are present, 
they have low signal intensity on Tl-weighted images and high 
signal intensity on T2-weighted images with thin, smooth walls 
that have low signal intensity. 29 
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Figure 121-16 CT findings of the pancreas in cystic fibrosis. A and B. CT demonstrates fatty replacement of the pancreas ( arrows ) in a 
teenaged giri. The patient also has a nodular liver from hepatic fibrosis and has splenic varices ( arrowheads) and splenomegaly from portal 
hypertension. 



Figure 121-17 Shwachman-Diamond syndrome. CT shows the loss 
of pancreatic parenchyma from atrophy and infiltration of the 
pancreas by fat ( arrows ) in a young boy with Shwachman-Diamond 
syndrome. 

Shwachman-Diamond Syndrome 

Shwachman-Diamond syndrome is the second most common 
cause of exocrine pancreatic insufficiency in childhood after 
cystic fibrosis, with a clinical Spectrum from mild to nearly 
complete absence of exocrine function. It is inherited in an 
autosomal recessive fashion, and other associated manifesta¬ 
tions include skeletal and bone marrow abnormalities. These 
patients have exocrine pancreatic insufficiency with a normal 
sweat test result, 4 allowing the syndrome to be distinguished 
from cystic fibrosis. 5 Clinically, patients with Shwachman- 
Diamond syndrome present with steatorrhea during infancy. 21 
Unlike with cystic fibrosis, the clinical condition of patients 
with Shwachman-Diamond syndrome tends to improve with 
age. 5 On pathologic examination, there is fatty infiltration of 
the pancreas with reduction of the acini, but the islets and duets 
are preserved 1, 21,34 (Fig. 121-17). 33 Initially, the pancreas may be 
enlarged, but the size later becomes normal or slightly small. 14 


Patients may demonstrate hepatomegaly or splenomegaly, 
which may be caused by infeetion or malnutrition. 33 Pancreatic 
calcifications and cysts are not associated with Shwachman- 
Diamond syndrome, which distinguishes this disease from 
cystic fibrosis. 5 

Nesidioblastosis 

Nesidioblastosis, also known as persistent hyperinsulinemic 
hypoglycemia of neonates and infants and as diffuse adenoma- 
tosis, is a congenital anomaly characterized by persistence of the 
fetal State of the pancreas. On pathologic examination, there is 
proliferation and persistence of nesidioblasts, cells that differ- 
entiate from ductal epithelium. 26 These nesidioblasts produce 
insulin, and patients present with symptoms of hypoglycemia, 
usually detected in the newborn and infant stage. 1,26 Diagnosis 
of nesidioblastosis is made by the persistence of symptomatic 
hypoglycemia with inappropriately high levels of insulin and 
with the inappropriate response to intravenous glueagon. 35 The 
diagnosis can also be made by selective venous sampling in 
pancreatic veins, evaluating for elevated insulin levels. 36 Two 
forms have been identified, one with focal adenomatous hyper- 
plasia and the second with diffuse B-cell abnormalities. 36 Ultra- 
sound of the pancreas sometimes demonstrates diffuse inereased 
echogenicity and inereased size of the pancreatic head, body, 
and tail in the diffuse form. The lesions in the focal form are 
not well visualized radiologically. 36 Nearly total pancreatectomy 
is necessary in the setting of persistent hypoglycemia with the 
diffuse form; with the focal form, only that particular lesion 
needs to be resected. 37 

Pancreatic Masses 

CONGENITAL CYSTS 

True congenital cysts of the pancreas are rare and are the result 
of anomalous development of the pancreatic duets. 26,38 During 
prenatal ultrasound scanning, the cysts may be manifested inci- 
dentally or may be associated with polyhydramnios. Postnatally, 
the cysts can be diagnosed at any age. 1 Patients are usually 
asymptomatic, and the cysts are found incidentally. 38 There is a 
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Figure 121-18 Pancreatoblastoma. A. CT demonstrates a large, well-defined mass in the head of the pancreas ( arrows ) of a young boy with 
pancreatoblastoma. B. CT scan through the liver demonstrates multiple, heterogeneous masses within the hepatic parenchyma consistent with 
metastatic disease. 


female predominance. 38 Congenital pancreatic cysts have an 
epithelial lining, are usually singular and unilocular, and are 
typically located in the body or tail of the pancreas. 5,38 Com- 
munication with the pancreatic duet is rare. 38 On sonography, 
congenital pancreatic cysts usually are anechoic and may range 
in size from microscopic up to 5 cm in diameter. On CT, the 
cysts generally have low attenuation and demonstrate no mural 
enhancement. 38 When they are multiple, congenital cysts may 
be seen in association with a variety of syndromes, including 
Beckwith-Wiedemann syndrome, autosomal dominant poly- 
cystic kidney disease (ADPKD), and von Hippel-Lindau disease 
(VHLD). 26 

NEOPLASMS 

Tumors of the pediatric pancreas are extremely rare. They are 
classified as epithelial or nonepithelial in origin; the epithelial 
tumors are further subdivided into exocrine and endocrine 
tumors. In the pediatric population, the most common exo¬ 
crine tumors are pancreatoblastoma and adenocarcinoma. 
Endocrine tumors can be hormonally funetioning or nonfunc- 
tioning. Mesenchymal tumors of the pediatric pancreas are even 
rarer. 

Exocrine Tumors of the Pancreas 

Pancreatoblastoma. Pancreatoblastoma, also known as infan¬ 
tile carcinoma of the pancreas, is the most common pancreatic 
neoplasm of childhood. 28 This rare epithelial tumor, 14 which 
is often misdiagnosed as neuroblastoma or hepatoblastoma, 5 
has a 2:1 male-to-female ratio. 2,28 The mean age at diagnosis 
is 4 years, but it can be manifested at any time from the 
newborn period to adulthood. 2 It is associated with Beckwith- 
Wiedemann syndrome 2,28 and has an inereased incidence in 
East Asia. 2 Patients usually present with abdominal distention 
or with a large, palpable abdominal mass. The mass may be 
associated with nonspecific symptoms, including failure to 
thrive, epigastric pain, anorexia, vomiting, diarrhea, and weight 
loss. 28 Obstructive jaundice may also be present. The serum 
a-fetoprotein level is elevated in 25% to 55% of patients, and 
the tumor may secrete adrenocorticotropic hormone. 2,39 

Pancreatoblastoma can be located anywhere in the pancreas; 
it may be exophytic or may entirely replace the pancreas. 28 
The mass tends to be large at the time of presentation, with a 
diameter of 7 to 18 cm. It is usually solitary, well defined, and 
surrounded by a fibrous capsule. 14,28 Metastases are most 


commonly seen in the liver but may also occur in regional 
lymph nodes, lungs, and, rarely, bone. 3 Local invasion of the 
bowel and peritoneal cavity as well as of adj acent structures like 
the spleen, kidney, and adrenal giand can also occur. 28 39 When 
metastatic disease is present, the prognosis is typically poor. 2 

In general, imaging demonstrates a solid mass with an 
appearance suggestive of but not specifk for pancreatoblas¬ 
toma. 1 The pancreatoblastoma usually is large and well defined, 
and it may be lobulated. 5 Sonography demonstrates a well- 
demarcated, heterogeneous mass with both solid and cystic 
components. A predominantly hypoechoic solid mass may 
also be seen. 39 CT usually demonstrates a mass with heteroge¬ 
neous contrast enhancement and areas of low attenuation, sug¬ 
gestive of cystic necrosis (Fig. 121-18). 39 Metastases to the liver 
tend to be hypodense and may also contain areas of central 
necrosis. 39 On MRI, pancreatoblastoma is low to intermediate 
signal intensity on Tl-weighted images and high signal inten- 
sity on T2-weighted images. Vascular encasement of the mes- 
enteric vessels and the inferior vena cava may develop, and 
calcifications can be present, which may make differentiation 
from neuroblastoma difficult. 39 

Given the nonspecific imaging fmdings of pancreatoblas¬ 
toma, the diagnosis is generally established by percutaneous 
biopsy. 1 Treatment consists of surgical excision, with chemo- 
therapy administered for metastatic disease. 28 Radiation therapy 
is used for local recurrence or incomplete resection. 1,40 Although 
some patients are cured with excision alone, recurrence has 
been described in up to 60% of patients. 40 

Adenocarcinoma. Adenocarcinomas, both the ductal and 
acinar types, are extremely rare in children. Of these, the acinar 
type is more frequently seen in children and is pathologically 
related to pancreatoblastoma. The mass can occur anywhere 
in the pancreas and tends to be manifested with symptoms 
related to local tumor expansion or metastases. 2 Metastases are 
commonly present at the time of diagnosis. 26 Imaging demon¬ 
strates a well-circumscribed, nodular mass with areas of necro¬ 
sis. 2 On sonography, the mass is usually cystic or has mixed solid 
and cystic components. 26 CT imaging demonstrates hemor- 
rhagic and cystic areas with heterogeneous enhancement. 5 Cal- 
cification can also be seen. 

The ductal type typically occurs in adults but has been 
reported in teenaged patients. 28 It is most commonly located in 
the head of the pancreas. Patients present with pain and weight 
loss, and more than half have obstructive jaundice. Imaging 
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demonstrates a small hypovascular mass, often with dilation of 
the main pancreatic duet and common bile duet proximal to 
the mass. 2 

Endocrine Tumors of the Pancreas 

Islet Cell Tumors. Islet cell tumors can be classified as funetion- 
ing or nonfunetioning endocrine tumors/ If they are funetion- 
ing, islet cell tumors are associated with hypoglycemia 
(insulinoma) or Zollinger-Ellison syndrome (gastrinoma); 
ACTHomas and VIPomas are less common in children. Non¬ 
funetioning islet cell carcinoma is mueh more common in the 
pediatric population than in adults and usually is manifested as 
an abdominal mass. Metastases are common at presentation 
because of the delay in diagnosis of this nonfunetioning 
tumor. 28 

METASTATIC DISEASE 

Metastatic disease to the pancreas is more common than 
primary pancreatic neoplasms in the pediatric population. 
Burkitt’s lymphoma is the most common cause of metastases 
(Fig. 121-19). The mean age at the time of presentation is 11 
years, and the clinical picture is nonspecific. 26 Sonographic 
evaluation may demonstrate a solitary lesion, diffuse infiltra¬ 
tion of the pancreas, or multiple lesions, which usually are solid, 
well defined, and hypoechoic. 26 Metastases can also be seen 
from other malignant neoplasms, including primitive neuroec- 
todermal tumor, Kaposi s sarcoma, and neuroblastoma. Neuro- 
blastoma usually involves the pancreas through lymphatic 
spread or by direct invasion. 5 

Miscellaneous Processes 

VON HIPPEL-LINDAU DISEASE 

VHLD is an autosomal dominant disorder with variable pen- 
etrance (80%-100%) 41,42 and variable delayed expressivity; it 



Figure 121-19 Lymphoma infiltrating the pancreas. The CT scan 
shows enlargement of the pancreas with infiltration by nodular soft 
tissue representing nodal enlargement (straight arrows ) in a 7-year-old 
boy with Hodgkin's lymphoma. Notice the biood vessel (curved arrow) 
coursing through this region and the retroperitoneal adenopathy 
extending into the left renal hilum ( arrowheads ). 


usually becomes clinically apparent in the second or third 
decade. 5 The clinical manifestations of VHLD are broad and 
include both benign and malignant lesions in multiple organ 
systems; the most common manifestations are pancreatic cysts 
and tumors, renal cysts and clear cell carcinomas, retinal and 
cerebellar hemangioblastomas, and pheochromocytomas. 43 
Renal cysts are the most common abdominal lesions of VHLD, 
seen in approximately 76% of patients. 4 These cysts can range 
from single to innumerable, simulating polycystic kidney 
disease. 41 

Cysts, which range from the typical simple pancreatic cyst 44 
to cystic replacement of the pancreas, are the most common 
pancreatic lesion of VHLD. 41 Cysts have been described in 30% 
to 50% of VHLD patients on imaging in some series, 5,44 and an 
autopsy series described these cysts in approximately 72% of 
patients with known VHLD. 44 The cysts tend to occur in the 
body and tail of the pancreas 5 (Figs. 121-20 and 121-21) and 
typically are small. Diabetes has been described in patients with 
extensive cystic replacement of the pancreas, 44 and large cysts 
may cause obstruction of the common bile duet. 14 Other lesions 
involving the pancreas in VHLD include nonfunetioning islet 
cell tumors, 44 hemangioblastomas, 41 serous cystadenoma (i.e., 
microcystic adenoma), and adenocarcinoma of the ampulla of 
Vater. 2,42 Pancreatic carcinoma has been described in families 
with VHLD and may be a source of mortality in some 
families. 44 

BECKWITH-WIEDEMANN SYNDROME 

Beckwith-Wiedemann syndrome is a rare disorder character- 
ized by the classic triad of omphalocele, macroglossia, and 
gigantism. Although it can be familial, with autosomal domi¬ 
nant inheritance, variable expressivity, and reduced penetrance, 
most cases are sporadic. 45 Patients may demonstrate hemihy- 
pertrophy and various degrees of visceromegaly of the kidneys, 
liver, pancreas, and adrenal giands (Fig. 121-22). 2 Cysts have 
also been reported in the kidneys and rarely in the adrenals. 45 
Patients are also at inereased risk for development of malignant 
neoplasms. 45 



Figure 121-20 Pancreatic cysts in von Hippel-Lindau disease. 

The CT scan demonstrates numerous, small cysts within the pancreas 
in a young woman with von Hippel-Lindau disease. 
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Figure 121-21 von Hippel-Lindau disease. A. CT scan through the pancreas demonstrates small cysts within the tail of the pancreas ( arrows) 
in a young woman with von Hippel-Lindau disease. A hyperenhancing mass within the spinal canal is consistent with a hemangioblastoma 
( arrowhead ). B. CT scan through the level of the kidneys demonstrates a heterogeneous mass within the left kidney consistent with a renal cell 
carcinoma (arrows). 



Figure 121-22 Pancreatic enlargement in Beckwith-Wiedemann 
syndrome. Axial-view, turbo T2-weighted MRI shows diffuse 
enlargement of the pancreas (arrows), which has normal signal 
intensity, in a 19-month-old giri with Beckwith-Wiedemann syndrome 
being observed for hepatoblastoma. 


Beckwith-Wiedemann syndrome is associated with a high 
risk of neonatal hypoglycemia. Hypoglycemia often occurs in 
the first few days of life, and if it is severe enough, it may cause 
mental retardation. 45 Long-term prognosis depends on the 
occurrence of neoplasms, which are usually intra-abdominal. 46 
Associated malignant neoplasms include Wilms’ tumor 45 and 
pancreatoblastoma. 2 

Findings suggestive of Beckwith-Wiedemann syndrome on 
prenatal ultrasound include fetal macrosomia and anterior 
abdominal wall defects, most commonly omphalocele, hepato- 
megaly, nephromegaly, and macroglossia. 4 Because of the 
increased risk of intra-abdominal malignant neoplasms, routine 
abdominal ultrasounds are recommended at least every 4 
months until the age of 7 or 8 years. 47 



Figure 121-23 Pancreatic cysts in autosomal dominant polycystic 
kidney disease. The CT scan shows a pancreas (straight arrows) that 
is nearly replaced by large cysts in a 12-year-old boy with autosomal 
dominant polycystic kidney disease. The cysts also are demonstrated 
in the liver (curved arrows), and both kidneys are enlarged and 
contain many cysts (arrowheads). 


AUTOSOMAL DOMINANT POLYCYSTIC 
KIDNEY DISEASE 

ADPKD is an autosomal dominant disorder with nearly 100% 
penetrance. Although renal cysts are the dominant feature, cysts 
can be seen in additional abdominal organs, including the pan¬ 
creas, liver, spleen, and adrenal giands. 2 Pancreatic cysts occur 
in approximately 10% of patients with ADPKD, 2 and when 
pancreatic cysts are present, renal cysts usually are present. 5 
Sonography and CT usually demonstrate simple cysts, which 
can be multiple, are usually small, and may be present anywhere 
in the giand. 48 The cystic changes are typically not as severe as 
those involving the kidneys or liver, but cystic transformation 
of the pancreas has been described (Fig. 121-23). 26,49 
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Splenic Histology and Function 

Splenic tissue is composed of red pulp and white pulp. The red 
pulp is composed of vascular sinusoids, and the white pulp is 
composed of lymphoid follicles with white biood cells. 1 The 
proportion of white pulp relative to red pulp increases with age 
and antigenic stimulation. 12 Mononuclear phagocytic cells of 
the red pulp remove abnormal or senescent red biood cells 
from circulation. 3,4 

The radiographic appearance of the spleen depends on the 
imaging modality, age of the patient, splenic composition and 
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size, 1 and timing of intravenous administration of contrast 
agents. ' The spleen has the shape of a curved wedge and may 
have normal clefts, notches, or lobules. 3,6 

On ultrasound, the normal spleen has a homogeneous 
echotexture that is hyperechoic to the pediatric kidney and 
isoechoic or hyperechoic to the liver on gray-scale images (Figs. 
122-1 and 122-2). The parenchyma is exceptionally vascular on 
color flow Doppler imaging. 3 

Precontrast computed tomography (CT) examination of the 
normal spleen demonstrates uniform parenchymal attenuation 
that is slightly less than that of the normal liver. 2 On contrast- 
enhanced examinations, the spleens appearance depends on the 
timing of the intravenous administration of the contrast bolus 
and image acquisition. Transient heterogeneous enhancement 
of the spleen is presumed to result from differences in relative 
flow rates through the red and white pulp. The mean time of 
initial visualization of the heterogeneity after infusion of the 
contrast agent is 19.2 seconds (range, 9-44 seconds). Normal 
transient heterogeneity persists 70 seconds after administration 
of the contrast agent in only 6% of children. 5 The patterns as 
seen on contrast-enhanced CT and magnetic resonance imaging 
(MRI) examinations are varied and include ares, stripes (Fig. 
122-3), and focal areas of relatively delayed perfusion. Hetero¬ 
geneous areas in the spleen on images acquired more than 70 
seconds after the administration of contrast material may indi- 
cate an abnormality. 5 

The tissue characteristics related to the ratio of red and white 
pulp probably dictate the signal intensity on MRI. In the 
neonate, the lymphoid tissue of the white pulp is not well devel- 
oped, and the spleen is composed primarily of the vascular 
sinusoids of the red pulp. In the first week of life, the spleen 
usually is isointense or hypointense relative to the liver on Tl¬ 
and T2-weighted, spin-echo images (Fig. 122-4A, B). 1 With the 
maturation of high cellular water content lymphoid tissue, the 
spleen becomes minimally hyperintense relative to the liver on 
T2-weighted images at approximately the second week of life. 6 
When the child is 1 month old, the spleen is moderately hypoin¬ 
tense relative to the liver. 1 There is a relative inerease in the size 
and number of lymphoid follicles and a relative decrease in the 
extent of red pulp up to the age of 7 months (Fig. 122-4C, D). 
After the child is 8 months old, the signal characteristics of the 
pediatric spleen are the same as in the adult. 1 As on contrast- 
enhanced CT, the spleen often shows heterogeneous enhance¬ 
ment during the arterial phase of dynamic contrast-enhanced 
MRI. 7,8 It has been theorized that the decreased signal intensity 
of the spleen relative to the liver in patients after chemotherapy, 
with or without associated biood transfusions, may result from 
reduction or elimination of the white pulp’s high water content 
and lymphoid tissue. 9 

Nuclear medicine studies to evaluate the spleen include 
technetium 99m Tc sulfur colloid scintigraphy and 99m Tc- 
denatured (heat-damaged) red cell scintigraphy. Sulfur colloid 
is phagocytosed by the reticuloendothelial cells of the spleen 
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Figure 122-1 Normal spleen on ultrasound. Sonogram of a normal 
pediatric spleen demonstrates a uniform parenchymal echotexture, 
smooth outer capsular surface ( arrowheads ), and concave hilum 
( arrow ). 


s* 




Figure 122-2 Normal spleen on ultrasound. Sonogram of a norma 
pediatric spleen demonstrates the normal uniform echotexture of the 
spleen (arrow) that is hyperechoic to the normal kidney ( arrowhead ). 


and liver, and denatured red cells are sequestered in the spleen. 
Indications for splenic scintigraphy include evaluation of 
abdominal trauma, splenomegaly, and left upper quadrant 
mass; search for accessory spleens or splenosis; and assessment 
of infarction, functional asplenia, polysplenia, and the hetero- 
taxy syndrome. 10 



Figure 122-3 Splenic MR perfusion artifact. Axial view, volumetric 
interpolated breath-hold examination (VIBE) MR image obtained 
during administration of contrast material demonstrates transient 
splenic parenchymal perfusion patterns, including ares and stripes. 


Spleen Size 

The spleen inereases in length and volume as the child grows. 
Splenic length is typically measured sonographically in the 
coronal plane through the hilum, from the dorne of the spleen 
to the inferior tip. 11 Upper limits of normal for age are 6 cm at 
3 months, 6.5 cm at 6 months, 7 cm at 12 months, 8 cm at 2 
years, 9 cm at 4 years, 9.5 cm at 6 years, 10 cm at 8 years, 11 cm 
at 10 years, 11.5 cm at 12 years, and 12 cm at and beyond 15 
years for giris and 13 cm for boys 15 years and older. 11 Second- 
ary imaging signs of splenomegaly include extension of the 
spleen below the inferior margin of the left kidney or the right 
hepatic lobe, medial extension to the aorta, and loss of the 
concavity of the hilum (Fig. 122-5). 3 


Congenital Abnormalities 

SPLENULES 

Splenules are congenital rests of normal splenic tissue that form 
when mesenchymal cells fail to fuse with the rest of the splenic 
mesenchyme. 1213 A splenule is also known as an accessory 
spleen, supernumerary spleen, or splenunculus. Splenules are 
typically located near the main splenic hilum anteriorly or pos- 
teriorly but are rarely lateral to the main spleen and have not 
been doeumented superior to the main spleen. 14 

Splenules are circumscribed, ro und, oval, 13 or triangular, and 
they are homogeneous with and without enhancement (Fig. 
122-6). 14 Splenules vary in size from millimeters to centimeters, 
usually less than 3.2 cm in diameter, and are capable of signifi- 
cant hypertrophy. 4,13,15 

Splenic artery supply to a splenule may be visible on CT. On 
CT, 16% of people have one to three accessory spleens, 14 and 
the presence of 10 splenules has been described. 16 Splenules are 
seen in 10% to 30% of people at surgery or autopsy. 15 Subcen- 
timeter splenules may have lower attenuation than the main 
spleen because of volume averaging with surrounding fat and 
the CT collimation used. 14 
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Figure 122-4 Normal spleen: MR findings. MRI demonstrates the normal change in signal intensity of the spleen ( arrows ) relative to the liver 
in a 9-day-old neonate (A and B) and in the same child at 12 weeks (C and D). In the Tl-weighted image (A) and fast spin-echo T2-weighted image 
(B) of the 9-day-old infant, the neonatal spleen has relatively lower signal intensity, particularly on T2-weighted sequences, because of the higher 
ratio of vascular red pulp to white pulp. The Tl-weighted image (C) demonstrates MR findings for the same child at age 12 weeks. As the lymphoid 
tissue of the white pulp matures, the spleen ( arrows ) becomes moderately hyperintense to the liver on fast spin-echo T2-weighted images (D). 



Figure 122-5 Splenomegaly: MR findings. The spleen is grossly 
enlarged, extending inferior to the cirrhotic right hepatic lobe. Note 
the splenic hilar varices ( arrow) and punctate hypointense splenic 
siderotic nodules ( arrowhead ) on this T2-weighted coronal image. 


Splenules need to be removed if the patient is undergoing 
therapeutic splenectomy for a hematologic disease because 
the residual splenic tissue can be responsible for recurrent 
disease. 16 ' 18 Accessory spleens may resemble lymphadenopathy 
or neoplasm if they are situated near the greater curve of the 
stomach, 15 in the left adrenal, 19 or within the pancreatic tail. 15,20 
Splenules may become symptomatic if they twist. 

POLYSPLENIA AND ASPLENIA 

Multiple spleens (i.e., polysplenia) or absence of the spleen (i.e., 
asplenia) at birth can be associated with multiple congenital 



Figure 122-6 Normal splenules. In the contrast-enhanced CT scan 
of an 18-year-old giri with abdominal pain, two splenules are seen 
at the hilar surface (arrows). They are 2.0 x 2.3 cm in the greatest 
dimension. The splenules have the same attenuation as the normal 
spleen on this 5-mm, axial view, contrast-enhanced CT image. 


anomalies under the heading of heterotaxy or situs ambiguus. 22 
In polysplenia, multiple small spleens are always seen on the 
same side as the stomach 22 because of the origin of splenic tissue 
from the dorsal mesogastrium (Fig. 122-7). 12 Polysplenia is 
often associated with an interrupted inferior vena cava with 
azygos continuation, bilateral left-sidedness, and congenital 
heart disease. 22 There may also be associated absence of the 
gallbladder, biliary atresia, preduodenal portal vein, 22 and mal- 
rotation of the bowel. 22 ' 24 

Asplenia is the absence of splenic tissue and is associated 
with bilateral right-sidedness and complex cyanotic heart 
disease. 6,25 There is an association with gallbladder duplica- 
tion, 6,8 midgut malfixation or malrotation, and microgastria. 

Nuclear scintigraphy with 99m Tc-sulfur colloid or heat- 
damaged 99m Tc-labeled erythrocytes can evaluate for the pres- 
ence or absence of splenic tissue. 25 
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Figure 122-7 Polysplenia. Axial view, contrast-enhanced CT shows 
multiple spleens of various sizes in the retrogastric area of the left 
upper quadrant ( arrows ). The azygos vein is enlarged ( arrowhead ), 
and the intrahepatic inferior vena cava is absent. 


WANDERING SPLEEN 

The spleen is primarily supported by the gastrosplenic and 
splenorenal ligamentsA 12, If the support ligaments are 
absent or lax, the spleen may be ectopic from its normal posi¬ 
tion and is referred to as a wandering spleen. It is rare in 
children. 29 The degree of ectopia is limited by the length of 
the vascular pedicle. 1 The absence of the spleen in its usual 
position and presence of a soft tissue mass elsewhere with the 
imaging characteristics of the spleen characterize this entity 
(Fig. 122-8). There may be a history of intermittent abdominal 
pain 27,31 or an intermittently palpable abdominal mass. 6 The 
child with torsion of a wandering spleen usually presents with 
an acute surgical abdomen. 2 2 

Ultrasound evaluation of torsion of the wandering spleen 
may demonstrate areas of hyperechoic hemorrhage and 
hypoechoic infarction and congestion. Early, the gray-scale 
echotexture may be preserved with or without splenomegaly, 33 
and color Doppler examination may demonstrate splenic vein 
occlusion or stasis with preserved arterial flow and intraparen- 
chymal flow. As the torsion persists, arterial inflow eventually 
decreases or ceases to be detectable. 3 " 4 

On CT, the spleen with torsion may be heterogeneously 
enhancing and have decreased attenuation, depending on the 
extent of perfusion. The enhancing hilar vessels twist with 
the interpositional hilar fat and yield a whorled or banded 
appearance (Fig. 122-9). 27 On ultrasound examination, twisted 
hilar vessels appear as a splenic hilar mass, which may be 
an important Ånding for cases in which the diagnosis is not 
yet made and the twisted spleen is not ectopic. 33 The wan¬ 
dering spleen is associated with deficiency of anterior abdomi¬ 
nal wall musculature 34 and is rarely reported with prune-belly 
syndrome. 35 

After diagnosis of torsion of a wandering spleen, if the 
spleen is not infarcted, splenopexy may be performed in an 
effort to preserve splenic function by preventing future 

torsion. 28 ’ 29 ’ 31 ’ 33 



Figure 122-8 Ectopic wandering spleen. A plain radiograph 
demonstrates gaseous distention of the colon in the left upper 
quadrant, with no mass effect in the expected location of the spleen. 
In the midabdomen, the ectopic spleen ( arrowheads ) displaces the 
bowel, as confirmed on cross-sectional imaging. Air-fluid levels are 
seen in the small bowel. 


SPLENOGONADAL FUSION 

The splenic anlage and ipsilateral gonadal anlage have a close 
developmental relationship and may fuse, forming a long, con- 
tinuous cord from the gonad cephalad to the main spleen. 4 The 
connection to the main spleen may be totally or partially 
fibrous" 6 and is associated with cryptorchidism. 4 Alternatively, 
a portion of the splenic tissue may separate from the main 
spleen ( discontinuous ) and descend with the gonad, 4 known as 
splenogonadal fusion. 

Male children with splenogonadal fusion typically present 
with a painless testicular mass. 36 Splenogonadal fusion should 
be considered preoperatively in evaluation of a scrotal mass 
because failure to do so may result in unnecessary orchiectomy. 
The ectopic splenic tissue attached to the testicle mimics 
testicular duplication on ultrasound and has been described as 
an encapsulated, homogeneous extratesticular mass that is 
isoechoic with the normal testis and shows no hyperemia on 
color Doppler ultrasound. The presence of ectopic splenic 
tissue can be confirmed with nuclear 99m Tc-sulfur colloid 
scintigraphy. 4 

Cystic Lesions 

TRUE CYSTS AND PSEUDOCYSTS 

True cysts, such as congenital or epithelial cysts and echinococ- 
cal cysts, have an epithelial cell lining, but pseudocysts do not. 6 ’ 7 
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Figure 122-9 Splenic torsion. A. Torsion of the wandering spleen demonstrates absence of enhancement (arrow) on this contrast-enhanced 
CT coronal reformation. B. Note the whorled appearance of the splenic hilar vessels (arrow) and the lack of enhancement of the spleen 
parenchyma. 



Figure 122-10 Epidermoid cyst. Contrast-enhanced CT 
demonstrates a large, intrasplenic cystic mass with a relatively thin 
wall. Notice the septa or trabeculae ( arrows ). 


It is not possible to reliably differentiate between true cysts and 
pseudocysts by imaging. 37 

Epithelial cysts can be further categorized as mesothelial, 
epidermoid, or dermoid. Epidermoid cysts are lined by strati- 
fied squamous epithelium, which macroscopically appears 
coarsely trabeculated. 37,38 Epidermoid cysts may be familial, are 
often several centimeters in diameter, and have a tendency to 
rupture. 38 

Epidermoid cysts on ultrasound appear as relatively thin 
walled, anechoic lesions that do not change over time. Mural 
calcification is seen in 10% of cases, although it is seen more 
often in acquired pseudocysts. There may be septations and 
wall trabeculation, which are seen more often in true cysts. 37 
The fluid may have some internal echoes caused by cholesterol 
crystals, inflammatory debris, or biood products from prior 
hemorrhage. On CT and MRI, cysts follow fluid attenuation 
and signal character, with or without septations and calcifica¬ 
tion (Fig. 122-10). 6,39,40 These cysts show no central or rim 
enhancement. 7 


Echinococcal cysts are true cysts. They can have peripheral 
calcification and often appear to have multiple septa. 7 41 In echi¬ 
nococcal cysts, there may be internal areas of increased attenu¬ 
ation on CT due to dense debris, also known as hydatid sand. 
Peripherally located small daughter cysts may be present. 41 

Acquired pseudocysts, most often post-traumatic, are more 
common than true cysts. 4142 They are indistinguishable on 
imaging from true cysts and may have mural calcification, 41,42 
but septa are uncommon. 41 

LYMPHATIC MALFORMATIONS 

Lymphatic malformations of the spleen, also known as lymph- 
angiomas, are congenital and are composed of dilated lym¬ 
phatic channels. 43 Despite their rarity in the spleen, 45 lymphatic 
malformations are the second most common benign splenic 
lesion. 8 They are not neoplastic, and their growth is commen- 
surate with that of the child. 46,47 An abrupt change in lymphatic 
pressure or flow, infection, or hemorrhage into the lesion can 
cause an abrupt increase in size. 46 ' 48 They are frequently asymp- 
tomatic and are found incidentally (Fig. 122-1 1). 39 

The lymphatic channels and compartments are lined by a 
single layer of flattened endothelial cells and contain lymphatic 
fluid. 45 They can be solitary, or they may be associated with 
other lymphatic malformations of the viscera, bone, or soft 
tissues. 45,49 

On imaging, lymphatic malformations of the spleen appear 
similar to lymphatic malformations elsewhere in the body, with 
a multiloculated, cystic configuration. 45 On ultrasound, there 
are well-defined, hypoechoic or anechoic spaces of various sizes, 
typically with septations and proteinaceous debris that may 
produce internal echoes. 43,45,49 Radionuclide 99m Tc-sulfur colloid 
scans show a focal area of decreased uptake. 41 

On CT, lymphatic malformations are hypodense with non- 
enhancing discrete areas 49 that are often subcapsular, but they 
can be diffuse. 43,50 The walls and septa may faintly enhance after 
administration of contrast material. 

On MRI, the cystic areas are usually hypointense on 
Tl-weighted images and hyper intense on T2-weighted 
images. 7,44,49 They may appear hyperintense on Tl-weighted 
images because of proteinaceous contents or prior hemorrhage, 
with or without fluid-fluid levels on T2-weighted sequences. 8,44 
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Figure 122-11 Lymphatic malformation. A. Multiple, nonenhancing, well-defined, low-attenuation, intrasplenic cystic lesions were incidental ly 
found in a 3-year-old child. Lesions were stable during 1 month. Subsequent PET/CT examination showed no evidence of hypermetabolic 
features. Multiple lymphatic malformations were diagnosed at splenectomy. B. Contrast-enhanced CT in a different child demonstrates multiple 
septations ( arrowheads ) within this single, large lymphatic malformation that originates within the spleen. Although the septations may enhance, 
the cystic spaces of lymphatic malformations do not. 


The cystic areas do not enhance, but the septa may enhance on 
the delayed phase images. 7 

Benign Lesions 

HEMANGIOMAS 

Before the classification by Mulliken and Glowacki, 51 heman- 
giomas and vascular malformations had variable nomenclature 
in the literature, leading to classification confusion. The Inter¬ 
national Society for the Study of Vascular Anomalies (ISSVA) 
has subsequently established guidelines based on the histopa- 
thology, clinical course, and treatment of these lesions. 52 Despite 
the criteria outlined in the ISSVA guidelines, lesions referred to 
as hemangiomas are the most common benign lesions of the 
spleen. 13 ’ 50 ’ 53 ’ 54 

The imaging appearance of pediatric splenic hemangiomas 
on ultrasound, CT, and MRI is variable, as reported in the lit¬ 
erature. 13 ’ 41 ’ 50 ’ 53 ' 55 This probably reflects the widespread use of 
inaccurate terminology in the medical literature, as some 
authors were likely describing vascular neoplasms, whereas 
others were describing vascular malformations. 

Hemangiomas are benign and usually asymptomatic solid 
neoplasms composed predominantly of a mass of endothelial 
cells. 44 2 Proliferating hemangiomas may cause clinical compli- 
cations by location, mass effect, or platelet sequestration. They 
have an initial proliferative phase during the first year of life, 
followed by an involution phase. 44,58 In the proliferative phase, 
a hemangioma is seen on MRI as a solid, lobulated, soft tissue 
mass that is isointense or hypointense to muscle on Tl-weighted 
images and hyperintense on T2-weighted images, with uniform 
contrast enhancement. Feeding arteries and draining veins may 
be seen and can demonstrate prominent flow voids. 44,58 During 
involution, there is fatty replacement of the neoplasm. There is 
a variable increase in signal on Tl-weighted images and 
decreased signal on T2-weighted images. 44 

VASCULAR MALFORMATIONS 

Vascular malformations are congenital lesions composed of 
some combination of arterial, capillary, venous, and lymphatic 


channels. They are described by their flow characteristics (i.e., 
high or low flow). 44 ’ 52 ’ 58 Venous malformations are low-flow 
vascular malformations that were formerly known as cavern- 
ous hemangiomas, varicose hemangiomas, or lymphangiohe- 
mangiomas. 44 Vascular malformations are distinguished from 
vascular neoplasms, such as hemangiomas, by the lack of 
increased endothelial cell turnover. 52 They are composed of 
endothelial cell-lined channels, with interconnecting venous 
spaces and various connections to normal or dysplastic drain¬ 
ing veins. The spaces are filled with biood, and there is no 
true solid mass. They may contain phleboliths. They have low 
signal intensity on Tl-weighted images and high signal inten- 
sity on T2-weighted images. The walls of the vascular spaces 
may appear as septations that do not enhance, whereas the 
vascular spaces do enhance if they are not thrombosed. Fluid¬ 
fluid levels may be seen. Phleboliths appear as signal voids 
on MRI. 44 

HAMARTOMA 

Hamartomas are rare, non-neoplastic, disorganized mixtures of 
normal splenic components. 6,55 ’ 59 They usually are not encapsu- 
lated 60 but are well-circumscribed, 59,60 solid, nodular lesions. 5 
They often appear hyperechoic and may have cystic areas within 
them. 8,40 Some are heterogeneous and may contain minute, 
speckled calcifications 5 or a central, stellate scar. Hamartomas 
range in size from a few millimeters to centimeters, with a 
median size of 5 cm. 55,61 

Almost half of children with splenic hamartomas are symp- 
tomatic at presentation. 59 Children may present with spleno- 
megaly, recurrent infections, periodic low-grade fever with night 
sweats, growth retardation, or hematologic abnormalities. 59,60,62 

Nuclear scintigraphy may demonstrate splenomegaly with- 
out a shift in radionuclide uptake. The cross-sectional imaging 
appearance and degree of contrast enhancement vary. 50 CT may 
demonstrate splenomegaly 62 with or without a contour abnor- 
mality. 55 On MRI, splenic hamartomas are often isointense 
with normal spleen on Tl-weighted images and have variable 
signal intensity on T2-weighted images. 8,62 There is diffuse het¬ 
erogeneous early enhancement after administration of contrast 
material 55 and more uniform, prolonged enhancement on 
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delayed images, except in cystic areas or central scar. 8 MR char- 
acteristics of the mass, combined with uptake of 99m Tc-sulfur 
colloid, are most suggestive of a benign hamartoma. 62 Splenic 
hamartomas have been reported in association with tuberous 
sclerosis. 40,63 

Malignant Lesions 

LYMPHOMA 

Lymphoma is the most common pediatric splenic solid malig¬ 
nant neoplasm. 40 Metastatic disease, even in the case of lym¬ 
phoma, is more common than primary splenic malignant 
disease. 8 Approximately one third of patients with lymphoma 
have splenic involvement. 42 Splenic involvement in lymphoma 
can be focal or diffuse. Focal lesions may be miliary, small or 
large, and single or multiple. Diffuse involvement may 
mimic idiopathic splenomegaly without a discrete lesion. 
Approximately one third of lymphoma patients have spleno¬ 
megaly; however, splenomegaly in the absence of splenic 
lymphoma can occur in children with lymphoma. 3 

Focal lesions on ultrasound are typically hypoechoic rela¬ 
tive to the normal spleen 40,41,64 and in some cases may resem- 
ble cysts. 56 Focal lymphomatous lesions are typically low 
density and nonenhancing on CT examination (Fig. 122- 
12). 41 Central areas of old hemorrhage, necrosis, or abscess 
may be present. 41 

Lesions are often isointense to hypointense to muscle on 
Tl-weighted images and isointense to hyperintense on 
T2-weighted images. With dynamic contrast enhancement, 
certain occult lesions may stand out as hypointense areas in 
contrast to the enhancing normal spleen. 7,53 Diffuse infiltration 
of the spleen with lymphoma may not be detectable on TI- or 
T2-weighted images, 41 and imaging with 18 F-fluorodeoxyglucose 



Figure 122-12 Lymphoma. The splenomegaly is associated with 
multiple low-attenuation lesions that do not significantly enhance. 
Lymphadenopathy is present in the region of the splenic hilum near 
the pancreatic tail and anterior to the portal vein ( arrows). (Courtesy 
Lisa Lowe, MD, Children's Mercy Hospital and Clinics, University of 
Missouri, Kansas City, MO.) 


positron emission tomography ( 18 F-FDG PET) may help iden- 
tify diffuse splenic involvement. 40 

In a review of 154 children with Hodgkins lymphoma who 
underwent splenectomy for staging laparotomy, the two most 
important clinical predictors of splenic involvement at the time 
of surgery were fine to coarse surface nodulation of the spleen 
and lymph node involvement at the splenic hilum and pancre¬ 
atic tail. 65 Seventy-one percent of children with enlarged lymph 
nodes at the splenic hilum or pancreatic tail had pathologically 
proven splenic involvement. 65 

LEUKEMIA 

The spleen often harbors leukemic cells in children. Sono- 
graphic findings at diagnosis usually include splenomegaly with 
hypoechoic echotexture. Unlike in lymphoma, focal masses 
are not typical. Hilar or retroperitoneal lymphadenopathy may 
also be present. After successful chemotherapy, the spleen 
decreases in size, and echotexture normalizes. Despite marked 
splenomegaly due to leukemic infiltration, the spleen usually 
maintains a normal, homogeneous attenuation value on CT 
examination. 13 

METASTATIC DISEASE 

Metastatic disease to the spleen is uncommon 53 but is the most 
common splenic malignant disease. Splenic metastases are often 
microscopic and may not be evident by imaging or gross inspec- 
tion. 13 Metastatic lesions can have cystic-appearing areas of 
hemorrhage or necrosis and can become secondarily infected. 41 

Trauma 

BLUNT TRAUMA 

The spleen is the most commonly injured abdominal organ in 
children by blunt abdominal trauma, and most of these lesions 
are managed nonop er atively. 66-69 In a meta-analysis of 26 cohort 
studies, evaluating 1083 children with blunt splenic injury and 
nonoperative management, 85% of the children had follow-up 
imaging and 15% did not. None of the children had delayed 
(after discharge from the hospital) splenic rupture, and there 
were no deaths. 70 Injuries are graded by the organ injury scale 
of the American Association for the Surgery of Trauma for CT 
imaging. 71 The hemodynamic State and clinical status of the 
child are the major determinants of whether surgical treatment 
is necessary. 2, 66,67,72 

Ultrasound is less sensitive than CT in the diagnosis of 
splenic injuries. Ultrasound often underestimates the size of the 
splenic injury, 73 possibly because the hemorrhage and injury 
may acutely be isoechoic to normal spleen tissue. 

Active extravasation of intravenous contrast material is man¬ 
ifested as a jet or blush of contrast material swirling into an 
expanding hematoma or biood pool at the site of splenic injury 
(Fig. 122-13A). 74 This finding indicates rapid, active bleeding 
and may necessitate surgical intervention, particularly in 
adults. 66,75 Contrast blush in children with splenic injury is asso¬ 
ciated with higher grades of splenic injury, but only one of six 
children with this sign required operative management that 
included splenectomy and left nephrectomy. 66 Surgery or embo- 
lization (Fig. 122-13B, C) may reduce or eliminate the need for 
transfusion. 68 
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Figure 122-13 Splenic trauma. A. Contrast-enhanced CT of 14-year-old boy with a splenic injury after a motor vehicle collision. One month 
later, the boy had a syncopal episode and was hypotensive. The healing fractured spleen had spontaneously ruptured. Intraperitoneal biood 
surrounds the liver and the fractured spleen ( arrowheads ). There is a mixed-attenuation hematoma with a focal concentrated collection of 
extravasated intravenous contrast material ( arrow ), indicating active bleeding in the anterior aspect of the spleen. B. Selective arteriogram of 
a splenic end artery demonstrates focal extravasation (arrow). C. Coil (arrow) embolization was performed to stop hemorrhage. D. Healing 
spleen has a heterogeneous echotexture. Relatively hypoechoic areas (arrows) are likely to represent an evolving hematoma and necrotic 
splenic tissue. 


If the patient with an isolated splenic or hepatic injury 
remains hemodynamically stable, repeated imaging is usually 
not indicated. 70,72,76 Cyst formation in the area of prior injury is 
likely to represent resolving hematoma (Fig. 122-13D). 76 The 
time for healing, as determined by ultrasound imaging, increases 
with the severity of the splenic injury. 76 

SPLENOSIS 

Splenosis occurs when the splenic capsule is disrupted, by 
trauma or surgery, allowing intraperitoneal spread of splenic 
pulp. 8 Unlike congenital splenules, the splenic tissue in sple¬ 
nosis may be located anywhere in the peritoneum or may be 
intrathoracic if the diaphragm is not intact, has a biood supply 
donated by local tissue, and lacks a capsule. s 

Splenosis is frequently asymptomatic. However, complica- 
tions have been reported, including abdominal or pelvic pain, 
bowel obstruction, splenic implant torsion, relapse of hemolytic 
disease after splenectomy, and traumatic rupture. 4,79 

Imaging may demonstrate multiple 1-mm to 5-cm soft 
tissue masses with an imaging appearance of normal splenic 
tissue. 79 They can be located anywhere in the abdominal cavity, 
most frequently on the small bowel serosa. Splenosis may be 
mistaken for a disease process such as lymphoma, peritoneal 


carcinomatosis, or endometriosis. Nuclear scintigraphy with 
" m T c _ sulfur colloid or denatured red biood cells may confirm 
the diagnosis of splenosis. 10,80 

Infections 

CANDIDIASIS 

Multiple splenic abscesses are usually seen with nonbacterial 
organisms, most frequently Candida infections. Fungal micro- 
abscesses are typically seen in children with immunosuppres- 
sion related to hematologic malignant neoplasms. 8 These 
microabscesses may be too small to resolve on imaging. 8 On 
ultrasound examination, there are several patterns of hepato- 
splenic candidiasis. Most commonly, there is a nonspecific 
pattern of uniformly hypoechoic lesions, although punctate 
echogenic foci less than 5 mm with variable posterior acoustic 
shadowing are seen late in the disease and are related to fibrosis 
with or without calcification (Fig. 122-14). 81 On CT examina¬ 
tion, acute microabscesses are typically hypodense to normal 
spleen and rarely have a central high-density focus, although 
over time they may become hyperattenuating and may calcify. 81 
On MR examination, microabscesses are seen as multiple 
intermediate signal intensity Tl-weighted and hyperintense 
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Figure 122-14 Candidiasis. For a leukemia patient with a history of 
Candida infection, sonography demonstrates innumerable, punctate, 
hyperechoic foci ( arrows ) throughout the spleen, consistent with 
healed granulomas. 



Figure 122-15 Cat-scratch disease. The enlarged spleen has 
innumerable hypoechoic foci that are consistent with microabscesses. 
This appearance is not specific for a given organism, and in this 
10-year-old giri, it represented infection with Bartonella henselae. The 
lesions may calcify as they heal. (Courtesy Lisa Lowe, MD, Children's 
Mercy Hospital and Clinics, University of Missouri, Kansas City, MO.) 


On CT examination, there are multiple, well-defined, low- 
attenuation splenic lesions that are better defined after intrave- 
nous administration of contrast material. 83 

The differential diagnosis of the imaging Åndings includes 
other granulomatous diseases, such as tuberculosis, histoplas- 
mosis, sarcoidosis, and Candida infections, and neoplasms such 
as lymphoma or other metastatic disease. 8,83 

INFECTIOUS MONONUCLEOSIS 

Infectious mononucleosis is caused by the Epstein-Barr virus. 
At least 50% of people with infectious mononucleosis acutely 
develop splenomegaly 85 from congestion with numerous, acti- 
vated T lymphocytes. 86 The spleen may become markedly 
enlarged 8 8 and rarely is complicated by spontaneous splenic 
rupture. 87,89 Symptoms of spontaneous rupture include acute 
left upper quadrant pain and referred left shoulder pain (i.e., 
Kehr’s sign). 87 ' 90 

Ultrasound examination of spontaneous splenic rupture 
may demonstrate hypoechoic areas within the spleen, peri- 
splenic and subcapsular fluid collections, and intraperitoneal 
fluid. 

I nf aretion 

Splenic artery branches are end arteries, and splenic vascular 
occlusion may therefore lead to infaretion. 2,8 Sickle cell hemo- 
globinopathy is the most common cause of splenic infarets in 
pediatric patients. Splenic infiltration by leukemia or lym¬ 
phoma can also cause infarets. 2 Causes of splenic vascular 
occlusion include embolization, torsion, portal hypertension, 
collagen-vascular disease, and infiltrative disorders such as 
Gaucher’s disease. 2 Possible complications of infaretions include 
fever, abscess or pseudocyst formation, splenic rupture, and 
hemorrhage. 2,91 

Splenic infarets are most commonly peripheral and wedge 
shaped, although on ultrasound they may appear as one or 
multiple poorly marginated, hypoechoic regions, mimicking 
abscess or neoplasm. 2 With time, infarets become more rounded 
and better delineated. 41 Eventually, areas of infaretion may com- 
pletely resolve or may leave areas of calcification or small 
peripheral defeets. 2 If the entire spleen is recently infareted, a 
hypodense spleen with only capsular enhancement may be seen 
on contrast-enhanced CT (Fig. 122-16). 42 

Sickle Cell Disease 


T2-weighted lesions. They may have peripheral ring enhance¬ 
ment or a target enhancement pattern after administration of 
gadolinium. 8 

CAT-SCRATCH DISEASE 

Cat-scratch disease is caused by the gram-negative bacillus Bar¬ 
tonella henselae. 82 Patients present with unilateral, regional 
lymphadenitis proximal to the inoculation site as well as con- 
stitutional symptoms. 83,84 In a minority of patients, reticuloen- 
dothelial system involvement results in granulomatous or 
suppurative lesions of the liver and spleen. 83 Patients may 
develop splenomegaly with microabscesses and necrotizing 
granulomas, which may calcify with healing. 83 Multiple 
hypoechoic splenic lesions are seen on ultrasound (Fig. 122-15). 


The Spectrum of hemoglobinopathies in sickle cell disease 
includes homozygous sickle cell disease (SS), heterozygous 
sickle cell trait (SC), sickle cell-B° thalassemia, and sickle cell-B + 
thalassemia. 92 

SEQUESTRATION 

Children with SS disease may develop splenomegaly from 
sequestration of abnormal cells. 2 Acute splenic sequestration 
crisis is an emergent cause of potentially painful spleno¬ 
megaly in children with SS disease. With sequestration, the 
splenic outflow is obstructed by sickled red biood cells, 93 
leading to rapidly inereasing spleen size. Hypovolemic shock 
and death may occur as the spleen traps large volumes of 
biood. 94,95 






122 Diseases of the Pediatric Spleen 2237 



Figure 122-16 Leukemia and infarction. A. Noncontrast CT performed to assess pulmonary infection demonstrates splenomegaly in a teenager 
with leukemia. Peripherally located, hypoattenuating areas ( arrows ) may represent areas of infarction, infection, or tumor infiltration. B. Contrast- 
enhanced CT obtained 13 days later to evaluate the acute onset of left upper quadrant pain demonstrates an interval increase in spleen size. The 
spleen has a large area of decreased attenuation and relative lack of enhancement. The capsule ( arrowheads ) and some peripheral parenchyma 
( arrows ) have normal attenuation and enhancement. Splenectomy confirmed splenic infarction. 


Affected children are typically younger than 2 years, 2 
although episodic sequestration in the spleen may occur up to 
the age of 5 years with SS disease 93,94 and in older children and 
adolescents with SC disease. 93 

Sonography reveals an enlarged and heterogeneous spleen 
with hypoechoic areas internally. Doppler examination shows 
patency of the main splenic vein and intrasplenic veins. 96 

Contrast-enhanced CT may demonstrate multiple periph¬ 
eral, nonenhancing, low-attenuation areas or large, diffuse non- 
enhancing low-attenuation areas. The spleen may return to a 
normal, homogeneous appearance, although splenomegaly may 
persist. 93 

NORMAL ISLANDS OF SPLENIC TISSUE 

Over time, the spleen of children with sickle cell disease becomes 
increasingly heterogeneous. On ultrasound examination, hyper- 
echoic areas are thought to represent areas of prior infarction, 
and hypoechoic areas are thought to represent areas of normal 
splenic tissue. 

On MR, islands of normal splenic tissue retain normal 
signal, whereas areas of decreased signal intensity on TI- and 
T2-weighted images are seen with hemosiderin deposition 53 
(Fig. 122-17) and calcification. 97,98 Tl-weighted, gradient-echo 
recalled in-phase and opposed-phase sequences can further 
accentuate the presence of iron because of the T2* effects." 
Normal islands of splenic tissue do not significantly change in 
signal intensity between in-phase and opposed-phase sequences 
(Fig. 122-18). However, because of the continued decay of the 
transverse magnetization imposed by the iron’s paramagnetic 
effects, there is appreciable signal loss on the second phase of 
the double gradient-echo technique in tissue with abnormal 
iron deposition. 99 

The spleen may eventually develop dense calcifications, 
which may accumulate radiotracer during bone scintigraphy. 
Photopenic areas may correlate with the normal residual 
islands of functioning splenic tissue. 100 These normal islands 
accumulate 99m Tc-sulfur colloid, indicating functioning splenic 
tissue, and have normal signal intensity on TI- and T2- 
weighted images, which can help differentiate these normal 



Figure 122-17 Sickle cell disease. The half-Fourier acquisition 
single-shot turbo spin-echo (HASTE) image shows low signal intensity 
of the renal cortex ( arrows) and the spleen ( arrowheads ), indicating 
iron deposition. 


islands from pathologic processes such as abscess, infarct, or 
neoplasm. 98,100 

FUNCTIONAL ASPLENIA 

Recurrent vaso-occlusive events may lead to a complete 
functional loss of the spleens reticuloendothelial cells by 
the age of 7 years. 101 Autosplenectomy and splenic atrophy 
are seen most often in the hemoglobin SS patients. Never- 
theless, the spleen is sonographically visible in 64% of chil¬ 
dren 9 to 17 years old with SS disease, compared with 96% 
to 100% sonographic visibility of the spleen in other sickle 
cell subtypes. 92 

It has been reported that splenic function has returned after 
bone marrow transplantation in children with sickle cell disease 
and functional asplenia, with return of splenic uptake docu- 
mented on nuclear scintigraphy. 101 
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Figure 122-18 Normal island of splenic tissue ( arrows) among siderotic nodules. A. Opposed-phase image (TE = 2.4 ms) of a double gradient- 
echo technique is characterized by the fat-water cancellation (i.e., Chemical shift) artifact. B. The in-phase image (TE = 5.0 ms) is acquired last. The 
siderotic nodules have a pronounced decrease in signal intensity relative to their signal on the opposed-phase image. The liver and the normal 
splenic tissues ( arrows ) do not contain abnormal amounts of iron and do not demonstrate a significant change in signal intensity between phases. 



Figure 122-19 Peliosis hepatis. In the T2-weighted MR image of a 
surgically resected spleen with peliosis, the signal intensity of the 
innumerable, subcentimeter, blood-fi I led spaces is extremely variable. 


Peliosis 

Peliosis hepatis is characterized by multiple irregular cystic 
blood-filled spaces located within the liver and occasionally in 
the spleen or bone marrow. The pathogenesis of peliosis is 
uncertain, 102,103 although it has been described in patients with 
tuberculosis, anabolic steroid use, oral contraceptive use, and 
human immunodeficiency virus infection. 

On CT examination, peliosis is often characterized by sub¬ 
centimeter lesions with variable attenuation; these lesions may 
resemble microabscesses. 105 The MR signal intensity tends to 
follow that of biood products, and the TI - and T2-weighted MR 
signal intensities are variable (Fig. 122-19). 105 

Gaucher's Disease 

Gaucher’s disease is a lysosomal storage disorder caused by 
deficiency of the enzyme glucocerebrosidase. 106 Glucocere- 
broside accumulation within the reticuloendothelial system 
cells results in hepatosplenomegaly and bone marrow 


infiltration. 6,107,108 Splenomegaly can be marked, with symptoms 
due to mass effect on adjacent organs. 107 108 Approximately 30% 
of patients with Gaucher’s disease have numerous splenic 
nodules, 108 secondary to focal collections of the Gaucher cells 
and dilated, blood-filled sinusoids. The nodules typically are 
less than 2.5 cm in diameter. 108 

On sonography, the multiple Gaucher nodules can be 
hypoechoic or hyperechoic within the same patient. 107 On CT, 
the nodules are hypodense and nonenhancing. On MRI, the 
nodules are slightly hypointense, 107 isointense, or, least often, 
hyperintense 108 on Tl-weighted images and predominantly 
hypointense on T2-weighted images. 107 Gaucher nodules have 
also been described as being hyperintense, target-like (with cen¬ 
tral hyperintensity), or heterogeneous on T2-weighted images. 107 
There may be associated areas of splenic infarction in 33% of 
patients, particularly in those individuals with larger spleens. 108 

Histiocytic Syndromes 

Histiocytic syndromes in children are divided into three catego- 
ries: Langerhans cell histiocytosis; histiocytosis of mononuclear 
phagocytes other than Langerhans cells, including hemophago- 
cytic lymphohistiocytosis (HLH); and malignant forms, includ¬ 
ing acute monocytic leukemia and malignant histiocytosis. 109 

Langerhans cell histiocytosis is a proliferation of bone 
marrow-derived histiocytes in aggregates with mature eosino- 
phils. 110 Disease may be local or systemic. Splenomegaly with 
multiple, round, hypoechoic lesions of various sizes that resolve 
with systemic therapy has been described. 111 

HLH is characterized by uncontrolled activation of the 
cellular immune system. Clinical criteria include fever, sple¬ 
nomegaly, pancytopenia, hypertriglyceridemia, and hypofibri- 
nogenemia. The three primary sonographic findings in children 
with HLH are nonspecific and include dramatically striated 
gallbladder wall thickening of 5 to 7.5 mm; hyperechogenicity 
of the periportal region, thickened to 6 to 9 mm anterior to 
the portal vein; and porta hepatis lymphadenopathy. 109 Nodes 
are less often seen in the splenic hilum, and there is no 
biliary dilation. Splenomegaly occurs with or without portal 
hypertension. Half of children have anechoic peritoneal fluid. 
Because the findings are nonspecific and are seen in children 
with hepatitis, HLH can be considered if serologic test results 
for hepatitis are negative. 109 
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Embryology 

At the end of the third week of gestation, the embryo, a rela- 
tively flat disk, begins to form a tube by means of four folds. 
These include one cephalic, one caudal, and two lateral folds, 
which combine to form the anterior abdominal wall at the 
region of the umbilicus. Failure of these folds to completely 
unite may result in defects of the anterior abdominal wall. The 
type of defect created depends on which of the folds has failed 
to fuse. 

In the developing embryo, the midgut, the portion of bowel 
from the insertion of the bile duet to the splenic flexure of the 
colon, rapidly elongates at approximately the fifth to sixth week 
of gestation, and the abdominal cavity transiently becomes too 
small to accommodate this bowel. This results in physiologic 
herniation of bowel into the extraembryonic celom in the 
umbilical cord. These herniated loops of bowel return to the 
abdomen at approximately the lOth week of gestation. During 
this time, the bowel undergoes a 270-degree counterclockwise 
rotation. The failure of the bowel to return to the abdominal 
cavity results in an omphalocele. Gastroschisis occurs when 
herniation of abdominal viscera occurs through a defect in the 
anterior abdominal wall, usually to the right of the umbilicus. 1 

The inereasing use of prenatal ultrasound and routine 
screening with maternal serum a-fetoprotein has enabled 
earlier diagnosis of defects of the anterior abdominal wall, 
including pentalogy of Cantrell, omphalocele, gastroschisis, and 
biadder exstrophy. Although effort has been made to find a 
common cause for these abdominal wall defects, they seem to 
be disparate entities. 2 Overall, the prognosis for these condi- 
tions tends to depend on associated congenital anomalies. 


Defects of the Anterior 
Abdominal Wall 

PENTALOGY OF CANTRELL 

Pentalogy of Cantrell is composed of two major abnormalities— 
ectopia cordis and a midline thoracoabdominal wall defect— 
associated with abnormalities of the tissues between these two 
areas and with defects of the lower sternum, diaphragmatic 
pericardium, and anterior diaphragm. Less severe cases have 
been described, which are considered to be incomplete forms. 
The cause is unclear, but there may be a genetic component. 
Numerous other abnormalities are associated with pentalogy of 
Cantrell, including cleft lip and palate 3 and limb anomalies. 4 

Clinically, patients generally present with dyspnea and cya¬ 
nosis. These newborns have an anterior abdominal wall defect, 
usually an omphalocele, and a structural heart defect, such as 
atrial septal defect, ventricular septal defect, or tetralogy of 
Fallot. The anterior abdominal wall defect, paired with the short 
or cleft sternum, gives the appearance of a high epigastrium 
filled by the heart. 4 

Diagnosis of pentalogy of Cantrell is usually made by pre¬ 
natal ultrasound, when findings of omphalocele, ectopia cordis, 
and congenital heart disease are confirmed. Postnatally, chest 
radiographs demonstrate abnormal positioning of the heart, 
usually with dextrorotation. Thoracic abnormalities may also 
be evident, including pulmonary hypoplasia and rib anoma¬ 
lies. 4 Computed tomography (CT) can be useful in preoperative 
evaluation of the thoracic cavity before repair of ectopia cordis. 3 
CT angiography and magnetic resonance imaging (MRI) can 
define cardiovascular anatomy, the degree of diaphragmatic 
deficiency, and the degree of transdiaphragmatic herniation of 
the bowel or liver. 5 

Treatment of pentalogy of Cantrell involves closure of the 
thoracoabdominal wall defect, but success with corrective 
surgery has been limited. Postoperative complications include 
inereased intrathoracic and intra-abdominal pressures, which 
can result in respiratory and cardiovascular compromise. 4 The 
prognosis depends on the severity of the cardiac anomalies and 
on the severity of any other associated abnormalities. 3 

OMPHALOCELE 

An omphalocele is herniation of abdominal viscera into the 
intact umbilical cord, with a membranous covering over the 
eviscerated organs unless there has been membrane rupture 
(Fig. 123-1). The Spectrum of severity ranges from a small 
umbilical hernia to a large defect, resulting in evisceration of all 
abdominal organs. 6 The incidence of omphalocele is 1 case in 
4000 to 7000 live births. 2 Although an omphalocele can be an 
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Figure 123-1 Giant omphalocele. Giant omphalocele with staged closure at 1 year of age. A. Paint and wait technique with progression of 
keratinization at the base ( arrow ). B. Preoperative image demonstrates a smaller, completely keratinized sac. (Courtesy J. Densmore, MD, 
Children's Hospital of Wisconsin, Milwaukee, Wl.) 



Figure 123-2 Omphalocele. A. Transverse prenatal ultrasound image demonstrates the liver herniating through an anterior abdominal wall 
defect ( arrows ) in a fetus with an omphalocele. B. Sagittal image also demonstrates the eviscerated liver ( arrows ), with the umbilical cord 
inserting into the membrane containing the liver ( arrowhead ). H, Head; P, placenta; S, spine. 


isolated abnormality, associated anomalies are more common 
with an omphalocele than with gastroschisis. 7 Associated genetic 
abnormalities are seen in up to 54% of patients; trisomy 18 is 
most common, but trisomy 13, Beckwith-Wiedemann syn- 
drome, and rarely uniparental disomy (i.e., inheritance of both 
copies of a chromosome pair from one parent and none from 
the other) also occur. Studies suggest that associated chromo- 
somal abnormalities are more likely in patients with a small 
omphalocele that does not include herniated liver. 7 Visceral 
abnormalities are seen in up to 70%, including neural tube 
defects and cardiac, renal, facial, and skeletal abnormalities and 
pentalogy of Cantrell. 2 Gastrointestinal anomalies can include 
imperforate anus, colonic atresia, and Hirschsprung’s disease. 

Physiologic herniation of bowel is normally seen between 
the 8th and 12th weeks of gestation; omphalocele cannot be 
reliably diagnosed until after this period. Omphalocele usually 
is diagnosed on prenatal ultrasound; patients with omphalocele 
demonstrate abdominal viscera within a mass at the umbilical 
cord insertion site with a covering membrane (Fig. 123-2). 
The abdominal wall defect of an omphalocele tends to be large. 
The herniated viscera usually include liver with various 
amounts of bowel. 6 When the omphalocele contains herniated 
liver and biliary structures, it is referred to as a giant ompha¬ 
locele (Fig. 123 -3). 2 Ascites can be seen within the abdomen 


or omphalocele, and polyhydramnios may be present. 6 Prenatal 
diagnosis should also include a thorough search for associated 
anomalies/ Fetal MRI is increasingly performed in patients 
with omphalocele to characterize the size and location of the 
anterior wall defect, to characterize the sac and its contents, 
and to identify associated anomalies (see Fig. 123-3). 8 In addi¬ 
tion, fetal MRI can be used to calculate lung volumes in patients 
with giant omphalocele to predict the degree of pulmonary 
hypoplasia, which is predictive of postnatal morbidity. 9 Post¬ 
natal imaging of infants with omphalocele is generally reserved 
for identification of associated anomalies and should include 
echocardiography and renal ultrasound. 

Studies of the route of delivery for infants with omphalocele 
have demonstrated no significant improvement in outcome 
with cesarean delivery compared with vaginal delivery. Cesar- 
ean delivery usually is reserved for patients with obstetric 
indications. Exceptions are patients who have a giant ompha¬ 
locele, who are at increased risk of fatal hemorrhage from 
liver injury. 2 

Unlike in gastroschisis, the herniated bowel and liver in an 
omphalocele are morphologically and functionally normal. 7 
The membrane that covers the herniated viscera in an ompha¬ 
locele decreases fluid loss and protects against the metabolic 
abnormalities commonly seen in patients with gastroschisis. 2 
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Figure 123-3 Omphalocele. Sagittal balanced gradient-echo 
MR sequence in a 24-week-gestational-age fetus with a giant 
omphalocele. There is a large anterior abdominal wall defect 
(white solid arrows ) with herniation of a large portion of the liver 
(arrowheads ) and loops of small bowel ( dashed arrow). The covering 
membrane of the omphalocele is clearly seen (open arrows), and a 
portion of the umbilical cord is seen attaching to the apex of the sac 
(black arrow). 


The treatment of omphalocele is dictated by the presence of 
comorbidities (cardiovascular compromise, pulmonary insuf- 
ficiency), the coexisting congenital syndromes or anomalies, 
and the size of the defect. Surgical options include primary 
closure for smaller defects and delayed closure, by the “paint 
and wait” technique, allowing time for the patient to grow 
enough to accommodate larger omphaloceles (see Fig. 123-1). 10 
Functionally, patients with omphalocele are typically spared the 
problems of bowel motility associated with gastroschisis. The 
protective covering membrane over the omphalocele affords a 
protective barrier to amniotic fluid exposure. The prognosis of 
patients with omphalocele predominantly depends on associ¬ 
ated chromosomal or structural anomalies. Infants with an 
omphalocele and a cardiac anomaly have a mortality rate 
approaching 80%. 2 Prognosis is poorer when the covering 
membrane has ruptured because these patients tend to have 
significantly smaller birth weight than those with an intact 
membrane, regardless of omphalocele size. Patients with giant 
omphaloceles also tend to have pulmonary hypoplasia, which 
can complicate primary repair. 6,11 

GASTROSCHISIS 

Gastroschisis refers to herniation of abdominal viscera, usually 
the small and large bowel, through a defect in the anterior 
abdominal wall, typically to the right of the umbilicus. The 
umbilical cord insertion is intact, and there is no membrane 
covering the eviscerated organs (Fig. 123-4). 2 These bowel loops 
are subsequently exposed to amniotic fluid in utero. 12 

The incidence of gastroschisis is 1 case in 10,000 live births, 2 
but epidemiologic studies from the United States, Europe, and 
Japan have found increasing rates of gastroschisis, by as much 
as 1 O-fold, during the past decade. This is not thought to rep¬ 
resent improved detection or reporting because the incidence 
of omphalocele has remained stable during the same period, 



Figure 123-4 Gastroschisis. A. Frontal radiograph of the abdomen in a newborn with gastroschisis on the first day of life. There are multiple 
fluid-filled loops of bowel outside of the abdomen ( arrows) that do not contain a covering. B. Frontal radiograph of the abdomen in the same 
patient after silo placement. The bowel loops ( arrows) are now contained within the silo covering. The spring within the base of the silo is 
indicated by arrowheads. 
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Figure 123-5 Gastroschisis. A. The prenatal transverse ultrasound image demonstrates the bowel ( arrows ) herniating through an anterior 
abdominal wall defect to the right of the umbilical cord insertion ( arrowhead ). B. The sagittal image demonstrates eviscerated bowel floating 
loosely in amniotic fluid without a membranous covering (arrows). L, Lower extremity; P, placenta; S, spine. 


and the rate at which the incidence has increased suggests envi- 
ronmental risk factors rather than genetic ones. 13-15 Although 
reports of familial gastroschisis suggest an inherited propensity, 
numerous studies have suggested that teratogens play a role. 
Gastroschisis is more likely to occur in young mothers who are 
heavy smokers, use alcohol during pregnancy, have poor nutri- 
tion during pregnancy, or use over-the-counter medications 
with vasoactive properties (e.g., acetaminophen, aspirin, pseu- 
doephedrine, phenylpropanolamine, ephedrine, methylene- 
dioxymethamphetamine [ecstasy]) early in pregnancy. Clusters 
of infants with this defect have also been described near toxic 
waste sites. 2,15 

Unlike omphalocele, gastroschisis tends not to be associated 
with chromosomal abnormalities. Up to 31% of male patients 
with gastroschisis have cryptorchidism, and the testicles may be 
part of the herniated viscera. 2 Up to 25% of patients with gas¬ 
troschisis have intestinal atresia or stenosis or other bowel com- 
plications. Other than bowel atresias and cryptorchidism, 
associated anomalies are rare. 15 

The cause of intestinal atresia with gastroschisis is unclear, 
with theories suggesting a common vascular insult causing the 
gastroschisis and atresia rather than bowel ischemia from con- 
striction by the defect in the anterior abdominal wall. 2,7 In addi¬ 
tion to atresia, the herniated bowel in patients with gastroschisis 
is usually damaged, with bowel shortening, thickening, and 
development of a fibrous covering. Most patients have problems 
with poor bowel motility and absorptive function long after 
surgical correction of the defect. Studies have suggested that 
the causes include exposure to amniotic fluid, constriction- 
induced injury at the defect, and altered gene expression within 
enterocytes. 6,12 The bowel injury that occurs in utero seems to 
occur late in pregnancy, with Åndings of progressive bowel dik¬ 
tion and thickening. 7 Asymmetric bowel wall diktion, with or 
without meconium peritonitis, suggests bowel atresia. 6,12 Not all 
bowel injury occurs in utero; improved prognosis has been 
described for early repair or silo application, suggesting that 
some damage may occur postnatally. 7 

The diagnosis of gastroschisis is typically made on prenatal 
ultrasound, and maternal screening demonstrates elevated 
serum levels of a-fetoprotein. The diagnosis of gastroschisis 
can be made as early as 12 weeks of gestation 7 by ultrasono- 
graphic identification of herniated viscera without a covering 
membrane in the presence of a normal umbilical cord insertion 


(Fig. 123-5). The abdominal wall defect is usually small, most 
often less than 4 cm in diameter. In addition to bowel, organs 
that can herniate include liver, stomach, testes, and fallopian 
tubes. 6 

Prenatal diagnosis enables early diagnosis of other abnor¬ 
malities and allows decisions to be made about the location and 
timing of delivery, optimizing postnatal care. As with ompha¬ 
locele, studies have failed to show improved survival or better 
outcomes for infants with gastroschisis delivered by cesarean 
section compared with vaginal delivery, with the exception of 
cases with eviscerated liver. 1 Infants delivered at medical centers 
with postnatal and surgical experience in the care of gastroschi¬ 
sis have improved outcome compared with patients delivered 
elsewhere. 6 

Treatment of gastroschisis involves the return of the her¬ 
niated organs to the abdominal cavity with primary closure, 
if possible. This tends to be more urgent with gastroschisis 
than with omphalocele because the lack of a covering mem¬ 
brane results in increased fluid loss. If the abdominal cavity 
is too small to tolerate a primary repair because of size, a 
silo repair may be necessary, with the gradual return of the 
eviscerated organs to the abdominal cavity during several 
days (see Fig. 123-4). One risk of closure includes increased 
intra-abdominal pressures that can cause vascular and respi- 
ratory compromise, 2 urethral obstruction, and bowel ischemia. 6 
In cases of cryptorchidism, the testicles are usually returned 
to the abdominal cavity at the time of repair of the abdomi¬ 
nal wall defect, and most eventually descend to the normal 
scrotal position. 2 

The prognosis for patients with gastroschisis depends on the 
presence of small bowel atresia or stenosis and on the condition 
of the herniated bowel. 12 Postnatal imaging may be requested 
to detect small bowel strictures or areas of perforation, both of 
which are seen in complex gastroschisis and may not be pre- 
dicted by prenatal imaging (Fig. 123-6). 16 Although the cause 
of bowel injury is unclear, it affects outcome by leading to 
intrauterine growth retardation, amniotic fluid abnormalities, 
and preterm labor. Postnatally, the bowel injury results in poor 
weight gain, decreased bowel motility, and feeding intolerance. 2 
Return of bowel motility is slow, regardless of the presence or 
absence of bowel atresia or stenosis. 12 

Mortality of patients with gastroschisis is commonly related 
to short gut, which can be congenital or can result from volvulus 
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Figure 123-6 Complicated gastroschisis. Fluoroscopic image after 
injection of water-soluble contrast material through a jejunostomy 
tube. There is irregularity of jejunal loops (white arrows) and 
extraluminal extravasation of contrast material and pooling of contrast 
material in the silo in at least two separate areas (black arrows). 


or necrotizing enterocolitis. 1 Mortality can also be tied to liver 
disease from prolonged parenteral nutrition, particularly in 
patients with bowel atresia. 2 

EXSTROPHY OF THE BLADDER 

With an incidence of approximately 2 cases per 100,000 live 
births, biadder exstrophy is a rare congenital anomaly. Epide- 
miologic studies suggest an equal male-to-female ratio and a 
higher incidence among white patients compared with non- 
white patients (e.g., blacks, Hispanics, Asians). 18 

Biadder exstrophy results from a failure of closure of the 
anterior abdominal wall at the ventral end of the cloacal mem- 
brane. 7 This defect produces anterior herniation of the biadder, 
biadder neck, and urethra. 19 There is also malformation of the 
external genitalia, including epispadias and a small phallus in 
male patients and an open urethral plate and labial separation 
in female patients. 20 Other associated anomalies can include 
cleft palate, neural tube defects, cardiovascular and musculo- 
skeletal abnormalities, and preterm birth. 18 

Because the Åndings of biadder exstrophy can be subtle, the 
diagnosis is often not made on the basis of routine screening 
prenatal ultrasound/ Persistent nonvisualization of the biadder 
in combination with normal-appearing kidneys and a normal 
volume of amniotic fluid should raise the suspicion of biadder 
exstrophy. Care must be taken to avoid mistaking a completely 
empty biadder for an absent one because the fetal biadder nor¬ 
mally filis and empties every 50 to 155 minutes. A soft tissue 
mass that can be seen in the lower abdominal wall represents 
the exstrophied biadder. Additional findings of biadder exstro¬ 
phy include a low insertion of the umbilical cord, a small phallus 
and epispadias in male patients, and splaying of the iliac 
crests. 20,22 



Figure 123-7 Prune-belly syndrome. Photograph of newborn 
infant with prune-belly syndrome shows the typical appearance, with 
redundant, wrinkled skin covering a protuberant abdomen that lacks 
normal musculature. 


Biadder exstrophy repair usually is staged. The initial stage 
includes closure of the biadder, posterior urethra, and anterior 
abdominal wall, possibly with pelvic osteotomy, depending on 
the amount of pubic diastasis present at birth. Subsequent 
stages include epispadias repair and biadder neck reconstruc- 
tion. 23 Findings suggest greater success when biadder closure is 
performed early. 24 

As with other defects of the anterior abdominal wall, there 
has been no evidence to suggest that cesarean section improves 
outcome, but delivery at a hospital with experience in surgical 
care of biadder exstrophy is recommended because of resultant 
improved outcomes. There is no significant perinatal mortal¬ 
ity associated with biadder exstrophy; however, there can be 
significant long-term morbidity, particularly urinary, with 
approximately 70% of patients requiring major reconstruction 
to achieve continence. Male and female patients experience 
decreased fertility. 21 

Prune-Belly Syndrome 

Prune-belly syndrome, also known as Eagle-Barrett syndrome 
or triad syndrome, 25 is composed of abdominal wall muscle 
laxity, bilateral undescended testes, and urologic abnormali¬ 
ties. 26,27 Pseudo-prune-belly syndrome refers to patients in 
whom not all of the classic triad is present. 28 The term prune 
belly is derived from the wrinkled appearance of the skin 
overlying the anterior abdominal wall due to the muscle 
laxity (Fig. 123-7). 25 
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The cause of prune-belly syndrome is unknown. Theories 
include a fetal insult resulting in poor abdominal muscle devel- 
opment and muscle atrophy from chronic intrauterine abdomi¬ 
nal distention (i.e., chronic biadder distention from posterior 
urethral valves). 25,28 There also seems to be a familial form of 
the disease with an unclear mode of transmission. Prune-belly 
syndrome occurs almost exclusively in boys, 25 although in the 
familial form it is slightly more common in giris (28% of 
patients, compared with 5% in the nonfamilial form). 27 

Structural abnormalities of the genitourinary tract include 
various degrees of renal dysplasia. The ureters are dilated and 
tortuous bilaterally. The biadder is capacious, often with a 
urachal remnant, including a urachal diverticulum or fistula. 
The patient may have urethral abnormalities, including urethral 
hypoplasia or atresia. 26,28 

Other anomalies associated with prune-belly syndrome 
involve the musculoskeletal, cardiovascular, and gastrointestinal 
systems. 25 Gastrointestinal anomalies include malrotation, 
imperforate anus, and Hirschsprungs disease. 28 These patients 
are prone to pulmonary infections and tend to develop scoliosis 
due to abdominal muscle weakness. 26 

On sonographic evaluation, patients with prune-belly syn¬ 
drome demonstrate dilated, tortuous ureters and bilateral 
hydronephrosis. The kidneys may be dysmorphic or demon¬ 
strate cystic changes. 25 The biadder tends to be enlarged but 
does not appear trabeculated. 25 On voiding cystourethrography, 
patients are found to have a large, elongated biadder, often with 
a urachal diverticulum or fistula. Eighty-five percent of these 
patients have vesicoureteral reflux, which often is bilateral, into 
dilated tortuous ureters (Fig. 123-8). On voiding, the prostatic 
urethra is generally dilated, with tapering into the membranous 
urethra. Contrast material can also reflux into the prostatic 
utricle. 25 Patients tend to have large postvoid residual volumes 
of the biadder. 

With regard to prognosis, there seems to be two groups of 
patients. The first group includes patients with significant geni¬ 
tourinary abnormalities, particularly chronic urethral obstruc¬ 
tion, and pulmonary hypoplasia. They tend to be stillborn or 
die shortly after birth. 26 The second group tends to have ade- 
quate renal function, although anatomic and functional abnor¬ 
malities may be present, including dilation of the urinary tract 
and vesicoureteral reflux. The prognosis for the second group 
depends on the occurrence of obstruction, sepsis, and chronic 
renal failure from recurrent urinary tract infections. Many die 
within the first 2 years of life. 25,26 Dilation of the urinary tract 
does not correlate with renal function. 29 



Figure 123-8 Prune-belly syndrome. Anteroposterior view of the 
abdomen during voiding cystourethrography demonstrates an 
enlarged, capacious biadder with reflux into the left ureter ( arrows ) 
and into the right renal collecting system, with right pelvocaliectasis 
( arrowheads ). 


immunosuppression/ 1 Peritoneal cultures typically grow a 
single strain of bacteria, typically gram-positive cocci, thought 
to reach the peritoneum by hematogenous, lymphatic, or 
transmural spread. 

Imaging Åndings of primary bacterial peritonitis include 
complex ascites (fluid with septations and enhancement of the 
peritoneum) and omental inflammation, both of which may be 
out of proportion to any inflammatory changes in bowel. The 
diagnosis is confirmed with paracentesis and a fluid culture that 
demonstrates growth of a single bacterial species. Growth of 
multiple species is more consistent with perforated bowel than 
with primary bacterial peritonitis. 31 


Peritoneum 

PERITONITIS 

Bacterial peritonitis in the pediatric population is commonly 
a result of bowel perforation in association with appendicitis, 
although other causes include infection from peritoneal di¬ 
alysis catheters and ventriculoperitoneal shunts (Fig. 123 -9). 30 
Primary bacterial peritonitis, an inflammatory condition of 
the abdomen of unknown origin, is a rare entity in the 
pediatric population. Clinical presentation may be similar to 
acute appendicitis with diffuse abdominal pain, fever, and 
leukocytosis. Primary bacterial peritonitis is most commonly 
seen in patients with an underlying chronic illness, such as 
chronic renal disease, disseminated lupus, liver disease, or 


Mesenteric and Omental Cysts 

Omental and mesenteric cystic lesions are most often lymphatic 
malformations. 3 Fymphatic malformation is the preferred 
term of lesions that were formerly referred to as lymphangio- 
mas or cystic hygromas. 4 These rare intra-abdominal cystic 
masses have an origin in abnormal lymphatics that lack a 
normal connection to the central lymphatic system. 35 The 
lesions tend to be multiseptate, mobile, and thin walled. 35 

Mesenteric lymphatic malformations are most commonly 
found within the mesentery of the small bowel, but they can 
occur anywhere along the gastrointestinal tract from the duo- 
denum to the rectum 36 or can be attached to the peritoneal 
lining of the abdominal cavity. : Within the mesentery, these 
lesions can extend from the base of the mesentery into the 
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Figure 123-9 Peritonitis. A 3-year-old boy presenting with diffuse 
abdominal pain and physical examination findings consistent with 
peritonitis. Axial contrast-enhanced CT of the abdomen and pelvis 
revealed peritoneal thickening and enhancement (arrow) with 
complex ascites (asterisk). Surgery confirmed perforated appendicitis 
(not shown). 


retroperitoneum. Approximately 75% of mesenteric cystic 
lesions are fo und in young adults or children older than 10 
years. 35 Omental cystic lesions are contained within the greater 
or lesser omentum, 36 and they are usually seen in children, with 
68% occurring in patients younger than 10 years. 38 

Although patients with both types of lesions can be asymp- 
tomatic at the time of diagnosis, some may present with find¬ 
ings of abdominal distention or a “pulling sensation” in the 
abdomen. 35 Patients may also present with findings of an acute 
abdomen related to bowel obstruction from volvulus or mass 
effect, from infection or hemorrhage into the lesion, 35 or from 
the lesions undergoing torsion or rupture. 3i Rarely, patients 
may develop respiratory, hepatic, or renal compromise from the 
mass effect. 8 Although the diagnosis of a mesenteric or omental 
lymphatic malformation usually is made with ultrasound, CT, 
or MRI, radiographs of the abdomen classically demonstrate a 
homogeneous, water density mass that displaces bowel loops. 
These findings are nonspecific, however, and radiographs and 
fluoroscopic studies can be nondiagnostic. 39 

Because of its lack of ionizing radiation and ready availabil- 
ity, ultrasound is the initial imaging modality of choice. Ultra¬ 
sound imaging demonstrates an intra-abdominal cystic mass, 
usually with thin septations. Internal debris may be seen, con¬ 
sistent with hemorrhage or infection (Fig. 123-1 0). 36 CT imaging 
demonstrates a large, low-attenuation mass with a very thin or 



Figure 123-10 Mesenteric cyst. Transverse ultrasound image 
of an 8-year-old boy with gradually worsening abdominal pain 
demonstrates a multiloculated cystic mass in the epigastric region 
with internal debris. The pancreas could not be visualized on this 
examination. 



Figure 123-11 Mesenteric lymphatic malformation. A 3-year-old 
boy with a mesenteric lymphatic malformation. Axial postcontrast 
CT images of the abdomen show a large hypoattenuating mass in the 
abdomen and pelvis ( asterisks ) with a few thin septations ( arrowhead ), 
which causes anterior displacement of bowel ( arrows ). 


indiscernible wall (Fig. 123-11).' The lesion may be multisep- 
tate and have fine mural calcifications (Fig. 123-1 1). 36 MRI 
shows signal characteristics similar to lymphatic malformations 
in other locations, with a mass that is predominantly increased 
signal intensity on T2-weighted images with low signal intensity 
septations, decreased signal intensity on precontrast TI images, 
and peripheral and septal enhancement after administration of 
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Figure 123-12 Mesenteric lymphatic malformation. A 4-year-old boy with a mesenteric lymphatic malformation. A. Axial T2-weighted 
fat-suppressed MR image of the pelvis shows a mesenteric mass with increased signal intensity (white arrowheads ) and multiple low signal 
intensity thin septations (black arrowheads). B. Axial Tl-weighted fat-suppressed MR image of the pelvis shows only thin peripheral and septal 
enhancement ( arrowheads ). 



Figure 123-13 Mesenteric cyst. Gross image of a mesenteric cyst 
( arrows ) centered in the mesentery of the distal small bowel. 


contrast material (Fig. 123- 12). 41 CT and MRI can be helpful in 
demonstrating that this mass does not arise from the kidneys, 
ovaries, or pancreas . 37 Whereas a mesenteric cyst tends to be 
surrounded by bowel loops or to compress the bowel anteriorly 
if it arises at the base of the mesentery, an omental cyst tends 
to compress bowel posteriorly. 36 

The treatment of mesenteric and omental cysts involves sur- 
gical resection to prevent torsion, bleeding, or infection 38 and 
usually results in resolution of symptoms. 37 Complete excision 
is recommended to prevent recurrence (Fig. 123- 13). 35 More 
recently, percutaneous image-guided sclerotherapy of abdomi- 
nal lymphatic malformations with doxycycline has been shown 
to be a safe and effective primary treatment. 42 


Lymphadenopathy and Neoplasms of 
the Mesentery and Peritoneum 

In the pediatric population, focal solid masses within the 
abdominal mesentery may be lymphomas, desmoids, terato- 
mas, and lipomas. When the masses are multiple, they usually 
represent lymphadenopathy, which in the pediatric population 



Figure 123-14 Mesenteric adenitis: ultrasound features. 

Sonographic evaluation of a 12-year-old boy with abdominal pain 
demonstrates lymphadenopathy ( arrows ) in the right lower quadrant 
( cursors). The appendix was normal (not shown). 


is more likely to be inflammatory or infectious than neoplastic. 
In the pediatric population, malignant lymphadenopathy is 
commonly caused by lymphoma, lymphoproliferative disor- 
ders, and metastatic disease. 40 

On sonographic evaluation, the standard for mesenteric 
lymphadenopathy in children has been defined 43 as a short-axis 
diameter greater than 4 mm 44 and a long-axis diameter greater 
than 10 mm determined by graded compression sonography 
(Fig. 123-14). Abdominal lymphadenopathy, however, can be 
underestimated by ultrasound because of obscuration by bowel 
gas, a limited held of view, and operator dependence. 45 CT is a 
more sensitive imaging modality for the evaluation of abdomi¬ 
nal lymph nodes. The pediatric standard for mesenteric lymph¬ 
adenopathy determined by CT is a short axis greater than 
8 mm; studies have shown that this standard would result in a 
false-positive rate for 5% of children. 45 The echogenicity of a 
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node is not sensitive for distinguishing normal nodes from 
lymphadenopathy. 46 

A common cause of mesenteric lymphadenopathy in the 
pediatric population is mesenteric adenitis. Mesenteric adenitis 
is characterized by benign inflammation of mesenteric lymph 
nodes and is sometimes associated with enteritis. 40 Patients tend 
to present with acute, chronic, or recurrent abdominal pain 
with no evidence of other disease, 45 and they can have addi¬ 
tional Åndings of nausea, vomiting, diarrhea, right lower quad- 
rant pain and tenderness, fever, and leukocytosis. Mesenteric 
adenitis can be difficult to differentiate from acute appendicitis 
because of the similarities in clinical presentation. 40 Confound- 
ing this issue is the faet that enlarged lymph nodes have been 
described in normal, asymptomatic children in the ileocecal 
and para-aortic regions. 46 

CT Åndings of mesenteric adenitis include lymphadenopa¬ 
thy anterior to the right psoas muscle and in the small bowel 
mesentery. This adenopathy tends to be more widespread than 
that seen with appendicitis, which tends to be isolated just 
anterior to the right psoas. InAammatory changes of the mes¬ 
entery have also been described. 40 

Infectious or inAammatory lymphadenopathy in the pedi¬ 
atric population may result from tuberculosis, cat-scratch 
disease, fungal infeetion, or sarcoidosis. 40 Although most 
lymphadenopathy on CT is homogeneous, with attenuation 
similar to that of muscle, nodes that demonstrate central 
low attenuation with peripheral enhancement are more con- 
sistent with an infectious or inAammatory process than a 
neoplastic one. 40 This pattern of enhancement has been 
described as character istic of tuberculosis (seen in approxi- 
mately 60% of cases), but it can be seen in any process 
associated with central node necrosis. Tuberculosis has also 
been described as having more marked mesenteric than ret- 
roperitoneal lymphadenopathy. 4 

Mesenteric lymphadenopathy is commonly seen in patients 
with Crohn’s disease. Affected lymph nodes can be seen through- 
out the mesentery, from the root to the periphery, or they can 
be more focal and found in the right lower quadrant. Associated 
inAammatory bowel changes are not necessary for adenopathy 
to be present (Fig. 123-15). 47 Mesenteric adenopathy can also 
be seen with sarcoidosis and connective tissue disorders, but it 
is usually not the only imaging abnormality. 47 

In the pediatric population, malignant lymphadenopathy 
commonly results from lymphoma, lymphoproliferative disor¬ 
ders, and metastatic disease. In lymphoma, nodes tend to start 
as small and discrete but can coalesce, forming a soft tissue mass 
(Fig. 123-16). This nodal mass has a characteristic appearance, 
growing around and displacing normal vessels and bowel. 47 On 
CT, the nodes usually demonstrate soA tissue attenuation with 
homogeneous enhancement, although peripheral enhancement 
has been described. CalciAed lymph nodes are rare in untreated 
lymphoma, with a prevalence of less than 1%, but nodes com¬ 
monly calcify after treatment. 4 

Lymphoma that is manifested with abdominal lymphade¬ 
nopathy is usually non-Hodgkin s lymphoma, and the adenopa¬ 
thy usually involves the mesentery and the retroperitoneum. 40 
The lymphoproliferative disorders induced by Epstein-Barr 
virus tend to have extranodal parenchymal involvement rather 
than lymphadenopathy. 48,49 

Solid masses of the mesentery are rare in the pediatric 
population. Desmoid tumors can be seen in patients with a 
history of Gardner’s syndrome or with a history of prior 




Figure 123-15 Lymphadenopathy. An 8-year-old giri with Crohn's 
disease. Coronal reformatted image from a contrast-enhanced CT 
scan of the abdomen and pelvis. There is bowel wall thickening and 
hyperenhancement of the terminal ileum (solid arrows). Multiple 
enlarged mesenteric lymph nodes are present in the right lower 
quadrant ( arrowheads ). Engorgement of the vasa recta is also noted 
(dashed arrows). 



Figure 123-16 Lymphoma. Transverse CT image of 3-year-old child 
with lymphoma demonstrates a soft tissue nodal mass along the 
mesentery ( arrows ) and para-aortic and aortoeaval retroperitoneal 
lymphadenopathy ( arrowheads ). 


surgery or trauma. 40 Additional differential considerations for 
mesenteric masses include a solitary inAammatory or neo¬ 
plastic lymph node and inAammatory pseudotumor. 40 Des- 
moplastic small round cell tumor is a rare malignant tumor 
that usually is manifested as a dominant mass in the pelvis 
with multiple peritoneal metastases as well as other metastatic 
disease at diagnosis (Fig. 123-17). 50,5 Peritoneal metastases 
are rare in children but can also be seen with malignant 
ovarian tumors. 
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Figure 123-17 Desmoplastic small round cell tumor. An 8-year-old giri with desmoplastic small round cell tumor of the abdomen. Contrast- 
enhanced CT of the abdomen and pelvis. A. Axial image shows multiple peritoneal implants ( arrows ), complex ascites (asterisk), and hepatic 
metastases ( arrowheads). B. Coronal image shows a large mesenteric mass (dashed arrows ) in addition to the peritoneal implants (solid arrow) 
and hepatic metastasis ( arrowhead ). 
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Conclusions 


The term acute abdomen defines a clinical syndrome character- 
ized by the sudden onset of severe abdominal pain requiring 
emergency medical or surgical treatment. A prompt and accu- 
rate diagnosis is essential to minimize morbidity and mortality. 
The differential diagnosis includes an enormous Spectrum of 
infectious, inflammatory, obstructive, and neoplastic disorders 
ranging from benign self-limited diseases to conditions that 
require emergency surgery (Fig. 124-1). In a review of approxi- 
mately 30,000 patients with acute abdomen, Shah observed that 
28% of patients had appendicitis, 9.7% had acute cholecystitis, 
4.1% had obstruction of the small bowel, 4% had acute gyne- 
cologic disease, 2.9% had acute pancreatitis, 2.9% had acute 
renal colic, 2.5% had perforated peptic ulcer, and 1.5% had 
diverticulitis. For one third of patients, no cause could be 
determined. 1 


The clinical diagnosis of acute abdomen can be challeng- 
ing because results of physical examination, clinical presenta- 
tion, and laboratory examination are often nonspecific and 
nondiagnostic. 21 Sonography has developed a niche in evalu- 
ating the gallbladder in all patients and the appendix in 
children and pregnant women. Magnetic resonance (MR) is 
being used with increasing frequency in pregnant women. 
Multidetector computed tomography (MDCT), however, has 
become the premier technique for triage of most patients 
with acute abdomen. MDCT has earned this role because it 
can provide a global perspective of the gut, mesenteries, 
omenta, peritoneum, retroperitoneum, subperitoneum, and 
extraperitoneum uninhibited by the presence of bowel gas 
and fat. MDCT scanning allows thinner contiguous images 
to be obtained without increasing radiation exposure and 
without respiratory misregistration. Multiplanar reformatted 
images can be obtained with virtually isotropic data sets. 
The rapidity of scanning allows several acquisitions to be 
obtained during different phases of a single intravenous bolus 
of contrast material. 6 The cross-sectional imaging features of 
the most common abdominal disorders causing the acute 
abdomen are discussed in this chapter. 

Technical Considerations 

A variety of MDCT protocols for preparation of the patient and 
scanning have been created to study the diversity of diseases 
that can cause acute abdomen. The selection of an imaging 
technique depends on the most likely diagnosis, clinical setting, 
and local expertise. The examination should be tailored to each 
patient. See Chapter 5 for a more complete discussion of 
abdominal CT protocols. 

It is best to obtain a general survey examination that includes 
the entire abdomen and pelvis. Diagnostic errors will occur if 
the anatomic coverage is dictated solely by the vagaries of clini¬ 
cal diagnosis. Scans are obtained from the diaphragm to beneath 
the symphysis pubis. Coronal and sagittal reformatted images 
are helpful in establishing a diagnosis. 3 

Intravenous administration of contrast material is helpful in 
the diagnosis of splanchnic venous thrombosis, bowel ischemia, 
aneurysms, and active arterial extravasation as well as solid 
parenchymal organ abnormalities. Inflammatory mural changes 
in appendicitis, cholecystitis, diverticulitis, Crohns disease, and 
infectious enterocolitis are also better depicted with vascular 
enhancement. Neoplasms, abscesses, and infarcts in the liver, 
spleen, and kidneys are well portrayed on contrast-enhanced 
scans. Intravenously administered iodinated contrast material 
carries the risk of nephrotoxicity and potential reaction to the 
agent, and it may obscure renal and ureteral stones. However, 
in most patients, the information provided justifies the risk 
and extra expense. Between 125 and 150 mL of 60% iodinated 
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Figure 124-1 Leading causes of acute abdominal pain by quadrants. A. Causes of right upper quadrant pain: 1, cystic duet obstruction; 

2, cholecystitis; 3, cholangitis, biliary obstruction; 4, duodenitis, duodenal uleer; 5, gastritis, gastric uleer; 6, panereatitis, pancreatic cancer; 

7, pyelonephritis, renal infaretion, renal or ureteric stone, hydronephrosis; 8, subhepatic appendicitis; 9, pneumonia, pleural effusion, pulmonary 
embolism; 10, hepatitis, liver abscess, hemorrhage in liver tumor, acute hepatic congestion (right-sided heart failure), Budd-Chiari syndrome, 
portal vein thrombosis. B. Causes of left upper quadrant pain: 1, gastritis, gastric uleer; 2, panereatitis, pancreatic cancer; 3, subphrenic abscess; 
4, splenic infaretion and infeetion; 5, cardiac causes, including pericarditis, pericardial effusion, myocardial infaretion; 6, left lower lobe 
pneumonia, effusion, pulmonary embolism; 7, hiatal hernia, gastroesophageal reflux disease; 8, pyelonephritis, renal infaretion, ureteric stone. 

C. Causes of right lower quadrant pain: 1, appendicitis; 2, mesenteric adenitis, torsion of the greater omentum; 3, Meckel's diverticulum, 
ileal diverticulitis; 4, Crohn's disease, infeetious or ischemic ileitis; 5, diverticulitis of a redundant sigmoid colon; 6, infeetious, ischemic, or 
inflammatory colitis, epiploic appendagitis; 7, renal infeetion or infaretion, ureteric stone; 8, ovarian disease, including cyst rupture, torsion, pelvic 
inflammatory disease, ectopic pregnancy; 9, infeetious and inflammatory cystitis. D. Causes of left lower quadrant pain: 1, diverticulitis, epiploic 
appendagitis; 2, infeetious, inflammatory, or ischemic colitis; 3, ovarian disease, including cyst rupture, torsion, pelvic inflammatory disease, 
ectopic pregnancy; 4, pyelonephritis, renal or ureteric stone; 5, infeetious and inflammatory cystitis. (From Dieter B, Modder U: Diagnostic 
Imaging of the Acute Abdomen. Berlin, Springer-Verlag, 1988, p 5.) 


contrast material should be injected intravenously at a rate of 
at least 3 mL/s. Scans are obtained during the portal venous 
phase with a 60- to 70-second delay. Arterial phase imaging 
(40-second delay) is useful in patients with suspected hemor¬ 
rhage, bowel ischemia, and arterial thrombosis. Delayed scans 
through the kidneys and pelvis can reveal pyelonephritis, renal 
masses, and biadder disease that might have been overlooked 
during earlier phases. 4 ' 6 


When bowel obstruction, intestinal ischemia or infaretion, 
ileus, intestinal infeetion, or inflammation is suspected, the 
intrinsic fluid in the gut often serves as an excellent gastroin- 
testinal luminal contrast agent. Positive contrast agents may 
lead to algorithm undershoot or overshoot and may interfere 
with assessment of bowel enhancement and viability. No oral 
contrast agent, water, or a low-contrast agent such as VoLumen 
may be given in these cases. For suspected kidney or ureteric 
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stones and ruptured abdominal aortic aneurysms, scans without 
oral or intravenous administration of contrast material should 
first be obtained. 

For patients with nonspecific symptoms and signs, we prefer 
to give 800 to 1000 mL of a 2% solution of oral, diluted, water- 
soluble contrast material at least 1 hour before scanning. Oral 
contrast material is administered primarily to differentiate 
bowel loops from abdominal and pelvic masses and abscesses. 
Oral contrast material may obscure the diagnosis of bowel hem- 
orrhage or ischemia and limit the detection of ureteral stones, 
appendicoliths, and bile duet stones. Practical difficulties of 
using oral contrast material include the time it takes to opacify 
the gut, the randomness of contrast opacification, and the 
inability of sick patients to consume and to retain sufficient 
quantities of the agent. 

The use of rectal contrast material is advocated by some 
investigators to optimize the detection of appendicitis, diver- 
ticulitis, and epiploic appendagitis. With the patient in the left 
decubitus position, 400 to 600 mL of a 3% solution of water- 
soluble contrast agent is administered by gravity through a soft 
rubber rectal catheter without use of a balloon. The patient is 
then turned to the supine position for scanning. 

An alternative approach to the patient with acute abdomen 
is to perform CT without oral, intravenous, or rectal adminis¬ 
tration of contrast media. This technique is fast, is virtually risk 
free, and causes no patient discomfort. However, these scans are 
the most difficult to interpret, particularly in patients with little 
abdominal or pelvic fat. 

Appendicitis 

Acute appendicitis (Fig. 124-2) is the most common abdominal 
surgical emergency, affeeting approximately 250,000 people 
annually in the United States. Although the correct diagnosis 
can be made in most patients on the basis of the history, 
physical examination Åndings, and laboratory test results, the 
diagnosis is uncertain in 20% to 33% of patients who present 
with atypical symptoms. The diagnosis is most difficult for 
infants, young children, elderly patients, and women of repro- 
ductive age. In the past, an average negative laparotomy rate 


of 20% was acceptable. The widespread use of MDCT for 
patients with suspected appendicitis positively affeets patient 
outeomes and inereases the number of laparotomies with posi¬ 
tive results. The surgical misdiagnosis rate has been reduced 
from 20% to 40% without imaging to a current rate of approxi¬ 
mately 5% to 10%. 8,9 

The MDCT, ultrasound, and MR Åndings of acute appendi¬ 
citis reAect the extent and severity of inAammation (Fig. 124-3). 
In mild disease, the appendix appears as a slightly distended 
(6-15 mm in diameter), Auid-Alled structure that shows cir- 
cumferential symmetric mural thickening (Fig. 124-4). Some- 
times, only the tip is inAamed (so-called tip appendicitis). On 
sonographic examination, periappendiceal inAammation may 
be encountered, and pain over the appendix may be elicited. 
The inAamed appendix is often hypervascular on color Doppler 
ultrasound. 10 ’ 11 


Figure 124-3 Appendicitis: sonographic features. A. A dilated, 
inflamed appendix is visualized along its long axis on this sonogram 
of the right lower quadrant. B. The inflamed appendix, imaged along 
its transverse axis, shows mural thickening and inereased color 
Doppler flow to the appendiceal wall, attesting to the hyperemia 
accompanying the inflammation. 


[ø] ø/n.scn 
G5B PIØØ DRG1 
E£:ØFF 


[C]. t-SPH HE y 
□ 80" PI O« 
F:Hid2 Ffl:Hid 



Figure 124-2 Appendicitis. This intraoperative image shows an 
enlarged and diffusely inflamed appendix. 


Figure 124-4 Appendicitis: CT features. Axial image shows a 
dilated, fluid- and gas-filled appendix ( arrow ), with mural thickening 
and periappendiceal inflammatory changes. 
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Figure 124-5 Appendiceal abscess. A right lower quadrant abscess 
( arrows ) is identified along the medial aspect of the cecum. 


Homogeneous, dense contrast enhancement of the wall is 
typical on MDCT, but a target sign may be seen on axial images 
(see Fig. 124-4). Periappendiceal inflammation is manifested as 
slight haziness of the mesoappendix fat. A calcified appendico- 
lith is more reliably revealed on CT than on plain radiography. 12-20 
When it is present, the appendicolith is less well visualized than 
on CT or ultrasound. With disease progression and perforation, 
the appendix becomes fragmented, destroyed, and replaced by 
a phlegmon or abscess (Fig. 124-5). Associated mural thicken- 
ing of the adjacent distal ileum and cecum may also occur. In 
patients with these symptoms, the specific diagnosis of appen- 
dicitis can be made if an appendicolith is seen in the abscess or 
phlegmon. If not, the diagnosis of appendicitis can only be sug- 
gested within a differential diagnosis that includes cecal diver- 
ticulitis, ileal diverticulitis, MeckeFs diverticulitis, perforated 
neoplasm (cecal, appendiceal, or ileal), and Crohns disease with 
abscess formation. 

MR (Fig. 124-6) is becoming increasingly used in pregnant 
patients with high clinical suspicion of appendicitis. The MR 
features are similar to those seen on CT. The appendix is dis- 
tended to a caliber greater than 6 to 7 mm in diameter with 
surrounding inflammatory change in the mesoappendix. See 
Chapter 56 for a more complete discussion of appendicitis. 


Diverticulitis 

Diverticulitis occurs in 10% to 25% of patients with known 
diverticulosis. It results from a microperforation or, much less 
commonly, a macroperforation of a diverticulum into the rich 
pericolic fat in the subperitoneal spaces surrounding the colon. 
These patients typically present with leff lower quadrant pain, 
fever, and leukocytosis. Clinical misdiagnosis rates range from 
34% to 67%. 31,32 The role of CT for these patients is to confirm 
the diagnosis, to establish the presence of complications (e.g., 
abscess), to pro vide a road map for percutaneous or surgical 
therapy, and to suggest alternative diagnoses for patients in 
whom diverticulitis has been excluded. 33,34 

The CT hallmark of diverticulitis is inflammatory change in 
the pericolic fat, which is observed in 98% of patients (Fig. 124- 
7). Minimal haziness of adjacent fat occurs in mild cases. Small 


Figure 124-6 Appendicitis: MR features. An inflamed appendix 
(arrows and arrowhead) characterized by mural thickening, 
intraluminal fluid, and periappendiceal inflammation is depicted along 
the lateral aspect of the placenta on this T2-weighted coronal image 
obtained in a pregnant woman in the third trimester. 


Figure 124-7 Diverticulitis of the sigmoid colon: CT findings. 

Coronal reformatted image shows mural thickening of the junction of 
the sigmoid and descending colon and a phlegmon ( arrows ) in the 
sigmoid mesocolon. 


fluid collections, fine linear strands, and extraluminal gas 
bubbles may also occur. In more severe cases, phlegmon or 
frank abscess formation can occur. Diverticula are evident in 
more than 80% of patients, and symmetric mural thickening of 
more than 4 mm is seen in about 70% of patients. O ther typical 
features include engorgement of the vasa recta and the presence 
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of fluid in the inferior portion of the combined interfascial 
plane. 31 ' 34 

In some patients, contrast material collects in an arrowhead 
shape adjacent to the inflamed colonic diverticulum (i.e., 
arrowhead sign of diverticulitis). The offending inflamed diver¬ 
ticulum may appear as a rounded paracolic outpouching cen¬ 
tered in the paracolic inflammation with soft tissue calcium, 
barium, or air attenuation. 31 ' 34 

A perforated carcinoma is the major differential diagnostic 
consideration for patients with sigmoid diverticulitis. Although 
the colon wall is usually less than 1 cm thick in acute diver¬ 
ticulitis, in patients with severe muscle hypertrophy, the wall 
may be 2 to 3 cm thick, simulating carcinoma. CT findings 
favoring the diagnosis of acute diverticulitis include a tethered 
or saw-toothed luminal configuration, the presence of fluid 
in the combined interfascial plane, and engorged vasa recta. 
An abrupt zone of transition with normal bowel, enlarged 
local lymph nodes, and mural thickness greater than 1.5 cm 
favors carcinoma. 3134 

Complications of acute diverticulitis include abscess forma¬ 
tion (Fig. 124-8), obstruction of the large and small bowel, 
secondary inflammation of the appendix, fistula, sinus tracks, 
and frank intraperitoneal perforation. Right-sided diverticulitis 
is usually difficult to diagnose clinically. Compared with patients 
with appendicitis, individuals with right-sided diverticulitis 
have a more protracted history, milder pain, and a higher point 
of maximum tenderness, which may clinically simulate acute 
cholecystitis. A palpable mass is present in up to one third of 
patients and can mimic an appendiceal or cecal tumor. 

The MDCT Åndings of right-sided diverticulitis consist of 
focal pericolic inflammatory change, slight mural thickening, 
and visualization of diverticulum as an outpouching of the 
right colon at the level of maximum wall thickness. The offend¬ 
ing diverticulum contains gas, fluid, contrast material, or calci- 
fied material. The normal appendix should be seen. If the 



Figure 124-8 Abscess due to sigmoid diverticulitis. A large 
abscess (A) with an air-fluid level is identified in the sigmoid 
mesocolon. 


appendix is not visualized, appendicitis, epiploic appendagitis, 
typhlitis, or perforated cecal carcinoma must be considered in 
the differential diagnosis. 3 34 See Chapter 55 for a more com- 
plete discussion of diverticulitis. 

Bowel Obstruction 

Obstruction of the small intestine and colon accounts for 
approximately 20% of acute abdominal surgical conditions. 35 
MDCT has replaced conventional contrast studies because it 
can more reliably answer several questions. Is obstruction 
present? What is the level of obstruction? What is the cause of 
obstruction? What is the severity of obstruction? Is the obstruc¬ 
tion simple or a closed loop? Is strangulation or ischemia 
present? 

It is important to differentiate between simple and closed- 
loop obstruction (Fig. 124-9) because the simple obstruction 
can be treated conservatively, whereas closed-loop obstruction 
requires prompt surgical intervention. For patients with bowel 
obstruction, scans are best obtained without oral contrast mate¬ 
rial because intraluminal fluid and gas serve as natural contrast 
agents. Intravenous contrast material is important in assessing 
intestinal perfusion and ischemia and in delineating the size, 
configuration, and patency of the mesenteric vessels. 36 If oral 
contrast material is given, a delayed plain abdominal radio- 
graph obtained several hours later can determine if the contrast 
material has passed into the colon. 

The CT hallmark of bowel obstruction is the delineation of 
a transition zone between dilated and decompressed bowel. 
Careful inspection of the transition zone and luminal contents 
often reveals the underlying causes of obstruction. CT is most 
helpful in patients with internal and external hernias, neo- 
plasms, gallstone ileus, various forms of enteroenteric intus- 
susception, and afferent loop obstruction after a Billroth II 
operation. If no mass, hernia, intussusception, abscess, or 
inflammatory thickening is present, adhesion is the most likely 
diagnosis. The typical adhesion has a beaklike narrowing, and 
the affected gut may be difficult to view, depending on the 
orientation of the loop relative to the axial plane. Use of 
the scroll or leaf function and multiplanar reformations in the 
coronal and sagittal planes can help establish the correct 
diagnosis. 37 ' 47 



Figure 124-9 Strangulated small bowel obstruction. The 

intraoperative photograph shows a hemorrhagic-necrotic small bowel 
due to strangulation caused by a volvulus surrounding an adhesion. 
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Figure 124-10 Closed-loop small bowel obstruction: CT features. 

Axial image shows the obstructed ileal loops converging to a central 
point in this patient with a transmesenteric internal hernia. There is 
mural thickening of the obstructed loops, hypoenhancement of 
several of the loops ( arrows ), and edema of the adjacent small bowel 
mesentery. Ischemic bowel was found at the time of surgery. 

The anterior abdominal wall should be carefully inspected to 
search for prior surgical scars. The small bowel feces sign is often 
seen just proximal to the obstruction. If positive oral contrast 
material is present, it becomes progressively more dilute as it 
approaches the level of obstruction. Also the degree of small 
bowel dilation is largest closest to the level of obstruction. 

An incarcerated or closed-loop obstruction is manifested as 
a loop-shaped, fluid-filled structure causing proximal segments 
to dilate with gas and fluid. The mesenteric vessels have a radial 
distribution (Fig. 124-10) because they become stretched and 
converge toward the U- or C-shaped loop. Two adjacent and 
collapsed round, oval, or triangular segments typically repre¬ 
sent the afferent and efferent entry points of the torsion site. 
The mesenteric vasculature may have an unusual course. When 
ischemia develops, the bowel wall may thicken and have a target 
appearance caused by submucosal edema. Enhancement of the 
involved bowel wall may be poor or delayed. Fluid and hemor- 
rhage may collect in the mesentery, bowel wall, and lumen of 
the involved segment. The mesentery becomes hazy in appear¬ 
ance, and ascites may develop. 37 ' 47 

In patients with high-grade obstruction of the small bowel, 
CT has a reported sensitivity of 90% to 99%. CT is less accurate 
in patients with low-grade obstruction. Obstruction of the large 
bowel (Fig. 124-11) can also be demonstrated by MDCT. See 
Chapters 46 and 62 for a more complete discussion of bowel 
obstruction. 

Acute Cholecystitis 

Acute cholecystitis results from obstruction of the gallbladder 
and its attendant mural inflammation associated with infec- 
tion and sometimes necrosis. Most cases are caused by obstruct- 
ing gallstones in the gallbladder neck or cystic duet. Because 
acute cholecystitis develops in only 20% of patients with 
gallstones, many patients with gallstones with right upper 
quadrant pain have other pathologic conditions responsible 
for their symptoms. 48 

Only 20% to 30% of patients with right upper quadrant pain 
have acute cholecystitis. The primary sonographic diagnostic 



Figure 124-11 Carcinoma of the sigmoid colon causing large 
bowel obstruction. The coronal reformatted image shows the 
obstructing sigmoid mass (curved arrows). The cecum is dilated 
( double-headed arrow), and there are liver metastases. 



Figure 124-12 Acute cholecystitis: sonographic features. 

Transverse sonogram of the right upper quadrant shows sludge and 
shadowing stones within the gallbladder. Mural thickening ( arrows ) is 
associated with edema, producing wall stratification. The patient also 
had a sonographic Murphy sign. 

criterion is the sonographic Murphy sign associated with gall¬ 
stones. Secondary signs of acute cholecystitis include mural 
thickening (>3 mm) and stratification, a distended or hydropic 
gallbladder with loss of the normal tapered neck and develop - 
ment of an elliptical or rounded shape, and pericholecystic fluid 
(Fig. 124-12). 48,49 
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Figure 124-13 Acute cholecystitis: CT features. A. Two large stones (curved arrows) are identified within a thick-walled galIbladder. Notice 
the pericholecystic fluid (straight arrow). B. The more cephalad scan, displayed with a narrow window, shows a region of transient hepatic 
attenuation difference ( arrows ) surrounding the inflamed gal Ibladder (GB). 


Although sonography is the preferred method for diag- 
nosis of acute cholecystitis, CT is frequently the initial exami- 
nation because the diagnosis is unclear. The most sensitive 
CT Åndings of acute cholecystitis are mural thickening 
greater than 3 mm (in the setting of a distended gallbladder) 
and enhancement of the inflamed wall (Fig. 124-13A). Tran¬ 
sient, focally increased attenuation of the liver may develop 
adj acent to the inflamed gallbladder, resulting from hepatic 
artery hyperemia and early venous drainage (Fig. 124-13B). 
Less specific signs include pericholecystic fluid, haziness of 
the pericholecystic fat, and increased attenuation of the gall¬ 
bladder bile. CT can also depict complications of acute cho¬ 
lecystitis, including perforation and gangrene. Intramural or 
intraluminal gas is present in emphysematous cholecysti¬ 
tis. 49,50 See Chapter 77 for a complete discussion of acute 
cholecystitis. 

Choledocholithiasis 

Patients with choledocholithiasis typically present with acute 
right upper quadrant pain, fever, jaundice, and pancreatitis. 
Thin-collimation scans are needed to optimize the detection 
of stones on MDCT. A high-density nidus may be visualized 
in the duet, or alternating low- and high-density rings of mixed 
cholesterol-calcium stones may be seen. Biliary dilation may 
be evident proximally. MDCT has a sensitivity of 88%, speci- 
ficity of 97%, and accuracy of 94% in the detection of 
choledocholithiasis; however, positive intraluminal and 
intravascular contrast agents can obscure the detection of 
peripherally calcified stones. 49,51,52 MR and MR cholangiopan- 
creatography are the premier means of establishing the diag¬ 
nosis of choledocholithiasis. 

Peptic Ulcer Disease 

Patients with peptic ulcer disease often present with nonlocal- 
izing signs and symptoms indistinguishable from those of acute 
pancreatitis or cholecystitis, and MDCT is normally the first 
examination ordered. The most common MDCT result is focal 
mural thickening, which is a nonspecific Ånding. On occasion, 
an active ulcer or perforation (Fig. 124-14) is identified, accom- 
panied by inflammatory change of the adj acent fat, mesenteries, 
and omenta. 53 



Figure 124-14 Perforated gastric ulcer: CT findings. Extravasated 
contrast material (arrow) is present in peritoneal spaces of the left 
upper quadrant. 


Pancreatitis 

MDCT plays a vital role in the clinical diagnosis (Fig. 124-15), 
treatment, and staging of patients with acute pancreatitis. 
MDCT can reveal hemorrhage or necrosis in the panereas and 
identify the extension of inflammation in adjacent organs. 
MDCT findings of acute pancreatitis reflect edema of the giand 
and surrounding fat and may be normal in up to 28% of mild 
cases. The entire giand may become diffusely enlarged and 
have a shaggy, irregular contour. In mild cases, the peripanere- 
atic fat contains wisps of high attenuation, the vascular margins 
are euffed, and the fascial planes are thickened. Mild peripan- 
creatic inflammation may be present around an otherwise 
normal-appearing giand. Segmental pancreatitis occurs in 10% 
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to 18% of patients and is usually associated with stone disease. 
Typically, the giand shows uniform enhancementV 

In more advanced cases, intraglandular intravasation of pan- 
creatic fluid leads to the formation of many small, intrapancre- 
atic fluid collections. In necrotizing pancreatitis, the giand 
becomes enlarged and is often enveloped by high-attenuation 
exudates. Necrotic parenchyma shows decreased or no enhance- 
ment that is sharply demarcated from normally enhancing 
viable tissue. The body and tail are usually involved; the head is 
spared because of its rich collateral vascular network. Enhanc¬ 
ing islands of viable tissue may be scattered throughout the 
giand. The poorly defined peripancreatic exudates obliterate the 
peripancreatic fat, dissect fascial planes, and penetrate through 
fascial and peritoneal boundaries and ligaments. These collec¬ 
tions typically accumulate in the lesser sac, anterior pararenal 
space, and anterior interfascial Space. MDCT is also useful in 
revealing vascular complications, such as pseudoaneurysms and 
splenic and portal vein thrombosis. 

MDCT can help predict patient outcomes by delineating 
necrosis. In one study, patients with no evidence of necrosis on 



Figure 124-15 Pancreatitis: CT features. An inflammatory fluid 
collection (arrow) is identified in the left anterior interfascial plane on 
this axial image. 


MDCT had 0% mortality and only 6% morbidity rates, whereas 
patients with large areas of necrosis (50%) had a 75% to 100% 
morbidity rate and an 11% to 25% mortality rate. >5 See Chapter 
97 for a complete discussion of pancreatitis. 

Perforation 

Gastrointestinal perforation usually indicates a catastrophic 
complication of peptic ulcer disease, diverticulitis, severe intes- 
tinal inflammation, infarction, trauma, neoplasm, or closed- 
loop obstruction. MDCT is ideal for evaluating patients with 
signs of peritonitis, which is often misdiagnosed as another 
acute lesion. MDCT can detect pneumoperitoneum that may 
be overlooked on chest or abdominal radio gr aphy. 56-59 The visu- 
alization of extraluminal gas is facilitated by scrolling through 
the images with lung Windows. 

Detection of the site of perforation is often difficult but can 
be assisted by the oral and intravenous administration of con- 
trast material. Loculated fluid and gas (Fig. 124-16), focal mes- 
enteric or omental infiltration, and focal enhancement of the 
parietal peritoneum can help pinpoint the site of perforation. 6 59 

Intestinal Ischemia 

Vascular insufficiency of the gut is a differential diagnosis 
for elderly patients with acute abdominal pain or for any 
patient with a history of coronary artery disease, peripheral 
vascular disease, arteritis, hypotension, dehydration, or cardiac 
decompensation. Patients with intestinal ischemia have a broad 
range of symptoms that make a clinical diagnosis difficult. 
The major causes of intestinal ischemia include hypoperfu- 
sion and arterial or venous occlusion or thrombosis. Typically, 
the predominance of one factor determines the outcome. 
CT plays an important role in identifying the early changes 
of ischemia. Rapid intravenous administration of contrast 
material (>3 mL/s) is required to optimize vascular opaci- 
fication and to assess the patency of the superior mesenteric 
artery and vein. 60 ' 63 

The CT features of intestinal ischemia depend on its cause, 
chronicity, and severity. Mural thickening of the gut is the most 
common finding, and the wall may have a target or halo appear- 
ance caused by submucosal edema. Thickened edematous wall 
is hest appreciated in bowel distended by fluid, air, or contrast 



Figure 124-16 Small bowel perforation due to a chicken bone: CT and gross pathologic findings. A. CT shows an air-contrast material 
level (white arrow) in the small bowel mesentery due to perforation by a chicken bone (black arrow). B. Surgical specimen shows the site of the 
perforation. 










124 The Acute Abdomen 2263 



Figure 124-17 Colonic infarction with pneumatosis intestinalis 
and mesenteric venous gas: CT features. Coronal CT image shows 
pneumatosis (red arrow) in the region of the hepatic flexure of the 
colon and gas in the superior mesenteric vein (black arrow). 


material. This appearance is nonspecific and can be seen in 
infectious and inflammatory bowel disease. Mesenteric haziness 
reflects edema and hemorrhage. The presence of focal pneuma¬ 
tosis or thrombus in the celiac, superior mesenteric, and infe- 
rior mesenteric arteries and veins permits a specific diagnosis 
to be made. Air in the bowel wall, mesentery, and portal venous 
system has grave prognostic implications for patients with isch- 
emic bowel (Fig. 124-17). CT is far more sensitive than radiog- 
raphy in detecting pneumatosis and portal venous gas. 64 68 

Colonic ischemia usually results from hypoperfusion or 
hypotension, and mesenteric thrombus is rare. MDCT reveals 
segmental thickening of the colon with scalloped, irregular 
margins caused by submucosal edema. 6 ' Bowel ischemia is dis- 
cussed more fully in Chapters 47 and 62. 

Abdominal Sepsis 

Patients with an abdominal abscess or peritonitis can present 
with an acute abdomen. Abdominal infections most commonly 
result from the contiguous spread of bacteria from the gut, 
biliary tract, or genitourinary system. These infections are typi- 
cally polymicrobial in nature and include both aerobic and 
anaerobic organisms. MDCT is the most accurate imaging 
examination for the diagnosis of intra-abdominal abscesses. 
Initially, abscesses appear as a mass of soft tissue attenuation 
caused by the influx of inflammatory cells. With maturation, 
the abscess undergoes central liquefaction necrosis, and highly 
vascularized peripheral connective tissue develops. As a result, 
this lesion has a low-attenuation center with an enhancing rim. 
Small gas bubbles or air-fluid levels are present in 40% to 50% 



Figure 124-18 Epiploic appendagitis. CT shows an elliptical fat 
density structure (c/rc/e), the epiploic appendage, surrounded by 
increased attenuation in the pericolic fat. 


of patients, and they suggest intra-abdominal sepsis. Abscesses 
tend to be round or oval unless they are adj acent to a solid 
organ. In these patients, abscesses may develop a lentiform or 
crescentic configuration. Abscesses also displace surrounding 
structures, obliterate or thicken adjacent fascial planes, and 
cause inflammation of the contiguous mesenteric or omental 
fat. 3 ' 5 See Chapter 72 for a more complete discussion of abdom¬ 
inal abscesses. 

Epiploic Appendagitis 

This unusual condition occurs when an epiploic appendage of 
the colon develops inflammation, torsion, or ischemia. Epiploic 
appendagitis can simulate appendicitis and right- and left-sided 
diverticulitis clinically and on MDCT scans. The inflamed 
appendage is manifested as a small, fat-attenuation mass with 
a hyperattenuating rim that abuts the serosal surface of the 
colon. At the center of the lesion, a small, round or linear, 
hyperdense focus may be seen, probably representing vascular 
thrombosis. Epiploic appendagitis also produces a mass effect, 
focal thickening of the adj acent bowel, infiltration of the mes¬ 
enteric fat, and focal thickening of the surrounding peritoneum 
(Fig. 124-18). 69 ' 71 

MDCT is usually diagnostic. Surgery can be avoided in many 
cases because epiploic appendagitis is a self-limited disorder. 
See Chapter 62 for a more complete discussion of epiploic 
appendagitis. 

Omental Torsion and Infarction 

Omental torsion or infarction is an uncommon disorder. Por¬ 
tions of the greater omentum undergo torsion or spontaneous 
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Figure 124-19 Focal torsion-infarction of 
the greater omentum: CT findings. Axial (A) 
and coronal (B) images show focal increased 
attenuation ( arrows ) of a small portion of 
omental fat. 


venous thrombosis, or both, which leads to severe abdominal 
pain associated with exquisite point tenderness. This usually 
occurs in the right lower quadrant, in which case it clinically 
simulates acute appendicitis, or in the right upper quadrant, in 
which case acute cholecystitis is simulated. This right-sided pre- 
dilection may reflect variant vascular development, which pre- 
disposes to right-sided venous thrombosis. 72 

CT demonstrates a region of increased attenuation within 
the greater omentum in the involved segment (Fig. 124-19). 
This region must be differentiated from an omental primary or 
secondary malignant neoplasm (e.g., carcinomatosis), omental 
infection (e.g., tuberculosis), and epiploic appendagitis. The 
size of the omental abnormality typically is larger in omental 
infarction and torsion than in epiploic appendagitis. 3 See 
Chapter 62 for a more complete discussion of omental torsion 
and infarction. 


Mesenteric Adenitis 


Figure 124-20 Mesenteric adenitis: CT features. Coronal 
reformatted image shows multiple, borderline, enlarged lymph nodes 
( arrows ) in the ileocolic mesentery. 


Benign inflammation of the ileocolic lymph nodes can cause 
mesenteric adenitis, which often simulates appendicitis clini¬ 
cally. Yersinia enterocolitica , Yersinia pseudotuberculosis , and 
Helicobacter jejuni are the most commonly implicated organ - 
isms. The appendix is normal, and there may be thickening of 
the adjacent ileum and cecum. On MDCT, the mesenteric 
lymph nodes are enlarged (>5 mm), and there may be inflam- 
matory change in the surrounding mesentery (Fig. 124-20). 74 
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Infectious Enterocolitides 

Gastroenteritis and the infectious enterocolitides are responsi- 
ble for almost 70% of emergency department visits prompted 
by abdominal pain. Most cases are self-limited and do not 
require imaging. In atypical cases, colicky abdominal pain 
rather than diarrhea may be the predominant symptom. MDCT 
scans may show normal Åndings or may show nonspecific 
mural thickening in more severe cases of infection with invasive 
Escherichia coli , Shigella , Salmonella , Yersinia , and Entamoeba 
organisms. 75 

In pseudomembranous colitis, potent antibiotics disrupt the 
normal bacterial flora of the colon, resulting in the overgrowth 
of Clostridium difficile. The release of its enterotoxins causes 
mucosal inflammation and the development of pseudomem- 
branes, consisting of mucus and inflammatory debris. On 
MDCT, mural thickening averages 15 to 20 mm, with a target 
or halo pattern caused by submucosal edema. 75 Contrast mate- 
rial caught between thick haustra may simulate deep ulceration 
and produce an accordion-like appearance (Fig. 124-21). The 
lumen may be completely effaced. Ascites and pericolic inflam¬ 
matory changes accompany these features. 7 " MDCT is most 
useful in differentiating the panoply of inflammatory, infec¬ 
tious, and neoplastic disorders that can cause acute abdomen 
in AIDS patients. Infections such as cryptosporidiosis and cyto- 
megalovirus infection produce thickening of the gut wall, 
edema of the submucosa, and increased enhancement of the 
mucosa. 75 



Figure 124-21 Pseudomembranous colitis: CT tindings. Coronal 
reformatted CT image shows marked mural thickening with 
submucosal edema ( arrows ) of a redundant sigmoid colon. Note the 
ascites and inflammatory change in the adjacent sigmoid mesocolon. 


Neutropenic enterocolitis (i.e., typhlitis) is an acute inflam¬ 
matory and necrotizing process that affects the cecum or ter¬ 
minal ileum and appendix of immunocompromised patients 
with profound neutropenia. In this disorder, ulceration of the 
mucosa is followed by bacterial and fungal invasion. CT fea¬ 
tures are nonspecific and include segmental mural thickening 
of the cecum, intramural regions of edema or necrosis, peri¬ 
colic fluid, and perienteric stranding (Fig. 124-22). In advanced 
cases, pneumatosis intestinalis and frank perforation may 
develop. 75 See Chapter 58 for a discussion of the infectious 
enterocolitides. 

Inflammatory Bowel Disease 

Most patients with inflammatory bowel disease experience 
chronic symptoms punctuated by periodic exacerbations. For- 
tunately, true emergencies are uncommon, but emergencies are 
associated with high rates of morbidity and mortality. Bowel 
obstruction and abscess formation are the most common emer¬ 
gencies for patients with Crohns disease, whereas fulminant 
colitis, toxic megacolon, and perforation develop in patients 
with ulcerative colitis. 7 78 

Abscesses develop in almost 25% of patients with Crohns 
disease, and MDCT is the preferred means of establishing a 
diagnosis and guiding percutaneous drainage. In patients with 
obstruction, the status of the diseased bowel, as depicted on 
MDCT, can significantly influence treatment of the patient. 
MDCT scans that reveal mural stratification (i.e., the ability to 
visualize distinet mucosal, submucosal, and muscularis propria 
layers) indicate the presence of submucosal edema. This edema 
may improve with steroids, biologic agents, and other immu- 
nosuppressive therapy. The reduced edema can lead to widen- 
ing of the lumen caliber, with subsequent amelioration of the 
obstruction. If mural stratification is lost, transmural fibrosis is 
probably present, and the obstruction may require surgery or 
strictureplasty. MDCT may also reveal other, nonemergent 
complications of Crohns disease, including fibrofatty prolifera- 
tion of the mesentery, fistulas, and reactive adenopathy. In 
patients with fulminant ulcerative colitis, MDCT is the pre¬ 
ferred noninvasive means of assessing the status of the bowel 
wall and detecting early perforation in toxic megacolon. See 



Figure 124-22 Typhlitis: CT features. Axial scan shows marked 
mural thickening of the cecum ( arrows ) in this patient with acute 
lymphocytic leukemia. 
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Figure 124-23 Meckel # s diverticulitis: CT features. Axial CT image 
shows a gas-containing abscess ( arrow) and inflammatory change in 
the ileocolic mesentery. 


Chapters 41 and 57 for a more complete discussion of inflam¬ 
matory bowel disease. 

Small Bowel Diverticulitis 

Small bowel diverticulitis is an unusual condition caused by the 
inflammation of a jejunal or ileal pseudodiverticulum or Meck- 
el’s diverticulum. CT findings are nonspecific and include peri- 
enteric inflammation (Fig. 124-23). On occasion, an air-filled 
or enterolith-filled diverticulum can be identified in the inflam¬ 
matory process. 79 

Abdominal Aortic Disease 

MDCT is superb in depicting thoracoabdominal aortic dissec- 
tions. Multiplanar reconstructions performed in the sagittal 
(Fig. 124-24) and coronal planes often help establish the 
diagnosis. 80 

The clinical triad of symptoms of a ruptured aortic aneu- 
rysm includes abdominal pain, a pulsatile mass, and hypoten- 
sion. Almost one third of patients do not have this classic 
presentation and are misdiagnosed as having renal colic and 
diverticulitis. The diagnosis of ruptured aneurysm should be 
considered for elderly men who are smokers because they run 
a higher risk of rupture. MDCT is the imaging procedure of 
choice for patients with suspected aneurysm dissection and 
rupture. Positive contrast agents should not be administered. 
Unenhanced images are initially obtained to search for hyper- 
dense biood associated with one of the following signs of 
impending rupture: the draped aorta sign, in which the poste - 
rior wall of the aorta cannot be identified and is closely applied 
to the spine; the high-attenuation crescent sign (Fig. 124-25), 
attributed to hemorrhage in mural thrombus or in the wall of 
the aneurysm, which may be the first sign of aneurysm rupture; 
and focal discontinuity of intimal calcification. 81,82 

Rapid infusion of contrast material (>3 mL/s) and thin col- 
limation are required for optimal vascular resolution, depiction 



Figure 124-24 Dissection of the infrarenal abdominal aorta. The 

sagittal reformatted image shows the intimal flap ( arrows ) in this 
normal-caliber aorta. 

of intimal flaps, and multiplanar, three-dimensional vascular 
image creation. Although the atherosclerotic walls of aneurysms 
enhance and are perfused by the vasa vasorum, necrotic areas 
of the aortic wall reveal nonenhancing focal areas of low density. 
On MDCT, direct signs of rupture include a retroperitoneal 
hematoma and frank extravasation of intravenous contrast 
material (Fig. 124-26). 81 ’ 82 

Hemorrhage 

Acute hemorrhage in the gut, mesenteries, omenta, retroperito- 
neum, or abdominal musculature can cause acute abdomen. 
Patients with significant bleeding have a declining hematocrit 
and hypotension. Unenhanced scans should be obtained to 
detect a hyperdense hematoma. Intravenous contrast material 
delivered at a high rate (4-5 mL/s) may identify an active site of 
hemorrhage and provide a useful guide for subsequent angio- 
graphic embolization. Bleeding may occur in to the rectus sheath 
or the psoas muscle. Most spontaneous hemorrhages are caused 
by anticoagulation (Fig. 124-27); however, they may result from 
tumor hemorrhage, most commonly in cases of renal cell car- 
cinoma and hepatocellular carcinoma. 83 

Hepatosplenic Vascular Disease 

Acute right-sided heart decompensation can lead to dilation of 
the inferior vena cava and hepatic veins. This can cause hepatic 
engorgement and distention of Glissons capsule, an underap- 
preciated cause of right upper quadrant pain. MDCT findings 
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Figure 124-25 The crescent sign of impending aortic rupture. An 

aneurysmal infrarenal aorta, photographed at narrow window width, 
shows a hyperdense thrombus ( arrows ), which is associated with an 
increased incidence of rupture. 



Figure 124-26 Active rupture of an abdominal aortic aneurysm: 
CT findings. Contrast material ( arrow) is actively extravasating from 
the left lateral aspect of the aorta. Notice the hemorrhage into the 
surrounding intraperitoneal, retroperitoneal, subperitoneal, and 
extraperitoneal spaces. 


show the venous diktion and reflux of contrast material into 
the dilated inferior vena cava and hepatic veins. 84 

Patients with hepatic venous (i.e., Budd-Chiari syndrome), 
portal venous, and hepatic arterial thrombosis can present with 
acute right upper quadrant pain. The severity of symptoms 
depends on the extent and speed of onset of the occlusion. 85 

Budd-Chiari syndrome has many causes, including coagu- 
lopathy, polycythemia vera, myeloproliferative disorders, and 
neoplasms. Thrombus may occur in the hepatic veins and the 
inferior vena cava. On early scans, the liver shows patchy 
enhancement, with the central portions having increased 
enhancement and the periphery having decreased enhance¬ 
ment. Delayed images show a reversal of this pattern. 85 



Figure 124-27 Spontaneous retroperitoneal bleed: CT features. 

Active extravasation of contrast material (arrow) is identified in the left 
flank of this patient who was overly anticoagulated. Biood is identified 
in multiple spaces: retroperitoneal, extraperitoneal, and interfascial. 



Figure 124-28 Splenic infarcts: CT findings. Coronal reformatted 
CT image shows two low-density regions ( arrows ) within the superior 
aspect of the spleen in this patient with atrial fibrillation. 


Portal vein thrombosis develops in patients with cirrhosis, 
hepatic neoplasms, pancreatitis, and mesenteric pylephlebitis. 
Portal vein thrombosis appears as a low-density central zone 
surrounded by an enhanced periphery on contrast-enhanced 
scans. Transient inhomogeneous enhancement of the affected 
liver segment also occurs. Tumor thrombus may dilate the vein 
and produce arterial phase enhancement. 85 

Hepatic infarction is rare because the liver has a dual biood 
supply. Hepatic infarction usually results from thrombosis of 
the hepatic artery, which can be seen in patients with sepsis, 
shock, oral contraceptive use, transplanted liver, sickle cell 
disease, eclampsia, bacterial endocarditis, trauma, and polyar- 
teritis nodosa. MDCT reveals wedge-shaped peripheral areas of 
low attenuation without contrast enhancement. Splenic and 
renal infarcts may also be present. 

Splenic infarction is manifested as acute left upper quadrant 
pain but may be clinically silent. Bacterial endocarditis, pancre¬ 
atitis, portal hypertension, sickle cell disease, and splenomegaly 
are responsible for most infarcts. On MDCT, focal infarcts are 
manifested as wedge-shaped zones of decreased attenuation 
that extend to the splenic capsule (Fig. 124-28). Although some 
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Figure 124-29 Ureterolithiasis: CT features. A 2-mm stone ( arrow ) 
is lodged at the left ureteropelvic junction. 


peripheral enhancement may be caused by perfusion of capsu- 
lar vessels, global infarction can cause diffuse splenic hypoden- 
sity. 86 See Chapter 90 for a more complete discussion of 
hepatosplenic vascular disorders. 

Renal Colic 

MDCT has transformed the evaluation of patients with acute 
flank pain suspected of having acute ureteral obstruction from 
an impacted stone. MDCT has positive and negative predictive 
values of more than 95% for the diagnosis of obstructing 
urinary calculi. MDCT can accurately determine the site and 
size of ureteral calculi and reveal the cause of flank pain in the 
25% of patients without ureterolithiasis (e.g., appendicitis, 
diverticulitis, pancreatitis, cholecystitis, bowel obstruction, 
abdominal aortic aneurysms, ovarian disease). 87 90 

Most calculi are visible on MDCT. They appear as calcifica- 
tions within the expected course of the ureter (Fig. 124-29). 
There is typically a thin rim of surrounding soft tissue that 
represents the edema within the ureteral wall, which strongly 
favors calcification as a calculus rather than a phlebolith. Sec- 
ondary signs include hydronephrosis, hydroureter, perinephric 
stranding, and periureteric stranding. The affected kidney may 
have an attenuation value lower than that of the unobstructed 
kidney. A density difference of more than 5 HU is considered 
significant. Many of these patients are dehydrated, leading to 
minimal increased medullary attenuation on the normal side 
and lower attenuation on the obstructed side. 

Diagnostic pitfalls include misdiagnosing phleboliths as 
stones; attributing ureteral dilation to stones when it results 
from urinary tract infection or inflammation, reflux, or other 
benign and malignant causes of obstruction; and not detecting 
calculi that form in patients with human immunodeficiency 
virus infection undergoing indinavir therapy. The lack of intra- 
venous contrast limits the ability of MDCT to diagnose other 
acute renal disease, such as pyelonephritis, renal vein thrombo- 
sis, and renal infarction. If the initial scan result is normal or 
inconclusive for the detection of obstructing calculi, a 



Figure 124-30 Pyelonephritis: CT features. The infected right 
kidney is enlarged and edematous, and it produces a diminished, 
striated nephrogram on this coronal reformatted image. 


contrast-enhanced scan can be obtained to search for other 
causes of the patient’s pain (Fig. 124-30). A presumptive diag¬ 
nosis of recent stone passage can be made when hydrouretero- 
nephrosis and perinephric and periureteric stranding are 
present without a calculus in a patient with clinical improve- 
ment and the absence of other Åndings. 87 92 

Condusions 

The subjective nature of pain, its complex neuroanatomic 
pathways, and the faet that a common symptom can arise 
from a broad Spectrum of diseases make the acute abdomen 
difficult to diagnose. Nevertheless, two important decisions 
must be made. Does the patient need surgery, and if so, how 
soon? Immediate surgery is required for patients with massive 
hemorrhage (e.g., abdominal aortic aneurysm rupture); other 
conditions (e.g., perforation, intestinal ischemia) require sur- 
gical intervention in a few hours because additional delay 
inereases morbidity. A delay of more than 6 hours is detri- 
mental for patients with disorders such as appendicitis, mes- 
enteric venous thrombosis, and strangulated small bowel 
obstruction. 

MDCT has become the most important noninvasive imaging 
tool for diagnosing acute abdomen and for answering the ques- 
tions previously posed. MDCT has the potential to positively 
affeet the outeome, length of stay, and overall health care expen- 
ditures of patients with an acute abdomen. 
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Gastrointestinal hemorrhage is one of the most common and 
challenging clinical problems encountered by the gastroenter- 
ologist. Approximately 400,000 patients with signs and symp¬ 
toms of gastrointestinal hemorrhage seek medical attention 
each year in the United States. Fortunately, in the majority 
of cases, gastrointestinal hemorrhage resolves spontaneously. 
However, in 25% of patients with recurrent or persistent bleed- 
ing, morbidity and mortality are significant. 1,2 In these patients, 
rapid and accurate diagnosis and treatment of the bleeding 
source are necessary to prevent death and to limit morbidity. 
In many patients, bleeding may be chronic and intermittent, 
and patients may present with subtle signs of biood loss, such 
as anemia. Patients with chronic gastrointestinal biood loss 
have a lower mortality rate compared with patients with acute 
bleeding, but the toll on quality of life and the cost of care 
due to repeated hospitalizations and diagnostic procedures are 
substantial. 

The classification of gastrointestinal hemorrhage is based on 
the severity of bleeding and the site of bleeding within the 
gastrointestinal tract. Patients experiencing gastrointestinal 
biood loss who exhibit signs of hemodynamic instability require 
rapid resuscitation and prompt identifkation and treatment of 
the bleeding site in an inpatient setting. On the other hånd, 


hemodynamically stable patients with signs of chronic biood 
loss may be managed as outpatients. 

On the basis of endoscopic accessibility, gastrointestinal tract 
bleeding is also classified by the segment of the gastrointestinal 
tract in which the bleeding occurs. Upper gastrointestinal tract 
bleeding is defrned as bleeding that originates from a lesion 
proximal to the ligament of Treitz, that is, the segment of bowel 
routinely accessible by upper endoscopy. Midgut bleeding 
occurs between the ampulla of Vater and the terminal ileum 
(accessible by deep endoscopy); and lower gastrointestinal tract 
bleeding occurs distal to the terminal ileum (accessible by colo- 
noscopy). The approximate frequency of bleeding in each of 
these segments is 75% to 80%, 5% to 10%, and 20% to 25%, 
respectively. 

The remainder of this chapter discusses an approach to the 
diagnosis and treatment of patients with gastrointestinal hem¬ 
orrhage with emphasis on the imaging tools used to detect the 
nature and location of bleeding and the common methods used 
in the treatment of gastrointestinal hemorrhage. 

Etiology 

The list of gastrointestinal bleeding sources is extensive (Table 
125-1). Most disorders are more common in specific segments 
of the gastrointestinal tract, and the more common condi- 
tions responsible for bleeding are discussed in the appropriate 
sections. 

Past medical history often provides helpful clues to the 
source of gastrointestinal bleeding. Up to 60% of patients with 
a history of upper gastrointestinal hemorrhage bleed from the 
same lesion. " Comorbid conditions may also suggest a potential 
cause of bleeding: 

• Liver disease or alcohol abuse: varices 

• Renal disease, aortic stenosis, or Osler-Weber-Rendu 
disease: angiodysplasia 

• Abdominal aortic aneurysm or aortic graft: aortoenteric 
fistula 

• Helicobacter pylori infection: peptic ulcer disease 

• Smoking, alcohol abuse, H. pylori infection: malignant 
disease 

• Gastroenteric anastomosis: marginal ulcers 

• Chronic diarrhea and abdominal pain: inflammatory 
bowel disease 

Clinical Presentation and Evaluation 

Gastrointestinal hemorrhage has hve clinical presentations: 
hematemesis, which is bloody vomitus that may be fresh and 
bright red or older with a coffee-ground appearance; melena, 
which is black, shiny, sticky, foul-smelling fecal matter that 
results from the degradation of biood in the gut; hematochezia, 
which is the passage of bright red or maroon biood, bloody 
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UpperTract Hemorrhage 

Duodenal ulcer 
Gastric ulcer 
Gastritis 
Marginal ulcer 
Esophagitis 

Esophageal and gastric varices 

Mallory-Weiss tear 

Barrett's ulcer 

Hematobilia 

Ménétrier's disease 

Hiatal and paraesophageal hernias 

Upper and Lower Tract Hemorrhage 

Neoplasms 

Carcinoma 

Leiomyosarcoma, leiomyoma 

Hemangioma 

Lymphoma 

Metastases 

Polyps 

Aortoenteric fistulas 
Vascular anomalies 

Osler-Weber-Rendu syndrome 
Blue rubber bleb nevus syndrome 

CRST syndrome (calcinosis cutis, Raynaud's phenomenon, 
sclerodactyly, and telangiectasia) 

Angiodysplasia 
Arteriovenous malformations 
Amyloidosis 
Elastic tissue disorders 

Pseudoxanthoma elasticum 
Ehlers-Danlos syndrome 
Hematologic disorders and diatheses 
Vasculitides 

LOWER TRACT HEMORRHAGE 

Hemorrhoids 
Anal fissures 

Diverticulosis of the small bowel and colon 

Ischemic bowel disease 

Inflammatory bowel disease 

Solitary colonic ulcer 

Intussusception 

Modified from Rockey DC: Gastrointestinal bleeding. In Feldman M, 
Friedman LS, Brandt LJ (eds): Gastrointestinal and Liver Disease, 
8th ed. Philadelphia, Saunders, 2010, pp 247-298. 


diarrhea, or biood mixed with formed stool; occult biood, 
found only by testing of the stool with a Chemical reagent; and 
symptoms of biood loss, such as dyspnea, dizziness, or shock 
(in massive bleeding) or iron deficiency anemia (in chronic 
bleeding). 4 ' 7 

A major goal in the diagnosis of gastrointestinal hemorrhage 
is differentiation of upper from more distal gastrointestinal 
tract sources of bleeding. Proximal lesions tend to cause 
hematemesis or melena, whereas distal lesions more commonly 
produce hematochezia. Hematochezia stemming from an upper 
gastrointestinal source usually reflects a massive hemorrhage, 
which, if it is associated with a bloody nasogastric aspirate, has 
a mortality of nearly 30%. Hematemesis almost invariably 
localizes the source of hemorrhage proximal to the ligament of 
Treitz. However, up to 40% to 50% of patients with upper gas¬ 
trointestinal bleeding do not experience hematemesis. About 
20% of patients with bleeding ulcers present with melena, 30% 


with hematemesis, 50% with both, and as many as 5% with 
hematochezia. 811 Melena can result when as little as 50 mL of 
biood is instilled into the upper gastrointestinal tract; the instil- 
lation of 1000 mL or more leads to hematochezia. 

Aspiration of gastric contents with a nasogastric tube 
may reveal biood, which is diagnostic of an upper gastro¬ 
intestinal bleeding source. The absence of biood, however, 
does not entirely exclude the possibility of an upper gastro¬ 
intestinal hemorrhage because the bleeding might have 
ceased before passage of the tube or might have occurred 
distal to a competent pyloric sphincter. The presence of bile 
in the gastric aspirate indicates that the bowel distal to the 
pylorus has been sampled. Nasogastric lavage may help clear 
the stomach of biood clots and debris before endoscopy; 
however, there is little evidence to suggest that lavage helps 
stop bleeding. 

Diagnostic and Therapeutic 
Procedures 

ENDOSCOPY 

Upper endoscopy and colonoscopy are the most important 
tools for evaluation of patients with gastrointestinal bleeding 
because they permit direct visualization of the bowel lumen and 
provide a method for rapid diagnosis and treatment of abnor- 
malities within the upper gastrointestinal tract and within the 
colon and terminal ileum. Endoscopy can determine the cause 
of bleeding with a 90% to 95% accuracy while affording access 
for therapeutic procedures and providing valuable prognostic 
information. 10 

Whereas endoscopy remains the cornerstone of diagnosis 
and therapy for gastrointestinal bleeding originating in the 
upper gastrointestinal tract and colon, until recently the small 
bowel has been inaccessible. Recent advances in endoscopic 
techniques, including capsule endoscopy and deep enteroscopy, 
have extended the usefulness of endoscopy to the entire gastro¬ 
intestinal tract, including the small bowel. 

CAPSULE ENDOSCOPY 

Capsule endoscopy (CE) was introduced in 2000 and enables 
visualization of the entire gastrointestinal tract, including the 
small bowel, which until then was virtually inaccessible with 
conventional endoscopic techniques. This technique involves 
the oral or endoscopic introduction of a small capsule equipped 
with a light source, lens, battery, radiofrequency transmitter, 
and antenna into the stomach or duodenum. The capsule 
acquires images of the gastrointestinal tract at two frames per 
second and transmits data to a data recorder worn on the 
patients waist. The images are then downloaded and viewed on 
a computer. CE allows visualization of the entire small bowel in 
79% to 90% of patients. 12 

CE does have several disadvantages. Trivial Åndings are com¬ 
monly detected and occur in up to 23% of healthy patients 
undergoing CE. 13 In addition, because the device is purely diag¬ 
nostic, additional therapeutic procedures may be indicated if 
significant abnormalities are found. The most serious disadvan- 
tage of CE is capsule retention in patients with a stricture or 
bowel obstruction, sometimes requiring surgical removal. This 
is more common in patients with Crohn s disease and small 
bowel tumors. Patency capsules are useful for minimizing the 
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risk of retention by selecting those patients who may safely 
undergo CE. 14 

DEEP ENTEROSCOPY 

These techniques, used primarily to evaluate the small bowel, 
include double-balloon enteroscopy (DBE), single-balloon 
enteroscopy, and spiral enteroscopy. These techniques offer an 
advantage over CE because they not only permit visualization 
of the entire small bowel but also allow therapeutic interven¬ 
tions. These advanced techniques require special technical skiil 
and have associated complications, such as bleeding and bowel 
perforation; therefore, they are usually performed only after a 
positive Ånding on CE or other imaging studies suggesting a 
small bowel abnormality. 

Double- and single-balloon enteroscopes consist of an enter- 
oscope and an overtube with an inAatable balloon. Double- 
balloon enteroscopes also have a balloon attached to the end of 
the enteroscope. Advancement through the small bowel is 
achieved by a series of push-pull maneuvers in which the 
balloon is alternately inflated and deflated as the enteroscope 
and overtube are advanced as the small bowel is shortened like 
the bellows of an accordion. These procedures can be per¬ 
formed by an antegrade or retrograde approach. The antegrade 
approach is selected for suspected lesions in the proximal 75%; 
the retrograde approach is selected for distal lesions. The choice 
of approach is based on CE or other imaging Åndings. The 
success rate for examination of the entire small bowel ranges 
from 16% to 86%. 15 The complication rate for diagnostic DBE 
is 0.8%; for therapeutic procedures, it is 4%. 

Spiral enteroscopy is a new technique using a spiral overtube, 
which has a 21-cm raised helix at the distal end. The overtube 
is placed over the enteroscope, and the paired device is advanced 
by rotation in a clockwise fashion until the farthest extent of 
the small bowel is reached. The enteroscope is then advanced 
alone, followed by rotation of the spiral overtube. This device 
permits signiAcantly shorter examination time and has a com¬ 
plication rate similar to that of DBE. 

MULTIDETECTOR COMPUTED TOMOGRAPHY 

The Utility of multidetector computed tomography (MDCT) in 
the diagnosis of gastrointestinal hemorrhage has become 
increasingly accepted. In a meta-analysis of 22 studies involving 
672 patients with acute episodes of gastrointestinal bleeding, 
CT angiography achieved a sensitivity of 85% and speciAcity of 
92% in detecting active bleeding. 16 MDCT techniques also 
appear useful in evaluating the source of bleeding in hemody- 
namically stable patients. In a prospective study of outpatients 
with obscure gastrointestinal bleeding, multiphase CT enterog- 
raphy (CTE) identiAed a bleeding source in 14 of 16 patients. 

In the majority of reports, the method used for evaluation 
of gastrointestinal bleeding is a modiAcation of CTE technique 18 
(see Chapter 38). The patient drinks a large volume of low- 
concentration barium solution (e.g., VoLumen) to produce 
bowel distention. Water can be substituted, but it produces 
suboptimal bowel distention because of rapid intestinal absorp¬ 
tion. Both agents are of neutral density to permit optimal bowel 
wall visualization. The presence of positive contrast material 
within the bowel, as is common with most CT scan studies, 
obscures the bowel wall and may mask subtle vascular lesions 
and prevent the identiAcation of active bleeding. 


A variety of scan techniques for evaluation of gastroin¬ 
testinal bleeding have been reported. These usually involve 
two- or three-phase acquisitions (e.g., arterial, portal venous, 
delayed) aAer intravenous administration of contrast material, 
sometimes combined with a preliminary noncontrast scan. 
Obviously, the greater the number of acquisitions, the higher 
the patient’s radiation dose. However, a greater number of 
acquisitions may improve detection of a bleeding source. The 
evolving appearance of active bleeding producing intraluminal 
accumulation of contrast material is best appreciated over 
time with multiple scan acquisitions (Fig. 125-1). Also, some 
lesions have characteristic enhancement patterns that may 
permit a speciAc diagnosis and therefore encourage timely 
management. In addition, vascular lesions may be visible only 
transiently, and abnormalities may go undetected if the acqui- 
sition is too early or too late. 19 The choice of technique 
depends on the patient’s age and clinical history. In our prac- 
tice, we prefer to use three-phase acquisition for the evaluation 
of the majority of patients with obscure gastrointestinal 
bleeding. 17 

NUCLEAR SCINTIGRAPHY 

Radionuclide imaging in the evaluation of gastrointestinal 
hemorrhage can be classiAed into direct and indirect methods. 
Direct nuclear scintigraphic methods use either technetium Tc 
99m sulfur colloid or the preferred 99m Tc-labeled red biood cell 
(RBC). Indirect evaluation of gastrointestinal biood loss relates 
to the use of 99m Tc-pertechnetate scintigraphy in suspected 
MeckeEs diverticulum, which is of particular value in younger 
patients. 20 

99m Tc-sulfur colloid studies can be useful in demonstrating 
rapid gastrointestinal biood loss, but with a short intravascular 
residence time (half-life of 2-3 minutes) and increasing uptake 
in the bone marrow, liver, and spleen, it has limited usefulness 
in gastrointestinal biood loss, as active bleeding is almost always 
intermittent. This allows a limited imaging window of approxi- 
mately 15 minutes to demonstrate the bleeding site. It is also an 
“off-label” indication for this radionuclide tracer. 

" m T C -iabeled RBC scintigraphy is considered a sensitive 
noninvasive method for detection of gastrointestinal biood loss, 
with sensitivity ranging from 40% to 90%. In the animal model, 
it can detect biood loss rates on the order of 0.1 mL/min com- 
pared with 0.5 to 1.0 mL/min with contrast angiography. 21 ' 26 
The examination requires little preparation of the patient, has 
relatively low radiation exposure (0.3 rad/20 mCi), and can 
usually cover more than 12 hours of intermittent imaging. Sen¬ 
sitive imaging is predicated on high and durable RBC labeling 
efAciency, on the order of 95% by postlabeling quality control. 
The highest labeling efAciency is by the in vitro labeling meth- 
odology with use of a commercial kit such as UltraTag (Mallinck- 
rodt, St. Louis, MO). The labeling procedure takes 20 to 30 
minutes, and the labeled RBCs are reinjected, acquiring anterior 
abdominal dynamic images under a large Aeld of view gamma 
camera. Typically, 60 to 90 minutes of initial imaging is stan¬ 
dard, with subsequent delayed images if initial images are 
normal, as dictated by the patient’s clinical status. 27 

Image interpretation relies on viewing extravasation of the 
tracer into the bowel with subsequent peristaltic movement 
through the bowel (Fig. 125-2). The conAguration, location, 
and movement of the tracer over time determine whether the 
gastrointestinal bleeding site is from the small or large bowel, 
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Figure 125-1 Active colonic bleeding. Sequential 5-minute dynamic composite anterior 99m Tc-labeled RBC images in a patient with active 
gastrointestinal biood loss. Note the prompt appearance of abnormal tracer uptake in the right lower quadrant ( arrow) with subsequent antegrade 
movement of tracer from the cecal region through the right colon to the transverse colon ( arrowheads ). 



Figure 125-2 Active small bowel bleeding. An 82-year-old woman taking warfarin for aortic valve replacement experienced melena and 
anemia; findings on capsule endoscopy were normal. Axial arterial (A), enteric (B), and delayed (C) phase images from multiphase CTE 
demonstrate progressive accumulation of contrast material in the dependent portion of the bowel ( arrow and arrowheads ) due to active bleeding 
from an ileal ulcer. (From Huprich J, Fletcher J, Fidler J, et al: Prospective blinded comparison ofwireless capsule endoscopy and multiphase CT 
enterography in obscure gastrointestinal bleeding. Radiology 260:744-751, 2011.) 
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noting that both antegrade and less commonly retrograde 
tracer movement can occur. 

Imaging pitfalls can be due to free technetium within the 
stomach and renal system. This may be seen with a poor 99m Tc- 
RBC label, unusual or prominent biood pool foci (such as 
abdominal aortic aneurysm), esophageal varices, penile activity, 
and vascular grafts as well as with miscellaneous items such as 
accessory splenic tissue and hemangiomas. 

ANGIOGRAPHY 

Persistent or recurrent bleeding occurs in 7% to 16% of patients 
with upper gastrointestinal bleeding 28 and in up to 25% of 
patients with lower gastrointestinal bleeding. 29 Such patients 
may require angiographic intervention to locate or to treat the 
source of bleeding. 

In most cases, angiographic control of gastrointestinal bleed¬ 
ing requires that the site of bleeding first be identified. Angio¬ 
graphic detection of active bleeding requires a minimum 
bleeding rate of 0.5 mL/min. Because isotope-labeled RBC scans 
can detect lower bleeding rates (0.1 mm/min), a positive nu- 
clear study may predict a positive angiographic examination. 

Therapeutic angiographic intervention has a wide Spectrum 
of applications, from embolization of arterial lesions, to direct 
infusion of vasopressin, to performing a transjugular intrahe- 
patic portal systemic shunt (TIPS). Intra-arterial vasopressin 
causes generalized vasoconstriction by a direct action on vessel 
walls, thereby decreasing perfusion pressure to all stable clot 
formation. Unfortunately, rebleeding is common after cessation 
of the infusion. As a potent peripheral vasoconstrictor, vaso¬ 
pressin must be used with caution in patients with coronary 
artery disease, congestive cardiomyopathy, severe hypertension, 
and peripheral vascular disease. 

Therapeutic embolization causes mechanical occlusion of 
the biood supply to the bleeding site. The embolic agents used 
can produce temporary (0-21 days) or permanent vessel occlu¬ 
sion. The embolic agent is delivered through an end-hole cath- 
eter into the target vessel. Complications occur in 5% to 9%, 
with ischemia and infarction being the most common. The use 
of superselective catheters has decreased complications related 
to ischemia. The use of angiography in specific cases of gastro¬ 
intestinal bleeding is discussed in the following sections. 

BARIUM STUDIES 

Barium studies have no significant role to play in assessing the 
patient with massive gastrointestinal hemorrhage. Barium in 
the bowel lumen interferes with endoscopic studies, diagnostic 
MDCT, and diagnostic and therapeutic angiography. 30 In 
patients with anemia and occult gastrointestinal bleeding, 
barium studies have been replaced by upper gastrointestinal 
endoscopy, colonoscopy, CE, and MDCT. 

Upper Gastrointestinal Hemorrhage 

Upper gastrointestinal tract bleeding constitutes 75% to 80% 
of all cases of acute gastrointestinal tract bleeding. The inci- 
dence has decreased significantly in recent times; however, the 
mortality rate from acute nonvariceal upper gastrointestinal 
tract bleeding has decreased only minimally in the past 50 
years, ranging from 2.5% to 10%. 33,34 This lack of change in 
mortality rate likely is related to the increasing age of patients 


who present with upper gastrointestinal bleeding and an 
increase in associated comorbid conditions. 

Peptic ulcers are the most common source of upper gastro¬ 
intestinal bleeding, accounting for 20% to 40% of cases. Other 
major causes are gastric erosions (15%-25% of cases), bleeding 
varices (5%-30%), and Mallory-Weiss tears (5%-15%). The use 
of aspirin or nonsteroidal anti-inflammatory drugs is prevalent 
in 45% to 60% of all cases of acute upper gastrointestinal bleed¬ 
ing. Moreover, the risk of upper gastrointestinal bleeding is 
increased in patients who take as few as one “baby aspirin” (81 
mg) per day. 

The initial evaluation of a patient with upper gastrointestinal 
bleeding should focus on assessment of hemodynamic status 
and comorbid conditions. Factors associated with severe upper 
gastrointestinal bleeding include red biood from nasogastric 
lavage, tachycardia, and hemoglobin level below 8 g/dL. 

As in all cases of gastrointestinal bleeding, consideration 
must be given to comorbid illnesses that predispose patients to 
hypoxia (coronary artery disease, chronic obstructive pulmo- 
nary disease), volume overload (congestive heart failure, renal 
failure), bleeding (coagulopathies, thrombocytopenia, liver 
disease), and aspiration (dementia, hep atic encephalopathy) in 
choosing diagnostic and therapeutic procedures. 

Expedited use of upper endoscopy is the diagnostic proce¬ 
dure of choice for acute upper gastrointestinal bleeding. Its 
reported sensitivity and specificity for the diagnosis of upper 
gastrointestinal bleeding are 92% to 98% and 30% to 100%, 
respectively. 2 In addition, once bleeding is identified, endo¬ 
scopic treatment can achieve hemostasis and prevent recurrent 
bleeding in most patients. 

Urgent endoscopy, however, cannot be advocated for all 
patients with acute upper gastrointestinal hemorrhage. Several 
prospective, randomized studies published in the early 1980s 
failed to demonstrate a decrease in morbidity or mortality rates 
associated with endoscopy in diagnosis of upper gastrointesti¬ 
nal hemorrhage. 35 

Upper gastrointestinal endoscopy, however, should be per- 
formed as soon as possible in high-risk individuals: alcoholic 
patients who may be bleeding from a variety of sources; patients 
with suspected aortoenteric fistula; those with a quantitatively 
large volume of biood loss; those with suspected active hemor¬ 
rhage; and those experiencing or unlikely to tolerate a recurrent 
hemorrhagic episode, including those who object to biood 
transfusions on religious grounds. Patients with minor bleed¬ 
ing (i.e., without tachycardia, hypotension, or decreased hema- 
tocrit) can wait until the next day for elective endoscopy. 
Younger, otherwise healthy patients with trivial bleeding can be 
discharged without diagnostic testing with outpatient follow-up 
evaluation. 37 

PEPTIC ULCERS 

Bleeding from gastric or duodenal ulcers remains the most 
common cause of upper gastrointestinal tract hemorrhage. The 
most common risk factors for peptic ulcer disease are Helico- 
bacter pylori infection, nonsteroidal anti-inflammatory drugs, 
physiologic stress, and excess gastric acid (e.g., Zollinger-Ellison 
syndrome). 

The approach to a patient who has bied from peptic ulcer 
disease is determined at the time of endoscopy. There are many 
options for endoscopic therapy. Thermal-coaptive coagulation 
(an endoscopic technique used to ablate bleeding ulcers in 
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which two vessel walls are compressed and “fried”) involves the 
placement of the coagulating probe directly on the bleeding 
vessel. This is uniformly effective for vessels up to 2 mm in 
diameter with the heater probe. Injection therapy results in 
short-term tamponade and vasospasm and can be induced with 
the liberal use of epinephrine (1:10,000). Vasodestruction is 
long term and can be induced by sclerosants or alcohol (total 
injection volume not to exceed 2 mL). Endoscopic clipping has 
not been shown to be any more effective than thermal therapy 38 ; 
however, it may have appeal for use in patients with coagulation 
disorders or in cases in which further coaptive coagulation may 
not be desirable. 

Endoscopic therapy is indicated for patients with active arte- 
rial bleeding and those with a nonbleeding visible vessel (pig¬ 
mented protuberance). An adherent clot is a predictor of 
rebleeding and can be managed with endoscopic therapy or 
high-dose proton pump inhibitor therapy (or both). 39-41 All 
three endoscopic treatment options have been shown to have a 
relatively similar efficacy. However, epinephrine injection, fol- 
lowed by a more permanent form of treatment (coagulation, 
vasodestruction, or clipping), has been shown to be more effec¬ 
tive than epinephrine therapy alone. 42 Patients with a clean 
ulcer base (rebleeding rates, <5%) and a flat pigmented spot 
(rebleeding rates, 5%-10%) do not require endoscopic therapy 
and probably could be discharged soon after endoscopy. Deep 
ulcers may tend to expose larger vessels that may not be ame- 
nable to endoscopic coagulation. Deep ulcers in the stomach, 
particularly those in the upper body on the lesser curvature (leff 
gastric artery), or posterior duodenal bulb (gastroduodenal 
artery) with nonbleeding visible vessels more than 2 to 3 mm 
in diameter should not be treated endoscopically. These patients 
may benefit from therapeutic embolization. 

Rebleeding after endoscopic therapy occurs 20% to 30% 
of the time. Re-treatment for recurrent bleeding achieves long- 
term hemostasis in more than 70% of cases. 43 The endoscopic 
appearance of the ulcer may predict its likelihood of rebleed¬ 
ing. An endoscopically visualized, actively bleeding ulcer carries 
an 80% chance of persistent or recurrent bleeding. 11 A non¬ 
bleeding visible vessel is associated with a 50% chance of 
rebleeding. 11,13 

If endoscopic therapy fails, angiographic embolization of the 
bleeding vessel is a preferable option to surgical intervention. 
Vasopressin is effective at controlling gastric bleeding (70%). 
Bleeding duodenal ulcers are relatively unresponsive to vaso¬ 
pressin infusion because of the dual biood supply to the duo- 
denum; the inflammatory reaction produced by the penetrating 
ulcer; and the large size of the vessels involved, which do not 
constrict in response to the vasopressin. However, rebleeding is 
common. Initial control of upper gastrointestinal bleeding with 
embolization can be achieved in 84%; however, rebleeding 
occurs in 27%. 44 

ESOPHAGEAL VARICES 

Portal hypertension develops from an increase in resistance to 
portal venous outflow from both mechanical and vascular 
factors and is maintained by a systemic hyperdynamic circula- 
tion and peripheral vasodilation. A hepatic venous pressure 
gradient of at least 10 mm Hg is required for the development 
of esophageal varices, and a gradient of at least 12 mm Hg is 
generally required for the development of variceal bleeding. 
Gastroesophageal varices are present in approximately half of 


cirrhotic patients, and variceal hemorrhage occurs at a rate of 
5% to 15% per year. Although survival has improved in recent 
years, variceal bleeding is associated with a mortality of at least 
20% at 6 weeks. 45 Variceal size, endoscopic stigmata, and 
advanced liver disease are predictors of variceal bleeding. 

Prophylactic treatment of patients with varices without 
bleeding is recommended with nonselective (3-adrenergic 
blockers, which decreases portal venous pressure. These agents 
should be used in patients with small varices with a higher risk 
of bleeding, specifically those with red wale signs or those with 
advanced liver disease. Bleeding prophylaxis is similarly recom¬ 
mended for patients with large varices with either (3 blockade 
or variceal band ligation. 

Therapy for acute esophageal variceal bleeding includes 
vasoactive drug treatment (octreotide in the United States) for 
2 to 5 days, endoscopic variceal band ligation, and prophylactic 
antibiotics. A percutaneously placed TIPS is used for the 10% 
to 20% of patients who fail to respond to the standard therapy. 
In those with advanced liver disease, TIPS may potentially have 
a survival advantage over standard therapy. 45 Endoscopic vari¬ 
ceal band ligation with or without (3 blockade is used for the 
prevention of rebleeding. Acute gastric variceal bleeding should 
be managed with pharmacologic therapy and antibiotics as well. 
Gastroesophageal and fundic varices can undergo banding 
acutely. Isolated gastric varices can be treated in the face of 
active bleeding with cyanoacrylate glue (not currently available 
in the United States). TIPS is used to prevent rebleeding from 
gastric varices. There are concerns with TIPS regarding shunt 
clotting, worsening hepatic encephalopathy, and deterioration 
of liver function. 

GASTRITIS 

Gastric mucosal bleeding attributable to stress, alcohol abuse, 
and use of nonsteroidal anti-inflammatory agents accounts for 
almost 30% of major gastrointestinal hemorrhage. The super- 
ficial erosions result from the breakdown of the mucosal barrier, 
allowing back diffusion of acid into the submucosa. Most 
patients with diffuse gastritis stop bleeding spontaneously. If 
they do not, transcatheter therapy should be attempted because 
surgery has a high mortality rate (21%) in this setting. 46 

Diffuse hyperemia of the mucosa is seen angiographically in 
patients with hemorrhagic gastritis. If no extravasation of con- 
trast medium is seen, intra-arterial injection of vasopressin 
should be performed. Embolization should be used in patients 
with active extravasation. These techniques are successful in 
approximately 80% of patients. 

MALLORY-WEISS TEAR 

Mallory Weiss syndrome is characterized by longitudinal 
mucosal lacerations in the distal esophagus and proximal 
stomach. Patients usually have a history of recent retching or 
vomiting and present with excruciating epigastric and left-sided 
chest pain radiating to the back. This condition accounts for 
approximately 5% of upper gastrointestinal tract bleeding. 
Diagnosis is made endoscopically. 

Forty percent to 70% of patients with Mallory-Weiss syn¬ 
drome require biood transfusion; however, 75% to 80% of 
patients are successfully treated with bed rest, sedation, and 
vigorous fluid and biood replacement. 47 Endoscopic treatment, 
with the injection of epinephrine or ethanol followed by thermal 
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coagulation, is successful in the majority of cases that fail con- 
servative treatment. In rare cases in which endoscopy fails to 
staunch the hemorrhage, diagnostic and therapeutic angiogra- 
phy is indicated. After the bleeding vessel (usually a branch of 
the left gastric artery) is identified, a nonpermanent embolic 
agent such as Gelfoam pledgets should be used because this 
disorder is self-limited. Because the biood supply to the esopha- 
gus is complex, intra-arterial injection of vasopressin usually is 
not successful. 

Midgut Hemorrhage 

In approximately 5% of patients presenting with gastrointesti¬ 
nal bleeding, no bleeding source is identified at upper endos¬ 
copy and colonoscopy. This condition is defined by the American 
Gastroenterological Association as obscure gastrointestinal 
bleeding. 48 Repeated endoscopy may reveal a bleeding source 
missed at initial endoscopy in 15%, usually located in the upper 
gastrointestinal tract. Of the remaining patients, 75% will have 
a small bowel source for biood loss. Angioectasias (also called 
angiodysplasia) are the most common cause of bleeding in 
patients older than 65 years (54%), followed by small intestinal 
ulcers (13%) and tumors (12%). In patients younger than 41 to 
64 years of age, angioectasias (35%) and small bowel tumors 
(31%) are most common. Before the age of 40 years, Crohns 
disease is the most common cause of small bowel bleeding 
(34%), followed by small bowel tumors (23%) and nonspecific 
enteritis (11%). 49 

In the majority of patients with a small bowel bleeding 
source, biood loss is slow and chronic. They may present with 
iron deficiency anemia with or without melena or hemato- 
chezia. In these patients, wireless CE is the preferred initial 
diagnostic procedure. The yield of CE in obscure gastrointes¬ 
tinal bleeding is up to 90% if it is performed within 1 to 2 
weeks of the bleeding episode and drops to 60% to 70% if it 
is performed more than 2 weeks after the bleeding event. 1,51 
In patients with normal examination fmdings, repeated CE 
has been recommended and may reveal significant abnormali- 
ties in 55%. 52 

Overall, CE outperforms CT enteroclysis in evaluation of 
patients with obscure gastrointestinal bleeding presenting with 
iron deficiency anemia, with sensitivities of 78% and 22%, 
respectively. 53 A pooled analysis of 24 CE trials reported an 
overall yield of 87% in obscure gastrointestinal bleeding. Mul- 
tiphase CTE may have a complementary role to CE in evaluat- 
ing patients with suspected small bowel bleeding because of its 
ability to detect submucosal masses that may go undetected by 
CE. CE may fail to detect significant small bowel masses, par- 
ticularly as some small bowel tumors, such as carcinoids and 
gastrointestinal stromal tumor, may not have a mucosal 
component. A total of 19 false-negative CE examinations 
were described in three reports, and 18 of 19 (95%) missed 
lesions were masses. Ross and coworkers 58 reported false- 
negative CE fmdings in 10 of 15 patients (67%) with small 
bowel tumors. In a retrospective study of 17 patients with small 
bowel tumors who underwent both CTE and CE, sensitivities 
were 94% and 35%, respectively. 59 In another prospective study 
comparing multiphase CTE with CE in obscure gastrointestinal 
bleeding, CTE detected 9 of 9 small bowel tumors compared 
with 3 of 9 for CE. 17 Therefore, patients with normal fmdings 
on CE should be considered for multiphase CTE to exclude 
disease missed by CE, especially neoplasms. 


Patients with signs of mild biood loss, such as iron deficiency 
anemia, in which a neoplasm has been excluded, may be con¬ 
sidered for medical therapy. In patients in whom a small bowel 
neoplasm cannot be excluded or in whom bleeding is signifi¬ 
cant, requiring ongoing transfusions, additional more invasive 
procedures are warranted. 

Deep enteroscopy can be performed by DBE, single-balloon 
enteroscopy, or spiral enteroscopy. The choice depends on the 
available expertise. DBE is the most widely used, and therefore 
most reports in the literature are based on this technique. The 
diagnostic yield of DBE in patients with obscure gastrointesti¬ 
nal bleeding ranges from 60% to 80%. 

Angiography is used primarily to confirm the presence of 
a small bowel vascular lesion, especially arterial lesions. If such 
a lesion is detected on the angiogram in the clinical setting 
of acute gastrointestinal hemorrhage and no other lesion is 
found, catheter embolization is indicated even if acute hemor¬ 
rhage is not detected at that time. However, if the lesion cannot 
be safely embolized, a microcatheter can be secured and the 
patient taken to surgery for methylene blue injection at the 
time of operative exposure to identify the short segment of 
bowel to be resected. 60 

Intraoperative enteroscopy can be used in cases of failed 
enteroscopy. It allows the highest success rate in evaluating 
the entire small bowel. Rebleeding after therapeutic surgical 
intervention is low compared with deep enteroscopy. However, 
surgery is associated with higher morbidity than other thera- 
pies are. 

SMALL BOWEL VASCULAR LESIONS 

Vascular lesions of the small bowel include angioectasias, arte¬ 
rial lesions (arteriovenous malformations and Dieulafoy 
lesions), and venous lesions (venous angiomas and small bowel 
varices). Endoscopy and CTE appear to be complementary in 
detection of these lesions. 19 

Angioectasias are the most common vascular lesion associ¬ 
ated with obscure gastrointestinal bleeding. Angioectasias can 
occur anywhere in the gastrointestinal tract. Much of what we 
know about angioectasias (also known as angiodysplasias) is 
based on fmdings at colonoscopy, 61 although there is no evi- 
dence to suggest that small bowel angioectasias differ in any 
significant way from colonic lesions. Angioectasias consist of 
thin tortuous veins that lack an internal elastic layer. Peak inci- 
dence of these lesions is in the seventh and eighth decades of 
life. Reports indicate that angioectasias are multiple is 40% to 
75% of patients with gastrointestinal bleeding. In addition, 
angioectasias are seen at colonoscopy in 2.6% to 6.2% of 
patients having the procedure performed for a variety of indica- 
tions. 61 Angioectasias appear as tiny focal areas of enhancement 
within the bowel wall (Fig. 125-3). On endoscopic examination, 
angioectasias consist of punctate or patchy areas of erythema, 2 
to 10 mm in size. Angioectasias are treated endoscopically with 
ablation therapy. Unfortunately, recurrent bleeding is common. 

Arterial lesions include arteriovenous malformations and 
fistulas and Dieulafoy lesions and are much less common than 
angioectasias. Dieulafoy lesions are most common in the 
stomach but can be seen throughout the gastrointestinal tract. 
They are a rare cause of obscure gastrointestinal bleeding. These 
lesions may be congenital and consist of a submucosally located 
artery with overlying ulceration. They are estimated to occur in 
3.5% of patients with obscure gastrointestinal bleeding. 62 
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Figure 125-3 Angioectasia. A 65-year-old woman with multiple episodes of melena. Arterial (A), enteric (B), and delayed (C) phase axial images 
from a multiphase CTE study demonstrate a focal, less than 5 mm nodular area of enhancement in the distal jejunum ( arrows ), undetectable on the 
arterial phase and brightest on the enteric phase. Angioectasia was subsequently ablated during balloon-assisted endoscopy. (From Huprich J, 
Barlow J, Hansel S, et al: Multiphase CT enterography of small bowel vascular lesions. AJR 201:65-72, 2013.) 



Figure 125-4 Dieulafoy lesion. A 58-year-old man with hematochezia. Arterial (A), enteric (B), and delayed (C) phase axial images from a 
multiphase CTE study demonstrate a small nodular area of enhancement in the distal jejunum visible only on the arterial phase (large arrow). 
Adjacent linear collection of contrast material ( small arrow ) may represent active bleeding. (From Huprich J, Barlow J, Hansel S, et al: Multiphase 
CT enterography of small bowel vascular lesions. AJR 201:65-72, 2013.) 


Arterial lesions have characteristic findings on multiphase 
CTE, enhancing brightly on arterial phase images and fading 
or disappearing on subsequent phases (Fig. 125-4). Therefore, 
arterial lesions may go undetected if arterial phase images 
are omitted. Arteriovenous malformations and fistulas may 
be accompanied by an early draining vein, which distinguishes 
them from Dieulafoy lesions. Because arterial lesions are 
exposed to high arterial pressure, there is a significant poten¬ 
tial for life-threatening bleeding. Treatment consists of endo- 
scopic laser or mechanical ablation, embolization, or surgical 
resection. 

Venous lesions consist of small bowel varices and venous 
angiomas. Small bowel varices form within adhesions in the 
setting of mesenteric venous hypertension because of either 
mesenteric venous obstruction or portal hypertension. Adhe¬ 
sions between adjacent bowel loops or between the bowel and 
peritoneum provide a pathway for the varices to form. Small 


bowel varices should be suspected in patients who have had 
prior abdominal surgery and have evidence of mesenteric 
venous hypertension. 63 Venous angiomas are rare lesions of the 
small bowel that may occur in isolation or may be associated 
with Klippel-Trénaunay or blue rubber bleb nevus syndrome. 
The lesions are classified pathologically as hamartomas and 
consist of large blood-filled sinuses lined by endothelial cells. 
Venous lesions are usually treated by surgical resection. 

SMALL BOWEL ULCERS 

Ulcerations of the small bowel are a common cause of bleed¬ 
ing. Whereas there are many causes, nonsteroidal anti- 
inflammatory drugs are probably the most common cause of 
small bowel ulceration. Patients may present with small bowel 
obstruction due to associated strictures. Diagnosis of small 
bowel ulcerations is made by endoscopy. Radiology does not 
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play a significant role in diagnosis or management of ulcers. 
Enteroclysis techniques may be helpful in detecting those with 
associated strictures. Segmental resection of the affected small 
bowel may be necessary to avoid stricturing. 

SMALL BOWEL NEOPLASMS 

Small bowel neoplasms are the second most common lesions 
associated with obscure gastrointestinal bleeding. Most small 
bowel neoplasms are potentially malignant; therefore, their 
detection is important not only to treat the bleeding but 
also to minimize morbidity and mortality due to disease 
progression. Small bowel tumors are discussed elsewhere in 
the text. 

Lower Gastrointestinal Hemorrhage 

Lower gastrointestinal bleeding represents approximately 25% 
of all gastrointestinal bleeding and is associated with a signifi- 
cantly lower mortality (4%) compared with upper gastrointes¬ 
tinal bleeding. Bleeding will stop spontaneously in 80% to 85% 
of patients with lower gastrointestinal bleeding. 64 Compared 
with upper gastrointestinal bleeding, patients with lower gas¬ 
trointestinal bleeding are older, which is probably explained by 
the increasing prevalence of colonic diverticulosis and angioec- 
tasia with age. 

The majority of patients with hematochezia have a lower 
gastrointestinal bleeding source. As stated before, patients with 
hematochezia will usually undergo nasogastric lavage to exclude 
massive upper gastrointestinal bleeding. Biood originating from 
the left colon is usually bright red, whereas bleeding from the 
right colon is dark or maroon-colored owing to the more 
prolonged transit. However, rapid transit from massive right- 
sided bleeding may be bright red, and bleeding from the cecum 
can rarely appear as melena. Bacterial metabolism needs suf¬ 
ficient time for melena to be generated from fresh biood. If 
biood is limited to the toilet paper or surface of formed stool, 
a perianal source is likely. Tenesmus suggests a rectal origin 
(e.g., proctitis). 

In a review of several large series, the most common causes 
of hematochezia were diverticulosis (42%), ischemic colitis 
(18%), anorectal disorders (hemorrhoids, fissure, rectal ulcers; 
16%), neoplasms (11%), and angioectasias (3%). 65 

After initial resuscitation and exclusion of an upper gas¬ 
trointestinal bleeding source, colonoscopy is the procedure of 
choice for evaluation of hematochezia. A defmite or potential 
bleeding source is seen at colonoscopy in 45% to 90% of 
patients with lower gastrointestinal bleeding. 65 The benefit of 
performing urgent colonoscopy is unclear. Some clinicians 
perform colonoscopy on an unprepared bowel; however, studies 
of colonoscopy for lower gastrointestinal bleeding without 
bowel cleansing report lower success rates. Most centers 
perform colonoscopy after adequate bowel preparation has 
been given. In patients in whom colonoscopy is incomplete 
or unsuccessful who continue to bleed, additional techniques 
should be used. 

Radionuclide-labeled RBC scans may help localize bleeding 
sites. A major disadvantage of this test is that it requires active 
bleeding to detect the source and can localize the bleeding 
only to a general area of the abdomen. Accuracy rates vary 
substantially from 24% to 91%. Poor localization is the result 
of peristaltic and antiperistaltic action moving and dispersing 


the radionuclide away from the bleeding site. In a study of 
203 patients undergoing RBC scans for lower gastrointestinal 
bleeding, the scan was positive in 52 cases; however, it incor- 
rectly localized the bleeding site in 13, causing unnecessary 
surgical procedures in 8 patients. 66 

CT angiography may be useful in localization of active gas¬ 
trointestinal bleeding. 16 In a review of 124 patients with lower 
gastrointestinal bleeding, CT angiography demonstrated an 
accuracy of 100%. 6/ This technique is appealing because of its 
expediency and wide availability. However, it subjects patients 
to radiation exposure and risks contrast-induced nephropathy, 
especially in those patients who require subsequent angio- 
graphic therapy. 

Angiography is typically reserved for patients in whom 
endoscopy is not feasible because of severe bleeding with 
hemodynamic instability or those with persistent or recurrent 
bleeding and a nondiagnostic colonoscopy. Identification of 
active bleeding requires bleeding rates of 0.5 to 1 mL/min. 
Radionuclide-labeled RBC scans may be useful in confirming 
the presence of active bleeding and in localizing the bleeding 
site. In the absence of a positive RBC scan, angiography is 
carried out by first evaluating the superior mesenteric artery, 
which most often supplies the bleeding site. If the result is 
negative, the inferior mesenteric and celiac arteries are exam- 
ined. The success rate of angiography for localizing the bleeding 
site varies widely from 25% to 70%. 68 Angiography also offers 
the ability to treat the bleeding site by delivery of vasocon- 
strictive agents and therapeutic embolization. 

Rarely, patients with exsanguinating bleeding will need 
urgent surgery. The morbidity and mortality associated with 
colectomy in the absence of preoperative localization of the 
bleeding site are higher than in patients who have the bleeding 
site located preoperatively. Therefore, every effort should be 
made to locate the bleeding site before surgery. 

DIVERTICULAR HEMORRHAGE 

Patients with diverticular bleeding typically present with acute 
biood loss as manifested by maroon-colored stools or hema¬ 
tochezia. Minor or occult bleeding is not characteristic of 
diverticular bleeding or diverticulosis. Diverticular bleeding 
and diverticulitis are distinet conditions that rarely occur 
together. Diverticular bleeding is painless except for the cramp- 
ing that may occur with the cathartic effeet of biood within 
the colon. 

Diverticular bleeding is thought to originate more com- 
monly from the right colon, where ostia tend to be wider and 
the colon wall thinner. It is estimated that 3% to 5% of patients 
with diverticulosis will develop diverticular bleeding. Bleeding 
most commonly occurs during the sixth and seventh decades 
of life and stops spontaneously in more than 75% of patients. 
In general, rebleeding occurs in about 15% to 25% of patients. 69 
After a second episode, the risk of rebleeding is approximately 
25% to 50%. 

Identification of the bleeding diverticulum by colonoscopy 
may be difficult because diverticula are numerous and bleeding 
may be intermittent. A defmite colonic diverticular bleeding 
source may be identified in only 21%. 70 Endoscopic treatment 
options include submucosal injection of epinephrine, bipolar 
coagulation, and application of hemoclips and bands. In general, 
if the bleeding site can be identified endoscopically, treatment 
is effeetive with low rebleeding rates. 
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Figure 125-5 Bleeding colonic diverticulum. A 76-year-old man with acute bleeding from a diverticulum in the cecum. A. Angiogram of the 
ileocolic artery shows brisk bleeding into the cecum from a small terminal branch (arrow). B. Distal placement of a microcatheter into the terminal 
branch with the guidewire advanced 2 cm beyond the microcatheter tip. Note the round outline of the extravasated contrast material indicating 
hemorrhage into a diverticulum. C. Postembolization angiogram shows two metallic coils occluding the bleeding artery. (From McDonald M, 
Farrell M, Stanson A, et al: Preoperative highly selective catheter localization of occult small-intestinal hemorrhage with methylene blue dye. 

Arch Sur g 130:106-108, 1995.) 


For ongoing or recurrent bleeding after colonoscopy, angi- 
ography often is performed with the intention of identifying an 
actively bleeding vessel (Fig. 125-5). If the vessel is identified, 
transcatheter embolization can be attempted, although in some 
series colonic infarction has been as high as 20%. Transcatheter 
vasopressin can control bleeding in 90% of cases, but rebleeding 
rates are high. 71 


COLON NEOPLASMS 

Colon cancer commonly causes occult lower gastrointestinal 
bleeding, frequently presenting with a positive result of the fecal 
occult biood test. It is an uncommon cause of hematochezia 
and is responsible for 10% of cases of rectal bleeding in patients 
older than 50 years. Colon neoplasms are discussed elsewhere 
in the text. 
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Trauma is the leading cause of death in Americans younger than 
45 years and the fifth leading overall cause in the United States. 1 
Preliminary data approximate that more than 122,000 people 
died of traumatic injury in 2011. 1 Trauma has a significant 
economic burden on U.S. health care, with more than 45 million 
emergency department visits every year and approximately $80 
billion spent in direct medical costs. 2,3 It is also the leading cause 
of disability and exceeds any other disease in productive years 
lost. In the year 2000, productivity losses due to trauma cost the 
United States $326 billion. 4 

Appropriate prompt evaluation of trauma patients is essen- 
tial to avoid serious morbidity and mortality. Although the 
physical examination is still vital in the initial assessment of 
these patients, some studies have shown sensitivity in the 
range of only 55% to 65% in the setting of blunt abdominal 
trauma. 5,6 Furthermore, patients who show no obvious signs 
of trauma or physical examination findings (such as a seat 
belt sign, abdominal tenderness, or guarding) may still have 
significant internal organ injury. Therefore, imaging has come 
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to play a critically important role in trauma diagnosis and 
management. 

In this chapter, we describe the mechanisms of injury in 
abdominal trauma as well as the role of imaging modalities— 
with a focus on computed tomography (CT)—in the evaluation 
of the trauma patient. We also review CT imaging techniques 
and the diagnostic criteria used for interpretation in abdominal 
trauma, with an emphasis on the role of abdominal CT in bowel 
injury. 

Mechanisms of Injury 
in Abdominal Trauma 

Abdominal injury can be divided into blunt and penetrating 
subtypes. Blunt trauma is the cause of more than 80% of 
abdominal injuries, whereas penetrating injuries account for 
approximately 20%. 7,8 Penetrating injuries include stab and 
gunshot wounds, with stab wounds being encountered approxi¬ 
mately three times more often than gunshot wounds. 9 Penetrat¬ 
ing trauma can have a more straightforward evaluation 
compared with blunt injury in that the point of wound entry 
is usually evident, and in the case of gunshot wounds, the 
exit wound can also be identified. However, the extent of 
injury with blunt trauma is less conspicuous on physical 
examination and is thus associated with higher morbidity 
and mortality. 6 

Most blunt injuries occur after a motor vehicle collision, 
followed by a pedestrian versus vehicle collision and direct 
blows to the abdomen by fails, assaults, or sports injuries. 6,10 
Three mechanisms are often used to describe blunt trauma. 
These are deceleration injuries, crush injuries, and external 
compression. Rapid deceleration creates significant shearing 
forces between fixed and mobile parts of organs that can result 
in lacerations at these areas or at points of attachment to the 
peritoneum. These forces can also lead to vascular tears or cause 
stretch injuries to arteries, resulting in infarction of susceptible 
organs. 10 External objects such as the seat belt or steering wheel 
can lead to crush injury of the organs between the abdominal 
wall anteriorly and the thoracic ribs or vertebral column 
posteriorly. 9 Finally, a sudden increase in intra-abdominal pres¬ 
sure by external compression can lead to perforation of hollow 
viscera. 

Oftentimes, more than one mechanism occurs during the 
traumatic incident with simultaneous injury to multiple organs. 
For instance, an unrestrained driver in a motor vehicle accident 
who is ejected from the vehicle could initially strike the wind- 
shield, producing the first set of injuries, and then could strike 
the gro und outside the vehicle, producing a second set of inju¬ 
ries. If the patient is still moving rapidly, a third or fourth set 
of injuries may occur until the patient eventually comes to a 
stop. Injuries may be clustered in one portion of the body, but 
multiple sites of injury may exist in the same patient. Thus, in 
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assessing patients with history of trauma, it is helpful to know 
details of the type of trauma as this can be useful in determining 
specific patterns of injured organs. In addition, the mechanism 
of injury has been fo und to be an independent predictor for 
mortality and long-term functional impairment. 7 

The spleen is the most commonly injured intra-abdominal 
organ and may be the only affected organ in up to 60% of cases. 7 
Following the spleen, in order of decreasing frequency, the other 
commonly injured organs are the liver, kidneys, small bowel or 
mesentery, biadder, colon or rectum, diaphragm, pancreas, and 
major vessels. 10 

Diagnostic Techniques in Patients 
with Abdominal Trauma 

The diagnostic approach to trauma patients varies according to 
their hemodynamic status. Patients who remain hemodynami- 
cally unstable despite appropriate resuscitation efforts are 
usually taken to the operating room for emergent laparotomy 
because of high suspicion of ongoing hemorrhage. Diagnostic 
techniques for abdominal trauma include the focused assess- 
ment with sonography for trauma (FAST) and diagnostic peri- 
toneal lavage. In short, FAST is used to evaluate for free 
intraperitoneal fluid and is usually performed before explor- 
atory laparotomy. It is a rapid, noninvasive test that can be 
performed at the bedside and has been shown to have up to 
90% specificity for biood products in the abdomen and pelvis. 11 
However, it is an operator-dependent examination that does 
not focus on direct signs of organ trauma. It also has a low 
sensitivity (29%-35%) for organ injury in the absence of hemo- 
peritoneum. 11 Because intra-abdominal injury cannot be ruled 
out with normal Åndings on FAST scan, further diagnostic 
testing, such as diagnostic peritoneal lavage or CT, is often 
necessary. 

Diagnostic peritoneal lavage is used to evaluate for intra- 
abdominal hemorrhage and hollow organ injury. Its use has 
markedly decreased because of advances in imaging technology 
and increased nonoperative management after trauma. The 
principle of this technique is to infuse saline into the perito- 
neum to mix with possible biood and then to recover the 
fluid for analysis. Diagnostic peritoneal lavage has high sen¬ 
sitivity in the detection of peritoneal bleeding, and some trauma 
surgeons appreciate its capacity of providing them prompt 
and easy-to-interpret information in settings in which radiolo- 
gists are not readily available to interpret films. 12 However, its 
disadvantages include lack of specificity for the source of bleed¬ 
ing and that it is an invasive procedure with associated risks 
and morbidity. 13,14 

Computed Tomography Use 
in Abdominal Trauma 

The speed and accuracy of CT as well as its widespread avail- 
ability in emergency departments and trauma centers have led 
this imaging modality to play a principal role in the triage and 
diagnosis of trauma patients. Although the use of CT in abdom¬ 
inal trauma dates to the 1980s, 15 the advent of helical scanning 
and multidetector helical computed tomography (MDCT) has 
allowed it to be more widely used with reduced scan times and 
improved image quality. 


In the past, trauma patients were initially evaluated with 
conventional chest, cervical spine, and pelvic radiographs. CT 
scans were obtained only for hemodynamically stable patients 
with blunt abdominal trauma, in those with no evidence of 
penetrating injury, or in those who presented obtunded. Today, 
CT is more frequently used in patients with some degree of 
clinical instability, provided they respond to initial resuscitation 
and are stable enough to undergo CT. In faet, a study published 
in 2009 found that of patients who underwent whole-body CT, 
one of every five had been in shock at the scene of the trauma 
and one of six at the time of admission. 16 CT is now also rou- 
tinely used in patients with chest injuries or penetrating wounds. 

When it comes to clinical decision making, CT scanning has 
proved to be superior to other methods in the diagnosis of 
injuries that require surgical intervention. In a study conducted 
by Deunk and coworkers, 17 researchers found that MDCT find- 
ings after trauma often result in a change in treatment decisions. 
Moreover, increased CT use after trauma has led to a shift to 
nonoperative management and decreased morbidity and 
in-hospital mortality. A large number of injuries involving the 
liver, spleen, and kidneys are now managed conservatively if 
patients are hemodynamically stable. 

Computed Tomography Imaging 
Techniques and Interpretation 

Trauma CT protocols should attempt to optimize images to 
help radiologists detect injuries while minimizing risks to the 
patient. To achieve this goal, it is important to consider various 
aspects of image acquisition and analysis. These include the use 
of contrast material, different phases of acquisition with their 
varying degrees of contrast enhancement, radiation dose, and 
image processing. 

CONTRAST MATERIAL 

The intravenous use of contrast material improves the sensitiv¬ 
ity and specificity of CT for detection of injury. The American 
College of Radiology developed the Appropriateness Criteria, 
which are evidence-based guidelines meant to aid in the selec- 
tion of imaging and routes of administration of contrast mate¬ 
rial in different emergency scenarios. The guidelines State that 
the intravenous use of contrast material is critical to identify 
bowel, visceral, or vascular injury in the setting of blunt abdom¬ 
inal trauma. 18 In addition, they recommend against the use of 
oral contrast material in the setting of blunt abdominal injury, 
probably because of lack of additional diagnostic value as well 
as potential delay in obtaining the CT images owing to wait time 
for enteric contrast material to progress. 19 

One of the more controversial issues surrounding the intra¬ 
venous use of contrast material is the risk of acute kidney injury, 
especially in the elderly, those with established renal insuffi- 
ciency, and patients with chronic diseases, such as diabetes mel- 
litus, congestive heart failure, and hypertension. This is especially 
worrisome in the setting of trauma, when oftentimes one 
cannot obtain a thorough history and testing for renal funetion 
might delay possible treatment. 

Some centers have recently been looking at point-of-care 
(POC) creatinine testing in patients presenting for imaging 
with nonspecific history that could be concerning for kidney 
disease. 20 A study by Lee-Lewandrowski and colleagues 21 looked 
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at POC creatinine testing and its impact on clinical operations 
in the radiology department of a large academic medical center. 
This gro up fo und that 5.3% of patients (441 per month) who 
presented for scans did not have a recent creatinine level or 
estimated glomerular filtration rate; 26% of these were deter¬ 
mined to be abnormal. They also found good agreement 
between POC and central laboratory plasma creatinine testing; 
however, the POC creatinine testing was approximately 47% 
more expensive than central laboratory plasma creatinine 
testing. However, because of the increased timeliness and 
improved quality of scans with intravenous contrast material, 
the authors suggested that POC creatinine testing improves 
clinical operations and is likely to be cost-effective. 21 A study of 
POC creatinine testing in the emergency department also 
showed good correlation between POC and serum testing, 
leading the authors to conclude that because of its ease of use 
and rapid turnaround time, it could be of substantial benefit in 
the emergent setting. 22 

MULTIPHASIC IMAGING 

Because of increased image acquisition speed, it is possible to 
achieve multiphasic imaging with a single bolus of contrast 
material. However, there is no current consensus on the optimal 
number of phases needed for a trauma protocol as peak con¬ 
trast enhancement varies between organs and there are advan- 
tages to each of the phases. Some researchers believe that the 
portal venous phase, which occurs 65 to 80 seconds after initia¬ 
tion of administration of the contrast material, is a good com- 
promise in the diagnosis of parenchymal injury. 10 In a study of 
the role of multiphasic imaging in pancreatic injury detection, 
for instance, researchers found that the portal venous phase was 
the most accurate to determine signs suggestive of ductal inju¬ 
ries. 23 Results of a study on splenic trauma by Boscak and asso- 
ciates 24 showed that the portal venous phase was more sensitive 
than the arterial phase in the diagnosis of parenchymal injury 
and active hemorrhage, yet the arterial phase was more sensitive 
for pseudoaneurysm detection. The authors suggested that dual 
phase imaging offers optimal overall performance. 

Multiphasic imaging is also beneficial in trying to further 
characterize vascular injuries. Acquiring images at different 
points in time helps differentiate between contained injury and 
active vascular hemorrhage as well as distinguish arterial from 
venous sources. 2 ' By using delayed imaging, one can theoreti- 
cally characterize the rate of bleed by looking for enlarged areas 
of extravasation of contrast material 26 as well as evaluate the 
collecting system of the kidneys. 

RADIATION DOSE 

With regard to radiation dose, as with all imaging, a risk-benefit 
analysis needs to be performed for each patient to determine if 
CT is appropriate. Specifically, the risks of radiation and intra¬ 
venous administration of contrast material must be weighed 
against the benefits from diagnosis of traumatic injuries. In 
light of the faet that CT is superior to clinical evaluation and 
modalities such as diagnostic peritoneal lavage for diagnosis of 
clinically significant abdominal injuries, 27 28 CT is a mainstay in 
the imaging of acute traumatic injury. It is critical to adhere to 
the concept of ALARA (as low as reasonably achievable) in 
performing CT; that is, image quality should be maximized but 
not at the expense of increased radiation dose to the patient. 10 


As such, there are multiple dose reduction tools available on 
current CT scanner platforms, including automatic tube current 
modulation, which allows the tube current to automatically 
change with the region of the body being imaged, 26 thereby 
lowering radiation dose. 30 In addition, whereas most CT is 
reconstructed with conventional filtered back projection, new 
research is focused on a host of new iterative reconstruction 
algorithms designed to reduce dose while maintaining image 
quality. Willemink and associates recently showed that 
although the mean time required for CT image reconstruction 
for whole-body trauma CT is statistically significantly higher 
with iterative reconstruction as opposed to filtered back projec¬ 
tion, this difference is on the order of 45 seconds, likely making 
this a clinically insignificant delay in the trauma setting. This 
study was limited in that it was performed with one CT vendor’s 
software only; additional studies with the other major vendor’s 
iterative reconstruction products are likely needed to assess 
whether this holds true for other iterative reconstruction 
algorithms. 

IMAGE PROCESSING 

Current multidetector CT platforms have the ability to acquire 
data at submillimeter section thickness with isotropic data 
sets. Interpretation of these submillimeter-thick data sets can 
be eumbersome, and most centers will reconstruct these 
images at 2.5- or 5.0-mm section thickness to facilitate image 
interpretation. 10 

In addition, reconstruction of axial data sets in the coronal 
and sagittal planes can often be performed by the CT tech- 
nologist at the console and sent to a picture and archiving 
communication system for interpretation by the radiologist 
in conjunction with the axial data sets. Coronal and sagittal 
reconstructions have the ability to help confirm diagnoses 
made on axial images as well as to aid in diagnosis of injuries 
of other structures, such as the biadder, diaphragm, and spine 
(Fig. 126-1). 39 43 

Approach to Computed 
Tomography Interpretation 

The mechanisms of traumatic injuries are often complex and 
can lead to multiorgan injury. As such, a consistent and repeat- 
able search pattern can help minimize missed injuries. The use 
of a rigorous routine in the interpretation of trauma patient CT 
studies significantly diminishes the number of missed trau¬ 
matic lesions, especially in the setting of multiple injuries. 44,45 
As with any CT interpretation, the specific search pattern used 
is less important than simply having and following a compre- 
hensive search pattern in each case. 

Computed Tomography Findings 
in Abdominal Injury 

LIVER AND SPLEEN 

Currently, most splenic and liver injuries are managed conser- 
vatively in the hemodynamically stable patient. The major types 
of blunt hepatic and splenic trauma include subeapsular and 
intraparenchymal hematomas (Fig. 126-2), lacerations (Fig. 
126-3), active hemorrhage, and other vascular injuries. 46,47 Of 
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Figure 126-1 Left diaphragmatic rupture. A 55-year-old man who was driving a motorcycle and was struck by a motor vehicle. A. Axial image 
of a contrast-enhanced CT scan reveals the majority of the stomach in the thorax just lateral to the heart, indicating diaphragmatic rupture 
( arrow). B. Coronal reformatted image again shows the stomach herniating into the thorax and a ruptured diaphragm (curved arrow). The patient 
was taken to the operating room, where his 12-cm left diaphragmatic rupture was repaired. This case illustrates the value of coronal reformatted 
images in the acute traumatic setting. 



Figure 126-2 Subcapsular hematoma. A 55-year-old man was 
evaluated after blunt abdominal trauma. Contrast-enhanced CT scan 
of the abdomen reveals a subcapsular hematoma on the right hepatic 
lobe ( arrowheads). Note the differing densities of the contents that 
indicate this is a hematoma, with more dense biood products along 
the gravity-dependent aspects of the hematoma (arrow). 



Figure 126-3 Splenic injury with active extravasation. A 45-year- 
old woman who was involved in a motor vehicle collision. Contrast- 
enhanced CT of the abdomen reveals a splenic injury with 
hemorrhage adjacent to the spleen (curved arrow) and an area of 
active extravasation (straight arrow). Splenic injury with active 
bleeding was confirmed at exploratory laparotomy with subsequent 
splenectomy. 


note, vascular injury can be subtle, and its only sign may be 
end-organ damage. The American Association for the Surgery 
of Trauma (AAST) has devised injury grading scales for both 
liver and splenic injuries (Tables 126-1 and 126-2). 

PANCREAS 

In the pancreas, two thirds of injuries occur in the body of the 
organ; the rest occur equally in the head, neck, and tail (Fig. 
126-4). In addition, pancreatic injuries are rarely isolated; it is 
estimated that 70% to 90% of injuries to the pancreas are 


accompanied by injuries to other organs. 48 The AAST grading 
scale for pancreatic injury is based on the location of injury as 
well as on the degree of parenchymal and ductal destruction 
(Table 126-3). 

Hepatic, pancreatic, and splenic injuries are further dis- 
cussed in Chapters 91, 99, and 106, respectively. 

KIDNEYS 

CT is the imaging modality of choice to evaluate for renal injury 
after trauma because of its ability to accurately depict the renal 





2286 SECTION XV Common Clinical Problems 


parenchyma, collecting system, and biood vessels. 49 Renal injury 
can be found in approximately 8% to 10% of abdominal 
traumas, although 80% to 90% of injuries result from blunt 
rather than from penetrating trauma. 1 ' ’ Trauma to the kidneys 
can result in contusion, laceration, hemorrhage, or avulsion of 
the renal pedicle (Fig. 126-5). Gross hematuria after trauma 
should prompt evaluation of the renal system, although the 
absence of this finding does not exclude injury. 49,50 

Early and delayed imaging is necessary to fully evaluate the 
urinary system as delayed images are essential to determine the 
integrity of the collecting system. 10,49,5 The AAST has devised 
an injury grading scale based on depth of injury as well as 
involvement of renal vasculature and the collecting system 


(Table 126-4). Grade I injuries account for approximately 75% 
to 80% of traumatic injuries, whereas grade II injuries account 
for 10%. 49 Thus, as is the trend with other organs, most renal 
injuries are managed conservatively. 

In addition to routine MDCT, CT cystography is recom- 
mended in patients who present with gross hematuria and a 
pelvic fracture to search for serious biadder injury. Most biadder 
ruptures (85%-100%) are manifested with pelvic fractures, yet 
only 6% to 8% of patients with pelvic fractures due to trauma 
present with a ruptured biadder (Fig. 126-6). 51 The location of 
rupture is important for management decisions as most cases 
of extraperitoneal rupture can be managed conservatively 
with drainage (Fig. 126-7), whereas intraperitoneal ruptures 


TAB LE 

126-1 

American Association for the Surgery 
of Trauma Liver Injury Scale 

Grade 

* Lesion 

Injury Description 

1 

Hematoma 

Subcapsular, <10% surface area 


Laceration 

Capsular tear, <1 cm parenchymal depth 

II 

Hematoma 

Subcapsular, 10% to 50% surface area 
Intraparenchymal, <10 cm in diameter 


Laceration 

Capsular tear, active bleeding 

1-3 cm parenchymal depth, <10 cm in 
length 

III 

Hematoma 

Subcapsular, >50% surface area or 
ruptured with active bleeding 
Intraparenchymal hematoma >10 cm or 
expanding 


Laceration 

>3 cm parenchymal depth 

IV 

Laceration 

Parenchymal disruption involving 25% to 
75% of hepatic lobe or 1-3 Couinaud 
segments within a single lobe 

V 

Laceration 

Parenchymal disruption involving >75% of 
hepatic lobe or >3 Couinaud segments 
within a single lobe 


Vascular 

Juxtahepatic venous injuries (i.e., 

retrohepatic vena cava and/or central 
major hepatic veins) 

VI 

Vascular 

Hepatic avulsion 


From Moore EE, Cogbill TH, Jurkovich GJ, et al: Organ injury scaling: 

Spleen and liver (1994 revision). J Trauma 38:323-324, 1995. 
*Advance one grade (up to grade III) for multiple injuries. 


TAB LE 

126-2 

American Association for the Surgery 
of Trauma Splenic Injury Scale 

Grade 

* Lesion 

Injury Description 

1 

Hematoma 

Subcapsular, <10% surface area 


Laceration 

Capsular tear, <1 cm parenchymal depth 

II 

Hematoma 

Subcapsular, 10% to 50% surface area 
Intraparenchymal, <5 cm in diameter 


Laceration 

Capsular tear, active bleeding 

1-3 cm parenchymal depth, does not 
involve trabecular vessels 

III 

Hematoma 

Subcapsular, >50% surface area or 
expanding 

Ruptured subcapsular or 
intraparenchymal hematoma 
Intraparenchymal hematoma >5 cm or 
expanding 


Laceration 

>3 cm parenchymal depth or involves 
trabecular vessels 

IV 

Laceration 

Involves segmental or hilar vessels, 
producing major devascularization 
(>25% of spleen) 

V 

Laceration 

Completely shattered spleen 


Vascular 

Hilar vascular injury that devascularized 


the spleen 

From Moore EE, Cogbill TH, Jurkovich GJ, et al: Organ injury scaling: 

Spleen and liver (1994 revision). J Trauma 38:323-324, 1995. 
*Advance one grade (up to grade III) for multiple injuries. 



Figure 126-4 Pancreatic transection with retroperitoneal and intraperitoneal hemorrhage. A 42-year-old woman after a bicycle accident in 
which she suddenly braked and feil over the handlebars onto the pavement. A. Contrast-enhanced CT reveals a large amount of retroperitoneal 
and intraperitoneal hemorrhage ( straight arrows). The pancreatic tail is deviated anteriorly by the hemorrhage ( curved arrow). B. A portion of the 
transected pancreatic tail is seen in its expected location in the left upper quadrant ( arrowhead ). The diagnosis of pancreatic transection was 
confirmed at exploratory laparotomy, at which distal pancreatectomy and splenectomy were performed. 
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(Fig. 126-8) usually require surgical intervention for repair. 52 
Other Åndings of biadder trauma include contusions and inter- 
stitial injury, which are managed conservatively, and combined 
rupture, which usually requires repair. 53 


Computed Tomography 
and Bowel Injury 

Studies have historically shown that bowel injury occurs in 
approximately 1% to 5% of abdominal trauma patients. In a 


TAB LE 

126-3 

American Association for the Surgery 
of Trauma Pancreatic Injury Scale 

Grade 

* Lesion 

Injury Description 

1 

Hematoma 

Minor contusion without duet injury 


Laceration 

Superficial laceration without duet injury 

II 

Hematoma 

Major contusion without duet injury or 
tissue loss 


Laceration 

Major laceration without duet injury or 
tissue loss 

III 

Laceration 

Distal transection or parenchymal injury 
with duet injury 

IV 

Laceration 

Proximal 1 " transection or parenchymal 
injury involving ampulla 

V 

Laceration 

Massive disruption of pancreatic head 

From Moore EE, Cogbill 

TH, Malangoni MA, et al: Organ injury 


scaling, II: Pancreas, duodenum, small bowel, colon, and rectum. 

J Trauma 30:1427-1429, 1990. 

*Advance one grade (up to grade III) for multiple injuries. 
f Proximal pancreas is to the patient's right of the superior mesenteric 
vein. 



Figure 126-5 Splenic laceration and renal injury secondary to 
gunshot wound. A 23-year-old pregnant woman after a gunshot 
wound to the left upper abdomen. Contrast-enhanced CT of the 
abdomen and pelvis reveals a splenic laceration ( straight arrow). Note 
the extensive hemorrhage and gas inside the left renal fossa 
(arrowhead ) and the left renal parenchymal injury ( curved arrow). The 
patient underwent an exploratory laparotomy and splenectomy. 
Intraoperative evaluation of the left kidney revealed renal laceration 
and collecting system injury. 


more recent study of patients after blunt abdominal trauma, 9% 
were found to have hollow viscus injury. One third of these 
(approximately 3%) were in the stomach and the rest in the 
bowel. 54 The detection of a bowel injury in a blunt trauma 


patient 

can be difficult because clinical signs are often 

TAB LE 

American Association for the Surgery 

126-4 

of Trauma Kidney Injury Scale 

Grade 

* Lesion 

Injury Description 

1 

Contusion 

Microscopic or gross hematuria, urologic 
studies normal 


Hematoma 

Subcapsular, nonexpanding without 
parenchymal laceration 

II 

Hematoma 

Nonexpanding perirenal hematoma 
confined to renal retroperitoneum 


Laceration 

<1.0 cm parenchymal depth of renal 
cortex without urinary extravasation 

III 

Laceration 

<1.0 cm parenchymal depth of renal 
cortex without collecting system 
rupture or urinary extravasation 

IV 

Laceration 

Parenchymal laceration extending 
through renal cortex, medulla, and 
collecting system 


Vascular 

Main renal artery or vein injury with 
contained hemorrhage 

V 

Laceration 

Completely shattered kidney 


Vascular 

Avulsion of renal hilum which 


devascularizes kidney 


From Moore EE, Shackford SR, Pachter EIL, et al: Organ injury scaling: 

Spleen, liver, and kidney. J Trauma Acute Care Surg 29:1664, 1989. 
*Advance one grade (up to grade III) for multiple injuries. 



Figure 126-6 Pelvic trauma with normal findings on CT 
cystography. A 45-year-old man is evaluated after a motor vehicle 
collision. CT of the pelvis revealed multiple pelvic fractures and pelvic 
hemorrhage (left anterior acetabular fracture is denoted by the 
straight arrow). The patient underwent CT cystography, revealing 
smooth contour of the urinary biadder wall ( arrowheads) and no 
evidence of biadder injury. 
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Figure 126-7 Extraperitoneal biadder rupture. A 51-year-old woman after a motorcycle accident. A. Coronal reformatted CT scan of the 
abdomen and pelvis revealed extensive pelvic fractures with pelvic hemorrhage. A decompressed urinary biadder with a Foley catheter contains 
contrast material from initial intravenous injection ( between straight arrows). B. Coronal reformatted image of the abdomen and pelvis viewed on 
bone Windows shows some of the representative pelvic fractures ( arrowheads). C. Because of the extensive pelvic trauma, the patient underwent 
CT cystography, revealing an appropriately distended urinary biadder ( curved arrow) as well as extravasated contrast material anterior and lateral 
to the biadder ( straight arrows). These findings are compatible with an extraperitoneal biadder rupture. 



Figure 126-8 Intraperitoneal biadder rupture. A 33-year-old woman after penetrating pelvic injury. A. Contrast-enhanced CT scan reveals 
hematoma and air in the pelvis bilaterally ( straight white arrows). A partially decompressed urinary biadder is seen containing a Foley catheter 
(curved arrow). B. Because of extensive hemorrhage in the pelvis, CT cystography was performed, and coronal reformatted images reveal 
extravasated contrast outlining bowel loops in the intraperitoneal space ( straight white arrows). Note the approximate site of rupture at the left 
lateral biadder wall ( curved arrow). Notice is made of an enlarged postpartum uterus in the central part of the image ( arrowhead ). 


nonspecific or delayed in presentation. Moreover, in patients 
with polytrauma, subtle findings of a bowel injury can be over¬ 
looked in the presence of other organ injuries, especially if there 
is no evidence of extraluminal gas. The goal of diagnosis is to 
determine which patients require surgical intervention and 
which can be managed nonoperatively. 

With the increasing number of patients who are managed 
conservatively, prompt accurate diagnosis is essential to mini- 
mize morbidity and mortality. 10 Studies have shown that delay 


in intervention because of delay in diagnosis leads to increased 
morbidity and mortality. One study showed that delays as short 
as 8 hours were more likely to result in sepsis, peritonitis, and 
death in patients who underwent laparotomies, whereas another 
demonstrated that delays longer than 24 hours could lead to 
acute respiratory distress syndrome and sepsis in patients with 
hollow viscus injury. 55,56 A more recent study showed that mor¬ 
bidity increased threefold with a 5-hour delay between admis¬ 
sion and laparotomies. 57 
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The sensitivity and specificity of CT in the evaluation of 
bowel injuries vary in the literature. Cited sensitivities range 
from 64% to 95%, and specificities are between 92% and 
100%. 10,58 ' 61 Atri and colleagues 62 also cited a high negative pre- 
dictive value of CT with a less than 1% post-test probability of 
injury with normal Åndings on CT scan. Reasons for missed 
diagnosis include major injury to other organs causing readers 
to overlook minor bowel trauma, patient body habitus, support 
and monitoring devices that can cause artifact, and absence of 
extraluminal gas. 44 Thus, it is imperative that readers establish 
a specific search pattern while reading images to minimize false¬ 
negative readings. 

Computed Tomography Findings 
in Bowel and Mesenteric Injury 

Injury to the bowel and mesentery can have a range of appear- 
ances on CT from a small mesenteric hematoma with no direct 
evidence of bowel damage to a complete transmural rupture of 
bowel wall. More specifically, the mucosal surface of the bowel 
wall can be torn with an intact serosal surface, there can be 
bleeding into the bowel wall with intact mucosal and serosal 
layers, or there can be edema in the bowel wall representing 
bowel contusion. Alternatively, the serosal surface of the bowel 
may be injured, producing a hematoma adjacent to the bowel 
without frank perforation. The mesentery can also be injured 
by disruption of the arterial supply or venous drainage or by a 
hematoma from capillary injury. Alternatively, a segment of the 
mesentery can be avulsed, with its vessels and fat separated from 
the remainder of the mesentery. 

Small bowel injuries occur twice as frequently as colonic 
injuries because the small bowel is more mobile. The proximal 
jejunum and distal ileum are particularly susceptible to blunt 
injury as shearing forces that result from this type of trauma 


often affect the mobile loops associated with fixed points. 63 The 
transverse colon is the most vulnerable portion of the large 
bowel because of its exposed location, whereas the ascending 
and descending colon are relatively fixed in the retroperitoneum 
and are less susceptible. In terms of penetrating trauma, the 
small bowel 6 and colon are two of the most commonly injured 
organs because of firearms. The liver, small bowel, and colon 
are the three most commonly injured organs from injuries 
inflicted by knives. 64 

There are various CT findings that are helpful in the diag¬ 
nosis of clinically important bowel and mesenteric injury. 
Unfortunately, these findings are not uniformly present in 
patients with bowel injury and therefore vary in sensitivity and 
specificity. It is important to look for these signs carefully as 
the presence of several findings might increase the likelihood of 
significant injury. The CT signs with highest specificity include 
bowel wall discontinuity, extraluminal contrast material, and 
free air. Other, less specific but more sensitive signs include focal 
wall thickening, abnormal bowel wall enhancement, mesenteric 
stranding, and free intraperitoneal fluid. 63 

BOWEL WALL DISCONTINUITY 

Focal wall discontinuity is 100% specific for bowel injury, and 
the most severe bowel injuries—frank perforations—usually 
are manifested with this sign (Fig. 126-9). Nonetheless, only 7% 
of injuries present with this finding, resulting in a low sensitiv¬ 
ity. 64 The size of the perforation defect is usually small, which 
also contributes to the infrequency of the finding. 66 

EXTR AVAS ATI O N OF ORAL 
CONTRAST MATERIAL 

Many institutions do not administer oral contrast material on 
a routine basis for trauma CT because of potential delay in 



Figure 126-9 Colonic perforation from stab wound. A 65-year-old man presented with a stab wound to his left flank. A. Axial CT scan of the 
abdomen and pelvis reveals free intraperitoneal air (straight arrows ) with discontinuity of the descending colonic wall, compatible with traumatic 
colonic perforation. Note is also made of a hematoma within the left flank musculature at the site of the stab wound (curved arrow). B. Coronal 
reconstruction of the CT image again reveals free intraperitoneal air (straight arrows ) and left flank musculature hematoma (curved arrow). 
Incidental note is also made of an abdominal aortic aneurysm. 
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scanning from time required to get contrast material through 
the bowel. Thus, even though extravasation of oral contrast 
material is a specific sign 63 for bowel perforation, it is uncom- 
monly seen. 

EXTRALUMINAL AIR 

Detection of extraluminal gas on CT after bowel injury has been 
reported over a wide range of 20% to 75% of cases. 63 Free air 
in the peritoneal or retroperitoneal cavity is relatively specific 
for injury, but the amount of free air may be low, thereby 
making detection more challenging. For instance, a loop of 
bowel may be fluid filled when it is ruptured with no initial 
release of gas into the peritoneum; the perforation can be self- 
contained by sealing spontaneously; or injury can lead to devel- 
opment of an ileus, which prevents air from being pushed down 
the intestine. 6 " Lung and bone Windows are often used to opti- 
mize detection of extraluminal air. 

Pneumoperitoneum secondary to bowel rupture usually 
accumulates behind the anterior abdominal wall (see Fig. 126- 
9), below the diaphragm, or along the peritoneal surfaces of the 
liver and spleen. Air might also be seen in the porta hepatis, 
mesentery, mesenteric veins, or portal vein. 66 Detection of 
extraluminal gas is not 100% specific for bowel injury and can 
be caused by other factors. These include penetrating injuries 
(which introduce external air into the body), mechanical ven¬ 
tilation, biadder rupture with Foley catheter, barotrauma, pneu- 
mothorax, and peritoneal lavage before CT. 63,66 Air contained 
between the inner layer of the abdominal wall and the parietal 
peritoneum, known as pseudopneumoperitoneum, can also 
lead to a false-positive bowel injury diagnosis. 59 Thus, free air 
can increase the probability of bowel injury when it is fo und in 
association with other signs; but if it is an isolated finding, other 
causes could be considered. 

FOCAL BOWEL WALL THICKENING 

With appropriate bowel distention, normal bowel wall thick- 
ness should not exceed 3 mm. Localized thickening of the bowel 
wall can be a clinically important sign and is found in approxi- 
mately 45% to 75% of bowel injuries. 44,62,66 In the absence of 
other findings, such as free fluid in the pelvis or stranding or 
fluid in the adj acent mesentery, focal bowel thickening is less 
likely to require surgical intervention. 10,66 In other words, an 
isolated, focal finding of thickened bowel after trauma could be 
secondary to peristalsis or a focal bowel wall contusion that 
might not require operative management. 59 

Compared with localized injuries as a direct result of trauma, 
generalized bowel wall thickening can be a sign of hypoperfu- 
sion or “shock bowel.” 10 Other signs of decreased volume status, 
known as the hypoperfusion complex, include a flattened infe- 
rior vena cava, a narrowed aorta, and increased enhancement 
of the adrenal giands, kidneys, and bowel (Fig. 126- 10). 67 
Volume overload, usually secondary to overhydration with 
intravenous fluids, can also lead to diffuse wall thickening in 
the absence of all other findings of the hypoperfusion complex. 59 

ABNORMAL BOWEL WALL ENHANCEMENT 

Abnormal bowel wall enhancement can result from either 
hypoperfusion or local vascular injury, which can lead to 
increased vascular permeability and leakage of contrast material 


into the interstitium. 44,68 Several studies suggest that irregular 
increased enhancement after administration of contrast mate¬ 
rial is often a sign of full-thickness injury. 63,69 On the other 
hånd, decreased enhancement of the bowel wall can be a sign 
of ischemia. 59 Reference points often used to evaluate abnormal 
enhancement include nearby biood vessels and adjacent bowl 
loops. 68 

MESENTERIC INJURY 

Mesenteric injuries include mesenteric infiltration (also known 
as stranding), hematomas, and beading or abrupt termination 
of vessels. 59 Mesenteric stranding is often a sign of mesenteric 
injury and can be present with or without accompanying bowel 
injury (Fig. 126-11). This finding, when it is present with focal 
bowel thickening, likely represents a clinically important 
injury. 44,59 However, it can also represent isolated mesenteric 
damage and thus has a low specificity for bowel injury. 63 For 
instance, a localized mesenteric hematoma without any other 
signs or findings indicative of bowel injury suggests an isolated 
injury of a mesenteric vessel. 44 

Mesenteric hematomas are often triangular when small, but 
they may be rounded or oval when larger. In the presence of a 
larger hematoma, it is often important to look at delayed phase 
imaging to assess whether there is active bleeding that requires 
emergent surgery to prevent ischemic bowel. An irregular 
pattern, or beading, of mesenteric vessels and the abrupt termi¬ 
nation of mesenteric arteries or veins are also signs of vascular 
injury that could require intervention (Fig. 126-12). 59 

FREE INTRAPERITONEAL FLUID 

Intraperitoneal fluid detection is a highly sensitive (90%-100%) 
but nonspecific (10%-15%) finding for bowel injury as perito¬ 
neal fluid may have a traumatic or nontraumatic o rigin. 10,70 
Sources of traumatic intraperitoneal fluid include biood from 
a solid organ, bowel, or mesenteric injury; bile from a ruptured 
gallbladder or bile duet; and urine from a ruptured biadder. 
Nontraumatic causes of fluid include ascites from a comorbid 
condition such as cirrhosis and physiologic fluid in the pelvis 
of women of childbearing age, among others. 

The location of intraperitoneal fluid can often lead to the 
correct diagnosis. 63 If fluid is seen only adjacent to bowel or 
caught between the leaves of the mesentery, it likely results from 
a bowel injury. If it is seen throughout the abdomen including 
upper and lower peritoneal compartments as well as the pelvis 
and a large amount of biood is present, the injury is more likely 
in a solid organ, such as a splenic or hepatic laceration. Upper 
abdominal solid organ injuries initially bleed into the major 
peritoneal space adjacent to the organ, and biood then migrates 
in an anatomic pathway down the paracolic gutters to the pelvis 
(Fig. 126-13). 26,63 Thus, if a patient demonstrates biood caught 
between the leaves of the mesentery and does not have biood 
in the paracolic gutters or in the pelvis, the source of bleeding 
is likely bowel. 

The density of intra-abdominal fluid in a trauma patient can 
also help identify the site of bleeding. Clotted biood is denser 
than serous biood, which is denser than urine or bile. The sen- 
tinel clot, which is usually found adjacent to the bleeding site, 
can be recognized on CT by its higher attenuation (45-70 HU), 
whereas unclotted biood found farther from the source has 
lower attenuation (30-45 HU). 72 However, attenuation can be 
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Figure 126-10 Active extravasation from the 
superior mesenteric artery with signs of 
hypoperfusion and shock. A 50-year-old man who 
was a restrained driver in a motor vehicle collision. 

A. Contrast-enhanced CT reveals a large amount 
of intraperitoneal hemorrhage ( curved arrows ) with 
some adjacent thickened loops of small bowel in 
the left lower quadrant. The inferior vena cava is 
narrowed and slitlike ( arrowhead ), indicating a 
hypovolemic State. B. Pooling of intravenous contrast 
material at the base of the mesentery ( straight arrow), 
compatible with active extravasation. Note again 
the presence of intraperitoneal hemorrhage 
(curved arrow) and a narrowed inferior vena cava 
(arrowhead ). C. Sagittal reformatted image again 
reveals pooling of extravasated intravenous contrast 
material at the base of the mesentery ( straight arrow), 
likely from a branch of the superior mesenteric artery 
(curved arrow). These findings were confirmed at 
diagnostic angiography as well as at subsequent 
exploratory laparotomy. 



Figure 126-11 Mesenteric hematoma. An 80-year-old man after a motor vehicle collision with a tree. Contrast-enhanced CT of the abdomen 
and pelvis revealed fat stranding and induration within the right lower quadrant mesentery ( arrows ) adjacent to the ascending colon. Findings 
were compatible with colonic contusion and mesenteric hematoma. 
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Figure 126-12 Traumatic abdominal hernia and active 
extravasation of intravenous contrast material. A. A 41-year-old 
man is evaluated after a motor vehicle collision. Contrast-enhanced 
CT of the abdomen and pelvis revealed traumatic left abdominal wall 
hernia (curved arrows) with hemoperitoneum ( arrowheads ) and active 
extravasation in the posterior mesentery in the region of a branch of 
the inferior mesenteric artery (straight arrow). B. Diagram of the 
midabdomen shows leaves of mesentery forming boundaries of the 
triangular interloop peritoneal spaces. This is similar to the findings 
seen in A with the mesenteric hemorrhage. 


decreased in patients with hemorrhages that occurred more 
than 48 hours before the scan and in those patients with a low 
hematocrit. 72 The density of bile and urine is doser to that of 
water, and thus their attenuation usually ranges from 0 to 
15 HU. 



Figure 126-13 Omental laceration. A 56-year-old is evaluated 
after a motorcycle accident. Contrast-enhanced CT of the abdomen 
and pelvis revealed hemorrhage and thickening in the region of 
the omentum in the left upper quadrant (straight arrows). This 
hemorrhage extended to the splenic flexure of the colon. Additional 
hemorrhage was identified surrounding the liver (curved arrow). The 
patient was taken emergently to exploratory laparotomy, which 
revealed an omental laceration and a partial-thickness tear of the 
colon at the level of the splenic flexure. 


Conclusions 

Trauma is the leading cause of death in Americans younger than 
45 years and the fifth leading overall cause in the United States. 
Appropriate prompt evaluation of trauma patients is essential 
to avoid serious morbidity and mortality. Because of the unreli- 
ability of the physical examination and risks from delayed diag¬ 
nosis, imaging has come to play a critically important role in 
trauma diagnosis and management. 

CT is the primary imaging modality used in the evaluation 
of patients in the acute traumatic setting because of its speed 
of acquisition, widespread availability, and high spatial resolu¬ 
tion. It can be used after both blunt and penetrating abdominal 
injuries, and information obtained from CT often guides clini¬ 
cal decision making and treatment planning. Contrast-enhanced 
CT helps in the diagnosis of solid abdominal organ injury, and 
its use during the last three decades has led to a paradigm shift 
from surgical exploration to more conservative management in 
the hemodynamically stable patient. 

Maintaining a consistent scan interpretation pattern is 
essential for radiologists to avoid “satisfaction of search” as 
traumatic injuries rarely occur in isolation. This is particularly 
important in the evaluation of bowel injury as its signs can 
range from pneumoperitoneum and extravasation of contrast 
material to more subtle presentations, such as focal bowel wall 
thickening and adjacent mesenteric hematomas. Radiologists 
are key members of the trauma team and make a substantial 
contribution to patient care. 
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Imaging plays a crucial role in the objective assessment of 
tumor response to various cancer therapies. Assessment of 
tumor response serves as an important clinical endpoint in 
phase II clinical trials and can reasonably predict the overall 
survival and other clinical events, such as time to progression. 12 
More than 70% of recent Food and Drug Administration 
approvals of oncologic drugs have been based on radiologic 
response. 3 Several response assessment criteria have been used 
in oncology for assessment of response to gastrointestinal 
malignant neoplasms. Not only are these for use in research or 
drug trials, but they may also be incorporated into routine clini¬ 
cal practice. Early detection of therapy resistance may enable 
individualized treatment approaches tailored to the patient. 

World Health Organization 
and RECIST 1.0 Guidelines 

The World Health Organization (WHO) tumor response 
criteria, published in 1981, recommended the use of the cross 
product obtained by multiplying the longest diameter in the 
axial plane and the largest perpendicular diameter. 4 Treatment 
response was categorized as complete response, indicating 
tumor disappearance; partial response, indicating more than 
50% decrease in cross product; disease progression, indicating 
more than 25% increase in cross product; or stable disease, 
indicating changes that lay between partial response and disease 
progression. The WHO criteria suggested that in the presence 
of multiple lesions, the sum of the cross products of individual 
target lesions may be used to categorize the response. Since their 
inception, the WHO criteria were widely used for more than 
two decades. 5,6 However, their deficiencies became obvious 
over time. No indication was given of the minimum number of 
lesions or the minimum size for a lesion to be categorized as a 
target lesion, and there were no guidelines on what type of 


imaging modality may be used. The bidimensional measure- 
ments were cumbersome, with minor errors in measurement 
resulting in a large change to the cross product. 7 To alleviate 
these difficulties, several modifications were attempted, but 
none of these methods was uniformly accepted. 8 

In the year 2000, the Response Evaluation Criteria in Solid 
Tumors (RECIST) guidelines were published by a task force that 
included members of the European Organization for Research 
and Treatment in Oncology, the National Cancer Institute of 
the United States, and the National Cancer Institute of Canada. 9 
This recommendation was based on a retrospective evaluation 
of more than 4000 patients in 14 different trials. These guide¬ 
lines addressed most but not all of the deficiencies in the 
WHO criteria. RECIST guidelines recommended the use of 
one-dimensional tumor measurements (the longest diameter) 
rather than the cross product (Fig. 127-1). Lesions were catego¬ 
rized as measurable and nonmeasurable; those measuring more 
than 20 mm on conventional imaging techniques or more than 
10 mm on helical computed tomography (CT) were considered 
measurable. The measurable lesions were categorized as target 
and nontarget lesions on the basis of the size and reproduc- 
ibility of measurements. Only target lesions were used for 
response categorization. The RECIST guidelines recommended 
that up to 10 target lesions, in up to five organs, may be used 
in response assessment. The nontarget lesions were not mea- 
sured unless there was an unequivocal progression of these 
lesions that indicated progressive disease. As in the WHO cri¬ 
teria, the tumor responses were complete response, indicating 
the disappearance of all target lesions; partial response, indicat¬ 
ing a decrease of more than 30% in the sum of the greatest 
dimension of target lesions; progressive disease, indicating an 
increase of more than 20% in the sum of the greatest dimension 
of target lesions or the appearance of new lesions or unequivo¬ 
cal progression of nontarget lesions; and stable disease as 
tumors not classified in the other three classes. Major differ¬ 
ences between the WHO and RECIST criteria are highlighted 
in Table 127-1. 

Despite the several improvements over WHO guidelines, 
RECIST 1.0 guidelines did not address many relevant issues, 
including the measurement of lymph nodes, the Utility of 
newer functional imaging techniques such as positron emission 
tomography with 18 F-fluorodeoxyglucose ( 18 F-FDG PET) and 
perfusion magnetic resonance imaging (MRI), and the assess¬ 
ment in clinical trials using noncytotoxic drugs. 1011 

Evolution of RECIST 1.1 

In an effort to address these limitations, the RECIST working 
group made several modifications to the existing criteria after 
evaluation of prospectively documented data from clinical trials 
with a total of more than 6500 patients who had more than 
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Figure 127-1 RECIST 1.0. A 39-year-old man with hepatic metastases from colon cancer. Sum of longest diameter of target lesions on initial 
scan was 77 mm (A and B). On follow-up CT (C and D), there was progressive disease per RECIST 1.1, with sum of longest diameter of target 
lesions of 238 mm. 


Comparison Between WHO Criteria and RECIST Guidelines 


WHO 


RECIST 1.0 


Imaging 
modality 
Definition of 
measurable 
lesions 
Method of 
measurement 
Number of 
lesions to be 
measured 
Response 
evaluation 


No particular mention of imaging modality 

Should be measurable in two dimensions; no limitation on 
minimal size of the lesion 

Cross product of longest diameter and greatest 
perpendicular diameter 
No particular number of lesions specified 


Complete response: disappearance of all lesions 
Partial response: 30% decrease in sum of the longest 
diameters compared with baseline measurements 
Stable disease: neither partial response nor progressive 
disease 

Progressive disease: 20% increase in sum of longest 
diameters compared with smallest sum of longest 
diameters, appearance of new lesions, or unequivocal 
progression of nontarget lesions 


CT, MRI, and chest radiography are recommended 
modalities 

Should be accurately measurable in at least one dimension; 
longest diameter >20 mm for nonspiral CT and >10 mm 
for spiral CT 

Longest diameter in axial plane 

Up to total of 10 target lesions (5 per organ) measured 


Complete response: disappearance of all lesions 
Partial response: 50% decrease in target lesions, without 
25% increase in any one target lesion 
Stable disease: neither partial response nor progressive 
disease 

Progressive disease: 25% increase in size of measurable 
lesions, appearance of new lesions, or unequivocal 
progression of nontarget lesions 


18,000 target lesions. 6 Major differences between RECIST 1.1 
and RECIST 1.0 are highlighted in Table 127-2. 6 

Modifications in RECIST 1.1 include the following: reduced 
number of target lesions from a total of 10 per patient (and five 
per organ) to five per patient (and two per organ); classifying 
lymph nodes as target lesions and measuring their short axis 
(not the long axis; the long axis is used for other types of target 


lesions); new definitions of how lesions previously determined 
to be nonmeasurable (e.g., bone lesions) may now be measured 
(Fig. 127-2); and modifications of guidelines on imaging 
modalities to be used. 12,13 

As in RECIST 1.0, the tumor lesions are categorized as mea¬ 
surable and nonmeasurable on the basis of their size. A measur¬ 
able lesion is a lesion with longest axial diameter of more than 






10 mm by CT scan (with slice thickness not more than 5 mm) 
and 20 mm by chest radiography. Lymph nodes greater than 
15 mm in short axes are considered measurable (Fig. 127-3). 
Lesions smaller than 10 mm in longest diameter and lymph 
nodes with short-axis diameter between 11 and 15 mm are 
considered nonmeasurable. RECIST 1.1 designates several other 
lesions nonmeasurable. These include small tumors (nodules 
with a short-axis dimension <10 mm), leptomeningeal disease, 
lymphangitic spread, inflammatory breast disease, pericardial/ 
pleural effusions, palpable abdominal masses/organomegaly 
not reproducible on imaging studies, lesions surrounded by 
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postradiation scar tissue, and bone metastases without soft 
tissue masses measuring more than 10 mm. The presence or 
absence of nonmeasurable lesions should be noted, as unequiv- 
ocal progression of these lesions indicates progressive disease. 
As in RECIST 1.0, it is recommended to have baseline docu- 
mentation of all target and nontarget lesions. 

RECIST 1.1 relies on modalities that are reproducible and 
accurate. For instance, chest CT is preferred to chest radiogra¬ 
phy; however, if the lesion is clearly defined on a chest 
radiograph, it may be considered measurable. Overall, CT is 
considered the most reliable available method for lesion 


Comparison Between RECIST 1.0 and RECIST 1.1 


RECIST 1.0 


RECIST 1.1 


LESION MEASUREMENT 

Minimum size of measurable lesions 
Lymph nodes 

Number of lesions to be measured 
Special considerations on lesion 
measurability 


CT: 10 mm, spiral; 20 mm, nonspiral 
Not mentioned 

10 lesions (5 per organ) 

Cystic lesions; bone lesions considered 
nonmeasurable 


CT: 10 mm; reference to spiral scan deleted 
Target lesions >15 mm; nontarget lesions 10-15 mm; 

nonpathologic <10 mm (short-axis measurements) 

5 lesions (2 per organ) 

Notes included on measurement of bone lesions, cystic 
lesions 


RESPONSE CRITERIA 

Target lesions 

Nontarget disease 

Overall response 
Confirmatory measure 

Progression-free survival 

Reporting of response results 
Response in phase III trials 


Complete response: lymph node not 
mentioned 

Progressive disease: 20% increase over 
smallest sum on study or new lesions 

Unequivocal progression considered 
progressive disease 

Table with integrated target and 
nontarget lesions 

For complete response and partial 
response: criteria must be met again 
4 weeks after initial documentation 

General comments only 


Nine categories suggested for 
reporting of phase II results 

More relaxed guidelines if protocol 
specified 


Complete response: lymph nodes must be <10 mm in short 
axis 

Progressive disease: 20% increase over smallest sum on 
study (including baseline); at least 5-mm increase or new 
lesions 

More detailed description of unequivocal progression; must 
be representative of overall disease status change, not a 
single-lesion increase 

Two tables, one integrating target and nontarget and the 
other of nontarget only 

Retain this requirement only for nonrandomized trials with 
primary endpoint of response 

More specific comments on use of progression-free survival 
(or proportion progression free) as phase II endpoint 

Greater detail on progression-free survival assessment in 
phase III trials 

Divided into phase II and phase III 

Nine categories reduced to 5 

In phase III, guidance given about reporting response 

This section removed; no need to have different criteria for 
phase II and phase III 



Figure 127-2 Measurement of bone lesions per RECIST 1.1. Initial (A) and follow-up (B) axial contrast-enhanced CT of the pelvis showed a 
lytic lesion in the right pubic bone ( arrows ) with significant interval increase in the soft tissue component on follow-up scan (B) consistent with 
progressive disease. RECIST1.1, unlike RECIST 1.0, has clear-cut guidelines on measurement of soft tissue components of bone metastases. 
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Figure 127-3 Measurement of lymph nodes per RECIST 1.1 ( arrows ). Short-axis measurements are used for lymph nodes in RECIST 1.1 
and incorporated with the sum of the longest diameters of other metastatic lesions, if present. Serial axial contrast-enhanced CT images in a 
35-year-old man with testicular cancer demonstrated an interaortocaval lymph node that had increased in size from 5 mm in May 2007 (A) to 
18 mm in April 2008 (B), consistent with progressive disease. After chemotherapy, the node demonstrated interval decrease in size to 11 mm in 
July 2008 (C), which was consistent with partial response. In September 2008 (D), the node measured 14 mm. This was more than 20% increase in 
short-axis size but was not considered progressive disease because there also had to be 5 mm of absolute increase in size to qualify for 
progressive disease. Hence, this was considered stable disease. In December 2008 (E), the node measured 4 mm, which was considered a 
complete response (i.e., nodal size <10 mm). 


measurement. Contrast-enhanced MRI may also be used to 
assess response. Ultrasound, endoscopy, laparoscopy, and tumor 
markers are considered to be reliably reproducible and not rec- 
ommended for lesion measurement. PET scan may be helpful 
in some instances, such as confirming lack of metabolic activity 
in a site of radiation scar tissue, indicating complete response. 
New hypermetabolic sites are considered to indicate progressive 
disease as long as they are confirmed on subsequent CT. 

Whereas RECIST 1.1 maintains the four major response 
categories as in RECIST 1.0, the definition of progressive 


disease is modified. In addition to a 20% increase in the sum 
of diameters of target lesions, an absolute increase of at least 
5 mm is required in small lesions. Appearance of new lesions 
is also considered progression. Inclusion of lymph nodes in 
RECIST 1.1 needs additional clarifications to avoid confusion. 
If all lymph nodes have a short axis of less than 10 mm, 
the result is categorized as complete response. This eliminates 
the major drawback with RECIST 1.0, whereby normal- 
sized lymph nodes could not be categorized as complete 
response. 
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Figure 127-4 Handling of lesion splitting. Hepatic metastases in a 59-year-old woman with breast cancer. A. Initial axial contrast-enhanced 
CT demonstrated a large hepatic segment V lesion (straight arrow). Note splenic metastasis (curved arrow). B. Post-treatment axial contrast- 
enhanced CT image demonstrated splitting of the lesion into two smaller lesions ( arrowheads ). The sum of the longest diameter of each 
individual lesion is used on follow-up scan to assess for changes in tumor size. 



Figure 127-5 Pitfalls of RECIST 1.1. A 46-year-old man with poorly differentiated hepatocellular cancer. Axial contrast-enhanced CT images 
before (A) and 1-month after yttrium 90 ( 90 Y) radioembolization therapy (B) demonstrated increase in size of the mass ( arrows ), classified as 
progressive disease. Follow-up CT scans (not shown) revealed favorable response with decrease in tumor size and enhancement. Tumors treated 
with targeted therapy, including ablation and embolization, may show initial growth because of hemorrhage and edema. 


RECIST 1.0 did not have a consensus on how to measure 
when a lesion splits or when multiple lesions coalesce. In 
RECIST 1.1, if the lesion splits, the sum of the longest diameters 
of individual lesions is used and reported as the target lesion 
sum (Fig. 127-4). If lesions become coalesced and inseparable 
from one another, the longest diameter of the coalesced lesion 
is recorded. 

Other Tumor Response 
Assessment Criteria 

RECIST 1.1 has limitations, some of which are specific to the 
tumor subtypes. The two major limitations of RECIST 1.1 are 
that it solely depends on the anatomic measurements and does 
not consider the tumor vascularity or parameters of functional 
imaging. Traditional cancer chemotherapy with cytotoxic 
agents often resulted in reduction in tumor size. In the last 
decade, there has been a paradigm shift in the understanding 
of cytogenetics and molecular biology of neoplasms, with 
advent of targeted tumor therapies. Several of these new agents 
are designed to interfere with or to inhibit one or more of 
the molecular mechanisms of tumor growth and are primarily 


cytostatic rather than cytotoxic (Figs. 127-5 and 127-6). Exam- 
ples of currently used cytostatic agents include antiangiogenic 
agents (bevacizumab for metastatic colorectal cancers), mam- 
malian target of rapamycin (mTOR) inhibitors (temsirolimus 
for renal cell cancer), tyrosine kinase inhibitors (imatinib for 
gastrointestinal stromal tumors), and estrogen blockers (trastu- 
zumab for breast cancer). 14 Studies of several other cancer types, 
such as prostate cancer, malignant mesothelioma, soft tissue 
sarcoma, and neuroendocrine tumors, have also shown that 
RECIST 1.1 criteria are inaccurate in the assessment of response 
to therapy. 

EASL AND MODIFIED RECIST CRITERIA 

Forner and colleagues 12 found that RECIST criteria underesti- 
mated the tumor response in patients with hepatocellular 
carcinoma treated with transarterial chemoembolization or 
radiofrequency ablation. They recommended the use of Euro¬ 
pean Association for the Study of the Liver (EASL) guidelines, 
which use tumor density measurements in addition to the 
tumor size for response assessment. These criteria have been 
successfully used in clinical trials dealing with assessment 
response to locoregional therapy for hepatocellular cancer. 
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Figure 127-6 Response to biologic therapy. A 60-year-old woman with metastatic gastrointestinal stromal tumor treated by imatinib mesylate 
(Gleevec). A. Pretreatment (June 2006) contrast-enhanced axial CT showed a large lesion in the right lobe ( arrow ). B. Two months after starting 
of therapy (August 2006), the lesion (arrow) showed reduction in size but also substantial reduction in central density. C. In April 2007, the 
lesion was still present but completely cystic (straight arrow). This was considered partial response by RECIST 1.1 criteria but would have been 
considered complete response by Choi criteria. There was new-onset ascites (curved arrow), which was erroneously reported as metastatic 
tumor. Ascites is often seen because of hypoproteinemia induced by imatinib, and in the absence of solid peritoneal nodules, it should not be 
considered tumor recurrence. Radiologic error was recognized clinically and the dose of imatinib was reduced. D. In December 2009, a mural 
nodule ( arrowhead ) within the cystic mass (arrow) was seen, indicating tumor progression, even though total lesion size had not increased. New 
intratumoral nodules are considered progressive disease in the Choi criteria. This case illustrates many concepts. RECIST 1.1 is not satisfactory in 
assessing tumor response to biologic agents. Completely cystic hepatic or peritoneal masses after imatinib therapy should not be mistaken for 
benign cysts or nonviable tumors. Breakthrough clonal proliferation of gastrointestinal stromal tumor may occur after several months of good 
response to imatinib, especially if the dose is reduced. Ascites is not necessarily an indicator of metastatic peritoneal disease and is more likely 
secondary to drug effect. 


Lencioni and Llovet 1 proposed a set of modified RECIST 
(mRECIST) criteria for evaluation of response assessment 
in hepatocellular cancer. The mRECIST criteria are similar 
to RECIST criteria except that only the long dimension of 
the arterially enhancing component of the tumor is used 
(Fig. 127-7). 

CHOI CRITERIA 

Choi and associates 15 formulated criteria for assessment of 
tumor response in gastrointestinal stromal tumors treated with 
imatinib, incorporating changes in tumor density and tumor 
size (Table 127-3). Imatinib is a tyrosine kinase inhibitor that 
primarily acts by inducing tumor apoptosis. On the basis of 
their study of 173 lesions in patients with advanced gastroin¬ 
testinal stromal tumor, the authors recommended that a 15% 
reduction in tumor density or 10% reduction in tumor size 
should indicate a partial response (Fig. 127-8; see also Fig. 


127-6). These criteria had a 97% correlation with 18 F-FDG PET 
in determining good responders. 

MASS CRITERIA 

In 2010, Smith and colleagues 16 proposed the morphology, 
attenuation, size, and structure (MASS) criteria for metastatic 
renal cell cancer (Table 127-4). Three categories of disease 
response were proposed: favorable response, intermediate 
response, and unfavorable response. In their study of 84 meta¬ 
static renal cell cancer patients treated with sunitinib or 
sorafenib, Smith and colleagues found that the accuracy for 
detection of progression-free survival was higher with MASS 
criteria (89%) compared with the RECIST criteria (36%) (Fig. 
127-9). The authors concluded that time to progression and 
disease-specific survival differed significantly between the three 
categories of MASS criteria, indicating that these criteria were 
able to better differentiate aggressive from nonaggressive disease. 
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Figure 127-7 mRECIST for hepatocellular 
cancer. Serial contrast-enhanced CT images 
in the arterial phase in a 78-year-old man with 
hepatocellular cancer before (A) and 6 months 
(B) and 12 months (C) after treatment with 
TheraSphere ( 90 Y) radioembolization and oral 
sorafenib demonstrated progressive decrease in 
the arterially enhancing component. On image 
C. there was no visible arterially enhancing 
component. mRECIST criteria for hepatocellular 
cancer are similar to RECIST criteria except that 
only arterially enhancing long dimensions (double 
arrows) are used. This lesion was classified as 
partial response per RECIST 1.1 and complete 
response per mRECIST for hepatocellular cancer. 
Given the lack of change in the lesion during 
34-month follow-up, mRECIST was the more 
accurate predictor in this case. 


table Choi Response Criteria for Gastrointestinal 
127-3 Stromal Tumors 


Complete 

response 

Partial 

response 

Progressive 

disease 


Stable disease 


Disappearance of lesions and 
No new lesions 

Decrease in size >10% (no new lesions) or 
Decrease in density >15% (no new lesions) 

New lesions or 

Increase in size by 10% (but no decrease in 
density by >15%) or 

New intratumoral nodules or increase in size of 
existing intratumoral nodules 
None of the above 


PERCIST 

Two issues to consider in using PET for quantitative tumor 
assessment are the uniformity of measurement and the repro- 
ducibility of results. There have been several previous attempts 
to standardize PET, including those issued by the European 
Organization for Research and Treatment of Cancer 1 and the 
National Cancer Institute. Positron Emission Tomography 
Response Criteria in Solid Tumors (PERCIST 1.0) represent the 
most recent effort to create standardized PET criteria. 19 Tumor 
response is inherently continuous, and discrete categorization, 
for example, into complete or partial response, may result in 
the loss of useful data. PERCIST specifies that the percentage of 


127-4 MASS Criteria for Renal Cell Cancer 


Response Type Definition 


Favorable 

response 


Indeterminate 
response 
U nfavorable 
response 


No new lesion and any one of the following: 
Decrease in tumor size >20% 

One or more predominantly solid enhancing 
lesions with marked central necrosis or 
marked decreased attenuation (>40 HU) 
Does not fit criteria for favorable response or 
unfavorable response 
Any of the following: 

Increase in tumor size of >20% in absence 
of marked central necrosis or marked 
decreased attenuation 
New metastases, marked central fill-in 
or new enhancement of previously 
homogeneously hypoattenuating, 
nonenhancing mass 


change in metabolic activity from baseline to post-treatment 
scans be recorded to provide a continuous plot of tumor 
activity. 

The primary determinant of response with use of PET is the 
standardized uptake value (SUV), a semiquantitative measure 
of activity that is most commonly calculated by dividing the 
measured tumor activity by injected dose/body weight. Among 
the many variants of SUV, SUV corrected for lean body 
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Figure 127-8 Choi criteria in gastrointestinal stromal tumor. Axial contrast-enhanced CT images in a patient with metastatic gastrointestinal 
stromal tumor before (A) and after (B) treatment with imatinib mesylate. Hepatic metastasis ( arrows ) measured 3.2 cm with attenuation of 145 HU 
on initial scan (A) and 3.0 cm with attenuation of 84 HU on follow-up scan (B). These findings were considered stable disease according to 
RECIST 1.1 and partial response according to Choi criteria. 



Figure 127-9 MASS criteria. A 52-year-old man with metastatic papillary renal cell cancer treated with sunitinib. Pretreatment (A) and 
post-treatment (B) images demonstrated mild increase in size of the posterior lesion ( arrows ) and significant decrease in attenuation/ 
enhancement. Anterior lesion ( arrowheads ) showed reduction in size and density. This was consistent with favorable response per MASS criteria. 


mass (SUL) was selected for use with PERCIST because this 
parameter has been shown to be less susceptible to variations in 
the patient’s body weight than the other SUV metrics. 20 21 The 
SUL peak is obtained on the single most active lesion on each 
scan. This peak is defined as the average activity within a spheri- 
cal region of interest measuring 1.2 cm in diameter (equivalent 
to a volume of 1 cm 3 ) centered on the most metabolic portion 
of the tumor. The SUL peak may be located in a different lesion 
on a follow-up scan. By use of the same concept as RECIST, 
PERCIST recommends that the sum of the activity of up to five 
target lesions (up to two per organ) be used as a secondary 
determinant of response. As an additional metrics to SUL, 
PERCIST also suggests the measurement of total lesion glycoly- 
sis (TLG), so that the value of TLG may be evaluated. TLG is a 
measure of the FDG uptake of the entire tumor above a preset 
threshold and is calculated by multiplying the mean SUV by 
total tumor volume (in milliliters). 2 PRECIST provides four 
response categories as shown in Table 127-5 (Figs. 127-10 and 
127-11). 


PERCIST 


Response Type 


1.0 


Definition 


Complete 
response 
Partial response 

Progressive 

disease 

Stable disease 


Disappearance of all FDG-avid lesions 

>30% reduction and at least 0.8 SUL mean unit 
reduction in most avid lesion 
>30% increase and at least 0.8 SUL mean unit 
increase in most avid lesion 
New FDG-avid lesion 
None of the above 


PET has also been incorporated in the revised International 
Working Group criteria for assessing treatment response of 
lymphoma. These are a complex set of criteria that use CT, PET, 
and bone marrow biopsy. 23 25 Because this classification system 
does not deal with gastrointestinal cancers, they are not dealt 
with further in this chapter. 
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Figure 127-10 PERCIST criteria. Pretreatment (A) and post-treatment (B) PET/CT image sets in a 59-year-old man with pancreatic cancer 
demonstrated stable tumor sizes on CT ( arrowheads ). However, there was 41% decrease in SUL, indicating that tumor ( arrows ) has responded 
(partial response). PERCIST compares the metabolically most active lesion as measured with SUL peak. 



Figure 127-11 PERCIST criteria. A 53-year-old with colorectal cancer metastases undergoing combined chemotherapy with gemcitabine and 
irinotecan. Pretreatment (A) and post-treatment (B) PET/CT image sets showed 50% decrease in SUL in previously seen hepatic metastasis 
( arrowheads ). However, a new hypermetabolic retroperitoneal lesion ( arrows ) was seen on image B, indicating progressive disease. 
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Functional Magnetic Resonance 
Imaging Techniques 

Several MRI techniques, such as dynamic contrast-enhanced 
MRI (DCE-MRI), diffusion-weighted imaging, and MR spec- 
troscopy, have been evaluated as a marker of tumor response. 
As of yet, there are no standardized protocols or clearly defined 
cutoffs for objective assessment of tumor response with these 
techniques. Most of the data regarding these techniques have 
come from single-center, predominantly retrospective studies 
and need to be validated in larger prospective randomized 
studies. 

DCE-MRI involves acquisition of serial images before, 
during, and after intravenous administration of low-molecular 
weight gadolinium chelate. Typically, each image set is obtained 
with a temporal resolution of only a few seconds. DCE- 
MRI measures tissue vascularity when it is performed with 
Tl-weighted contrast-enhanced techniques. 26 Other less widely 
used techniques of MR perfusion include dynamic susceptibil- 
ity contrast-enhanced MRI, which assesses changes in T2* 
during the first-pass of gadolinium, and noncontrast arterial 
spin labeling. Tl-weighted DCE-MRI may be performed semi- 
quantitatively, yielding parameters that may be obtained directly 
from the signal intensity-time plot, such as time to peak con- 
centration and slope of enhancement curve. Such parameters 
are highly dependent on type of scanner and scan protocol 
used. In addition, the signal intensity is not proportional to 
the gadolinium concentration in tissue. In an effort to offer a 
greater degree of uniformity between different studies, quanti- 
tative techniques were developed. The details of the quantitative 
techniques, including the measurement of arterial input func- 
tion and types of models used, are beyond the scope of this text 
and discussed elsewhere. 26 30 A frequently used model (Toft’s 
model) assumes that gadolinium infuses freely between the 
plasma and extravascular extracellular space and yields param¬ 
eters such as the wash-in rate (i? rans ), washout rate (X ep ), and 
fractional extracellular space volume (v e ). 30 

Most studies on DCE-MRI have been performed in the 
pelvis (female gynecologic cancers, rectal or prostate cancers). 
Respiratory motion in the upper abdomen makes high tempo¬ 
ral resolution DCE-MRI technically challenging. A few studies 


have shown that high pretreatment lC ans indicates a better 
response of abdominal tumors to chemotherapy or antiangio- 
genic ther apy. 1 2 3 These results are concordant with studies on 
head and neck, brain, and breast cancers. 26 28,32,33 A dramatic 
drop in K lrans after therapy is also suggestive of good response. 
Nevertheless, standardization of methodology and more wide- 
spread verification of results are required before DCE-MRI may 
be used clinically for tumor response assessment. 

Diffusion-weighted MRI has been explored as a potential 
tool for response assessment in primary and metastatic liver 
disease, pancreas cancer, and rectal cancer." 4 " 5 6 The results of 
these studies are somewhat discordant. Low pretreatment 
apparent diffusion coefficient (ADC) was shown to be a predic- 
tor of poor response in pancreas cancer, whereas high pretreat¬ 
ment AD C was shown to indicate therapy failure in liver 
metastasis and primary rectal cancer. An increase in AD C 
has been shown to correlate with good response in hepatocel- 
lular cancer treated with targeted therapy and in colorectal liver 
metastases treated with chemotherapy. 39,40 However, the optimal 
timing of scans is unknown. ADC changes may reflect patho- 
logic changes to the tumor tissue after treatment. A decrease of 
ADC value may be observed in the first 24 to 48 hours after 
treatment, probably because of cytotoxic edema and reduced 
extracellular space. In the first 2 weeks, tumor necrosis results 
in an increase of ADC values, which is often seen before tumor 
size change is measurable. A subsequent reduction in ADC 
values may be related to a cellular inflammatory exudate, tumor 
repopulation, fib rosis, or decreased perfusion. 41 Further research 
is required before diffusion-weighted imaging is clinically used 
for assessment of tumor response. 

Conclusion 

Imaging plays a crucial role in the assessment of tumor response 
to various therapies. The advent of molecular targeted therapy 
has increased the need to determine tumor biology, which may 
not correlate with changes in tumor size. At present, RECIST 
1.1 is the predominant method of formally assessing tumor 
response. In the future, techniques that involve PET or func¬ 
tional MRI may be used to overcome the limitations of ana- 
tomic measurements. 
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PuiivtnrH.il liéniiii^ l- ■ 3-*- 11 
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P^rJfinMici's disfcaAÉ, irub'^iq^ Ulli m r ""fili 

Patent urathui :nti\ 

Faicrson-Kelly syndromc 3*7 
Patho^iHinranir creKertl sign, 110* 
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progressive tiindiai sntrohcpaiktholcstafils, 

21 »-3J W3 
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focflt inHammalory-intedicius lesiLtna. 12 L! - 

22 LI, 22! ]f-2212f 
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trojging cH- Zllfs 22!7f 
ZZZi-JlZ^ 

mt-Eastetk dtA-av. 2225 
Eieoplum* 1321-2215,2224 i 
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mtw Hipp«4 -I.ifmIiu 33 7 \ 21 35i-3Z7^j 

^iiliEI Uiwd 311H-Z1&3 

Hcnodi-SdiOnkin, jturpura. 2 ,1 bl, 2 LMf 
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tiriiiplkJtk^i ift sdi I Tji'J 
dtL^nodlii. tiLniKiitis al, I t>-17^^ 
irklk-moF^for. 17115-1747, I7^f-J7a*f 
tedinkal cortttdi;ratio m in, l 7h7. S 7SS 
ytt’mptmlM ihfuftlbtlcffllKiliirtl. fisk 
'.3rjiilVjjEw.Hi itu 1 24 O- ■ J L | | ?AM 

pbmiiDg : 244-1247, I245l-I2-H i ii 
preproefdune rvrtluiiion for. I21'* : 14 1 
iiKJliz. ^>Hl fo-171^ 1547, i-’J-f 

f,nr E hu trn ::hj. tzynf. gy-j-p 

angrauioonu biopf>. i '*-!' 

btøfKio, 1 «,f-14071, l 'K^i 

'IVrcttLanfliWi iFanvbe^ialk hlwn drairiiijce 

trm*i ■ 

PcEcuLrafou^ irjiuhrf-GEiL dici'lac^iii-.m jphv I PTC: 
l2r-i J2ite-l2^ + j.l%t ( l3«3-.3Wi 
hdisni dramag? »ish- 1 
np biharj f^KJsiprrain. c ^ampfkalknø- Mt I 
c-omplicjliaibE trom. 1 337-1 5.- h 
crtdurcopk netn>^rade 

eboyngrøtpwcrTalEWHpfo - Vcndji. 

|>4I5 IJ'*- 
PcrbjtfxtkHtf 

lerne -abdumcu imua 2_ - 2. _Jh2i 
appeEkliccjL 956-^7 Scc Appendix: 
irpendinEsM 

twwd 

iftet gUhJciJ . L2 5h i- 1 2_- 1 
xrilh nccrutidn|r cnlcnwcdilås, 2 M'4-2 in3 
zmi-ivxi 

v&mt 

v^iilk caicimsiikj nbstiodiaiis. I EIM 
caRjiumu noiiiig, l§4Df, 11)461 
from rdandil anccr. 1036-103? 
uli uiKnistii-bd iatn(^i3]4iy hjv 

TO 

uf djn[ ti^TTKud d iveniculum. 951 
in ulnwiidkKG. 1017 
mip^wJ, hfoumi1iM)ic$ Nit. KK“| 

m JmnTkuliid, 
duodimLiJ. bl6-b27 
ftora mijiopit relro^radi: 

chilin^røf^irhTf^Euj^-jpliy, ; v'i ; 
fiupli^l,fmnl i'iirpegij I«dy "I- 1 -! 

foto knm.poriibfMial. in dåve e : ic liJ ■ LLs-, ■sMA, W^i 
fl-jLtbUdder. i IV?. a.'.frM3hy. 
nupid^; mumner 

iilittUii^iii^ni.TtJisigFiiplii'y un, ’ 33h 
^utrk, b2b-ft2r 

boni uåusi k Ln^filk^, 515-316 
podLilrkr. 2140-2H” 

foiTamnrHl ilurnfon^l h em-alrune ^nd, 1^21 

iJi i _ ulttf diaiiLMT, 1i31 

frøra fKpIk ulocii. 457-4'Ja 
oinJined. 
fosf, 4A7-W5, 4$9J 
uhÆ TxvhcL Wk>MI4. ^031 
BiTFllaiijn €iSrhJifcLl ttfc TOnvo^t IH'*, J 311-1 23 1 
aruiblic-al raoihudb ind furametfrs for, 17/11 
bdsir pFinripIrvof. il "' 

Viibrnf I pp I-I L3I ■ Vobime II pp ]153-230b 
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PSrlUsårn] lyfinjfJJf’hy if jH^ntiinri 

tli nk M jpplkaiiisEt+ uf i 1 : - ■s■ =■ ; 
rLk stralUfinatkun and s4a§ui£ E— ■ 

Ittaiment 1 c 3 pon.se Enoiti.1cirui£ il -j il 1 IJ 
m lLtmi>r hiofagy IT 1 IH 11 
tHripna^tn^ in- ‘ >.' 
proCocols far, Li 1 1-[251 
fcchniial pmtmelers far. 12.-2: 
ledmical princip!« oPl i J . J 
rtaur perfu-iaon Icrminctk^i- m ' ' !>. 

['itrffcrtiiUi lung wiiildlir^ 4J-Z ~ 33 3 
PcjElluimi flu^Dcth: tc^Mkiiut uni^iJi^ 
nhdDmioDl. i:w 

hasit printtpk* of !IW* 
dfrUc#li J|>ptk.atu?ri* uf, i: J *. :2te*i 
data arujysbi in ilJ-S 
lirer, M92 
prolocols far 1235 
tusJ’ihi'cj.1 prmriphn in. ■• 

Purk nipulTiifV tiikrd hikbnu, $**> r 
1JM-S3Ii. IJIJf L4I'M4ZI 
IVriarientk nodosa. 77-bb 
punhaliairy 1 i \ 1 - 1 ' 

PttFtitrdÉLir'lV L-Mrphd^Tjl I^LFlkCE III. JSi 

JS-if-JSif 

Folketal herniu*. .' \ _ V^'N 
Pcmhuhugttk 1 1 W xffat Prinwj -»rr^ii\rn^. 
dwUngi*i$ 

Mckk^jitk ikiil . .'■ 5 - 1 s j* . HM 1 

PcrLhepatk fipucc JndL :■ r- _ a i_u 

pEnneplnrk spute- r =*. !-■-■ 'i 
pEriitfUrn, Lk^erihLmg. ptrrineiEm ^nilniw, Mffli 
FciEndkally ruuud ovtt Lappinai pjrdld tints i^ilh 
tnhanocd Ee^orb-tr nation t PROPFJ.LER: 
src|u«?n«. 1 i* 

Pen panere 4 rk Jik s * 7 “ '■ 12 ' ? 7'4 1 
Pefipancieatk: Eymphadciiopallr^ 574-57?, 

6611 

PcripaiEmtk piikic^ . 

PerrpÉJnnl faw tkeulf i7r- 
PufkirtaL ipac* H 173 
ariafamy af, I \t\* 1 

anterior, 173 

disca« sprejd (Kirogb, :<■ ■ 

pir*«rwfi J7J 1 

pLikLilds 

diftu&Lcm-wei^hSctf hl EtI *m fc 1 k 
csopha^aJ 

adijlat.ia anii. 347- W 

iik JjinL« spiirn, 7A3 

jwrmjJ Én, 279 

seoondary; 279 

fatørtt&faf tf II* Lit' i jpj I in, Iftffll 
nontul primary, 2S3f 
Fdifauedl tdvity 

annfaiity at, LNM72 1 1 ■ 1 1 ■' 

rrimfertøinfiil pWr* i -■■- ‘ -'-■ 1 
mri^tniunedl 
suhpcrLfaftftiE 1 ■■:■_•- 

uppci ubdom-en pcriuoncjJ 173 

asdi« in. l| C i 20^5 
cTnhrjfabBy of. i W-i l^ll ‘ 

LMklKtdrif: .Ulli l14?Le:jiEu. 1 Isr.-iriiili - . . '’J 

primary QtopLuM 
mtfF*rnrcir indnmjcntaJ k>iciEts 

mnlk^nant ptfrilcineaE TrwuMhelupma. 

prirmry 

•^den^mjlciEd tumors I 1 <12 
d«mrrpljstic ■Mn-tF! n.«Evd cdJ lumor*- 

2*ni-£H£ JOMf 

1‘bulr^Litiril pt®Ti[i'irift jJ rtkt-jHUhJijJiila: 

2IH7-20H 

mnltiovtiij mfsiPlbclionw. .-I' 1 - 
ptn^n'eal *&•**» caji.Wima. '• < 


IVrilotwfli cwitjr iC^rjwrunff) 

wiLi 1 ni-l jt y ’--^l I 

endn^d. J'HH, 23? NI 
lyraphurLUiH, 2 1 . 1 -i-l B Ji]4fir 
pEritcraraS crncfaumnlHj^is. 2oJ« >NJ. 

, J (MM 2LN1I 

p.nhwjjyti nt' ilLM^asc- spn>jd in. j n in ■ .i u 1 j M u I 
biLLary, 2M& 

p^sLTitsplfnit lijadlcfik 2 >ii l i. ^!l|^! 
gul. 2VF 
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U'nipbalit, 2 UU7-2 Dtlh 
pirrihrpalit &paces Jim' 1 
retroperitoncuL 2nri9 IIir 1 
s-ipiiU.jd ii,LViLjjiliin. Il m I 
smail boiAid, JijU'J 
puh pe riionf ni n ■ 2 11_: 1, ^11! 4 -r 

PmtoTwaJ btfngiTj dlftjcpcmk, F"m- l 7 l« : I “ 12 -1 “ s I 
rtl ilÉirkrJ spjLEs 

tawfff ^liddjiKih and pidvi* 2i'KH _ 1 li 1 »1 
pdvk, 2t^J4r 2\mi 
uppei abdomen. ZIWU-J^MZ, 2f «: 1 11 
M-dM. :niJK'nrj3 

:ilii7, . .. 

Pmlervcoccks, i97^9g, 

Ptrilon^um. 5fr iiJjsei Pcrilonfai cavity 
ji'jiiM i iv. ?■;*}<*. ?! in: :nrn f 

dirkt«tiill diagiK3\is nr. M liHF^ 

Mtnåin-wri|^itcd MR] of 122 
lIl^jbc pai i n J Ulfl-2IJU9 
infl^inmarrjry Jné inlillriiliyii 1 diwust j s- 
HUri-yW 
iirndnidcjsLi lOJft 
CRnh]i ! i di^catic 2LH6 2i\4&i 
cyMs. 2049 

di^frlituLilk jlfHn, 2^N^r 
L'difti j :tHU-.zn49 
LXt 1 iLikduUiiry hfmaLupumL- li 1 1 ■ 
paiKTcaLrtiF. 2 *-In. 2-T' Mil 
pnnindilifi. i>t sdcmsiit® mnwnlerllis, J1-S7 
2IM?I 

trauma and hunumha^:. jilifl 
^■IhLpple's di^JKC, 2tM5 
tfsicin^ in- IHIn 2 11=-2 

fhaltønalit jiLtitcnleal In^iltii'Lim:|LJ ill.H 

203^ iN.tyi-lMHil 
primiiy, 2056-2(Mi 
adenom.ifaid rumon. 2042 
desmiald sumurv v.«' T-:i- w 

drtm^pj*uk ^mali rtnund Ltll TuUfUi-tN. 
20-3.1-2042, 2U4 IJ 

ntiJLgnant perilorical mcacuhdionm. 

?rLv :ihn 

inuUiqratfc M ■ 11 

perittincaE ii?rous cjronanu 1\ 1 V > _n4U 

nm\ 

wdbdiflirctitlarnl p^pillnry mewuhHfantJi. 
21MIK ™if 

ÉCtiindjiy. JH-j i- j-.« 1 1 
cjruinokl. 2Wi, 2044r 
lymphomas, 2H44, 2043^ 
pvritonéll tancinttmalosiji. "'jr i li 

ifMJf-lCMJi 

piMiiituic disordcTB ui, 224 ^ 
icrouf orcbomaBdli 21139 2D4.H, 2U-HI: 
IVrifaEiili^ 

atrt 1 j gujded hicipsy, l lHj 
mrcnniun^ JILI -2112 LI Ir 
peduitric. 2I4fi. 22-I7I' 
from psrudomcmbrrinuus colitsy. [024 

sUjTLliriil l nirst,') lEC'l ja. WM1 llimittlUKis Wfth- I +> * 

tubeiCkiluua. 2U ■ 1 
ferivMtcal fat, 175-170* ]7fd 
Prro ral pnfumriccilijn, 6701", SB7. 8^^! 
K-thsIlhiL bypKrin^ilintmaL IlV pUjify^m ja. .V ! 

PtiiikirkFiitk ''-'H-h-iMn,, <9ttsr 


pn.ua - kfhfrt MTiJiwit, ?3fl, 7?3-^4, 744f r 

ljvee tkittv hunu^kALti in, Jti7b 
computHl TouH^raphh tnlaodvslj cm, h9£i 
bumruiftl Tom'jg.raplti urt 5044F 
fiL|UFii.^ip|iFt fahJU' «f 1044-f 
muooojCaviciiMU pi^rvcnLatkm in, 1094, IM93 1 
pedLiErlc. 215b 23521 
small favfid 

dilFrrnilul nif, 

lntnuDflajMion a-ksoaiAU’ii wii h, -i 

Plevtff ^ paurhÆS. 75* 

in sjlmon^lictfis 7^1.1017 
ue 7*1 

Phinryii^jl I 257-24 L, 23H| 

Ptwtyr^rtl iffdtis. 2-t 1-242 
P^Tr>™wpificMtk fakl!% 211 i 
PlHr>n£i>«ophu5!ogrjm 21 w 
Pturyiv^ptik rtnHT*J apn^i v. 7-# 
l*hnityn.\ 

kni^D tumon of. 244 
in .■nnspeFESitijry sivdQotnn^tcchmqucE. 
219-320 

dis i-kHLia« ilf, 209 

faibclionjl abnomiailtin in. 222-150 
intUm mitury l«kHfes> ol. 2-43-244 

brvnX rdjljiiniljff Iik, 210( 

mlfckD of. 207 
nulbELSki-t Euniors of, 244-252 
uuiiifitv citiniiiuuisnir 2 li 
ntofor fonetinD i»f F 2151 
ntiMkl spC IW-7li 2Mf 2l5f 
ncunolo^L dwibe and iht. 251-232 
ro i nul iruitiD'ii o S, 207-234 
pbryngtiq'ifkH!k fokk in. 23 if 
phiirjTT^nf^jphagniu™^ 2 S M 
|Hntc i itOkl “dxka h in, 213f 
ijiJjthLrjphL icdms^ui.'a tw n 234-120 
ujhfn^ i^cnli-. rnd. 2]$ 
doublc^nmlnsf mlfTpina!n»n, 2 1 *-217 
patimE pckinkitiiu^ 2JA 
patkiu pwparatbon, IS I 
routine cxaminjlwn corapEjnenK 214-2J5 
m UieTapnitk -examiiulwnk 219-220 
jt\ Pi^irjJ fidd ni. 3104 
^Erutiuril jlukLhriikajiiJc.^ of H 137-2*? 
tlniclGrrs and mucosal paltems ni. 207-2[>9, 
2D8«lHt212f 

m swalliiWi'tF^ 223 
lVN|4Ulk Irk-fai^no. Kii|j n 2JO 
lon^iLJar Ei^a in. 2121 
n llctuJ.i c in. 210f 

Zrnl^r’> jihI - NT. 2?$- 730, 3.^ 

J41 r 240f 

PhcodiriunixymnLrs- s ■.* I202-1204, i24" 
Fhichsatilki. I S9 t li991 

jc-IfS: .iktijnnjir (iiim 
toi'fi ^Eth lipimaL ?36 
vpflh Eidcuiuiiamu, 107* 

Ffllepiuiu 

.ibijnnilnal *ill 2l> - : 
m dwntkuiifn.449 , 942f 
HMHrtcrk, bi Croliik^ <faai# r luni 
in panacilitu. i«!. 
small hcwd. 

Fhi^fittkic nErhp^Jili}^" 

Fhi^phoEipkdt, 774 
ItandfBXiTuc Ihtiap) -i f J DT f. 11 1 ■ 
Phrcnkooollic N®jr¥wm _ ■ 1 1 1 ■». ?■' 2' ■ 
Hiicnocwphagnl membrane. 4.W 
l'hfygtiikijp 3 2^11 !■ 4 i 

Pliflabewv *3V 

Ficturc jjdirnng and coiitninnicalionF 5> r vltEn 
IPACS).55é ! If -1 * 

PfrifrnrTHir rtk ilii.lt!, |74, i75f 
Plislh, in i\«Etipa1rd lurtUhsiaj^hy, I I .-■ 
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Pia! n film r^djngrtpkw 

i eF qluJmmiM 1 aSi>td>%€n ' - k H! =■ 

[pH iippcDåcfj] muhiortlfk 475 

ctn ap pen di Lilli. 96^ 

nn iwdita?n 3027 

L.f benign Irvvr EttFncprv I 

bttåqrifia \iw 

pILK.iddøi, i I. H i 

an imprribnteJimis* .' I ~ 11 1?) 

Huer. 14"«“, L4“ 

urt jn^JrtiiiLJsttiJi I ’5j 
uQ ^hiofiOKXjE dtUML ::Plrt 
on fibrol jet eLU f c.tnn nom j ? : 
hcrriiingiijrmv 153 S 
fil! h^nifc^tiriPrtULnPi. Ir-1_ 

Oli hL-pii[uNj<klk[Ltbw . > 

heputaxellutir jdeirøjiu*. \>4i -1 54 p 
on hepjftweUubr iareinomii 15(4 
un Fiitritøjffcni.£ 

1580 

cif mtiendiyiriaÉ tiicoanrwnas. i 535 

od raelMlMS, 1 "'- 1 

ui in ilLllIjt pt jfr f tfrJ tifrT hyp^ffil 

I Hf 

on portal rart ihrømtKMt iXI 
on sinlcsis i p- * i 
Ad gndrflbrarltøiø !irFilbry*iFiJ|l 

ttmc-ntiiin 2l>i9 

pflOOEH 

nn j kil ep psnercatub : j > i . * > I «s i 1* 
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c xjn ti ru i jan EedHii^uf* , 7~*. -1 ~ f> i 
spleen 

^fiiiiOFny [pti. W 
on lyittyilui^bfinEts H2“ 
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waiFdering:, l^ L ' 

un uternkkr tnliicw 9Sf 987, 98fit 
Piiiup ii iu^- ttfrrmiTbtiffe , ■* 

doubb-LLPntrJii stndkii'pJ. 4 7. i'Hf 
Mitsmacytooiu ^jfirodvoJcriJiL 5V8 
l'le-rtinp, in double-øontrm studies, 45, 46f 
He-uyal K-rTLian i ir* 

witll ukLij-'hj^-Lj.l i^TfOrjlPJIk, IIS 

with c^ipLifliipleuril tirtirlas, 421,121 f 
FlåbLlity, in donhk-Eirouj&t tfudics, -37. 50f 
llumrrtifT-Vii^iirp .lyrictn^Tiic. 367 
1‘pduifLjrik >_§1.1 :jI i lp ri_ E^SJP-Mt 

PneniiyiusiiSt 190-191, 
in jltuIc mesenlcrk ischemii, 63-1,6351 

»JS, IWMW. l«1f 

ir! cttntfiulgil EiPrrHi^J|div (ji^wJlirapl^v^J?. 
9231 

Ejfloidcs ønli, diitaEcntul dLigDOMa of I HJ(I 
L.ysÉLfclittfp, inlntinib. IW-I^I, 777 
gy-rtrk. 5F5 

t n t-c s t L LU l L-i. M J> iTr r. I121-1125 
primary, I il-t. i t25f 
seeuratary, I 1241325, Il23f 
wirh sUprridr m^KFiEerk ran iflrankbwh 

ktvOfr 

sviEh neoiÉuki^ rnEtEtHjj&hi 21" 23-o-il 

FnenmcibiJiTi. I8iMtW 'il 
l'nojirrciojIoFT 

doulib-rtvnlrai iiLiiliE.«'. sjiwe 
pctoral. ft7fl. t*7M, &S7, S*&r 
J^rt'fj/npcyjftf cbptwpi« Sri taruirangtfii jjrtwvj 
P frCtOTltf^lfn itnnTCT 
with r\FI>S \ r \ 1 
Iwnaii^iiuiit siprekl gf . 
trvrr iEibctikin ^*ilh n 25 
spEenik - mycctfoEii iiilh i ■?' 


Pneu iiinmodiiiM mUin 
wiili ««TpI ip^ | j i^rfi ir^ i iui i, J14, 41 hr" 
postopei-flliit, 150-4713 

Pncu moneit[«my K HnpLa^upk'ui jI Ll^tulas jJtcr, 
421432, 422f 

l p nf4nrin]in-ilr>n¥util, IhSf, 167 

jlidomnui ludiopraphs nt 1^6, lhi"-r 
benign øo Co ni i:, k 124 
frorn pciforaEed uløers f.2t’-^2 - 
'■lgniiOrOTi r3din^.iph,% Ut/H 183*1" 

Pili'UI in b\ tf I tt Ipt-f iEiiilK-am, I >4"~ I flA 

Pn^unnilhoi an. 45[h45l, 1251 

PoburlmSiH ntidosa i.639-6-EfL 3^| i ■■ i ; 
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PntyqiKtktrvtr dl^.iKc i -».-i ■ ' ■■■ i - - ■ i 

PnLyelhj'ltn*: glvcol 
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906-907 

ill u.Pi|ipuiL«d hiiTissjjMjyhy ^ntEtfiVjjLra|i3iy, hh-l 
in uiJ^LiiiiL ié^?iUAibL.t: eiilflKjgi-drtqi 7 I 1. 1 \ 5 
rnlymyKxsili^ 2SS-. 6J5.776h 
PoLypectoniy, rndotøi-ipLø, U152I 
]^ilypi>id tnrtinLTmah, |^rrk. H7, SSt r 9$1^9f 
dilTtnfliliiibd! frtiEn jd^burtinJrtU* |'<i|yps, 53 ^, 

52 7f 

of llie ^?triø cardin, 55 5 

PuLypnd [ml-ds, m du«IHf-curtirart sniditf- 4 i, 4M 
PnlypiikiiK syn4ri.mil!*. sin. :=i 5iif_ | y |, >ht j2j ji 

Fjmiluil ddcjmiratHona polyposis t-yiulnirriL 
(FAPS) 

crmpOLei! 11 unsigriphy k"i ii™^riipln ii it. « 
ft85i 

Gaud^nsdÉseai«, 5M), T^-l, LU93, Iu95 
difftrmtLiJ dia| 5 nosis ol. 4b Jl 
wnh 3f4J-3^l , 5611 
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t jipnldi i te - (7-amda tyndi&ma, 5J«>, S^SJf, 7^-1, 
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dideal Feal ures of, IH97I 
diflTmuU.n] diri^iiLisii of, 3741 
Lk. Li kIl mul Lhon^us En, mmci 
dlffiiit-nlial dwyj.Li^ii 0\\ h5^[ 

Ui mi liii Mienom^lmis poJyposw syndnimc, 52.^ 
530, 793,793t 10894093 
adtfllitohcliicpin* jK^ir ia[ L J Wp[l|, 79K 
arrentuEr:d n l(Mt9 
mlorccijL canøtr and, L02U 
diftfri'ntljil dia^nosis nf, 6741 
ejURLitbim |^}i|it.iinn:'<iprijl miLnif»T-n11nii* 

hindik jiland polypo^ii, 523 H 525 i 
haniarioniLilnut, HfJJklrFKJ 
F^Ez-J^hcrs m t m- 794,7947, WW m$ r 
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cavtmuui K£mj3ai;kinMS Lru i07b 
mmpiikd lomojrraphy -cnlLirKJyBb on b k iåi 
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smnli lntwd, SI5-JW, fi74r 
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ndintimmlnoA. 323 t 526 527, 52 "i 

Lh.:ilt.\klHiL. Ulh. ■ -MIH. I 4 Ml 

£qfefV 

bcnipji epKhcliaL, 1021 1035, |03Jf- L032F 
dekklion oF, 1032- f-035 

IrilljH&UiLJL'liljuIlt Itililh, I |llli 

a*ntiEMl, H'3h 

dmatdr-amtraA stndis uh 45-47, 4ht 
dnodcnjk 527-528, 5281 
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lihmvasmLir. 4631 

1 54, ?5ZF 
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